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1 3 c N M R sp e c tr al d at a of c o m p o u n d s 7 5 a n d 7 6 ( a c e t o n e - d 6)

A t o m i c c o - o rdi n at e s ( x 10 4
) a n d eq ui v al e n t i s o tr opic displ a c e m e n t c o effi cie nts

( A 2
Ⅹ 10 3

)

1 3 c J H C o u pli n g C o n s ta n ts f o r M ic r o m i n u ti n (84)

1 B N M R d at a o f 8 9 a n d 9 0 (5 0 0 .1 M H z
,
C D 3 0 D )

S u m m ar y of 2 D N M R sp e ctr al d at a o f 9 0

1 3 c N M R d a t a of 8 9 a n d 9 0 (5 0 0 .1 M H z , C D 3 0 D)
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3 3

34

3 5

3 6

3 7

3 8

S u m m a ry o f 2 D N M R sp e c tr al d a t a of 90

1 H N M R sp e c tr al d at a f o r c o m p o u n d s 9且 a n d 9 2 ( C D C 13 ,
5 0 0 M H z

,
T M S)

13 c N M R sp e ct r al d at a f o r c o m p o u n d s 9 1 a n d 9 2 ( C D C 13 ,
5 0 0 M H z

,
T M S)

1王i N M R d at a f o r 9 3
,
9 4 a n d 9 S

13 c N M R d at a f o r 9 3
,
94 a n d 9 5

1 H a n d 1 3 c N M R a s s lg n m e n tS Of 9 8
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4
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8 .
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10 .

l l .

1 2 .

1 3

1 4

1 5

1 6 .

1 7 .

1 8 .

1 9 .

2 0

2 1

2 2

2 3

2 4

2 5

2 6

S 机ICt u r e Of b a s e p e ak at m / I 23 3 fr o m ei m s of 2

A P T a nd s el e c ti v e I N E f yr sp e c tr a of e u p at o r e n o n e (4)

P ar ti al s t ru c t u r e o f 1 3 s h o w lrlg th e c o nf o r m a ti o n of th e N -

a c e tyl g r o u p

R O E S Y sp e c t r u m o f 2 4

F L O C K sp e c t r u m of 2 4

M a s s s p e c tr al fr a g m e n t a ti o n s o f 3 3 ,3 4 ,
a n d 3 5

0 R T E p 血spl ay of th e c ry s t all o g r ap hic st m c t u r e o f a n ci s 打Ote Ct O d n e (3 7)

R ep r e s e n t a ti v e C S C M I D sp e ctr a of a n ci st r o cl adidin e (3 6)

S ele cti v e I N E P T ir r adi a ti o n s of is o q u l n Oli n e n n g o f 3 6

S ele cti v e I N E P T i r r a di ati o n s of n ap hth ale n e n n g o f 36

0 R T E P d r a w i n g of k o p sij a s m i rlila m (3 8)

U pfield r e gi o n o f th e C O B Y sp e c t r a of 1 0 -d e m e th o x

]

yk o p sid a si n i n e (4 8)

a) re c o rd e d at 2 2
0

b) r e c o rd ed at 55
o

N O E
'

s o b s e rv e d f o r 10 - d e m e th o x y k o p sid a si ni n e (4 8)

X - R ay c ry st al st ru c t u r e of w ri gh ti adio n e (80)

s eli c ti v e I N E P T ? p e ctr a of w ri gh ti adi o n e (8 0) t h e I v al u e u s e d i n th e s e

e x p e ri m e n ts w a s 8 H z , u nl e s s o th e r w i s e sp e cifie d

C O L O C sp e ct ru m of 6 - d e o x y clit o ri a c e t al(81)

C ar b o n
- 1 3 N M R sp e c t ru m (2 5 .05 M H z) of m ic r o m i n u ti n (8 4) :

a) p r ot o n n oi s e d e c o u ple d (P N D )

b) c o uple d sp e c t ru m

M eth yle n e a n d ol efi ni c m e th yl r e gi o n s i n th e p r o t o n N M R sp e ct ru m (3 6 0 M H z)

of m ic r o m i n u ti n (8 4)

L o w -

p o w e r si n gle fr e q u e n c y s el e c ti v e d e c o u pli n g
1 3 c (

1 H ) sp e c tr a o f

m i c r o m i n u t in (8 4) ,
o b s e rv a tid n o f lo w

-fi eld sp e c t r al r e gi o n
.

S el e c d v e I N E P T sp e ct r a of 8 9

C - H c o r r el atio n o b s e rv ed i n th e H M B C s pe ctr a of 9 1 a nd 9 2

S ele cti v e I N E P T sp e ctr a of g a m b o gi c a cid (9 3)

H M B C sp e c t ru m of g a m b o gi c a cid (93)

R O E S Y s p e ct m m of g a m b ogi c a cid (9 3)

M a s s f r a g m e n t a ti o n of 9 6 ･ 9 8

T h e C - 班 c o r r el a ti o n o b s e r v ed 丘
･

o m H M B C sp e c tr u m of 98
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P L A N T S O F T 田A I L A N D

u n d e l
･

th e l a w of n at u r e
,

all h u m a n b ei n g s al
･

e s u bj e c te d t o th e s a m e

rしI11 d a n l e ll t al ll e e d s w lli cll C O ll Si st of f o o d
,

cl o thi l-g , Sl- elt e r a l- (1 1-- e dici l- e ･ All

f o l
･

m S Of f olkl o l
･

e m e dici n e e v ol v ed o u t of m a n
r

s d e s p e ra t e atte m pt t o ri d h h n s elf a n d

hi s fell o w m e n of ph y s ic al s uffe l
･

i n g , c o u pl e d w ith his o v e r w h el lT u n g d e sil
･

e f o r

e te l
･

n a1 lif e . T h e c o tl n tl e s s l M m b e l
･

S Of l
･

e C IP e S f o l
･

l o n g e v ity l n f olk l Tle dicin e s b e a l
･

t e s ti l n O n y t O m a lユ
ー

s q u e s t f o r i m m o rt alit y ･ T h l
･

O u g h tri al a l- d e r r o r
,

･

m a n

p a l n S t aki n gly a c c u m ul at e d his k n o w l e d g e of th e c u l
･

a ti v e p l
･

O P e rti e s of t h e

i n dig e l ” u S fl o l
･

a ab o u ll di n g all a l
･

O u nd hi m ･ T his k n o wl e d g e w a s h a n d e d d o w n fl
･

O m

g e l l e r a ti o ll t O g e ll e r a ti o n
,
fi r s tly a s w o rd of m o tltll a l-d l ate r o n a s w ritt e n d o c u m e llt S ･

It i s n o t k n o w l ” X a C tly w h e n th e a l
･

t Of s elf - h e ali n g u s i n g m e di ci n al pl a n ts

b e g a n i n T h ail a n d ･
T h e e a rlie st e vid e n c e u n e a rth e d w a s th e l

･

e m n a n t Of a l a l
･

g e St o n e
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o l
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igi n at e d d u ri n g t h e
■
D v a r a v a ti pe ri o d ( cir c a 6 t h c e n t u ry) ･ F u l

.

th e r m o l
'

e , W ell

p l
･

e S e l
･

V e d d o c u m e n ts
I

l
･

e c O l
･

d in g th e tlS e Of h el
･

b al m e dici n e h a v e b e e n f o u ll d e tc h ed
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e n g r a v e d o f h a n d -

w ritte n o il V al
･

i o u s m a t e ri al s l
･

a n g l n g fl
･

O m P al l n l e a v e s t o
t'

k h oi
't
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O u g h
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.

fl
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o l
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s ci e n c e . I t i s l
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e m a l
･

k a bl e th at T h ai p e ople i n th e a n ci e n t ti lT l e S W e l
･
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d l
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M u a n g T h ai
-

b y S ･ P o n g b o o n r o d , th e fi r st editi o n of w hi c h a p pe a l
･

e d i n 1 9 6 1 .

I n th e e a rly p a rt of th e R att a n ak o si n e l
･

a
,
1

･

O y al h e rb ali sts w e r e c o nf e IT e d wi th

､

K r ab o n g D a e ng
'

(B at o n R o u g e) ,
m e a ni n g r e d s c e pt r e

,
a c c o ITIP a n i e d wi th

､

Y a a ill

D a e n g
. .

(S c a rl et B ag) ･ T h e h old e r s of th e s e s a c r e d a rti cl e s h a d ab s ol u t e a u th o lうty

t o c olle ct d ru g I n g re die nts fr o m a n y w h e l
-

e w i th i n t h e ki ng d o m .

T h e D e cli n e of T h ai H e rb al M e di ci n e

T h e e s t ablis h m e n t of Siri r aj H o spit al i n 18 8 8 m a l
･

k e d th e b e gi n n l n g
･

o f th e

d e cli n e i ll th e u s e o f h e rb al m e dici n e i n T h aila n d . A t fi rs t
,

m o st of t h e d r u g s u s e d i l一

t his h o s pit al w e r e th o s e d e ri v e d fr o m m e dici n al pl a nts . As th e n u m b e r of w e s te m -

e d u c a t e d p h y sici a n s b e g a n t o i n c l
･

e a S e , th e tl S e Of m o d e m d r ug s b e g a n t o ri s e . T his

t r e n d w a s t o c o n ti n u e tln til t h e u s e of h e rb al d l
.

u g S W a s e n ti r ely re pl a c e d b y th at o f

m o d e rn d ru g s , p ar ti c ul a rly i n s t a te -

n l n h o spit al s a n d h e alth s e r vi c e c e n tr e s a r o u n d

th e c o u n try .

T h e R e vi v al of 甘血ai Ⅲe rb al M e di ci n e

W i th th e r e ali z ati o n th at T h ail a n d h a s b e e n
'

i m p o l
'

tl n g V a st q u a n titie s of

m o d e rn d r u g s f r o m w e st e r n c o u nt l
･

i e s a t a c o s t i n e x c e s s of 2 0 ,0 0 0 m illi o n b aht pe 17

a n n u m
,
t h e R o y al T h ai G o v e rn m e n t , a d e c ad e a g o

,
b e g a n l ay l ng d o w n s tl

.

a te g l e S

f o r r e s e a r cll i n tp T h ai m e dici l一al pl a n t s a s w ell a s th e r ei n t l
●

O d u c ti o n of s ci e n ti 丘c ally

p l
･

O V e n h e r b al d r u g s a s s u b stit ut e s f o r m o d e r n m e dici11e ･
T h ai s ci e n ti st s a s w ell a s
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t h ei l
･

c O u n t e rP a l
･

t S , O n th e o th e l
･

h a n d
,

h a v e t ak e n g r e a t i n t e r e s t i n T h ai m e di ci n al

pla n ts a n d h a v e c o n d u c t e d r e s e al
･

C h o n a l a l
･

g e n u m b e r of pl a nt s s a m ple s c oll e ct e d

f r o ln T h ail a n d fo l
･

O V e l
･

th e p a st 3 0 y e a rs ･
O n e s u c h e n d e a v o u r h a s r e s u lt e d i n th e

dis c o v e lY Of a n e w
､

1 n i l
･

a Cl占d ru g
l

w hi ch is o n e of t h e m o s t p ot e n t a n tip e ptl C ul c e r d ru g

k n o w n t o d ate .
T his d r u g w a s i s ol at ed fr o m a pla nt c o n sid e r e d a s a tl

･

O uble s o m e

w e ed i n T h aila n d b u t w h o s e a pp e a r a n c e i n a tl e a s t 3 0 h e rb al r e c l pe S i n f o u r diffe l
･

e n t

h e rb als a tte s te d to it s c u r ati v e p r o p e rt y ･

T h e s e a l
･

Ch f o r n e w d r u g s fr o m T h ai m e dici n al pl a n ts w ill c o llti n u e

th r o u g h th e c o n c e rt e d effo rt fr o m all. p a l
･

ti e s c o n c e r n e d a n d h o pe f ully s u c h

e n d e a v o u r s m a y r e s ult i n
■l

n e w c u r e s f o r th e s e e m i n gly ill C u r able dis e a s e s s u ch a s

c a n c e r a lld A I D S .

P r e p a r a ti o r l Of T r a d iti o n al T h ai 町I e dici n e

T h e w o rd
､

y a a
-

o r d r u g l n tl
･

a diti o n al T h ai m e dicili e u s u ally l
･

ef e r s of th e

u s e o f at le a s t t w o diff e r e n t I ng r e die nt s c o m p o u n d e d t o g et h e l
-

t O yi eld a d r u g .

i n e vit ably , tr a diti o n al T h ai dr u g s c o n si stl Of n l l m e l
'

O u S l n g 1
.

e di e n ts w hic h m ay b e

cl a s sifi e d i n t o th e foll o w i n g C a teg o ri e s :

- M aj o r i n g r e die nt(s)
- th o s e w hich e x e lt th e m ai n a c ti o n

- A u xili a r y d n lg(S ト th o s e w ith c o m pli m e n t ar y o r sy n e 1
.

gi s也c a cti o n

- Fl a v o u rl n g a g e n ts - t O m ak e th e d r u g m o r e p al atable .

T l
･

a ditio n al h e l
･

b alists m u st h a v e f ull k n o w l e dg e of t h e ty p e s , p a l
･

tS u s e d ,

c ol o u l
･

S , O d o u rs a n d ta s te s of all n at u r al d l
･

u g l n g 1
･

e di e n ts ･ W h e n f o r m ul atin g a

p r ep a r a ti o n
,

th e h e rb alists m u s t t ak e i nt o c o n sid e 1
･

ati o n th e f ollo w l n g f a ct o r s :

- T h e p a l
･

ts O f t h e i n g l
･

e di e n ts t o b e p r e s c rib ed -th e s e m ay b e th e b a rk
,
r o o t s ,

fl o w e l
●

s o r o th e r p a rts of a pl a nt .

- T h e f o r m (s)
●

i n w hi ch th e y a r e u s e d - s o m e i n g r e die llt m ay d e pe n d o n

th e ag e a nd h e alth p r ofil e of th e p a ti e nt s ･

- O th e r p e rti n e n t i nf o m ati o n - f o r i n st an c e , c e rt ai n d lT lg S m ay c o n t ai n t o x i c

s ub sta n c e s w hich l
･

e q u lr e d et o xific atio n b ef o r e us e .

h l th e f o r m u l a ti o n o f tr a diti o n al T h ai m e dici n e
, t h e old s y st e m of

lT l e a S u r e m e n tS i s u tiliz e d ･ T h e m らst c o m m o n d e n o m i n ati o n s f o r w eig h t a r e th e

､

b aht
-

a l-d
､

s al u e ng
-

･ A n e x a m ple of th e tr aditi o n al sy st e m of m e a s u r e m e n t s f o r

w eig ht ･ v ol u m e a nd l e n gth is g i v e n b el o w .
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W eig ht M e a s u r e m e n t

l c 血a n g (1 ,
2 0 0 蛋)

1 t o m -1 u e n g (6 0 g)

1 b ah t (15 g)

1 s al u e n g (3 . 75 蛋)

1 fe u n g (1 .8 7 5 g)

1 p ai (0 . 4 68 g)

V olu m e/C ap a city M e a s u r e m e n t

l k w ia n (2 ,0 00 1t)

1 b u n (1 ,0 0 0 1t)

1 s o d (2 0 1t)

1 t an a n (1 1t)

2 0

4

4

2

4

2

t u m -l u e n g

b a ht

s al u e n g

絶u ng

p ai

u tt

2 b u n

5 0 s u d

2 0 ta n a n

4 k o b - m u e

L e n g 血 M e a s u r e m e n t

l o n g
-k u

-l e e (2 . 5 c m ) =

1 p ad d y g r ai n

4 p ad d y g r ai n s

2 s e s a m e s e e d s

N o w a d ay s
､
th e a c q tlisitio n of d ru g i n g r edi e n ts is m ad e e a s y b y th e e x ist e n c e

of 1
.

e t ail t r aditi o n al d r ug st o l
･

e S W h e l
.

a a V a st a rr ay Of c ru d e d r u g s i s i n st o ck . I n r u r al

a r e a s , tr aditi o n al b e.rb alists m ay g r o w a llⅥ m b e r of th e m o r e c o m ll l O n m e dici n al

pla n ts w hil e otll e r S m ay
･b e c olle cte d fr o m tl

･

e e S g r O W l ng l n th e f o l
･

e St S . O n c e all th e

l n g l
･

e di e n t s h a v e b e e n a c q ui r e d
,
th e y m ay b e f u r th e r p r o c e s s e d b y p ulv e ri z a ti o n if th e

d ru g l S t O b e m ad e i n to pills o r t ablet s ･ G ri n d e r s m ad e of st o n e o r m e t al all o y m ay b e

utili z e d i n th e p u l v e ri z a ti o n p r o c e s s a n d th e p o w d e r e d d m g is t h e n p a s s e d th l
･

O u g h a

si e v e b ef o r e b ei n g sh a pe d i nt o th e d e si r e d fo rm .

T b e r e a re s e v e r al d o s ag e f o r m s i n w bic b tr a ditio n al d r u g s m ay b e

p r e s c l
･

ib e d ･
T h e s e i n cl u d e s olid d o s a g e f o r m s , s u c h a s pills

,
t a blets

,
s

,

D u ff
,

s u p p o sit o l
-

y a n d liq uid d o s a g e f o r m s s u ch a s fl ui d e x tl
･

a C tS , al c o h olic e x tr a c ts ,

te a s a n d e x p l
'

e S S e d j u l C e S . T h e s e d l
'

u g S m ay b e t ak e n i nt e l
･

n a11y , a pplie d e x t e r n ally ,

u s e d a s a s n u ff
,

a n i n h al a n t o l
'

a S a P O ulti c e ･ O f th e d o s a g e f o r m s p l
･

e Vi o u sly

m e n ti o n e d , o nly 5 o l
･

6 a l
'

e C O m m O nly i n u s e a n d th e s e
･

a l
･

e d e s c l
･

ib e d b el o w .

F l tli d E xt r a ct s

T o p r e p a r e a n e x t r a c t
,

a h a n df ul of th e i n g r e di e n ts i s pl a c e d i n a cl a y p ot

s h a pe d lik e a g o u rd . T h e c r u d e d r ug s l n a y b e c o a r s ely ch o p p e d o r ti ed i nt o a s h e af

th e si z e of o n e
-

s p al m p r l O r t O b ei n g t r a n sf e l T e d t o t h e p ot ･ W ate r i s th ell a ad d e d t o
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th e m g r e die nt s u n tilj u st c o v e r s th e d l
･

u g S ･ T h e l mi t u r e i s b oile d f o r 1 0 - 3 0

mi n u t e s , a ft e r w hic h th e s u pe l
･

n at a n t i s d e c a n te d a n d d ru n k w h e ll l uk e w a rm
･

i Tlf u si o ll S a r ld 壬触 r b T e a s

T h e i n g r e di e n ts u s e d i n h e rb t e a s a r e u s u ally c u t i n t o fi n e s t rlP S a n d th e n ai l
･

-

d ri e d . O c c a si o n ally , th e illg re die lltS ln ay b e l
･

O a St e d t o g i v e a n a g r e e a bl e a r o m a ･ O n e

p a l
･

t Of th e d l
･

u g mi x t u r e i s pl a c e d i n a c o n t ai n e l
･

w i th a lid , i n t o w hi c h t e n p a rt s of

b oilin g w a t e l
･

a l
･

e a d d e d ･ T his is th e n p u t a sid e t o b r e w f o r 15 - 2 0 m i n u t e s t

A l c o h olic M a c e r at e s

l n m o s t c a s e s , ai r
- d ri e d i n g r e die nts a r e r o u gh ly p o u n d e d an d w l

'

a p pe d in a

p le C e Of m u sli n b ef o l
･

e b ei n g pl a c e d i n a gla s s j a r C O n t ai n m g l
･

i c e w hisk e y f o l
･

a

pe ri o d of 7 - 10 d ay s

'

･ T ll e l
･

e S ulta1 1t l n a C e r ate i s th e n d e c a nt e d a n d t ak e n a s dir e c t e d ･

-

p ills

F r e s h h e rb s a r e slic e d an d l eft t o d ry l n
‾
th e s u n ･ A ft e r th e dr yin g p r o c e s s ,

th e

h e rb s a r e p ul v e ri z e d w hile th e y a r e s till w a r m ･ T w o p a rts of this p o w d e r e d d r u g

a l
･

e th o r o u gh 1y mi x e d wi th o n e p a rt of ll O n e y O r S y r u p a n d allo w e d t o s t a n d f o r 2

h o u rs . T h e mi xt u r e i s th e n sh ap e d i n t o r o u n d b alls w i th a di a m e t e r of ap p l
.

O Xi m a tely

0 .2 - 1 c e n ti m e tl
.

a . T h e fi mi sh e d pills a r e l aid o u t i n th e s u n t o d l
.

y a n d th e h e at

tr e at m e n t p r o c e s s r e p e a te d afte r a f o ll nigh t t o p r e v e n t f u n g al i n f e st ati o ll .

E x p r e s s e d J t Li c e s

T o p l
･

e P a r e th e ab o v e d o s a g e f o l
･

m , f r e s h h e rb s a r e p o u n d e d t o a p ulp , t o

w hi c h a s m all a m o u n t of w a te l
.

m a y b e a dd e d
.
T h ej u l C e i s th e n s q u e e z e d o u t a n d t ak e n

a s
'
di r e ct e d

. C e rt ai n d r u g s , s u c h a s
､

k a -th u e
.

(Zin gib e r z e r u m b e t ( Li n n .) S m i th )

a n d
､

k r a - c h a ai
-

(B o e s e; 1b e rgia l･
･

O t u 71d a (Li n n .) M a n sfield) ,
m u s t b e g rille d b ef o l

･

e u s e .

P o u lti c e s

F r e s b h e rb s a r e u s e d f o r this f o r m of tr e at m e n t ･ T h e p o u n d e d b a rb s , t o

w hic h a s m all a m o u n t of w at e r o r sp l a t m a y b e ad d e d , a r e m a d e i nt o a thick p a st e a n d

th e p a st e a pplie d t o th e aff e c te d a r e a s ･ T h e d l
･

u g i s k e pt m oi st a n d t h e d l
･

e S S l n g

c h a n g e d 2 -3 ti m e s a d a y .

T h e a b ( ” e m e n ti o n e d fo l
･

m S Of d r u g s a l
･

e th e m o st c o m m o nly p r e s c l
･

ib e d

f o ll TI S i n tl
'

aditi o u al T h ai m e di ci n e
,
th o u gh oth e l

･

d o s a g e f o rm s a r e s till i n u s e . I ll

th e p r e p a l
･

ati o n of th e s e d l
･

u g s a n u m
･

b e l
･

O f v e hi cl e s m ay b e u s e d; th e s e i n cl u d e
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w a te r , s p l r lt
,
S y l

･

u P ,
h o n e y a n d li m e w a te l

･

･ I n g e n e r al
,
th e y s e rv e t o m ak e t h e d ru g s

s ol u ble a nd i n s o m e c a s e s th ey m a y e n h a n c e t h e a c ti o n of th e m aj O l
'

d n lg S .

A s a s af et y p r e c a u ti o n
,
fi n ite pe ri o d s o f sh elf life a l

･

e r e C O ITl m e n d e d f o r

v a ri o u s d l
･

u g P l
･

O d u ct s .
T h u s

,
a p o w d e l

.

e d d r u g c () n si s t l n g e n ti r ely o f l e a v e s h a s a

sh elf life o f 3 t o 6 m o n th s w hile a d n lg C O n t ai n l n g h e a l
･

t W O O d s m a y t) a s t o l
'

e d

f o l
･

a S l o n g a s 6 t o 8 m o n th s ･ I n g e n e l
･

al
, pill s a ll d t a ble ts s t o r e t) e tt e l

･

th a n p o w d e r s ,

a n d pills c o n si s t i n g Of r o o ts o l
･

l
･

hi z o m e s a r e c o n sid e l
･

e d t o b e s af e r o l
l

u s e f o l
･

u P t O

o n e a n d a h alf y e a l
･

S .
T h e r ef o l

.

e
,
k n o w l e d g e of th e d r u g l ug l

.

e di e n ts , a p p l
.

O P l
'

1 at e

m e t h o d s of p r ep a r ati o n a s w ell a s s af et y a sp e c t s i s e s s e n ti al i n th e f o r m tll ati o n of

t r a diti o n al T h ai d r ug s .

T r a diti o n al a n d M o d e r n U s a g e o f T h ai M e di ci n al Pl a n ts

T b e u s e of h e r b al m e di ci n e i n t h e l n d o chi n e s e P e ni n s ul a r c a n b e tr a c e d

b a c k t o th e e a l
･

ly d a y s of th e kh o ITI Ci vili z ati o n a n d b e y o n d ･ T h e e a rly f o m of T h ai

h e rb al ln e dicin e w a s g l
･

e a tly i n fl u e n c e d b y th e k h o m s w h o w e l
･

e i n ttl r n m u ch

i n fl u e n c e d b y th e A y u l
･

V e di c S y ste m of m e dici n e of I n dia ･ I n T h ai h e l
･

b al m e dicin e a s

p l
･

a C ti s e d b y tl
･

a diti o n al h e al e l
･

S
,

t h e d l
･

u g S u s ed w e l
･

e al m o s t i n v a ri ably l n a

c o m p o u n d e d f o r m w h e r e a m ultit u d e of h e rb s w a s m i x e d t o g et h e l
･

t O f o r m a

p r ep a r a tip n ･ E a c h p re p a r ati o n c o n si st e d of 2 t o 2 0 - 3 0 i n g r e di e n ts o r m o l
･

e
,
d e li v e d

e n til
･

ely f l
･

O m Pla nts ,
a ni m al s a n d/ o l

･

m i n e l
･

al s ･ B e sid e s th e p l
･

l n C IP al d l
･

u g S
,

th e s e

p r ep a r a ti o n s q u lte
-

o ft e n c o n t ai n e d dl
･

u g S W hich a c t ed a s l a x a ti v e s a n d t o ni c s a s w ell

a s s o m e i n e rt I n g r e die nts a n d fl a v o u r l n g ag e n t S ･ C et ai n h e l
･

b al d l
･

u g l
･

e C IP e S W e l
･

e

w ell g u a r d e d s e c r e ts i n s o m e q u a rte rs ･
H e rb al p r e p a r a ti o n s w e r e u s u ally

p r e s c rib e d o n a n i n di vid u al b a si s w h e r e t h e a g e
,
s e x

,
hi st o r y a l- d h e alt h p r o 色k of

e a c h p atie n t w e r e t ak e n i nt o c o n sid e r ati o n ･

w hile this s o m e w h at s o p histi c at e d f o r m of r e m e d y lS a d v o c a t e d b y

tr aditi o n al h e al e r s w h o i n h e rit tb eir tr a c e 色
･

o m th ei r f o r e
-f a th e r s

,
a si m ple £ f o m

of h o u s eh old r e m e d y als o e xi sts

t

･ T hi s u s u ally I n v ol v e s th e u s e of s ll- gl e pl a nt

d l
･

u g S W hic h a r e r e a dily a v ail able ･ T h e s e h o u s e h old r e m e die s i n cl u d e t h e u s e o f

a l
･

O m a ti c pla n ts s u c h a s g l n g e r , S a c r e d b a sil a s c a l mi n a ti v e s , th e u s e of
､

p hy a a
-

y a w
l

( c lin a c a n th u s n u t a n s Li n d a u) f o l
･

i n s e c t bit e s a n d th e u s e of b ete1 le a v e s f o l
-

S ki n

r a s b e s ,
f o r i n st a n c e ･

It i s p r o b ably t r u e t o s ay t h 叶 m O St T h ai
･

p e o ple h a v e a l-

i n b r e d k n o w l e d g e of th e u s e of 血e dicin al pla nt s f r o m o b s e Ⅳl ng th eir eld e r s ･

A
p e o ple

i l ” u l
･

al a r e a s , i n p a rti c ul a r
,

s till r e s o rt t o u s i n g m e di ci n al pl a nt s ,
m o s tly f o l

･

c o m m o n ail m e n t s a n d i n c a s e s of e m e l
･

g e n Cy ･ W ith th e l
･

e C e n t re v i v al of i nt e r e s t

i n h e rb al m e dicin e a n d th e r ei nt r o d u c ti o n of th e u s e of m e di ci n al pl a n ts i nt o th e

p r l m a l
･

y h e alth c a r e sy st e m , a n u m b e l
･

O f m e di ci n al pl a n ts h a s b e e n c a r ef ully s e一e c te d
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f (n
･

t h ei l
･

e ffi c a c y a n d s af et y a n d l
･

e C O m m e n d ati o n w a s m ad e f o r
d
th e u s e of t h e s e

pl a n t s i n p rl m a17 h e al th c a l
･

e i ll C a s e s Of c o m m o n ail m e nt s ･

I n c o n t r a st t o th e u s e of m e dici n al pl a n ts i n th e f o r m of c r u d e d l
.

u g S i n

tr aditi o n al m e di ci n e
,

m o d e r n d ru g s e m pl o y m o stly p u r e s u b st a n c e s , alth o u g h a

n u m b e r of pla nt e x t r a ct s a r e s till i n u s e ･ I n th is c a te g o ry , m e di ci n al pl a nt s l
･

e p r e S e n t

s o u r c e s of s e v e r al i m p o r t a n t d r u g s S u c h a s dig o xi n f r o m f o x glo v e
,

m o r p hin e alld

c o d ei n e fl
･

O m O P l u m , q u l n l n e a n d q uillidi n e f r o m cill C h o n a b al
･

k
,
t o n a m e b ut a f e w ･

A n u m b el
･

O f T h ai m e di ci n al pla nts a l
･

e C u r r e n tly e m pl o y ed f o l
･

th e i s ol ati o l m f a c ti v e

p ri n cipl e s f o r u s e i n m o d e m d l
･

u g P l
･

O d D Cti o n ; th e s e i n cl u d e r a u v olfi a r o o t (R a u v olfia

s e l
･

P e llji 71 . a B e n th . e x ･ K u l
･

Z) ,

､

pl a u n oi
-

( C r o t o 7 - u b ly r a t u s K u r z) a n d As i ati c

p e ll n y W O ll ( C e n tella a si atic a (Li n n ･) U rb a ll) I

M e di ci Tl al Pl a nt s .
i n T r a diti o n al T h ai M e di ci n e

C o m p o u n d D r ug s : A l al
･

g e n u m b e r of h e rb al r e c l pe S h a s
･･
b e e n r e c o r d e d i n

v a ri o u s h e rb al s ( o r kll u m p e e) . A t o t al of 25 h e rb al s o n T h ai m e dici n e i s c u l T e n tly i n

u s e . O f th e s e n u m e r o t)s l
･

e CI P e S , 16 h a v d b e e ll S el e ct e d a s c o m m o n h o u s e h old

h e rb al m e di cin e s f o l
･

u s e i n c o m m o n ail m e n t s . As p a rt o f t h e U N I C E F -

s p o n s o l
･

e d p r oj e ct
,
ei gh t of t h e s e r e c i pe s W e r e S el e c t e d f o r l a rg e s c al e p r o d u c ti o n

b y th e D ep a rt m e n t of M e dic al S cie n c e f o r distri b utio n t o d ru g
-

c o o pe r ativ e s i n ru r al

a r e a s . T h e s e p l
-

e p ar ati o n s i n cl u d e a n tid y s e n te ri c a n d a n tlP yr etic d r u g s a s w ell a s

si lTIPle a nd sti m ul ati n g f l
.

a g r a n t i
･

e m e die s . T w o e x am ple s of th e s e al
.

e Y a a L u e a ng

戸id S a m u t
,
a n a n tid y s e n t e ri c p r ep a r ati o n a n d Y a 乱 C b a n t al e el a , w hi c h is u s e d f o r

f e v e r s .

Y a a L tl e a I一g Pj d S a m llt

T his re cip e c o n si sts of n u t g r a s s ( C yp e r u s r o t u n d u s Li n n .); z e d o a ry

(C u r c l,I ] m ･a Z e d o a T
･

i a R o s c ･); th e b a r k o f
､

p h a y
- k a a

l

( O r o x yl u m i n di c u m V e n t .); t h e

r o
'

o ts o r kl u ai -t e e p
t

( M u s a s

.
a pi e n ･t u m Li n n ･) ,

r o a s te d cl o v e s o f g a rlic (A lli u m

s a ti v u m Li ll n ･);
､

cIl a n
-

y Oi
-

( r e si n f l
･

O m Sh o re a s pp .); stick l a c s (L a c c lf e r a c hi n e lL i
.i s

M al
.

dih a s s a n); bl a ck c at e c h u (A c a ci a c a te c h u W illd); p al e c at e c h u ( U n c a ri a

g a m bi '
'

R o x b ･); h e n n a l e a v e s (L a w s o n i a i n e r m i s Li n n .); t h e l e a v e s of p o m eg r a n a t e

(P L m j c a g l
.

a ll ･ a t u m L Li n n ･) ～ O n e p a rt b y w ei gh t of e a c h of th e a b o v e i n g r e die n t s i s

mi x e d wi ･th si x p a rts of t u l lTl eri c ( C u r c u m a l o n g a Lin n ･) a n d th e m i x tu r e p ul v e ri z e d t o

a p o w d e l
･

･ T h e d n lg l S tl S e d a s a n a n tid y s e n te ri c a ll d a n tidi a r rh o e al i n c hild r e n .

W h e n tlS e d a s al- alltid ys e n t e ri c , a v ehi cl e c o n sisti n g Of r o a s t e d l
･

hi z o m e s of
､

k r a
-

じ】1a ai
-

r u b b e d a g a l n S t th e lid of a n e a rth e n p ot t o g et h e r w it h li m e w a t e r i s

th o r o u g hly mi x e d w ith th e p o w d e l
･

･ T h e mi Ⅹt u r e i s s h a pe d i n t o r o u n d b alls of
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ap p l
'

O Xi m a t ely O ･ 1 g l
'

a m i n w ei gh t ･ A s a n a n tidi a rrh o e al ag e n t , th e d e c o c ti o n
,

1
.

e S u l ti n g f l
'

O m b oili n g th e p e l
'

i c a l
.

P O f p o m eg l
･

a n a t e o l
･

t h e b a l
･

k o f a g a s t a (S e s b {LJ 血

g r a n diflo l
'

a ( Lill n ･) P oi r e t) w ith li m e w a te r , i s u s e d . T h e d o s e s p e cifi e d f o r c hild l
･

e ll

i s 3 - 7 pills .

Y a a C h a n t a五e e丑a

O n e p a rt e a c h o f
､

k h o d -

s a w
'

(A n g e li c a a n o m a l a Li n n .);
､

k h o d -

c h ul al a m p h a a
'

(A rte m i L u

'

a s p ･); S a n d al w o o d (S a nt al u m alb u m I
Lin n .);

､

c b a n
- d a e n g

l

;

k a d o m f l
.

u it s ( G y m n o p e t a l u m c o ch ･i n c hi n e n s e K tl r Z); t h e s t e m s o f
､

b o r a p e t
.

( Ti n o sp o r a c ri sp a M i e r s ･ e x H o ok ･f ･ & T h o m s
･); th e r o o t s of

､

pl a al aip u e a k
-

( E u f
'

y C O m a l o n g ljbli a J a ck) is m i x e d t og eth e r a n d p ut
.

v e ri z e d . O n e h alf t o o n e g r Ll m

of this p o w d e r i s m i x e d wi th b oild o r ] a s mi n e s c e n t e d w at e r a n d t ak e n f o r v a ri o u s

ki n d s o f re v e r s .

Si n gl e I n g r e die nt D r u g s : As op p o s e d t o th e s o m e w h at s o p histic at e d

c o m p o u n d d I
.

u 基s p r e C rib e d b y tr aditi o n al h e al e rs
,

h o u s e h old r e m e di e s f o r

c o m m o n ail m e n t s u s u ally c o n si st of sigle I n g r e die n t d ru g s wi th w ell p r o v e n

p l
.

O P e lti e s ･ T h s tlS e O f th e f r uits of l o n g p ep pe 1
･

( Pip e r sp p .) a s a c a l mi ll ati v e
,
th e p ulp

of t a m a ri n d ( T a m a ri n d u s i n dic a Li n n ･) a s a l a x ati v e an d th e f l
･

uit s of e b o n y t r e e

( D i o sp y T
●

O S m ･ Ollis G riff ･) f o l
.

i n t e sti n al w o r m s t y pif y this c a t e g o l
･

y Of h e rb al

m e did ati o n .

M e di ci n a丑 P] a n ts 量れ M o d e r n M e d ici n e

lt is a g l
.

O S Sly m l S g uid e d n o ti o n th a t m o d e r n d l
･

u g S a l
･

e e n ti l
･

ely m a n - m a d e . I n

f a c t , b e t w e e n 2 0 - 25 pe r c e n t of all m o d e m d l
･

u g S i n u s e t o d ay o l
･

lg l n at e fr o m pl a nt s ,

a ni m al s , m i c l
･

0 0 l
･

g a ni s m s a n d mi n e l
･

al s ･ I m p o l
･

t a n t d l
･

u g S S tl C h a s t h e o p i a t e

a n alg e si c s , m o rp hin e al -d c o d ei n e ; th e a nti c a n c e r d n lg S , Vi n c ri sti ll e a n d vj n bl a sti n e ;

th e a n ti m al a ri al d r u g , q u i ni n e a n d th e c a rdiot o l-i c gly c o sid e s , dig o x i n a n d l a n at o sid e s

A a n d B a r e all e x t r a c t e d fr o m pl a n t s o u r c e s ･ S te r oid d r u g s ,i n cl u di n g o r al

c o n tl
'

a C eP tl V e S ,
a l

.

e m o stly m o difie d fr o m pla llt S te r Oid s . M i c l
･

O O rg a ni s m s f u r ni sh au

th e a n tibi otic s i n u s e t o d ay . D ru g s f r o m a ni m als i n cl u d e h o l
･

m O n e S , V a c ci n e s a n d Ll

n u m b e r of 6 n Z y m e S .

A n u m b e r of T h ai m e di ci n al pla n ts a r e c u r r e n tly e m pl o y e d i n th e

m a n uf a c t u n n g of m o d e m d r u g s . T h e m o st r e c e n t e x a m ple of s u c h pla n ts i s
､

pl a u n oi
'

w hi c h is th e s o u l
･

C e Of a n o v el a n tl pe Ptl C ul c e r d ru g . R a u v olfi a l
･

0 0 t , S e n n a a n d

As i ati c pe n n y w o lt a r e all s o u ght aft e r a s th e s o u l
･

C e S b f a n tih y pe rt e n si v e ,l a x a ti v e a n d

a n tik eloid d m g s
,
r e sp e c ti v ely .
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S pi c e s a lld C o n di m e n t s

l n ad diti o n t o th ei r u s e a s m e dici n al ag e n ts
,

a n u m b e l
'

O f T h ai m e dici n al

pl a nt s al s o f e a t u l
･

e ill e v e ry d a y life i n th e f o r m of sp i c e s a n d c o n di m e 11tS ･ T h ai

c uli n a r y style r e q u l l
･

e S th e u s e of a l a rg e a l T ay Of s p I C e S a n d c o n di m e lltS t O g i v e a

sp e ci al ble n d of t as t e a ll d a l
･

O m a C h a l
･

a Ct e ristic t o T h ai fo o d ･ T h e m o s t c o m m o nly u s e d

sp ic e s a n d c o lldi m e n t s a l
･

e C hilli p e p pe r s
･ g a rlic , sh all o ts , s a c l

･

e d b a sil
,

l e m o n g l
･

a S S , pe p pe r
, g l n g e l

･

,
l e e c h li m e

, g al a n g a
,
cl o v e ･ a ni s e a n d c u m i n ･ D l

･

i n k s

m ad e f l
･

O m C e rt ai n m e di ci n al pl a nt s al
･

e al s o p o p ul a l
'

ill T h ail a n d ･ O n e of t h e m o st

f a m ili a r si gh ts i n m o s t m a rk ets i s a p u s h -

c al
'

t S t all s e11i11g n a m
-b u a

- b o k
'

, a g l
.

e e n -

ヽ

c ol o u r e d d ri 1-k m ad e f rQ m As i ati c p e n 11y W O r t ･ H e rb te a s
?
s u c h a s g l n g e l

･

t e a , r O S elle

te a a n d a te a m a d e f r o m d l
.

i e d b a el f mi ts a r e al s o c o m m o n d ri n k s a lTI O n g th e T h ai

p e o pl e .

N a t u r al C o s m eti c s

F o r c e n t u ri e s , T h ai l a die s h a v e ad o r n e d th e m s el v e s w ith n at u r al c o s m e ti c s

r a n g i n g fr o m T h ai styl e f r ag r a n t w a te r
, s c e n t e d p o w d e r , t o lip glo s s a n d l

･

O u g e ･

C e rt ai n m e di ci n al pl a nts s u c h a s al o e g el
, g a m e n g (E clip t a p r o s t r a t a Li n n .) a n d

l e e c h li m e a r e r e p u t e d t o k e e p th e h ai r bla ck a n d s hi n y ･ T h aila n d is e n d o w e d w itll

n u m e r o u s f r a gl
'

a n t il o w e r s ,
m a n y of w hich h a v e b e e n u s e d t o m ak e a r o m ati c w a t e r s ,

s a ch ets a n d oth e r o d o u ri fe l
･

O u S P r o d u cts .

A f o r m of b e a u tifi c ati o n b y cl e a n s i n g th e f a c e a n d th e b o d y w ith st e a m

s a t u r a t e d w ith a r o m ati c oils fr o m c e rtai n m e dici n al pla nts w a s p o p ul a r i n th e

ki n g d o m i n th e old d ay s ･ T his n aトstyle s a u n a w a s als o e m pl o y e d i n t r aditio n al T h ai

m e di ci n e
, p a l

･

ti c ul a rly f o r w o m e n aft e r c hild bir 血.

T h a )
.

- s tyl e H o t V a p o ll r B ath

A fo
-
n Ⅵ of s a u n a e m pl o y ln g St e a m S a t u r a te d w ith a r o m a ti c oils fl

･

O m V a ri o u s

m e dici n al pl a nt s h a s b e e n p r a c ti s e d i n T h ail a n d f o r c e n t u l
･

i e s ･ T h e p r a c ti c e w a s

l
●

e c ()1¶1-ユe n d e d il- tr a diti o n al T h ai m e dici n e a s a m e a n of cl e a n s l n g th e

b o d y ,p a l
･

ti c ul a l
･

1y fo r w o m e n afte r c hild birth ･ I t w a s als o u s e d a s a c u l
･

e f o r c e rt aill

ail m e n ts s u c h a s a c h e s a n d p a l m s a S W ell a s c e rt ai n ski n c o n ditio n s s u c h a s r a sh e s

a n d
^

it c hin g ･ M o l
･

e r e c e n tly , T h ai - s ty l e s a u n a h a s b e e n e m pl o y e d fo l
･

C O S m e ti c p u l
･

P O S e S･

w hi c h i n cl u d e th e i m pr o v e m e n t of sk in c o n diti o n s a n d w ei gh t r e d u cti o n .

M e dici n al pl a nt s u s e d i n T h ai - style s a u n a c a n b e di vid e d in t o f o u r m ai n

g r O u p S ･
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G r o u p 1 c o n si sts of v ol atile oiトc o nt a ll11 n g pla nts s u c h a s t u m e ri c rhi z o m e s ,

t h e l e a v e s of li m e ( Cit r u s a u r a n tif oli a S w i n g .) , t h e f r ui t s of le e c h
■
1i m 巳 a n d

citr o n ell a ( Cy m b op o g o n n a rd u s R e n dl e) .

G l
･

O u P 2 c o n si sts of a cid -

c o n t ai n i ng Pl a n ts , i n cl u di n g t a m a l
.

i n d le a v e s , th e

l e a v e s a n d p o d s o r s o m
-

p oi
'

(A c a ci a T
･

u g a t a M e rr ･) a n d th e f n lits of le e c h li m e c ut i n t o

h al v e s

G r o u p 3 c o n si sts o f s u bli m a bl e s u b st a n c e s s u c h a s c a m p h o l
'

a n d B o r ll e O
-･

c a m p h o r .

G r o u p 4 c o n stit ut e s m e dici n al pla n t s f o r sp e cific ail m e n ts
,
f o r i n st a n c e

､

p h ak -

b u n g
- r u a m

l

(E nyd r aji u ct u a n s L o u r
･) a s a n a nti -i nfl a m 血at o ry ,

s h all ots a n d s w e e t fla g

(A c o r u s c al a m u s Li n n .) f o r c old s a n d g a l
･

d e n q ui ni n e ( Cle f()d e n･d r u m i n e r m e

G a e rt h) a n d s e a h olly ( A c a n th t LS e b r a c t e a t u L;
.

V a hl o r A ･ ili cifoli u s Li n n ･) f o r s ki n

r a s h e £.

S te p s i n v ol v e d i n th e p r ep a r ati o n of T h ai -

s tyle s a u h a a l
･

e a S f ollo w s : -

- F l
･

e S h h e l
･

b s a r e pl a c e d i n a l a r g e , cl o s e d c o nt ai n e l
･

a n d pl e nty of w a t e r i s

ad d e d .

- T h e m i xt u r e i s h e a te d t o b oili n g .

- T h e l
･

e S ultin g st e a m i s th e n r o u t e d int o a s m all e n cl o s u r e l
･

e a dy f o r u s e ･

S e v e r al h e alth cl ub s a n d b e a u ty s al o n s i n B a n gk ok off e r T h ai - s tyle s a u n a a s

p a rt of t h ei l
･

h e al th o r b e a u ty p r og r a lTl m e S ･

N a t u r al C ol o u n n g A g e n t s a n d D y e s
●

B ef o l
･

e th e a d v e n t of s y nth eti c d y e s , pl a n ts a n d mi n e l
･

AI s w e r e th e m ai n

s o u r c e s of c ol o u r l n g ag e n t s a lld d y e st uff ･ T h e old e st pla n t l
･

e C O l
･

d e d a s b ei n g u s e d fo l
･

this p u l
･

P O S e W a s P r ob ably h e n n a , a h ai l
･

dy e a n d n ail p olish d ati n g b a ck t o th e ti m e

of tl l e a n ci e n t E g y ptl a n S ･ H e n n a l e

l

a v e s a n d e x tl
･

a C t S a l
･

e S till i n u s e t o d a y m ai nly f o r

c o s m e ti c p u rp o s e s ･ F o o d c ol o u l
･

l n g i s a n o th e l
･

S kill a c q u il
･

e d si n c e e a l
･

ly

ci viliz ati o n s . I n T h ai c ulin a ry p r a c ti c e , e E:t l
･

a C tS fl
･

O m a n u m b e l
･

O f pl a n ts h a v e b e e l-

u s e d t o i m p a rt a tt l
･

a C ti v e c ol o u l
･

S t O T h ai d e s s e l
･

ts a n d d ri n k s f o r c e n t u ri e s ･

E x a m pl e s of th e s e a r e th e u s e of t h e bl u e m o w e r s of b 岬el 刊y pe a
.

( C lit o rf a t e r n a t e a

L i n n
.)t o gi v e a vi ol e t c ol o u r t o a T h ai d e s s e ll c alle d

､

K h a n o m c h a w m u a n g
t

a n d th e

u s e of th e l e a v e s of o y st e l
･

Pl a n t (R h o e o s p a t h a c e a (S w ･)S te a r n) f o l
'

n a v O u ri n g

a n d i m p a rtl n g a W i n e r e d c ol o u r t o a d ri n k ･ N at u l
･

al d y e s d e ri v e d f r o m b a rk s ,

l e a v e s a n d oth e r p a rts of ci rtai n pla n ts h a v e b e e n e m plo y e d t o d y e h a n d -

w o v e n cl oth s

w hi ch a r e c h a r a c te ri sti c t o th at p a rti c ul a 1
･

P a rt Of th e c o u n tr y s u c h a s
､

t e e n - c h o k
'

cl o th
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fr o m P h l
･

a e P r o vi n c e a n d
､

m u d - m e e
･

silk f r o m th e N o rt h e a s t of
･
T h aila n d ･ N a t u r al

d y e s w e l
･

e als o u s e d t o p l
･

O d u c e th e vi vid c ol o u r s of t h e f a m o u s T h ai silk i n th e

.Id e m d a y s . T h e h e a r t w o o d ofj a ck f ru it tr e e a n d th e r o o t b a rk of of w ild l n dia n

m tllb e ry yield a y ell o w d y e c o l-t ai n l ng m O ri l l W hile th e le a v e s of ll-dia n al m o n d

(T e l
･

m i n ali a c a t a p p a Li n n ･) gi v e a g l
･

e e n d y e ･ B l a c k d y e s l n a y b e o bt ail l e d fl
･

O m th e

fri tlLs of e b o n y tr e e a lld w h ol e pl a nt of g a m e n g ･ T h e s e e d of lip stic k tr e e a n d illdig o

le a v e s yi eld re d a n d bl u e d y e s
,
l

･

e S P e C ti v ely ･

M e di c )

'

n al Pl a n t s f o r E x p o r t

c e rt ai n m e di ci n al pla nts s u c h as b a s ta rd c a l
･

d a m o m , Si a m c a l
･

d am o m
, g l n g e l

･

a lld bl a c k p ep e l
･

C o l- Stit ut e i m p o rt a n t e xp o rt c o m m o ditie s f o r T h ail a n d
,

e a rn 1 n g V al u able

f o l
･

e lg l " u l1
･

e n Ci e s ･ O th e r T h ai m e dici n al pla nts s o u g ht f o l
･

e X P O l
･

t i n cl u d e l
･

a u v Olfi a

l
･

C) O t ,
M a d ag a s c a l

･

P e l
･

i w i n kle
,

v al e l
･

i a n r o o t
,
s e n n a p o d s a n d m al v a n u t ･ W e st

G e 17 n a l- y , th e U nit e d S t at e s of A m e ri c a
,

C hill a a n d th e U nite d Ki n g d o m a r e th e m ai n

i m p o rte r s of T h ai m e dici n al pl a n t s ･ A c c o rdi n g t o t h e D e p a l
･

t m e n t O f B u si n e s s

E c o n o m i c s , M i ni st ry of C o m m e r c e ,
i n 1 98 6 , T h ail a n d e x p o 1

-

te d s o m e 7
,
0 0 0 t o n s of

m e dici n al pla nts sp i c e s a n d l
.

el at ed p r o d u cts , v al u e d at o v e r 4 00 mi lli o n b a ht ･ A m o ng

th e le a di n g e x p o rt it e m s w e l
'

e b e t el le a v e s (2 ,5 0 0 t o n s) , p e p p e r(2 ,0 0 0 t o ll S) ,

gi n g e r(l ,
25 0 t o n s) , b a st a rd c a rd a m o m (18 5 t o n s) ,

r a u v olfi a l
'

0 0 t(9 .7 t o n s) , a n d Si a m

c a rd a m o m (4 .6 t o n s)

W ith its r apid e c o n o m i c g l
･

O W th , T h aila n d c o n ti n u e s t o e x p o l
･

t a l
･

el ati v ely l a l
･

g e

q u a n tlty O f m edi ci n al pla nt p l
･

O d u c ts e a ch y e a r ･ T h e v ol u m e of e x p o rt of Tll ai

m edicin al pl a nts i s lik ely t o in c l
･

e aS e Sill C e th e g o v e rn m e n t h a s b e e n p r o m o ti n g

th e c ulti v ati o n of c e r t ai n m e dici n al pla nt s f o r e x p o rt i n it s 6th N ati o n al S o ci al an d

E c o I1 0 m i c D e v el o p m e n t P la n .

M i s c ell a n y

A p a l
･

t f r o m th e m a n y a p pli c ati o n s o f T h ai m e di ci n al p r e v i o u sly

m e n ti o n e d
,
c e l

･

t ai n m edicin al pla nts s u ch a s a r e c a n u t a n d b et e1 le af f o u n d u s e a s a

m a s ti c a t o IY ･ T h e p r a ctic e of ch e w l n g b et el q uid b e c a m e p o p ul a l
･

am O n g th e T h ai p e o ple

sill C e a n ci e nt ti m e s a n d s u rv i v e d w ell int o th e R att a n ak o si n pe ri o d w h e n p e o ple fr o m

all w alk L - f life w e r e s e e n i n d ulgi n g l n this fa v o u l
･

ite p a sti m e ･ H o w e v e l
･

,
d u ri n g

W o l
･

ld W a r II th e p r a c tic e w a s b a n n e d b y Field M a l
･

s h al P ･ Pib uls o n gk h r a m , t he

P l
l

i m e M i niste r of T h ail a n d
,
a s i t w a s d e e m e d u n s o ci able f o r a c o u n try w hic h h adj u st

st a lt ed t o ad opt w e s t e l
･

11 C u lt u l
･

e .
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W itb th e a b u n d a ll C e Of fr ag l
･

a n t a ll d c ol o t11
･

f tll fl o w e l
･

S all y e a r l
･

O t111 d
,
TI- ai

la die s
,
e s p e ci ally c o u rti e r s

,
h a v e b u si e d th e m s el v e s w it h th e a rt s of T h ai - s tyl e

a l
･

r a n g e m e n t , pe l
･

f u m e a n d s a c h et m aki n g f o l
･

C e nt u l
･

i e s ･ T h e s e c m ft s h a v e b e e ll

p a s s e d o n f r o m g e n e r ati o n t o g e n e r ati o n
･

a n d still e xi st t od ay ･

T h a壬･ s七y且e S a c h ets

M a n y T h ai m o w e r s ?l
･

e d elic at ely s c e n t e d a n d le n d th e m s el v e s w ell a
.
s

l n g l
･

e di e n ts i n s a ch et - m a ki n g ･ T h ai 1 adi e s , si n c e th e old d ay s , h a v e pe l
-

f e c t e d th e a rt s

of m a kin g fl
･

a g r a n t S a c h ets f r o m th e s e d l
･

i e d fl o w e r s ･ T h e fl o w e l
･

S u s e d f o r thi s

p u l
･

p O S e a r e u s u ally s m all i n si z e a n d p o s s e s s l o n g l a sti n g fl
･

a g l
･

a n C e ･ FI o w e l
･

S f l
･

O m

b ull e t w o o d ,
r o s e p et al s

, j a s m i n e , h e n n a fl o w e l
･

S , b rb ad fl o w e r s ( V alla r E

'

s gl a b f
･

u

Ki z e .) a n d C o
.5 e a b e n ･

g al e n sis R o x b . a l
･

e C O m m O nly u s e d ･
I n a dditi o l1

,
th e l e a v e s

of f l
･

a g l
･

a n t S c r e w Pi n e a n d b a c h el o r
'

s b u tt o n ( G o m p h r e n a gl o b o s a Lin n ･) a l
-

a u s u ally

i n cl u d e d i n t h e p ot -

p o u l Ti ･ I n m a killg th e s a c h ets , pe t al s f l
･

O m S el e c te d n o w e l
･

S a re

ai l
･

- d ri e d w hile th e le a v e s o f f r ag r a n t s c l
･

e W P lll e al
･

e fi n ely s h r e d d e d a n d ai l
'

-

d ri e d .
T h e d ri e d illg r e die nt s a r e t h e n m i x e d t o g eth e r a lld pl a c ed i l- a tigl -tly cl o s e d

c o n t ai 11 e l
･

. T h e m i xt u l
･

e Of fl o w e r s i s sp ri llkle d w i th th e c o n c e n tr at e d T h aトstyl e f l
'

a g r a llt

w a te r a n d th e c o n tai n e r s e al e d f o l
･

1 - 2 d a y s ･ A fte l
･

th e i m p l
･

e g n ati o n p r o c e s s , th e fl o w e l
･

m i x t u r e c a n b e p a ck e d i n t o s uit able c o n t ai n e r s s u c h a s s m all b ag s of v a ri o u s sh a pe s

m a d e of fin ely n e tte d m at e l
･

i al , s m all p o l
･

C el ai n of cl ay p ots ･
T h e s e s a ch ets a l

･

e tl S u ally

u s e d a s s o u v e n ii
.

s o il SP e Ci al o c c a si o n s s u ch a s w e d di n g a n d bi rth d ay c el e b l
'

ati o n s ･ .

T h ai ･ style F r a g r a n t W at e r

T his v e r y p o p ul a r f o r m of fr ag r a n t w at e r i s m a d e fl
･

O m f r e shly g at h e r e d

fl o w e l
･

S a n d c o n t ai n s n o al c o h ol . T h e m o w e r s u s e d a l
･

e S el e ct e d fo l
･

th eil
･

S w e e t a n d

li n g e l
･

1 n g f l
･

a g l
･

a n C e
,

S O m e O f th e
.

m o l
･

e C O m m O n l ng l
･

e di e n ts b ei n g th e fl o w e l
･

S O f

d a m a sk l
･

O S e (R o s a d a m a s c e n a M ill .) ,j a s m i n e
,

､

1 a m
-

c hi a k
t

( P a n d a n u s t e ct o ri LLS B l ･)

%
･

a d a n g
-

n g a a -th ai
f

( C a n ag a o d o r a t a H o o k ･ F ･ & T h ･) , o r a n g e ch a m p ak a ( M i c h･ eli a

c h a m p a c a L i n n ･) ,

､

c h am m a n a a d
.

( V a ll a ri s g l a b r a K t z e ･) ,
b ullet w

,

o o d
,

､

1 a m d u a l-
I

( M el o d o r u m f l
i
u .ti c o s u m L o u l

･

.) a n d
､

c h a n k a
-

p h o
'

( VIlti c a dio sp y 7
.

a id e s S y m i n g ･) ,

o t h e r I n g r e di e nts u s e d i n cl u d e th e l e a v e s o f fr a g r a llt S c r e w p l n e , t h e i n n e l
･

b a rk ()∫

f

c h al u u t
'

( Aly x i a r ei n w a rd tii B l . v a l
･

･
l u cid a M a l

･

k g r ･) , s a n d al w o o d ,
Si a m b e n z oi n ,

j a s m i n e a n d h y a ci nt h (H y a ci n th u s o ri e n t ali s Li n n ･) oils ･

T h e i nitial ste p l n V OI v e s th e bla n c hi n g o f c o a l
･

S ely c h op pe d fl
･

a g l
･

a n t S c r e w

p i n e l e a v e s ,

､

c h al u u t
-

b a rk a n d s a n d al w o o d wi th b わili n g w at e r ･ A ft e r filt r ati o n
･ th e

e x tr a ct i s allo w e d t o c o ol a n d t h e n di vid e d a m o n g s e v e m l tig htl y
-

cl o s e d c o n t ai n e rs
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m ad e of gl a s s o l
･

e n a m el ･ T his i s f oll o w e d b y t h e ab s o l
･

P t1 0 n
･ P l

･

O C e S S W hic h is

u s u ally c a r l
･

i e d o ut i n t h e e v e n l n g W h e n J a S m i n e fl o w e r s b e gi n t o bl o o m ･ T h e p et al s

of j a s m i n e
,

s h r e d d e d pe t als o f
､

k r a d a n g
-

g a a -t h ai
-

, o r a n g e c h a m p a k a a n d t h e

af o r e m e n ti() n e d n o w e l
･

S al
･

e C a r ef u u y fl o ate d o n th e s u l
･

f a c e of th e p l
･

e P a r e d w a te r

a n d th e c . n t ai n el
･

S S e al e d o v e mi gh t .

I A fte r th e r e m o v al of th e fl o w e l
.

S ,
t h e c o nt e n t

o f e a c h v e s s el is t l
･

a n Sf e rl
･

e d i n t o a l a l
･

g e P O r C el ai n J a l
･

･
ty pic ally a blu e a n d w hit e

u r n . F u m ig atio n of th e w a t e l
･

W it h a m ij m tr e Of Si a m b e n z oi n , s h r e d d e d pe els of

le e c h li m e a n d s a n d al w o o d oil f oll o w s ･ T h e c o l- Cl u di n g st e p I n v ol v e s t h e m i x i ng

of B o m e o c a m p h o l
･

t og eth e r w ith j as m i n e a n d h y a ci n th oils w ith s c e n t ed m a l
'

1 i n

a m o l
･

t a r . A s m all a m o u n t of t h e s c e n te d w at e l
･

i s th e n ad d e d t o this m i x t u r e
,
a t a ti m e

,

w ith sti l
･

n n g ･ T h e r e s ult a n t sl u rry is filt e r e d th r o u g h m u slin cl oth in t o a gl a s s b ottle

fitt e d w ith a tight lid ･ T h e p l
･

O C e d u r e i s r ep e a t ed u n til all th e s c e n te d w a te r h a s

b e e n p r o c e s s e d ･

T h ai - st yl e f l
･

a g l
･

a n t w at e l
･

i s a pplie d lib e r al ly o n t o
,

th e f a c e , c h e s t a n d a r m s

d u ri n g th e h ot cli m a t e ･ I t i s al s o r e c o m m e n d e d f o r u s e i n c a s e s of f aintl n g ･ A thi ck

p a s t e m ad e b y m l X l n g S C e n t e d m a rl w ith fr ag r a n t w at e l
･

i s u s e d a s an oillt m e n t i n

V a n O llS C e r e m o n i e s .

T h ai M e di ci n al Pl a n t s
'

.
･ T o d a y

T h ail a n d , b ei n g a n a g ri c ult u r al c o u n t ry , 1 S ri c hly e n d o w ed w ith a w id e v a l
-

i et y

o fi lldig e n o u s fl o l
.

a
, S O m e Of w hic h h a v e l o n g b e e n e m pl oy e d f o l

.

th eir m e dici n al

p r o p e l
'

ti e s ･ T h e fa ct th at tl
.

a diti o n al T h ai m e dici n e h a s b e e n i n p r a c ti c e l o n g b ef o r e

th e i utl
.

O d u cti o n o f m o d e r n m e dici n e i nto T h aila n d
,
i s m a nife st e d b y th e e xi st e n c e of

､

K h a m p e 巳 B ai L a a n
l

o r old h e rb al s w l
･

itt e n o n p al m l e a v e s a n d in
､

S a m u d k h oi
-

a s

w ell a s o th e r w n tl n g S C O n C e rn 1 ng th e u s e of m e dic in al pla n ts w ithin e a ch r eg 1 0 n ･

A ft er l n O d e r n
.

m i dici n e h ad tak e n r o6 t i n T h aila n d w ith th e in a u g u r ati o ll Of

Si t
-

i r aj H o s pit al , th e fir st m o d e m -

s tyl e h o spit al in T h ail a n d , i n 1 8 8 8 , th e u s e of

h e r b al m e di ci n e b e g a n t o d w i ll dle
･ p a r ti c ul a rly ill S t at e

-

l
･

u n h o spit al s a n d h e alth

c e n tr e s ･ I n g r e a t c o n tl
･

a s t t o th e m e di c al p r of e s si o n al s w h o s e e d u c a ti o n i n m o d e l
･

n

m edici n e dict ate d th eir p r ef e r e n c e f o r th e u s e of m o d e r n d ru g s , a p o rti o n of th e th ai

p op ul ati o n still ad h e re d t o t h e old w ay s of life , i n w hic h h e rb al m e dicin e pl ay e d a

vit al r ol e ･ T his is e sp e ci ally t r u e ill m r al a r e a s w h e r e tr aditi o n al h e al e r s a n d

h e l
･

b alists a r e s till h eld il ” e V e r e n C e b y th e c o m m u nitie s ･ T his b ein g th e c a s e ,

S o m d ej P h r a W a n a r a t(P o o n P o o n a siri) th e ab b ot of W at P hl
･

a C h et u p h o n W i m o n ln a n g

Kll all a r a 叫 W at P o) at tll e ti 11ユe , 0 1
･

d e r e d 也e e st ablis b m e llt Of a s ch o ol of T h ai tr adid ｡ n al

m e di ci l- e W ithi n th e t e m ple i n 1 9 5 7 . A s u c c e s si o ll 0f s c h o ol s of T h ait r a diti o n al

m e di ci n e b oth i n B a n g k o k a n d ･ i n o th e r p r o v i n c e s f ollo w e d
. A n u m b e l

･

O f

1 6



t e m pl e s i 11 ru 1
1

al a l
･

e a S al s o e st ablis h e d th ei r o w n m e dici n al pl a n t g a l
･

d e n s w hi c h s e rv e d

a s a s o u r c e of h e rb s f o l
.

th e tr e atlTl e n t Of p ati e nts a s w ell a s a ll e d u c a ti o n al v e n u e .

T h e f a c t th at th e r e a r e n o m o d e r n d r u g s a v ail able f o r th e tr e a t m e llt Of c e rt ai n dis e a s e s

c o uple d with t h e r a pid i n c r e a s e i n th e c o s ts of lTI Od e rn d ru g s h a s g l V e n n e w i m pe t u s t o

t h e s e a r c h f o r n e w d r u g s f r o m a g e
-

old m e dici n al pla n ts . R e s e a l
･

C h w o r k is n o w i n

p l
･

O g l
･

e S S b o th i n g o v e r n m e n t i n s tit uti o n s a n d u ni v e r siti e s i n o l
･

d e l
･

t O i s ol at e a n d

i d e n tify th e bi o a c ti v e c o n s ti t u e n t s of pl a n ts w hic h m a y p ot e n ti ally l e ad t o th e

dis c o v e ry of m o r e p ote n t d ru g s w ith littl e o r n o sid e eff e c ts ･

T h e d e v el o p m e n t o f T h ai h a l
-

b al m e di ci n e m ay b e c a l Ti e d o u t i n t h l
'

e e

diffe re n c e di l
･

e C ti o n s . Fi r s tly ,
th e t r a ditio n al d n lg P l

･

e P a r a ti o n s c o ul d b e p l
･

e S e n t ed i n

n e w d o s a g e f o l
･

m S S O a S t
･

O r e n d e r th e m m o l
･

e P al at able a n d m o l
･

e C O n V e ni e n t t o tlS e ･

S e c o n dly , th e a c ti v e c o n s tit u e n ts c o uld b e i s ol at e d a n d id e n tifie d; s u c h s h ldi e s c o uld

t) a c a l Ti e d o u t o n e a c h i n di vid u al pla nt o l
･

th ey c o uld b e p e rf o l
'

m e d o n a g l V e n d r u g

p r ep a l
･

ati o n ･ M o l
･

e c o m m o nly ,
i n divid u al pl a nt s a r e s ele c te d fo l

･

St u die s w hi c h a r e

n o l
･

m ally c a l Ti e d o u t i n e d u c ati o n al in stit uti o n s a n d r el at e d g o v e l
･

n m e n t a g e n Ci e s ･

R e s e a l
･

C h i n t o m e dici n al pla nts m a y f oll o w o n e o f t w o l
･

O u t e S ,
th e fir st of w hic h is

p r e c e d ed b y t h e is ol ati o n a n d id e ntific ati o n of th e ch e m i c al c o n s tit u e n ts f r o l-ユ

s el e c t e d d r u g pl a nt s a n d th e s e c o m p o u nd s s u b s e q u e n tly te s t ed f o r th ei r bi ol o g i c al

a c ti vitie s . O n th e ot h e r h a n d
,

c r u d e e x tr a c ts f l
･

O m S el e c t e d pl a n ts m a y b e

p l
･

1 m a rily s c l
･

e e n e d fo r th eir p h a r m a c ol o g l C al a c ti viti e s ･ B i o a s s a y
- di r e c te d

fr a c ti o n ati o n of th e a c ti v e p r l n Cipl e s th e n f ollo w s ･ T h e l att e r p l
･

a C ti c e i s p l
･

e f e IT e d b y

s o m e r e s e a l
･

C h e r s a s th e s u c c e s s l
･

a te i s s o m e w h at hig h e r t h a n th e f o l
.

m a r r O u t e ･ h l

c a s e s w h e r e th e a c ti v e p ri n cipl e s a r e p r e s e n t i n th e pla n t (s) i n m i n u t e q u a n titie s
,

th e y m a y h a v e t o b e s y nth e si z e d c h e m i c ally b ef o l
･

e f u rth e r st u die s c a n b e c a l Ti e d

o u t .
o n c e s u 他 cie nt q u a ntlty Of th e a c ti v e c o l 叩 O u n d i s o bt ai n e d , t o xi c ol o g l C al

a n d c o m p r e h e n si v e p h a r m a c ol o gi c al st u die s a l
'

e pe ll o l
.

n e d i n t e s t a n i m al s ･ If th e

d l
･

u g P a s s e s th e s af et y t e st s a n d s h o w s p l
･

O m l S l n g l
･

e S ult s i l - ni m al te st s
･

cli ni c al

st u di e s m a y b e i niti ate d t o e n s u l
･

e th e effic a c y a n d s af et y of th e d l
･

u g i rl h u m a n

s u bj e ct s . A n i nt eg r a t e d st u d y of a d r ug pla nt s u ch a s th e o n e d e s c l
.

ib e d a b o v e i s

b oth ti m e - c o n s u m l n g
,

a n d c o s tly ･ N e v e rth el e s s , s u c h e n d e a v 叩 l
･

h a s
,
i n r e c e n t

y e a r s
,
r e s ult e d in th e dis c o v e ry of a n o v el a n t lp e p tl C ul c e r d r tlg f r o m

､

pl a u n 〔)i
-

( c r o to l ” u bly r a t u s K u r z) , a m e dici n al pl a nt in dig e n o u s t o T h ai 1 an d ･

T h e thil
･

d s tr at e g y f o r th e p l
･

O m O ti o n of T h ai m edicin al pla n ts w o uld b e

t h e c a r ef ul s el e c ti o n a n d d e v el o p m e n t of m e dici n al pl a nt s a s e c o n o mi c c l
･

O P S t O

s u p ply b oth th e e xp o rt m a rk ets a n d th e l o c al d r u g i n d u s try ･ A t p r e s e n t
,

T h ail a n d

is e x p o rtl n g a n u m b e r of pl a n t d r u g s i nt o i nt e r n ati o n al m a rk et s
,

f o r e x a m pl e ,

､

pl a u n oi
'

,
M a d ag a s e c a r p e ri w i n kle a n d s n ak e l

･

0 0 t
.
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It is cl e a rly e vid e n t th at m e dici n al pla nts s till pla y a n i m p o ll a n t p a rt i n

T h ai c tllt u r al s y st e m t o d a y a s th e y h a v e d o n e i n th e p a s t ･ T h e c o n s e l
･

v ati o l - n d

d e v el o p m e nt of T h ai h e rb al m e dici n e h a v e b e e n m a d e p o s sible t hl
･

O u g h th e eff o rt

of i n te r e st ed i n di vid u al s ,
th e p r i v ate S e ct o r a nd g o v e rn m e n t ag e n ci e s alik e ･

T h ai T r a diti o n al M e dici n e : - A b a si c c o n c e p t

T h ai t ra diti o 王1 al m edi ci n e is a v e ry a n ci e n t sy st e m of m e di ci n e ･ It w a s

b a s e d o n k n o w l ed g e tl
･

a n S m itt ed o r ally fl
･

O m g e n e r a ti o n t o g e n e r a ti o n u n til s u c h

ti m e a s it w a s c o 甲 mi tt e d t o TQ r ltl n g in th e P ali l a n g u a g e a n d K h m e r s c rlP t O n

p al m l e af m a n u s c rlPt S ･ T h e s e l n a l ”S C rlPtS W e r e l at e r tr a n sl ate d i nt o T h ai , a n d

p l
･

e S e r V e d a s s a c
,
r e d t e x ts t O b e h a n d e d d o w n i n t h eir o r l g l n al f o r m t o f u t u l

･

e

g e n e r a ti o n s ･

It i s a si m pl e sy st e m o f m e dici n e b a s e d p r i m a rily o n th e p hil o s o p h y of

A y u r v e d a
,
th e S ci e n c e of Lif e of a n ci e n t I n di a

,
w hic h h a d its b e gi n n l n g S d u l

.

i n g t h e

s a m e f e w c e n ttlri e s a s th e a n ci e n t m e dic al sy st e m s of G r e e c e a n d C hi n a , ab o u t t w o

a nd a h alf th o u s a nd y e a rs ag o ･ A y u l
･

v e d a a tt e m p ts t o r el at e th e h u m a n b o d y a n d its

el e m e n ts t o th e m a c r o c o s m of th e u ni v e r s e , a n d s o it d o e s 11 0 t a d o p t a s ci e n tific

ap p r o a c h t o th e dia g n o si s a n d tr e a t m e llt Of dis e a s e ･ It v i e w s th e b o d y a s a c o
-

o rdi n at e d w h ol e ,
cl a s sifie d ,

11 0t a c c o rdin g t o f u n c ti o n 加t a c c o rdi n g t o its c o n stit u e n t

c o r n p o ll e n tS . ¶l e m at e ri al c o m p o n e lltS Of th e b o dy a r e cl a s sifie d w ith r ef e r e n c e t o

也e p r ed o m i n a n t el e m e nt of 血e f o u r p r ot o el e m e n ts of w hic h th e y a r e c o m p o s ed .

C o n s eq u
,
e n tly ,

i n T h ai t r aditi o n al m e di ci n e , di s e a s e i s s e e n a s a

dist u rb a n c e of th e b ala n c e of th e s e el e m e n ts , m a nife ste d by dis o l
･

d e r s of th e v a l
･

i o u s

c o m p o n e n t s u b st a n c e s o f th e b o d y ･ S u c h dis o rd e r s m ay a l
･

i s e fl
･

O l n e n d o g e n o u s

c a u s e s
･ o r f r o m e x o g e n o u s c a u s e s , s tlC h

･

a s ch a n g e s i n cli m at e o l
･

e n Vi r o n m e llt ,

a n d f a cto r s Of a g e a n d
l

ti m e of d a y ･ I m m o d e r a t e b eh a vi o u r of th e i n di vid u al is al s o

t ak e n i nt o a c c o u llt a S a C a t!S al f a c to r of dis e a s e ･ W h at e v e r m ay b e th e p l
･

l m a l
･

y C a u s e
,

th e r e s ult is th o u g ht to p r o d u c e ch a n g e s i n th e fu n c ti o n o r str u c ttlr e Of o n e o r m o l
･

e Of

th r e e vital c o n s tit u e n ts of th e b o dy
-

w i n d , bile a n d m u c o u s . T h e s e dis o rd e r s of th e t ri -

d o s a a r e c o n sid e r e d t o b e th e ulti m at e c a u s e s of dis e a s e .

D i s e a s e i s di ag n o s ed afte r a th o r o u gh i n v e s tlg atio n of th e hist o ry Of th e p atie n t

a n d hi s f a mi ly ･
th e p a s t a n d p r e s e t- t histo ly Of th e dis e a s e , e x a m i n ati o n of b o d y a n d

m i n d
･

a nd i n v e s tig ati o n of th e p ati ellt
'

s s y l n Pt O m S ･ F l
･

O m t h e i nf o l
･

m ati o 11 th u s

o bt ai n e d , th e p n m a ly C a u s e ()f t h e dis e a s e , a nd th e tr e at m e n t t o b e g l V e n ･
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T l
･

e atlTl e n t m ay b e g i v e n b y m e a llS Of lll edicill e
,
S u l

･

g e l
'

y ,
m a s s ag e

,
O l

●

b y

I-- と1g l C SP ell s a l-d i l- C a n t a ti o l- S ･ O nly t l
･

e a tl1- e l- t b y n l e dici n e I-とI S b e e ･n d e s c l
･

ib e d h e l
･

e ･

C l
･

u d e d l
･

u g S Of pla nt
,

a llilTl al
,

a n d m i ll e l
●

と1l o rlg ll- il r e u s e d
,

u s u iLlly in s t a n d lll
一

(1

c o m bi ll a ti o n s a n d q u a n titi e s . T h e m edici n al p l
●

0 pe rti e s or (ll
'

しIg S a l
●

e d e t e l
'

m i n e d b y

th ei r t a s t e .

T his sy ste m of lr l e di ci n e i s u s e d i l一 T h ail a -- d t o Ll m t lC h g l
●

e a t e l
●

e x t e n t th Ll ll

m o Ll e l
･

n m e di ci n e , w hi c h i s q u lte W ell e s t a blis h e d i l‖h e . citi e s il n d tl l
.

b a n a r e a s; b 上lt

d o e s n o t r e a c h th e m aJ O ll ty Of th e pe o pl e , w h o li v e i n th e l
･

u l
･

al a r e a s . E v e n w h e re

m o d e l
･

n m e di ci n e i s a v ail a ble ,
m a n y pe o pl e ,

i n cl u di ll g S O I Tl e tl
･

ai l- e d i n th e m o d e m

h e al th p l
･

O f e s si o l- S , P at r o ni z e th e tl
･

a diti o l- al d o c t o l
･

S ･ As th e m o s t p r a c ti c ill m 占a l- S Or

p r o vidi n g el e m e n t a l
･

y h e alth c a r e f o r th e thi l
･

ty fi v e m illi o l- P e o ple of rtll
l

al T h ai一a n d ,

th e W o rld H e alth O l
･

g a ni z a ti o n h a s d e cid e d t( = 1
･

Lli n
､

vill a g e c o m m しI11i c a t o l
'

S
l

i l一

T h ai tr aditi o n al m e dici n e .

It m ay b e a sk e d w h y t his a n ci e n t sy st e m of m e dici n e h a s s u r vi v e d ,

w h y it still r e tail-S its p o p ul a l
･

1ty e v e n W h e n lⅥ()d a r n m e しli ci l- e i s a v ail a bl e , a n d

w h y th e W o rld H e alth O r g a ni z a ti o n h a s ch o s e n t o e n c o u ra g e its p l
･

a C ti c e ?

H o w c a n s u c h a n u n s ci e n tific sy ste m b e eff e c ti v e -

w hi c h it m u st b e t o h a v e

p e r si st e d f o l
･

C e n t u l
･

i e s , a n d t o h a v e c o m m a n d e d th e a d h e l
･

e n C e Of s o m a ll y P e o pl e ?

L et u s l o ok at t h e a c t u al p r a c ti c e of T h ai t l
･

a diti o n al m e di ci n e
,
a n d s e e w h at w o uld

h 叩p e n in a n i m a g l n a r y C a S e ･

A p ati e nt of a c e ll ai n a g e
,

r e sid e nt i n a p a lti c ul a r pla c e , w ith k n o w n h a bit s

a n d b e h a vi o t- r p atte m , w h o b e c a m e ill at a k n o w l = i m e of d ay o l
･

I-igh t ill-d ti m e of y e Lll
･

,

p l
･

e S e n tS hi m s elf w ith c e rt ai n s ym pt o m s ･ T h e c a u s al fa ct o r s d u e t o th e p ati e n t
'

s

s y m pt o m s
, pl a c e of birth ,

a g e
,
th e ti m e of th e o l- S e t Of th e dis e a s e

, a l- d th e p l
･

1 m とI l
l

y

c a u s e a l
･

e d e te r m i n e d .
A c o n cl u si o n i s l

･

e a ch e d o n w h at is a b n o r m al ,
alld th e dis e a s e i s

n a m e d . B tlt t h e c a tlS e a n d th e J l a m e , alth o u g h tlS e f ul p s y c h ol o g l C 乙111y , Lu
-

e i rl
◆

el e v allt

m e di c a11y ･
T h e m e di ci n e p l

･

e S C l
･

ib e d f o l
･

t l
･

e a t m e l-t i s s el e c t e d il C C O r Lli ng t o th e

S y m pt o m s .

I 11 a c t u al t r e at m e n t
,
e x pe l

･

呈e n c e h a s sh o w l = h at a c o m bi l u ti o l- O r C e l
･

t ai n d l
･

u g S

i s effe ctiv e ill th e r eli ef of c e ll ail- S ym p to m s
,

a l-d th e s e Ll l
･

e th e l- g l V e n
･
IFit is a I-1i l M r

c o m pl ai nt
,

e a sily t l
.

e a te Ll , th e p ati e l-t l
･

e C O V e rS i l- a r e LI S O l- 乙Ible tilユーe ,
Lll-d i s r t111y s ilti sri e d

b y th e tr e a t m e l-t ･ As m o s t ill n e s s e s fit i l-t O this c a te g o l
･

y ,
th e l

･

e S tllt s , o n th e w h ol e
,
a l

･

e

v e r y g o o d .
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I n th e c a s e of s e ri o u s o l
･

p o t e nti ally f at al illn e s s e s ,s o ITl e Of th e d r u g s m u st

s u r ely b e eff e c d v e ･ O niy l n a ny y e a r s Of st ud y of th e a c ti o n of tr a diti o n al m e di cin e s w ill

l
･

e V e al w hic h th e s e a r e . A t th e p r e s e n t ti m e ,
r e s e a r c h is b ei n g c o n d u ct e d at

h o spit a一s a n d r e s e a r c h i l-S tit ute s ill
･
T h aila n d i nt o th e s e d l

･

u g e , P a lti c ul al
･

1y t o d ete l mi n e

th e s af ety of th e u s e of s o m e w hi c h m ay b e d a n g e l
･

O u S ･

A y u r v e di c m e di ci n e ta k e s a q ult e P r a c ti c al vi e w of i n c u l
･

a bl e dis e a s e s ･

T r a diti o n al p r a c titi o n e l
･

a r e ad vi s e d n o t to t r e a t s u ch c a s e s ･ B u t it s e e m s th a t,

alth o u g h th e T h ai h e al e r d o e s n o t a tte m pt t o tl
･

e a t i n c u r able dis e a s e s , h e d o e s

offe l
･

t O try t O S u pp r e s s O r alle vi ate th e sy m pt o m s , i n o rd e r t o m ak e his p atie n ts m o re

c o m f o rta bl e . I t i s al s o ap p a l
･

e n t i n th e a c ti o n s o f pe o ple w h o c o n s tllt t h e tl
･

a diti o n al

d o cto l
･

S W h e n m o d e m m edi ci n e h a s f aile d th e m .

It c a n th u s b e s e e n w h y T h ai tr a did o ll al m e dici n e h a s s u r v i v e d , a n d w h y t he

W o rld H e alth O l
･

g a ni z a ti o n h a s c h o s e n t o a d op t it f o r u s e i n th e p r o m o ti o n of h e alth

c a r e i n T h ai1 a n d ･ F o r m o s t p u l
･

P O S e S it is a d e q u at e ･ I n ad ditio n it is i n e x p e ll Si v e ･ T h e

d r u g s a r e ch e ap ,
1ittlら e q u lP m e n t i s n e e d e d , a n d p r a c titi o n e r s c a n b e tr ai n e d q ui c kly

a n d at lit d e c o st .

A t ot al 1 ,5()() sp e ci e s o f T b ai m e di ci n al pl a nt s h a v e b e e n u s e d il一 2 ,4 49

fo l
･

m ul a ri e s w hic h r e g i s te r e d at th e M inistry of P u blic H e alt h . Al m o st of fo m ul a ri e s

a l
･

e allo w e d t o u s ed f o r th ET. tr e at m e n t Of m ild ill n e s s e s s u c h a s :

1

2

3

4

5

6

7

C a m i n ati v e

A pp e 軸

B lo o d t o ni c

St o m a cbi c a

L a x a li v e

A fte r child bi r th r e m e dy

An titd s si v e , e x p e c to r an t

8 .

9 .

1 0

l l

1 2

1 3

1 4

A n o d y n e

An ti py r e d c

An ti - in t e m litt e n t f e v e r

A n 血el m i n 也c

A n 出血ta m inic

An ti a sh m ati c

N e r v e t o ni c

T h e fi rs t 5 O m e dicin al pl a nt s pe ci e s m o s tly u s e d i n a n ci e n t T h ai f o r m ul a l
･

i e s a l
･

e

li ste d b elo w :

1 .

2 .

3 .

4 .

5 .

6 .

Zf n gib e f
･

q 伊ci n al e

E l･(g e 7 uT a a f10 m a ti c a

P l
'

p e r r et7
･

O h a ct u . m

Ptp e l
･

n ･1 rg n / m J

N ig ella s a li v a

A ng eli c a s yl v e s t ri s

2 0

26

2 7

2 8

2 9

3 0

3 1

C u r c u m d z e d o a ri a

A q ujlla ri a ag allo ch a

T e r m i n a li a g all

D i o sp y r o s d e c a n d r a .

C a e s alp i ni a s ap p a n

A lli u m s ti v u m



7 .

8 .

9 .

1 0

l l

1 2

13

1 4

15

1 6

17

18

1 9

2 0

2 1

2 2

2 3

2 4

2 5

A m o m u m k T
･

e r V a n h

M y ristic a
.f

l

a g l
･

a n S ( n ut m eg)

C o n i o s elilu L m u ni vitt at u m

C u m i n u m c y m l n u m

L e vi sti c u m o B? ci n a le

A tT
･

a C ty l o d e s ly r at a

M y ri stic a カ
･

a g T
･

a n S ( m a c e)

G ly cy r rhiz a gl a b T
･

a

L e pidi u m s a ti v u m

C a m p h o r

P l u m b a g o i n dic a

F o e ni c u l u m v ulg a r e

D r a c a e n a l o u rei ri

A n eth u m g r a v e o l e n s

A rt e m i si a i n dic a

P l

'

p e r rib e s oid e s

T e r m i n alia c h eb ul a

P o d o c a rp u s n e rilf oli u s

Zi n gib e r c a s s u f7 u L n a r

3 2 . M e s u af e r re a

3 3 . B o r n e o1

3 4 . A c o T
･

u s C ala m u s

3 5 . Pip e r .t
l

a 7
･

m e n t()S LL m

3 6 . S a u s s u r e a l app a

3 7 . Cif m a m O n u n Z ey l a l u
'

c u m

3 8 . Cit r u s h v s t ri x

3 9 . Ti n o sp o T
･

a CT
･

l SP a

4 0 . K a e m ld e f
･

a g al a n g a

4 l . A l o e v e l
･

a

4 2 . Al tl m

4 3 . N e t

'

u m b o n u c lf e r a

4 4 . B o r且.冗

45 . R a u v o析a s e 7
･

P e n ti n a

4 6 . Ci n n a m o m u m b u r m a n .ii

47 .
P h ylla nth u s e m blic a

4 8 .
M i m u .S

l

o p s el e n gi

49 . C a rth a m u s ti n c to ri u s

5 0 . C yp e l
･

u S r O a Ll ul u s

T h ai M e di ci n al P l a n t s : - A R e s e a r c h T r e n d

F o l
･

d e t e c ti o n of b iol o gic al a c ti v lt y O n e C a n C h o o s e b et w e e n g e n e l
･

al

s c r e e n l n g m e th o d s , w hic h w ill pi ck u p m a n y di 触 re nt t y p e s of p h a r m a c ol o g lC al

a c ti viti e s ,
a n d sp e cific m e th o d s w hi c h a l

･

e di r e c t e d at fin di n g s o m e eff e c t s ag a i n s t

s pe cific dis e a s e s ･
B ot h ap p r o a c h e s h a v e ad v a n t ag e s a n d dis a d v a n t a g e s ･ A b r o ad

t e s t w hic h c a n pic k u p m a ny diffe r e n t effe cts i s p r o b a bly m o st u s e fu l if o n e i s

r a n d o m ly s c r e e n l ng th e c h o s e n c o m p o u n d s f o r a l一y ki n d of p h a - a c ol og l C al a cti v lty ･

o n e dis ad v a n t a g e s of u s l n g a b r o ad te st f o r s c re e n i n g a n d f o r f ollo w l n g th e is ol atio l-

of a c ti v e c o m p o u n d s i s th at o n e d o e s n o t k n o w , u n til th e a c ti v e c o m p o u n d s h a s b e e n

i s ol ate d , if th e w o rk w a s w o l
･

th d oi n g ･ It c a n v e ry w elt l
･

e S ult i n th e i s ol ati o n of

a tl
･

i vi al c o m p o u n d o f n o m e dic al u s e ･

M u c h of th e n e w e r w o rk w ith m e dici n al pl a n ts a n d/ o r t r a diti o n al d l
･

u g S

i n v ol v e s th e r e dis c o v e l
･

y Of eff e ct s k n o w n f o r a l o n g ti m e
･

M o d e m

p h a l
･

m a C Ol o g l C al r e s e a r c h m ay th u s h a v e c o n t ri b ute d l e s s t h at is l
･

e ally n e w th a n
.

w e

lik e t o b elie v e . I n f a c t m o d e m p h a r m a c ol o g lS tS S O m e ti m e s ap p e a l
･

1g n O r a n t Of th e f a c t

th at th e
l

m aJ O n t y Of pe o pl e i n th e w o l
･

1d l
･

ely p r e d o m i n a n tly o n lT l e di cil- al pl 叫 S a S
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d l
･

u g S ･ I n r e ali z a ti o n of this
,

W 日O h a s e m p h a si z ed th e i m p o r t a n c e of s ci e n tifi c

i n v e s tig ati o n s i nt o i n dig e n o u s h e rb al m edi ci n e s ･ I n m a n y c o u ntl
･

i e s of th e w o l
･

ld ,

n a ti v e m e dici n al pl a n ts a r e t h u s l o o k e d･u p o n a s p o s sible a d diti o n s t o th e W 日O list of

I.

E s s e n ti al D r u g s
,I

o 1- C e th ei r v al u e h a s b e e n cli nic al ly p r o v e n ･
O n t h e o t h e r h a n d

,

itl 111 u S t a一s o b e r e m e m b e r ed tb at th e ad v a ll C e d t e c h niq u e s of m o d e r n c h e m i stry h a v e

m ad e th e is ol ati o n a n d st u c t u l
･

e d e te l mi n atio n of n e w c o m p o u n d s m u c h e a si e r d u ri n g

r e c e n t y e a r S ･

I ll W O l
･

ki n g w it h pla n ts u s e d i n tr a diti o n al m e dici n e
,

o n e sh o uld t a k e

ad v a nt a g e of th e i nf o n n ati o n ab o u t th e u s e o f 血e pl a nt th at h a s b e e n o bt ai n e d fr o m th e

t r aditio n al h e al e r占.
T h u s

,
a s pe cifi c t e s t s h o u ld p r ef e r ably b e u s e d ･ As s u c h t e s ts

u s u ally a re ti m e - c o n s u m i n g a n d c u m b e r s o m e , m o s t l
･

e S e a r Ch g r o u p s w ill h a v e t o

li m it th e m s el v e s t o s t u d yillg a S m all n tl m b e r of e ff e cts f o r w hic h th e y h a v e s e t u p

s tlitable t e st sy ste m s wit h w hich th ey h a v e b e c o m e th o r o u gh 1y fa m ilia l
.

･

M o s t w o rk o n pla nts u s ed in t r aditio n al m e dici n e h a s b e e n b a s e d o l H
･

e S ults

of i ll vi v o o r i n vit r o te s ts , p e l
･

f o r m e d in th e l a b o r a t o r y ･ I n c h o o s i n g t h e pl a nts f o l
･

i n v e s tig ati o n ,
a cli ni c al ap p r o a c h m ig ht g l V e b ett e r r e s ults ･ I n T h ail a n d , r e m e die s

p r ep a r e d b y a tl
･

a diti o n al h e al e l
･

f l
･

O m Pl a n ts of th e l o c al n o l
･

a a l
･

e t h e o n ly dl
･

u g S

a v ail abl e fo l
･

a g r e at m al ly pe O Pl e ･ A n attr a c ti v e ap p r o a c h t o th e i n v e stlg ati o n of s u c h

pl a n t s w o uld th e l
･

ef o r e b e f o r a tr aih e d ph y sicia ll 0 r P h a r m a c ol o g l S t tO

c o o p e r ate w ith th e h e al e r ,
fi r st a c ti n g a S a n O b s e r v e r b y e sta blis hi ng p r o p e r di ag n o s e s

a n d e v al u ati ng W h et h e l
.

th e tl
-

e a t m e n t g l V e n b y th e h e al e r is lik ely t o h a v e b e e n

eff e c ti v e . I n this w ay a n u m b e r o f pla n ts m igh t b e s el e ct e d
,
e x tr a c t s of w hic h

c o ul d th e n b e s ubj e ct e d t o m o l
-

a d e t ailed cli nic al tl
･

i al s , p l
･

O Vid e d th at th e p 1
･

e li m i n a ry

()b s e r v a ti o n s a n d a r e a s o n ably e x te n si v e t o x i c ol o gic al e v al u ati o n h a v e sh o w n n o

a d v e r s e effe c ts ･ T h e f u rth e l
･

i n v e s tlg ati o n of th e s e pl a n ts c o uld th e n b e pe rf o r m e d i n

th e l a b o r a t o ry ･ T h e ad v a nt a g e o f t his ap p r o a ch is of c o u r s e t h at

'

t h e c h a n c e s o f

fi n di n g v al u able c o m p o u nd s m u s t b e m u ch b ett e r w h e n i n v e stlg atl n g a Pla nt e x tr a c t

f()r w hi c h cli ni c al effi c a9 y h a s al l
.

e a d y b e e n p r o v e n .

T h e l
･

01 e of n at u l
･

al p r o d u c ts i n d l
･

u g d e v el o p m e n t is o b vi o u sly n o t l
･

e S tl
･

i c t ed

t o p r o vidin g n e w d l
･

u g s . N a t u r al s o tlr C e S m ak e a v ail a ble a n a b u ll d a n c e of

c ()In P O u n d s ･ oft e n w ith u n l q u e C h e m i c al str u c t u r e s ･ T h e s e c o ln P O u n d s , b ei n g a p a rt

o f li vi n g sy st e m s fl
･

O m
■

w hic h th e y w el
･

e i s ol at e d a n d i ll W hi ch th ey m u s t h a v e pl a y e
.
d

s o m e f u n c ti o n , e x hibit a di v e r s lt y Of bi olo gic al a c ti vitie s ･ E v e l = h o u g h ln O S t Of

th e m a r e o f n o i m m e di ate i n te l
･

e st a s d r u g s , t h e y a r e i n dis pe n s a ble a s t o ol s i n

ph a l
-

m a C OI o gl C al a n d bi o c h e mi c al in v e s tlg a ti o n s ･ D u li n g th e la st d e c a d e th e l
･

e s e a l
･

C h

h a s d e v el o p e d t o w al
･

d s biolo gi c ally a cti v e c o m p o u ll d s i n v ol vi n g bi ol o g lS t S ,
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c h e mi sts a n d p h a r m a c ol o g l St S W h o a r e e ng ag e d i n m u ltidis cipli n a ry p r o g l
･

a m S ･

N a t u l
･

al p l
･

O Cl u c t s w ill th u s c o nti n u e t o s t l
.

O n gly i n n u e n c e th e d e v el o p m e n t of d n lg S i ll

a n i n di r e c t f a shio n
,
th r o u g h a n i m p a ct o n b a si c s ci e n c e s u p o n w hic h d r u g I

.

e S e a l
.

C h

d ep e n d s ･ S e c o n dly ,
e v e n if a ll attl r al s u b sta l- C e is t o o t() 又i c o r n o t a cti v e e n o u g h

o l
･

if it e x hibit s a n u n d e si r a ble c o m bi n ati o n of a c tl V ltl e S
,

S tr u c t u r al

m o difi c ati o n s o f th e m ol e c ul e t o a c q u l r e a u s ef u l a c ti v it y P a tt e l
.

n i s a c h alle n g i n g

p l
･

O bl e m f o l
･

a C h e m ist ･

I n sp lte Of th e hid d e n p r o m i s e s of th e m a ny th o tl S a nd s of m e dici n al pl a n ts

t h at h a v e n o t y et b e e n e v al u a t e d p h a r m a c ol o g l C all y ,

.'

n e w
”

d r u g s c a n al s o c o m e

f l
･

O m
''

old
H

n at u l
･

a l p r o d u c ts , if t h e n e c e s s a ry l
･

e S e a l
･

C h i n p tlt i s m ad e , e ･ g ･ , w it h a

n e w d r u g d e sig n .

T h u s
,
th e s t u d y of n at u l

･

al p r o d u c ts h a s l
･

e S ult ed i n m a n y v al u able t h e r a pe u tic

a g e n ts b e c o m i n g a v aila bl e a n d it is p r o b able th at m a n y p o t e n ti ally u s ef ul d r u g s

r e m ai n t o b e dis c o v e r e d ･
A v e ry l a r g e p r o p o rti o n of th e W old

.

s p o p ul ati o ll u s e h e rb al

l
･

e m e die s b ut d e s p it e this it h a s b e e n e s ti m a te d th at o f th e 25 0
,
0 0 O -5 00 ,0 0 0 s p e ci e s of

hig h e r pl a nt s o n e a rt h , o nly a s m all fl
･

a C ti o n h a s b e e n i n v e stlB at e d p h a l
･

m a C Ol og l C ally

a n d u s u ally f o l
･

O nly o n e s pe cific ty pe of a ct l V lty ･ T h e l
･

e f o r e , t h e l
･

e i s l W d o u bt th at

th e r e a r e c o n sid e r able c h a n c e s if 丘n di n g n e w n a tu r al c o m p o u n d s w ith p b a - a c ol o g lC al

activiti e s
,

u s ef ul f o r th e d e v el o p m e n t of n e w d r ug s ･
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P A R T II

s T 汲U C 甘U R E E L U C I D A T I O N O F I S O L A T E D C O M P O U N D S

T h ail a n d is

血鳩S a r e S e Ⅳ e d

s af e a n d effe cti v e

a c ti v e c o m p o u n d s L

m od el s t o o rg a n i c

r e al m of s ci e n c e ,

si n c e it i n v ol v e s

ri c h i n n at u r al a n d ar e u s u al ly a v ai l abl e i n ab u nd a n c e ･ C r u d e

i n e v e ry t o w n ･ A fte r st a n d ar diz atio n
･
th e s e m at e ri als m ay p r o vid e

g al e ni c al pr od u c ts o r m ay le a d t o th e dis c o v e ry of n e w biol o gi c ally

M o r e o v e r , s o m e of k n o w n a n d n o v el c o m p o u n d s m a y r e v e al a s

ch e m i st s f o r sy nth e sis of n e w d ru g s ･ N o w w e r e ali z e th at in t h e

d ru g r e s e a r c h b el o n g s to th e i n t e rdis cipli n a ry g r o up of s ci e n c e s ,

a n u m b e r of h ete r o g e n o u s te c h ni c al fi eld s w hic h ar e u nit ed i n th e

ap plic ati o rl S t O a C O m m O n O bj e ct i n o rd e r t o s e ek f o r n e w d ru g s ･

I t h a s al s o t) e e n o u r b elief th at r e s e ar c h o n n at u r al p r o d u c t s , p ar ti c ul a rly o n

th o s e d e ri v e d fr o m T h ai m e dici n al pla nts
,

sh o uld b e p e rf o rm e d i n a

m u ltidis ciplin a r y m a n n e r , d r a w i n g SP e Cifi c e x p e rti s e f r o m b ot a ni sts
,

c h e m i st s
,

p h a m a c ol o gis t s a n d p o s sibly cli nici a n s . T h e a cti v itie s i n th is ar e a st ar t e d o v e r th e

l a st d e c ad e b y v e n t u n n g l nt O th e field an d s el e c tl n g Pla nts f o r c h e m i c al st u d y o n th e

b a si s of si m ple sp ot t e sts .

T h e s el e c ti o n of pla n t m a t e d al s fわr th e s e r e s e a r c b s i s b a s ed o n i) R a n d o m ,

ii) P hyt ∝ h e m ic al , iii) T a x o n o m i c
,

an d iv) Eth n o m e dic al app r o a c h e s .

L o gi c al i nf o r m ad o n of pl a nt t o b e e xplo r ed is d r a w n a s b el o w :

Pl a nt s

r ef K Wt ed

a cLi v e

Pla 鵬 r ef X)rt ed

u s e d

Pl a nts

w i山 a ctiv e

c o m p o u n d s
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- R a n d o m
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T b e a r r a n g e m e n t o f this r e s e a r c h c o m pil ati o n w ill b e b y p h yt o cb e m i c al

c a t e g o ry ,
w ith c r o s s r ef e r e nt e d n ot ati o n s c e r t ai n of th e pl a n t sp e ci e s , w h e r e

a pp r o p n at e ･

2 .且 S t r u c 七u r e el u c畳d a ti o n o F i s ol a t e d c o m p o u n d s f r o m T h ai m e di c孟n a且

p丑a m t s

l n t h e p a st f e w y e ar s , th e t e c h n ol o g y a v aila bl e f o r th e d et e rm i n ati o n of th e s e

p a r a m e t e r s n e e d e d t o d ed u c e 也e st u c t u r e s of n e w n a t u r al p r o d u c ts h a s a d v a n c e d

s u b s t a n ti au y .
T h e m o st i m p o rt a n t s l n gle d e v el o p m e n t i n n m r sp e c tr o s c o p y a s f ar

a s p r a c ti c al ap plic ati o n i s c o n c e r n e d is th e abilit y t o c o n d u c t c o 汀 el atio n

sp e c tr o s c o p y ･ O f th e m a n y v a ri a nts of t his t e c h niq u e t h at a r e a v aila ble , th r e e i n

p a r ti c ul a r h a v e b e e n of i m p o rt a n c e t o th e n a t u r al p r o d u c t c h e m i st . T h e s e a r e i)
l H - 1 H

C O S Y i n w hi c h eith e r t w o b o n d o r l o n g r a n g e c o upli n g s m a y b e e m p h a si z e d , ii) n O e

C O S Y (N O E S Y ) s pe ctr a i n w hic h p r o x i m at e p r o t o n -

p r o t o n r el a ti o n ship s ar e

displ ay e d ,
a n d iii)

l H -
1 3

c c o s y (h et c o r) sp e c tr a i n w hic h th e c o rr el a ti o n b et w e e n a

c a rb o n a n d its a tt a c h ed p r ot o n (s) is displa y e d . W ith th e s e t e c h niq u e s , l e t
'

s b e gin t h e

j o u r n ey t hr o u g h ti m e a n d th e str a te g l e S u s e d f o r str u ct u r e d e t e r m i n ati o n
･

2
.
1

.
1 S e s q uit e r p e n oi d s

T his gr o up of c o m p o u n d is a c ti v e p n n cip al of s o m e tr aditio n al m e dici n al pla nt s

of T h ail a n d . T h e dist ri b uti o n of s e sq u lt er pe n Oid s o c c u n n g l n t h e f o r m s of al c o h ol o r

l a c t o n e i s a v ail a ble a b u n d a n tly i n t h e f a m ilie s C o m p o sit a e
,

M a g n oli a c e a e a n d

A rist ol o cbia c e a e .

i
. G R A N G E A M A D E R A S P A T A N A (1)

G r a n g e a A d a n s o n , i n th e s ub t rib e G r a ng ei n a e of bit) e A ste r e a e ( C o m p o sit a e) ,

i s a g e n u s o f s ub e r e c t o r p r o st a t e a n n u al h e rb s ( 2) ･ F o u rt e e n sp e ci e s of G r a n g e a ar e

f o u n d i n tr o pic al a n d s ub tr opi c al A sia a nd A fri c a (3 ,
4) ･ G r a n g e a m a d e r a sp a t a n a

P oir ･

,
k n o w n l o c ally a s

‖

P h a y a a
-

m u tti ,

‥

i s t h e o nly sp e ci e s fわu nd w id ely a n d u s e d

m e dici n ally th r o u gh o ut T h aila n d (4) . T his sp e ci e s i s u tili z e d i n m a n y c oh nt ri e s f o r

m e dicin al p u r p o s e s ･
T h e l e a v e s ar e u s e d a s a st o m a c hic

,
a s ed ati v e

,
a c a rm i n ati v e , a n

e m m e n a g o g u e , a n d a n a n ti n at ul e n t (5) ･ T h e pl a nt is cl ai m e d t o f a cilit?te th e r e t ur n

of m e n s e s afte r p a rt u ri ti o n if th e d ela y l S a c c o m p a ni e d b y a bd o m i n al a n d kid n ey p a l m
●

(6) . I n T h ail a n d , th e w h ol e pl a nt h a s b e e n u s ed i n fblklo ri c m edicin e a s a bitt e r

t o ni c o r a c a rm i n a ti v e a n d fo r tr e a t m e n t of n at ul e n c e a n d dia r rh e a (7) . P r e v i o u s

r ep o r t s h a v e i n dic at e d th e p r e s e n c e of th e f oll o w l n g C O m p O u n d s i n thi s s p e ci e s : t h e

dit e rp e n e s ( -) - h a ,d w i c kii c a cid ,
e n t - 2β- h y d r o x y

- 1 5 , 1占-

e p o x y
- 3 ,

1 3(1 6) ,
1 4 -

c l e r o d at ri e n e
- 1 8 -

oi c a cid , a n d s t ri c ti c a cid , th e st e r oid s c h o n d rill at e r ol a n d
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8 - il C e t O X y P e ntild e c a - 1 ,9 ,1 4
-tl

･

i e n
- 4 ,

6 -diy n e (8 - 1 0) ･
T his is t o r e p o l = h e s tl

●

tlC t tll
･

e

el u cid ati n ll O = 1 l
･

e e S e S q U lt e l
･

pe n e l a c t o ll e S i l- Cl u di llg a n e w e u d e s m a l- Glid e is ol a t ed

f r o m G . m a d e l
･

a SP at a n a ･

T h e e x b
･

a c ti o n a lld is ol ati o l 川 f th l
･

e e C OT TIP O l- e n Ls fl
･

O m th e w l-(-1 e pla n t of G ･

捕 (1(l e ]
･

(t sl, (tt a n ( " I r e d e s c rib e d il = h e E x p e ril n e n t al
,

il n d th e stl
･

u C tu l
･

e d e t e l
･

1--i n a ti () 1- Of

th e s e c o m p o u n d s wi ll b e dis c u s s e d in th e o l
･

d e l
･

i l - hic h th e y w e r e el Lu e d f l
･

O m a Si

g el c oltl m n ･ C o m p o u nd .I w a s a C Ol o rl e s s s olid w hic h e x hibit ed il- its ei m s a p a l
･

e n t

j e n a t ”/z 23 2 (C 1 5 H 2 0 0 2) a n d a b a s e pe ak at 21 7 , [ M - M e] ＋
･ An il

･

a b s o l
･

P ti o n a t 1 7 67

c m
- 1

s u g ge st e d th e p r e s e n c e of a n α - m eth yle n e
-

y
-l a c t o n e m oi e ty , a n d this w とu

14

, #

15

6

7 ンR

H a

# 3 H b H O
一

, #

一 O H

1 R = H
J

2 R = O H

c o nfi r m ed b y th e
l H - n m r sp e c t r u m of th e s ub st a n c e ･ T h e l att e r s pe ctl

･

u m w a s t h e

s a m e a s th ilt r ep o rte d p l
･

e Vi o u sly f o r ( -) i
-

r ull a l- 01id e (l l) a lld e st ablis h e d th at 1 is

t hi s k n o w n e t-d e s m a l- 01id e ･ Ill T a b一e 1 is th e l
･

e P O rt Of th e 4 0() M H z
I H - n ln l

･

s p e c tl
-

u m Of 1 [p l
●

e vi o tlS SP e C tr a W e r e r e c o rd e d at 6 0 M H z (1 1)] fo r c o m p ali s o n wi th

th e l
･

el a te d c o m p o ll e n tS 2 a nd 3 ･ T h e
13 c s pe ct l

･

u m of l h a s n o t b e e n l
･

e P O rt e d

p r e vi o t-sly il n d is l
･

e C O rd e d i n T abl e 2 ･ F r ull a n olid e is th e alle rg e l-i c c o m p o n e n t of il

li v e l
'

w O l
'

t (1 2) , a nd its l e v o l
'

O ta t O l
･

y e n a llti o m e r h Et S b e e n is ol ate d p r e vi o u sly fl
･

O m

F l
･

ul[ 〟ni (I t a m a T
･

i s ci w hil e its d e x tr o r o ta t o lγ fo l
･

m h a s ･ b e e n r e p o l
･

te d t o b e p l
･

e S e n t i n

F n Jlla nj a dilat at a (ll)■･ T h e str u c t u r e of 1 h a s b e e n c o llfi l
･

m e d b y s y n th e si s (13) .

･

T h e s e c o n d c o m p o n e n t w a s a s olid w h o s e el e m e n t al a n aly s t s a nd ei m s

(p a l
●

e llt pe ak a t ”/i 2 48) w e r e c o n si st e l-t W ith th e m ol e c ul a l
･

f o l
･

m u l a C 1 5 H 2 0 0 3 .

T h e il
'

s p e c tl
-

tl m S u g g e ste d th e p r e s e n c e of a l一 α - m e tllyle ll e -

Y
-1 a c t o n e (1 7 7 2 , 1 6 5 5)

と111d a h y d l
.

O X yl g r o u p (3 6 2 0 c l-I
- 1
) ･ T h e

l
H - n m l

･

s pe ct r u m ()f 2 (T a bl e I) w a s

si m ila r t o th at o f 1 a l- d s u g g e st edL th e c o m p o tll-d p o s s e s s e d a e u 〔l e s ln a 11 01id e

c a rb (- 1- S k el et o n ･ A si n glet fo l
･

t h e H - 6 re s o ll a n C e e st abli s h e d th at th e h y d l
･

O X yl

g r o 叩 u l u S t b e a tt a c h ed to C -7 a n d s u g g e s te d th at
■

2 w a s ( -

)
- 7 α

- h y d l
･

O X yl
-

r l 仙 11- Olid e ･ T h e b と1 S e P e a k a t m j(i 2 33 ill th e ei l 耶 O f 2 il- di c at e d l o s s o f a m e th yl

g r m lP W it 川 )l
･

m ati( 川 or th e st a bili z ed t e rti a l
･

y a-1yli c r l
･

a g m e l-t S h o w n i n Fig u l
･

e l ･

T h e LS a m e ty p e O F fl
･

ag m e n t al s o w a s p l
･

O d u c e d f l
･

O m 1 ( 川/z 2 1 7) a l- d a p p e a r s t o b e
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di a g n o s ti c of th e A 4 ･5 -

u n s a t u r a te d e u d e s m a n e s ･ A ft e r th e i n v e st lg a ti o n of 2 h a s

c o m pl ete d ,
a p a p e r a t a c o n f e r e n c e d e s c lib ed th e is ol a ti( )1- Of th e s a t-- e C o l-1P O u n d

f l
･

O ITI Sp h a e r a n th ･l LS i n (1i c LLS (1 4) .
A r e c e llt P u blic ati o ll b y a ll O th e r g r o u p a一s o l

･

e P O 11 e d

t h e is ol atio n of 1 2 f r o ITi s . i n (li c u , .- a l一(I c o n fi l
･

m e d tll e S tr u C ttl l
･

e b y a n X - l
･

a y

c l
･

y S ta11 o g l
･

a p hic st u dy of a d e ri v ati v e (1 5) ･
T h e s e l att e r i n v e stig at o rs re p ( n

'

t e d 2

w a s a n oil , w hile w e h a v e i s ol at e d it i n c ry st alli ll e r O l
-

m とu l d o u l
●

o pti c al r o t a ti o ll is

s o m e w h at hig h e l
･

n O d o u bt th at co m p o tl n d s a l
･

e id e n ti c al
,
b ut a s o t 汀

1 3 c a s s lg l- 1Tl e n t S

diffe r s u b st a n ti ally f r o m th o s e r e p o rt e d p l
●

e Vi o u sly (1 5) , o u l
●

a s Sig n m e rltS とI r e

p l
･

e S e n t e d i n T a ble 2
･ C o m p a ri s o n s wi t h th e

13 c s pe ctr a of 甘 a n d 3 w e r e o f

c o n sid e l
･

a bl e a s si st a n c e i n m aki n g th e s e a s sig n m e n ts .

＋
l

/ 3

′O H

0

l

Fig ll r e l ･ S t ru c t u l
･

e O f th e b a s e p e a k at r
･

Tl/ z 23 3 f r o m ei l- -S O f 2 ･

T h e t hird a n d m o s t p ol a r c o m p o n e n t w a s a hig h e l
･

m elti n g s olid w h o s e

a c c tl l
･

a te m a s s W a s C O n Si ste n t w ith th e m ol e c ul a L
･

f o l
･

m ul a C 1 5 H 2 2 0 4 . I n th e ei m s o f

3
,

a f r a g m e n t at m / z 25 1
, 【M - M e]

'
,
s u g g e s t e d thi s c o m p o n e n t w a s al s o a A 4

,
5

-

e u d e s m a n e (s e e dis c u s si o n of 2) a n d th e ”/z 2 48 f l
･

a g m e n t
, [ M -I

-

I 2 0]
＋

, i n dic a t e d

th e c o m p o u n d u n d e l
･

W e n t a f a cil e d e h y d r a ti o n r e a c ti o n ･ T n th e i l
l

S pe C tl
･

u m O f 3 ,
th e

ab s o l
･

P t1 0 n a t 17 7 1 c m
- 1 i n dic at e d a y

-1 a c t o n e f u n c ti o n , b u t th e a b s e n c e o f a ny

a b s o rp tl O n b et w e e n 3 0 0 0 - 3 1 0 0 c m
- 1

s u g g e s te d a n α
-

m e th yl l
l

a th e r th a n a n α -

m e th yl e n e g l
･

O tlP W a s P r e S e n t ･ A l s o
,
t h e s tl

･

O n g e r ab s o l
･

p tl O n a b o v e 3 6 O O c m
- 1

a s

c o ITIP ar e d w ith 2 i n di c at e d th e ad diti o n al o x y g e n a t o m i n 3 w a s p l
･

e S e n t a S a S e C O n (I

h y d l
･

O X yl g l
･

O u P ･ T h e a b s o r pti o n a t 1 0 07 c m
- 1

s u g g e s te d thi s h y d r o x yl g r o u p w a s

s e c o n d a ry a n d allylic (c al c t､l ate d v al u e ab o tlt l ot() c 皿
- 1
) (16); tl- しI S , i t w a s pla c e d ()1-

c - 3 . T h e
l
H - a n d 1 3 c - s pe ctr a of 3 (T a ble s 1 a n d 2

,
I

.

e S P e C ti v ely) c o n fi l
'

m e d th e

s u g g e stio n s ab o v e ･
I n p a rti c ul a r , th e 3 -

p r o t o n a d o t-bl e a t l ･2 1 i n th e
l H sp9 Ctr ll m

e st a blis h e d th e p r e s e n c e of th e C - 13 m e thyl g l
･

O u P S
,

a l- (I th e t l
･

ipl e t a t 4 ･0() p p m w a s

a s s lg ll e d t o th e c a l
･

b in yl p l
･

O t O n a t C - 3 ･ W ith r e g a rd t o th e
1 3

c s p e ctl
･

u m
･
it w a s

e s t a blis h e d p r e vi o u sly (17) t h at a h yd l
･

O X yl g l
･

O u P P l
●

O dt.c e d i､ P T O n O u n C e d

d o w llfi eld s hift ( ab o ut 4 0 p p m) of th e c a l
･

b o l- t O W hi c h it i s att a c h e d ( α eff e ct) , Lt

s m all d o w nfi eld shift (5 - 1 0 p p ln) of th e ドc L1 1
･

b o n
,
a n d a n up field shift (a f e w p p m )

of th e γc a rb o 11 .

･

I n th e
1 3 c s p e c t ru m of 3 ( T 乙Ibl e 2) th e C -3 l

･

e S O n a n C e i s s hift ed

d o w n fi eld b y 3 6 .
2 p p m l

･

e l a ti v e t o C -3 il- 2 , C
-2 (th e γc と1 1

･

b (-1-) i s s hift e d d o w l-fi eld by

7 . 0 p p rn
, a n d C - 1 (th e † c a rb o n) i s shifte d u pfi el d b y 3 ･

2 p p l-- ･ T h t l S , t h e s e

2 7



a s s ig n m e n ts C O ilfi r m th e pl a c e m e n t of th e s e c o nd h yd r o x yl g r o u p l I- 3 ra t C -3 a n d

呈II s o i n dic at e tl l e 13 c 乙I S S lg n m e l-tS f o r 1 ,
2 a n d 3 a l

･

e il-te l
･

l- ally c o n si st e n t ･ Fit- ally , lt

w a s n e c e s s a ry t o e s ta blish t he ste r e o ch e m i str y of t h e 1 3 - M e g l
･

O u P S a l- d th e 3 - O H

i
:

u u eti o n ( a s s u m i n g th at th e ste re o c h e mi t.7 0f all oth e r s u b stit u e n ts i s th e s a m e a s

i n 2) . A d et aile d
13 c l - m r S t u dy of e u d e s m a 山01id e s sl - o w e d th at a β- m et h yl

g r o u p at c - 13 i n a ci s -f tlS e d † 1ac t o n e r e s o n a te d at 9 ･6 w hil e a l- α
- m e t h yl g l

･

O u P l l-

th e s a m e m oi ety ap p e a l
･

e d a t 1 4 ･9 p p m (1 8) ･
I n 3

,
th e 1 3 - M e ap pe a l

.

S a t 7 ･3 p p m
,

w hic h str o n gly s u g g e s ts it is i l 川 βc o n fig t-r a ti o l- , a n d th e ad diti o l- al LIPfield s hift o f 2 ･3

p p m (7 .
3 v s .

9 .6) i s c a tlS e d b y th e y eff e c t of th e 7 - h yd r o x y s u b stit u e n t ･ T h e 3 - O H

g r o tlP W a s a S Sig ･- ed t h e α c o l
,?fig u r at

.
i o ll a ll d th e c al

●

bi n yl p l
■

O t O n t h e βp o siti o n

(p s e tld o -

e q tla t O ri al) b e c a u s e of th e e q u al c o u pli llg S (tl
'

ipl e r , J = 3 H z) o r th e

latt e r wi th th e H 1 2 p l
･

O tO llS . T h e c h e m i c al shift of H -3 (4 ･ 0 0 p p m ) a ll d its c o u pli n g

c o n s t a nts a l
･

e v e l
･

y Si‡--il a r t o th o s e l
･

e P O l
･

t e d f o r t w o e u d e s l- - a l- Olid e s il- W hicl = h e

3
T
O H f u n c ti o n w a s al s o a岳sig n ed th e α c o nfig u l

●

ati o ll (1 9 ,
2 0) ･ T h u s ,

c o m p o n e n t 3

is a p r e vi o u sly u n r e p o rte d e t- d e s m a ri olid e th at w e h a v e giv e n th e ll a m e ( ＋) -

g r a n g olid e
.

(＋F R U L L A N O LI D E [1]
- M p 7 0 -7 2

o

[1it . (1 2) m p 7 7
o

];【α]
24

D
- 1 l o

o

( C H C13)

Flit . (1 2) 【o1] D
- 1 1 3

o

( C H C13)]; ir t) m ;LX ( C C14) 17 6 7 , 1 2 6 4 , 1 14 2 , 9 4 0 c m
- 1

;
1 H n m l

･

s e e T abl e l
･

,

1 3 c n m r s e e T abl e 2 ; ei m s n 7/ I ( l
･

el . i n t .) [ M ] ＋ 2 3 2 (1 6) ,
2 1 7 (1 0 0) ,

1 7 1 (21) .

( -) -7 d
-

I Y D R O X Y F R U L L A N O L ID E [2 ト M p 6 9 -7 1
o

[lit . (14) 5 9 - 6 0
o

, (1 5)

oil]; [ α】24
D

- 7 6
Q

(c = 1 ･O 9 , C H C 13)【lit .(1 5) [ α] 2 4
D

- 5 7
o

(c = O .4 3 , C rI C 13 )]; ir v m a
.

A

( C C14) 3 6 2 0 ,3 0 1 0 , 2 93 3 , 17 7 2 , 16 55
,

1 14 2
, 9 5 6 c m

- 1
;

1 H n m l
･

s e e T a bl e 1 ;

1 3 c n m r s e e T a ble 2; ei m s m /I (r el . i n t .) [ M ]
'

2 48 (1 9) ,
233 (1 0 0) ,

2 3 0 (8) ,
1 78

(18) ･ C al c d f o r,C 1 5 H 2 0 0 3
1

, C 7 2 .5 5
,
H 8 .1 2; fo u n d C 7 2 . 33

,
H 8 .3 0

.

( 叶 1 1 α
,

1 3 - D I H Y D R O - 3 α
,
7 α - D I H Y D R O X Y F R U L L A N O L I D E [( ＋)

-

G R A N G O LI D E】【3 卜 M P 13 5 - 13 9
o

[ α】
24

D ＋ 1 2
o

(c = 2
.7 6 , C H C13); i l

･

V l n a X ( C H C13)
3 6 2 0 ･ 2 9 4 0 ･ 1 7 7 1 ,

1 0 07
,

(
)7 0 c ITl

- 1
;
1 H n ln l

･

s e e T a ble 1;
1 3 c n m l

･

S e e T a bl e 2;

ei m s n 7/i (l
'

el
･
i n t ･)【M ]

十 26 6 (5 8) ,
25 1 (2 7) , 2 48 (5 3) , 1 6 4 (76) ,

1 2 3 (1 0 0); ll l
･

m S m /z

[ M ]
＋ 2 6 6 ･1 5 1 6 (c alc d fo r C 1 5 H 2 2 0 4 , 2 6 6 .1 5 18) .
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T A 別巴 1 l H - N m r S p e ct r a of 1
,
2 a n d 3 a

P l
･

O t O n

C o m p o u n d

1 2 3

1 α
1 .3 5 td (1 3 .2 ,3 .3) 1 .

4 0 m 1
.6 9 t(1 4 .

0)

1β
2 α

1
.
4 3 t d (1 3 .

2
,
3

.
5) 1 .4 5 1n 1 .7 7 b r d (1 4 .O)

1
.6 2 In 1 .6 5 m 2 .O m

2β

3 α

1 .8 2 m

2 .0 9 b r d

1 .8 3 m

2 .1 2 m

2 .O m

4
.0 0 t (3 .

0)3β
2 .l l m 2 .1 2 m

6 5 .27 d (5 .9) 5 .0 0 s

1 .6 8 m

4 .8 9 s

1 .3 6 br d (1 3 .0)

7 2 .9 5 dt (1 0 .0 , 5 .9)

8 cx ,

1
.7 0 m

8β

9 α

1 .6 5 m 1 .9 9 t d (1 3 .2
,
3 .6) 1 .5 4 t (1 3 .0)

1 .2 7 d d (1 3 .2 , 1 2 .3 ,

4 .4)
1 .4 8 d t(1 3 .2 , 3 .9)

5 .5 8 d (1 .0)

1 .4 9 t d (1 3 .
2

,3 .
1) 1

.
5 2 m

9β
ll

1 .6 8 m

5 .8 1 s

1 .7 2 m

2 .7 9 q (7 .2)

1 3 α
1 .21 3 日 d (7 .2)

1 .0 4 s

1 3β
6 .1 6 d (1 .0 ) 6 .

2 7 s

1 4 1 .0 8 s 1 . 09 s

1 5 1 .7 6 s 1
.7 8 s 1 .9 6 s

O H 2
.3 0 b r s 2 .6 5 b r s

C o u plin g c o n st m t s ar e il- P a r e d le S eS i n h rt z ･

T a bl e 2 1 3 c - N m r S p e ctr a of l
,
2 a n d 3 a

C a rb o n

C o m p o lllld

1 2 3

1
,

3 9 ･1 ( ＋) 3 8 .8 ( ＋) 3 5 .6 ( ＋)

2 1 8 .2 ( ＋) 1 8 .2 ( ＋) 2 5 .
2 ( ＋)

3 3 3 .1 ( ＋) 3 3 .1 (＋) 6 9 3 (＋)

4 1 3 8 .5 ( ＋) 1 4 0 .5 (＋) 1 4 0 . 5 ( ＋)

5 1 2 8 .5 ( ＋) 1 2 6 .8 ( ＋) 1 3 1 .5 ( ＋)

6 7 5 .9 ( -) 8 1 .4 ( -) 8 0 .5 ( -)
`

7 4 1 .2 ( -) 7 6 . 0 ( ＋) 7 7 .3･( ＋)

8 2 5 .0 ( ＋) 3 1 .5 ( ＋) 2 8 .5 (＋)

9 3 7 .9 ( ＋) 3 4 .9 ( ＋) 3 4 .9 ( ＋)

1 0 3 2 .6 ( ＋) 3 2 .7 (＋) 3 1 .6 ( ＋)

l l 1 4 2
.3 ( ＋) 14 4 .

7 ( ＋) 4 8
.
6 ( ＋)

1 2 1 7 0 .9 ( ＋) 1 6 9 .1 ( ＋) 1 7 7 .0 ( ＋)

1 3 1 2 0 .

.
1 ( ＋) 1 2 1 .0 ( ＋) 7 .3 ( -) -

1 4 2 5 .8 ( -) 2 6 ,1 ( -) 24 .2 ( -)

1 5 1 9 .3 ( -) 1 9 .
4 ( -) 1 7 .7 ( -)

c h e mi c al s hifts ar e in p p m f
t

r o m T M S ; s ol v e n t f o r l a n d 2 w as C D C L 3 ; S OI v e llL f o r 3 w a s M e 2 C O - d 6
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ii E U P A T O R I U M A D E N O P H O R U M (2 1)

E IEI ”t O ri u m a d e n･ op h o ,
･

L” n S p r e n g ･(C o m p

'

o sit a e) ,
S a a p m a n

,
i s n a ti v e t( ' th e

c hia n g M ai P r o vi n c e of T h ail a lld , a l-d i s cl ai m e d t o b e u s e f t-1 i n tr a diti() n at T h ai

m e di ci n e .
R e c e n tly ,

th e bi li o m i n al n alT l e f o l
･

tl-i s pl a nt h a s b e e t- C h a n g e d t o

A g e 7
1

〃1t
･

7Z a 〟rl e n oI 'l M a (S p re l- g ･) R ･ Ki.- g a lld I-1 ･ R obi .- s o n (2 2) . A c c o rdil- g t( - A

G e o g r ap hi c al A tl a s o f W o l
･

1d W e e d s , th e A g e 7
･

a t[
'

n a a d e n o p h o 7
･

a (S p r e n g ･)
l
R ･ K i n g

a n d H . R o bi l-S O ll i s sy l- O n y m O u S W ith E u p at o ri lL m a d e n o p h ･ o r u m S p r e n g (2 3) ･

p r e vi o t-s ph yt o cll e mi c al st u d y o n thi s pl a l-t r e P O l
'

t e d th e is ''l ati o n (2 4) o f a c adi n a n e -

t yp e s e sq t-ite rp el. e 9 - o X o ag e l
･

a P h o r o n e (5) ,
w hi c h w a s al s o o bt ail - a (1 t o g eth e l

･

wi th its e pi m e l
･

6 f l
･

O m E IEP ,]t O 7
･

i l[ m ･ tf
･

a P e Z Oi {1 e u m K u n th (2 5) , s u b s e (1 u e n tly l
'

e u a m ed

a s A g e l
･

a ti n a f'
･

a p e z oid e a ( K tl nth) R ･
Ki n g a n d H ･ R o bin s o n ･

1 4 H

4

3

5

2

6

H
[j

9

1 0
I

-
ー iミミ

7
8

■
■

■
■

■■ l

′
■

.
-
,

I 1 1

1 5

/
ー

ー
13

1 2

1 5 4

5

2

H

6

白

1 2
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W e r ep o l
●

t h e r e o n th e i s ol atio n a n d st ru c t u l
･

e el u cid atio n of e tlP at O r e n O n e (4) ,

th e fir st l
･

e p re S el-t ati v e of a n e w bic y clic s e sq u lt e ll) e n e S k el et o n , w hi c h w a s o b tai n e d

b y c h r o m a t og r a p hic s e p a r a ti o n o f th e pe tr ol e tl m eth e l
･

s o l u bl e p a rt o f th e eth a n olic

e x tl
･

a じt ()f th e w l-()1 e pl allt Of E l/P a t O 7
･

t

'

l ･I m a d e n o pj M
･

ll)

`

n ･
･ M a s s sp e c tl

･

0 1-1 e tl
･

i c a n aly s I S

of e up at o r e l1 0 n e (4) , m p 6 6 - 67
o

C
,[ α】D ＋7 2 . 2

0

( M e O H
,
c 1 .3) ,i n di c ate d a lll Ol e c ul a l

･

i o ll

ilt ”/i 2 3 4
,
c ( 汀l

･

e 叩O n di n g to a n el e m e l-t al c o m p o sitio l- C 1 5 H 2 2 0 2 ･ I n te l- S e a b s o IP tl O n S

i n th e U V ( M e O H) s p e c tr u m a t 九m a x 2 4 2 n m (l o g E 3 .8 6) a n d i ll t h e I R ( K B r)

sp e c 加 m at 叫n a x 17 25 , 17 1 O , a n d 1 6 0 5 c m
-1

s u g g e s te d th e p r e s e n c e of b oth s at u r a te d

il lld α
,β- u n s a t u l

.

a te d k et o l-i c g r o u p s ･ T h e
l
H N M R s p e ctl

･

u l n O r e tlP a tO l 即 O n e ,

o b tai n e d i n C D C13 (T a bl e 3) ,
i n di c at e d th e p r es e ll C e Or a l- Ol efi ni c h yd l

-

o g e n ( 8 6 .3 5 , d ,

J = 1
･5 H z) , b oth au yli c ( 8 1 ･7 3

,
A

,
J = 1

.5 H z) a n d alip h ati c ( 8 i . 0 2 , d , J = 6 .
4 H z)

m e th yl g l
●

O u P S
,

alld a n i s o p r o p yl g l
･

O u p ( 8 0 .8 8 , d , J = 6 .

'l H z ; I .0 8
,
d

, J = 6 .1 I-l z;

2 ･()0
･ m ) . T w o g e m i n ally c o tlPle d 血etllyl e l-a g r o u p s ( 8 2

.
0 8 , 2 .2 0 , Jg e m = 8 .8 H z

･

,

a lld 2 .5 4 ,
2

.指1 , Jg e m 去 1 6 .6 H z) w e l
･

e al s o o b s e l
･

v e d il一th e n 1 01 e c ul e .

3 0



F l
･

O m th e st n l C t u r al el e m e n t s f o u n d
,
t w o ty p e s of bic y cli c s e s q u lte l

･

P e u e

s tl
･

u C tt u
･

e S C O uld b e p r o p o s e d f o r e tlP a t O l
･

e n O n e; eith e r a c o n 〔1 e ll S e しI c y cl o p e llt il n O n e -

c yl o h ept e l- O n e St ru c t u r e (4) o r a c a di l- e n e S k el et(- I- C O m P ri s e Ll of と1 Cy Cl o h e x a n o n e a l-d a

c y cl o h e x e l- O I- e u l-it ･ T w o i s o m e l
･

i c s e s q t-1te l
･

pe n e S W ith th e l Lltt e l
･

S k el et o n
,

c a dil- lil- e S

5 a n d 6
,
h a v e al l

.

e a d y b e e n i s ol at e d f l
'

O m E ltP (Lt O l
･

i lL ln ･ t l
･

(JP e Z ()i (l LL m K u n t h ( s ym .

A d e n o p h o r a t r ap e z o id e (I ( K un th) R . Ki n g a l- d H . R o bi n s o n) , と11-d tl- ei l
-

S tl
･

u C t u l
.

e S h a v e

b e e n e s t abli sh e d b y a c o m bi n a ti o n of s pe ctl
･

O S C O P I C a n LI ch e 111i c al c o IT el ati o l一St u di e s ,

t o g e th e l
･

wi th X - l
･

a y a n aly s i s Of a d e l
･

i v a ti v e ･ T h e r R a n d lil L ”d 1 3 c N M R s p e c [ m l

d at a o f e tlP ilt O r e n O n e diffe r il- 1- u m e r O tl S W ay s fl
･

O m th e c o l
･

r e S P O n di n g l
･

e P O l
'

t e d v al u e s

f
'

o r c a di n a ll e S 5 a n d 6 . Tll e hig h e s t w a v e llt1111 b e r f o l
･

C ill
◆

b o n yl a b s o rpt l O l- i l = h e I R

s p e c t r tl m Of 5 a n d 6 is 1 7 0 0 - 1 7 05 c m
-1

v e r s u s 1 2 7 5 c u r
l f o i

一

e u P a t O l
･

e n O l- e ･ T h e
ll

･

7

N M R s p e ct n l m i n C D C13 O f 6 e x hibits th l
･

e e O V e l
･

1 a p p m g m e th yl g l
.

O O P S a t O ･9 0 a nd a

f o tl rth m e th yl g r o 叩 at I . 6 0 , w h e r e a s th e c o l
.

I
-

e S P O ll di n g v と11 u e s of e u p at o l
‾

e n O n e i1 1
､

e

o .8 8
,
1 .0 2 , 1 . 08 , a n d 1 .7 3 . T n th e

1 3 C N M R sp e c t n u n of 5
,
t w o d o u bl et s a ll (1

t w o t ripl e t s w e r e r e p o ll e d a t 4 5 ･2
,
5 0 ･ 3 a n d 2 3 ･3 , 3 3 ･ 3 , l

･

e S pe Cti v ely ･ T h e
1 3 c N M R

s p e ctl
･

u m O f e tlP at O r e n O n e
,
h o w e v e r

,
s h o w s t w o d o u bl e ts a t 2 8 ･

1 a nd 3 9 ･ 2 4 a n d t w o

t l
･

ipl ets a t 41
･
0 4 a n d 4 5 ･ 8 0 ･ T h e r ep o l

･

t ed αD v al u e s f o l
･

C a di n a n e s 5 a n d 6 a r e 十1 5 6
o

a n d ＋7 2 ･2
o

,
l

･

e S P e C ti v ely ,
w h e l

･

e a S th e α D v al u e of e u p at o re l- 0 1- a i s 十7 2 ･2
o

･

o n th e b a si s of th e ab o v e liste d s pe ctl
･

O S C O P IC diff e l
･

e n C e S , W e pe L
･

C ei v ed t h at

e u p at o l
･

e n O l- a c o u ld n o t b e c h a r a c te ri z e d b y a c a di n a l- a S tl
･

u C t u l
･

e S u c h a s 5 o r 6
,
w h e re

st l
･

u C t u r e eltl Cid atio n h ad b e e n pe rr o m le d b y r eliable c h e m i c al d e ri v a ti z a ti o l- a n d X -

1
･

とIy

c l
･

y St all o g l
･

a P h y (25) . T h e l
･

e f o r e , f l
･

O m th e st ru C t u m l el e m e n t s p r e s e n t a n d th e c o u pli n g

p atte l
･

l1 0 f th e h b m o n t lCl e a l
･

C O S Y s pe ct ru m ( m e a s t- 1
'

e d eith e l
◆

i l一 C D C 13 O r i n p y ri di ll e
-

d 5) , a n d u 11 S at u l
･

a t e d a z ul e l- e Sk el e t o n w a s s u gg e st e d f o l
.

e しIP a t O l
●

e 11 0 11 e ･ T h e p l
ー

e S e ll C e

of a fi v e
-

m e m b e l
･

e d l
･

i n g k et o n e e x plai n s th e high e r w a v e n u m b e l
･

c a l
･

b o nyl ab s o l
･

P tl O l m f

e u p at o r e n o n e th a n th at of c a di n a n e s 5 a n d 6 ･ O p ti m tl m l
･

e S Ol u ti o n of th e l H N M R

s ig n al s w a s a chi e v ed i n p y ri dil- e -d 5 a n d i n C D C13 , W ith C 6 D 6 yieldin g n i l-il n al s lg l- al

dis pe r si o n (T abl e 3) . T h e
l H l l H C O S Y s p e ct l

.

u m i lldi c a t e d a l o l- g
- I

.

a n g e C O u Pli n g

b et w e e l 川 1 e allylic m e tll yl p r o t o n s ( 8 l
､

･7 3) a l-(1 tl- e vi l- yl I -y d l
.

()g e l- トH (6 ･ 3 5) , w hicll

its elf w a s c o u ple d t o t h e a n ell at e d ln ethi l-a , 2
-tl ( 8 3 ･

2 2) I F r o m th e l
･

el a ti v ely s m all

( > 4 H z) c o u pli n g b e t w e e n 2 - H a n d 6 - H ( 8 2
･
28) a ci s j t 川 Cti o l- b e t w e e l- th e fi v e

-

a l- d

s e v e lト m e m b e l
･

e d li n g s w a s i n dic at ed . A ,I a Llditio l- al s m all c o u pli llg ( > 1 H z) , o b s e r v e LI

o l-1y i n th e C O S Y s pe ct ru m f o r th e 2 - H sig n al wi th 3 胡 at th e 6 2
･
(15

,
i ndic at e d t h e n e Ll

･r

90
o
t o l

･

Si o n a n gl e b e t w e e n th e s e t w () h yd l
･

O g e n S ･ C o n s eq u e n tly ,
th e o ri e n t ati o n of th e

m e th yl g l
･

O u P at C - 3 W LI S d e d u c e d t o b e tl- a s a m e a s th at of th e h y d l
･

O g e n S n t th e

a n ell ati o ll p o sitio n s (2 - ” a n d 6 - H) ･ T h e 8 - H 2 1-1 e th yl e l- a P r o t o n s S h o w e d a

c h a l
･

a C te li sti c c o u pli n g p att e rn ; t-- a sig l- al at 8 2 ･
()3 W LI S a 〔I o u bl et of d o u b一ets

,
w hile th g

g e mi n ally c o u ple d sig n al at 8 2 ･ 2 0 w a s a d o u bl et ,sil- C e O nly o l- a Of th e s e t w o sig n と1l s
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s h o w s c o u pli n g wi th 7 - ”(8 2 ･05) ･ T h e d d p ai r of 5 - H 2 a t 8 2 ･5 4 a n d 2 ･ 8 1 ,r h o w e v e r
,

s h o w s s tl
･

O n g g e m i n al c o 叩Iin g , a n d b oth sig n als a r e c o uple d w ith th e r e s o n a n c e f o l
･

6 ･

H at 8 2 . 28 .

T h e r el ati v e s t e r e o ch e m i stry o f t h e s u b stit u e n t s a s w ell a s c e l
･

t ai n

c o nf o r m a ti o n al fe at u l
.

e S Of 4 w e l
･

e
･

fu rth e r e s t ablis h e d b y N O B e x pe l
.

i m e n ts .

Ir r adi a ti o n of th e allylic 2 - H at 8 3 ･2 2 e n h an c e d t h e C - 3 m e th yl a n d 6 1 H m e thin e

sig n al s , th e l
･

e b y s u p p o rtl n g th e ci s o ri e nt ati o n of th e s e t h r e e s ub stit u e n ts ･ N o N O B

e n h a n c e m e n t c o uld b e e xp e c te cl b et w e e n th e allylic h y dr o g e n a n d th e m e t hyl g r o u p l n

th e c a s e of c a din a n e s 5 a n d 6 d y e t o th e e q u at o ri al p o siti o n of th e m e th yl g r o up .

IIT adia ti o n of トH a t 8 6 3 5 r e s ul
'

te d i n a r e a i n c r e a s e s at 8 2 . 05 (3
- H) a n d 8 1 .7 3 (10 -

C H 3) ,b ut n o N O B eff e ct w a s ob s e r v ed b et w e e n 1 - H a n d 3 - C H 3 . S ep a r a t e il
.

r adi atio n s

of th e t w o d d s ig n al s of 5 - H 2 e s t ablis h e d th e st e r e o t o pic al n at u l
.

a Of t h e t w o

n o n e q u l V al e nt h y d l
･

O g e n S / I n th e alt e r n a ti v e c a di n a n e stl
'

u t u r e n O N O B i nt e r a c ti o n

c o uld b e e x pe ct e d b et w e e n th e i s o p r op yl
■m e th yl g r o u p a n d a n y of th e m et h yle n e

p r ot o n s , a s s u m l ng th at in th e th e rm o d y n a m i c ally p r e f e r l
'

e d c o nf o ll n ati o n th e i s o p r o pyl

g r () u p i s e q u at o ri al . I r r adi ati o n of th e sig n al at 8 2
.8 1 r e s ulte d i n a n a l

･

e a i n c 1
･

e a S e f o r

t h e i s op r ･o pyl m e thyl g r o u p s
,
b u t i r r adi ati o n of th e sig n al at 8 2 . 5 4 did n ot r e s ult i n a ny

N O B e ffe cts b ei n g o b s e rv e d .

F u l
･

th e r e vid e n c e f o r th e u n u s tlal c a rb o n f r a m e w o rk a n d s u b stit u ti o n p att e r n

of e u p at o l
.

e n O n e (4) c a m e f r o m s el e c ti v e I N E P T (26) e x pe ri m e n ts , w hi c h als o

pe r mi tte d th e u n a m big u o u s a s s ig n m e n t O f th e
1 3 c N M R sp e ctl

･

u m ･ T h e A P T

号P e Ctr u m Of 4 s h o w e d f o u r m e th yl ( 8 1 5 .4 5 , 19 . 9 7 , 2 0 . 28
,

a n d 2 0 .9 3) ,
t w o

m et h yle n e ( 8 4 l ･ 0 4 a n d 4 2 ･1 8 , si x m e th i n e ( 8 2 8 . 1 0 , 3 1 . 7 8 , 3 9 . 2 4
,

4 2 . 18 ,

6 3 ･9 0
, a n d 1 4 6 ･8 9) , a n d th r e e q u at e r n a ry c a rb o n s ( 8 13 6 . 00 , 1 9 8 .1 0

,
a n d 2 1 2 .8 7) ,

of w hic h th e l att e r t w o c o u ld b e a s s ig n e d a s c a rb o n yl c a r b o n s . I n
･

a di ati o n of l O -

C H 3 l
･

e s u lte d i n e n h a n c e m e n t s of 8 1 98 ･ 10 a n d 14 6 ･8 9 , w hich c o uld b e a s sig n e d a s

C - 9 a n d C -1
,

r e sp e cti v ely , a n d ir r adiati o n of th e is o p r o p yl m eth yl g r o u p e n h a n c e d

th e alip h atic m e thin e ( C - 7) at 8 28 .10 . M ag n e ti z ati o n t r a n sf e r vi a i r r a di ati o n ｡ f 2 - H

w ith 3 J I 6 H z c ( m fil
･

m e d.th e p o siti o n of th e c a rb o n yl f u n cti o n i n th e fi v e
-

m e m b e l
･

e d ri n g le adin g t o e n h a n c e m e n ts a t 8 2 1 2 ･8 7 (C
- 4) , 13 6 .0 0 (C - 1 0) , 4 1 .0 4 ( C -

5) - a n d 28 ･l O (C
- 7) I Fi n ally , i r r a di ati o n of 1 - ” e n h a n c ed C -白at 8 1 9 8 .1 0

,
th e r e b y ,

c ( m fi n ni n g th e c a l
･

b o nyl pl a c e m e n t i n th e s e v e n -

m e m b e r e d ri n g , C - 3 a t 8 6 3 . 9 0
,
C - 6

a t 8 39 ･ 2 4
,
a n d C - 1 5 at 8 15 ･ 45 (Fig u r e 2) ･ T h e a s sig n m e n ts f o r th e p r o t o n at e d

c a rb o n s o b t ai l- e d f f O l n tl- a s el e c ti v e I N E P T e x p e ri m e n ts w e r e f u lly i n a g r e e m e n t

wi th th e Ⅰ1 E T C O R sp e ctr u l n Of e u p at o r e n o n e (4) , a n d th e c o l n Pl et e a s sig n m e n ts a r e

s h o w n i n T abl e 3 .
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U l llik e s a t u r a te d k et o n e s o r i s ol at e d ol efi n s , α ,β
-

tl n S at u r a t ed k e t o Il e S a r e

l
･

e g a rd e d a s a l Cl a s s of i n h e l
.

e n tly dis s y m lT n t l
-

i c c h r o m o p h o re s (2 7 , 28) ,

c o n s声q u e ntl y ,
lュo S e c t o r

ab s ol ut e c o llfig u r a ti o l1 0f

( R b a n d
,

3 2 0 - 3 5 0 n m )

e n o ll e S
,

h o w e v e r
,

h a v e

ru l e s w e l
.

e a p pli c able f o l
.

th e d et e l
.

m i n a ti o n of th e

th e c hi r al c e n t e rs of e u p at o r e l1 0 Il e . T h e s lg ll S Of th e n n - て
*

a n d て - て
*
( K b a n d

,
2 2 0 - 26 0 n m ) tl

･

a n Siti o n s of t r a n s ⊥

b e e n c o l
･

1
･

el a t ed w ith t h e s e n s e of h elicity f o r th e

dis s ym m et l
･

i c ty pe c h r o m o p h o r e ･ T h u s
,
t h e R b a n d is p o siti v e a n d th e K b a n d

is n e g ati v e i n th e c a s e w h e r e th e h elicity of th e ch r o m o p h o r e i s sk e w e d i n a l eft - h a n d ed

h eli x , th e y a r e Q P P O Sit e w h e n th e c h r o m o p h o r e h eli city is rig ht h a n d e d (2 9
,
3 0) ･

si n c e e u p at o r e n o n e (4) e x hibite d a C D sp e ct ru I n C h a r a c t e ri stic fo r th e p r e s e n c e of a

l
･

ig ht
- h a n d e d h elicity of th e tr a m s - e n o n e ch r o m o p h o l

･

e
,

th e a b s ol ut e c o nfig u l
･

a ti o n

of th e a tt a c h e d C - 2 c hir ality c e llte r W a s e s t ablis h e d a s S ･
E x p e ri m e n t ally ,

th e C D

v al u e s i n m e th a n ol w e l
･

e [0] ＋ 2 1 5 O a n d -8 4 0 at 24 8 a n d 3 0 0 n m
,

r e s pe cti v ely ･ O n

this b a si s
,
a n d a c c o rdi llg t O t h e p n o r d et e r m i n ati o n of th e r el ati v e st e ri c p o siti o l- S O f

2 - H
,
6 - H

,
3 - C Ⅰi3 , a n d 7 - C H 3 , th e ab s ol ute c o nfig u r ati o n s of th e ste r e o c e nt e rs of 4 are

p r o p o s e d a s 2 S , 3 S , 6 S , a n d 7 R ･

It sh o uld b e n o t e d t h at th 巳 re p O rt e d l H N M R d at a of o n e of th e c a di n a n e s

i s ol at e d p r e vi o u sly (2 4) cl o s ely r e s e m ble d t h o s e of e u p at o r e n o n e (4) ･

u n f o l
･

tu n a tely , n o
I H J H C O S Y m e a s u r e m e n ts o r

1 3 c N M R d at a a l
･

e a v aila ble f o l
･

th is

c o m p o u n d , w hic h m igh t e s t a blish th e r el atio n s hip b et w e e n this s e s q u lt e r pe n e a ll d

e u p at o r e n o n e (4) o r th e p o s sible id e n ti ty of th e t w o c o m p o u n d s ･

E u p at o r e n o n e (4) h a vi n g th e f oll o w i n g p h y si c al a n d sp e c t l
'

O S C O Pi c

p r o p e rti e s : m p 6 6 - 6 7
o
C ; [ α】D ＋7 2 ･ 2

o

. ( M e O H
,
c l ･3);U V ( M e O H) L

m a x (l o g e) 2 4 2

(3 . 8 6) n m
･

, I R ( K B r) ℃ m a x 17 2 5 , 1 7 1 0 , a也d 1 6 0 5 c m
- 1 ;

1 H N M R
, s e e T a bl e 3;

1 3
1

C

N M R
,
s e e T abl e 3 ; m a s s sp e c t r u m , m / I (r el i nt e n sity ) 23 4 ( M '

,
2 2) ,

23 2 (6) ,
2 16

(1 0) ,
1 9 2 (4 1) ,

1 1 7 (6) ,
1 6 4 (9) , 1 5 0 (4 5) ,

13 6 (8 4) , 1 2 1 (28) ,
1 09 (2 4) ,

6 9 (1 0()) ,

5 5 (2 6); C D ( M e O tI) [0]24 8 ＋2 15 0 ;[0]3 00
-8 40 ･
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a R e c o rd e d il- C D C 13
･

･

b
R e c o rd e d in p y ri din e - d 6 ･

c R e c o rd ed i n C 6 D 6 .

*
7
十
As sig l-1 n e nls m a y b e

il､t er C h 之In g e d; p r o t? n ch e mi c al sh ifts ar e r ep ort e d at v al u es (pp m ) rr')ln il-t er【- al T M S at 3 0 0 M H Z ･

C ar b o n c h e m ic al s hift s ar e r ep o rt e d as v al u e s (p p m) at 9 0 ･
8 M H z ･

iii P A R A M I C H E L IA B A I L L O N IZ (3 1
,
5 2)

T h e g e m lS P a r a m i ch elia H u i n th e f a m ily M ag n olia c e a e ･ h a s th r e e s pe cie s

dist rib tlt e d i n s o u th a n d s o tlth e a s t As i a (3 2) .
T his g e n u s i s v e r y si m il a l

.

t O th at of

M ic h elE
'

a L . i l一b o th e xt e rn al fe at u r e s a n d･
.
e th n o ITl 巳dic al p l

･

O P e l
l

ti e s ･ P a l
･

〟fTli c h e /i (I

b aillo nji (Pie r l
･

e) H u [sy n o ny m o tl S W ith M ag n oli (i b {JL
'

ll o m

'

L

'

P i e r l
'

e , M L

'

L
'

h elt
.

a b ail] o ) u
'

E

'

(pi e r r e) Fi n . a n d G a g n e p .

,
A '

･

o m a (J e n (l l
･

O f - 1 ” n g O C [ ”
･

J ” m ( Ki n g) C l
.

aib ･

,
a lld A ･

b u L

'

ll o nii (Pi e r r e r) C r aib .] is th e o nly sp e ci e s f o u n d il - 0 ･
'

tl - e r n T h i､ila l- d a n d i s k l- (- W n

a s
‥

ch a m pip a
‖

(3 3 ,3 4) ･
Tl- e bitt e r b a l

･

k of tl-i s pl托1-t h LIS b e e n u

テ
ed b y th e n a ti v e s と1 S

a sti m u
･
l a n t , f e b l

･

if tlg e (3 5) , a n d a s s tlb s tit u t e r o l
一

C h a m p とI C a b a rk ( M I cj, e[L
'

,I C/ m m ]”LL ･

'L

L
.) . A d e c o c ti o l ” f th e b a rk of M . c h ･a m l ” C (I h as b e e r - s a d a s a f

'

e b rif u g e
,

a s a

p r o te c ti v e m edici n e f o r m o tl- e l
･

S afte r c hil (lbi l
･

tll (3 5 ,3 6) , 叫 il- I l- di 且 f o r tl- e

tr e a t m e n t of a b d o m i n al t u m o r s (37) .
T h e l

･

e h a v e b e e n l ” P I
･

e Vi o u s I
.

e P O l
'

t S Of
'
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p h yt o ch e m i c al st u die s o n a n y p a rt o f P ･ l ”illo n ii , a n d i n th is a l
･

ti cl e , th e s tr u c t tll
･

al

el u cid a ti o n of si x c o n sit u e nts o f th e b a rk of this pl a nt h a s b e e ll r e P O rte d ･

c h rb lT m t O g r a p hi c p u l
･

ifi c a ti o n o f th e al c o h oli c e x tl
･

a C t Of P ･ b a ill o l u
'

i ･ a s

d e s c l
･

ib e d i n th e E x pe ri m e llt al s e c ti o n , p l
･

O Vid e d th e si x c o m p o n e l-tS t O b e

dis c u s s ed . E x a mi n a ti o ll ()f th e s pe ctl
･

O S C O P I C d at a a l- d th e o ptl C al r o t a ti o l- Of o f 7

e s t ablish e d cle a rly th at this l e a s t p ol a l
･

C O m P O n e n t W a s ( -) - dih y d l
･

O P a rth e n olid e
･
T h e

4 O O M H z
I H -

n m r s pe ct r u m of 7 is r ep o l
･

te .d i n T a bl e 4 a s p l
･

e vi o u sly ( ”11 y l o w

, e s o h lti o n sp e c t r a w ith fe w p r o t o n a s sig n m e n ts r e p o l
･

t e d (3 8 ･39) ･ T h e
1 3 c

s p e ctllll n O f 7 is r e p o lt e d fo r th e fi l
･

S t ti m e i ll T a ble 5 ･ ( -)
- D ih y d L

･

O P a l
l

th e n olid e h a s

b e e ll i s o一at ed p l
･

e Vi o u sly f r o m M i c h eli a l a f u lgi n o s {L (4 0) , M i c h ･eli a c ' ” nl u
.

e S S a

(3 9) , a n d A m b 7
･

O Si a a t
･

t e m isi lf o li a L
.(4 1) ･ Si m il a l

･

ly , c o m p o n e n t 8 w a s s h o w n t o b e

(＋p a lth e n olid e o n th e b a si s of s pe ctl
･

O S C O Pi c c o m p a ri s o n s w ith lite l
-

a t u l
'

e d at a ･ T h e

20 0 M H z
I H a s sig n m e n ts (4 2) f o l

･

8 a re i n cl u d e d i n T able 4 f o l
-

C ()Ⅰ叩 a ris o n w ith

7 a n d 9 a n d i n a f o o t n o t e w e r ep o l
･

t ad diti o n al a s s ig n m e n t s O b t ai n e d f r o m o u l
･

40 0 M H z s pe ct ru m a n d a n
l H J H 2 D - C O S Y e x p e l

･

i m e n t ･ T h e p l
･

e vi o tlSl y r ep o l
･

te d

13 c s pe ct l
･

u m O f 8 (43) is i n cl ud ed i n T able 5 fo l
.

C O m P a ri s o n w ith th e s pe ctl
.

a Of 7

a n d 9 ,

L

al s o . T h e stl
･

u C t u l
･

e a n d c o nf o l
･

m a ti o n of 8 w e r e p r e vi o u sly e st a blis h ed

u n a m big u o u sly b y s in gle c ry st al X -

r a y a n aly sis (44) , a n d th e o pti c al r o t a ti o n

of this c o m p o n e n t f r o m P . b aill o m

'

i sh o w e d th at it p o s s e s s e d th e (6 S) ab s ol u te

c o nfig u r a ti o n a s d epi cte d i n 8 (4 5) .

T h e thil
･

d c o m p o l一e n t
,
9 w a s a c ry st alli n e s oli d a lid its ei m s (p a r e n t pe ak

m /z 5 1 3 , b a s e pe ak 2 7 8) w a s c o n si st e n t w ith a c o m p o u n d c o n t ai lli n g t w o s e sq uite rp e -

11 0id u llits a ll d o n e nit l
'

O g e n a to m . A c c u r at e m a s s d ete lT ni n a ti o n s of th e p a l
'

e n t P e a k

il n d t w o f m g m e n t s ( ”/z 2 7 8 a n d 26 4 , s e e E x p e ri m e n t al s e c ti o n ) fu rth e l
･

S u P P O l
.

te d tlle

p r e s e n c e of a nitl
'

O g e n a t o m a n d f l
.

a g m e nt a ti o n s a s i ndic ate d b el o w :

2 7 8

C
1 4

H
1 9

0
3

H

c H 2i -A -

c H
2

-

C
1 .

H
l ,

0
3

2 6 4

T h e i r sp e c t n l m displ ay e d a str o n g a b s o rpti o ll a t 1 77 0 (y
-1 a c t o 11 e) a n d a w e 止 b a n d at

3 3 6 5 c m
- 1

( N - ”) ･ B o th th e l H - a ll d th e
1 3 c -

n m l
･

s p e c tl
･

a ( T a bl e s 4 a n d 5 ,

l
'

e S pe C ti v ely) sh o w e d m a n y si mi l ariti e s t o th e s pe ct r a o f di
･

h y d r o p a l
･

th e l m lid e [7] w ith

th e o nly sig llifi c al lt diff e l
l

e l- C e S b ei n g i n th e l
･

e gi o n of C(1 3) . I l一P a l
･

ti c ul a l
･

, th e t w o

p l
.

O t O n S O n C (1 3) i n 9 a p p e a l
･

e d a s a n A B p a tte m (J = 13 . I H z) at ab o u t 3 p p m
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w it h a d diti o n al s plitti n g (J = 2 .8 H z) , a nd i n th e 1 3 c sp e c tl
･

u m th e c h e m i c al s hif
-

i o f

c (1 3) (4 6 . 2 p p m ) a n d t h e atta c h e d p l
.

O t O l = e s t ( A P T) w e l
●

e , C O n Si ste n t w ith th e

p l
･

e S e n C e O f a I-it r o g e n a t o m o ll a m e th yl e n e c a l
･

b o n ･ A s sig n m e n ts f o l
･

th e p l
･

O t O n S

o f 9 gi v e n i n T able 4 w e r e Elid ed b y a 2 D - C O S Y e x p e ri m e l-t ･ O l = h e b a si s or thi s

s p e c t r o s c o p I C i nf o l- -- a ti o l- , W e P l
･

O P O S e th at tl-i s c o m p o n e l-t i s tl- e s e s 〔1 u lt e r pe n Oid

alk aloid 9 ,
f o mi e (I b y M ic h a el ad diti o ll Of a n l m O lli il t O t w o m ole c ul e s of p illl h e n olid e ･

T h e a mi n o m e th yl g r o tlP a t C(ll) is t e n ta ti v ely a s sig l-e d th e α - c o n fig u r a ti o n b e c a tl S e

i n th e
l H -

n m r s pe c t r u m of 9 i n C 6 H 6 S OI v e n t , I1(7) 叩P e a l
-

S a S a W ell - r e s ol v e d

q tl a l
･

t e t (J = 8 . 8 H z) a s a l
･

e S ult of t r a n s c o 叩1i n g s w ith FI(6) ,
H (叩) ,

all d H(l l) ･

p l
･

e S tl m a bly 9 is d e l
･

i v e d f r o m ( -) -

p a l
.

th e l- 01id e
,

w hi c h h a s a (6 S)
-

c o n fi g u l
-

Llti o ll

(4 5) ,
s o th e s a m e a b s ol ut e c o nfig tl l

･

ati o 11 i s a s sig n e d t o thi s n e w alk al oid
,

w hi c h w e

h a v e c h o s e l = o c all bisp a llh e n olidill e .

1
､

勺も

4
′∫′

1 4

6
7

㌦
13

､ q
§

15

J o ;

0

l l

7

8 = ll
,
13 - d eh y d ro 7

J J
J J
0

0

少

㌦う
2 N H

As c o m p o n e n t 9 is a n e w g e l
･

m a C r a n Olid e d e ri v ati v e ･ w e w e I
'

e

i nt e l
･

e S t e d i n d ete r m l n l n g its c o n f o r m a ti o n in s ol t-ti o n u s l n g
l
H -

n O e e x pe l
･

i m e n t s ･

L o w
-i n t e n sity i r r a diati o l ” f a d e g a s s e d C D C 1 3 S Ol uti o l ” f 9 a t l ･ 67 p p m [th e

l
･

e S O n a n C e f o l
･

th e C (1 4) m e th yl g r o u p] c a u s ed a n i n c r e a s e i n th e i nt e n si ty of th e

sig n al s f o r H (2β) , H (8P) ,
a n d H (9P) o f 4 3 , 4 3 , Ll n d l O % , 1

`

e S pe C ti v ely ･
I ll

a d diti o n , i lT adia ti o n of th e ”(6) r e s o n a n c e a t 3
.
8 6 p p m r e s ult e d i n a 4 7 a n d 9 %

e n h a ll C e m e n t Of th e H (8P) a n d C(1 5) m eth yl sig n と11s
,
l

'

e S pe Cti v ely ･ B e c il u S e th e I
.

a W LI S

i nt e l
･

a C ti o n b et w e e n th e C(1 5) m eth yl g l
'

?
u P a n d Ti(6) b t-t n o l- e b et w e e n H(5) a n LI

H(6) ,
th e t r a m .y c o n fig u r a ti o n of th e C(4) { (5) e p o xid e w a s c o llri m e d ･ A 2 D - n o t

e x pe ri m e n t ( N O E S Y ) (4 6) c o nfi l
･

m e d tl- e i l-t e m C ti o l- S m e t-ti o l- e d a b o v e b ut al s o

l
･

e V e al e d a s w e a k c l
･

O S S
-

pe a k c o l1
･

e l a ti o n b et w e e n th e C (1 41 a n d C(1 5) m e th yl

slg n al s ,
th u s i n di c ati n g th e sy n l

･

el a ti o n ship b et w e e n th e s e t w o g l
l

O u P S ･ T h e
.

n o t

r e s ults cl e a l
･

ly i n dic ate a c o n f o l
･

1Tl ati o l- r o l
一

thi s p a l
･

th e n olid e d e ri v ati v e d s s h o w n i l-

9 a
.
A si m il a r c o n f o r m a ti o n h a s b e e n r e p o l

･

t e d f o l
･

P a ll h e n olid e [8ll(4 4) I
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M e

N H

2

タa

As c o m p o n e llt 9 is a 1- e W a n d u n u
?
q u al ll a t u r al p l

･

O d u c t it d e s e r v e s s o m e

c o m m e n t ･ A t l- 0 P O l n t i n th e i s ol a ti o n p r o c ed u l
･

e W a s N H 3 u s ed
,

a l-d
,

th u s ,
w e a l

･

e

c o n fid e n t th at 9 is n 〔)t a l一 a l
･

tif a c t . T h e
1 3 c -

n m l
･

S pe Ctr u m Of 少sh o w s o l-1y Fift e e n li l- e S

a s w o uld b e e x p e c t e d fo r o ll e P u r e di a s t e l
･

e O m e r; a m i x t u r e of di a ste l
･

e ( )I-- e r S W O tlld

b e e x p e c te d if th e c o m p o n e pt w a s f o r m e d c h e m i c ally l
･

atl- e l
･

th a n il一 th e pla nt ･ T o

o u r k n o w l e d g e
,

9 i s th e fi l
･

S t 1
･

e P O rt e d e x a m ple o f a u at u l
.

a lly
-

o c c u l1
'

l n g

g e n n a c l
･

a n o lide alk aloid , alt h o u gh a pip e I
･

idi n e ad d u c t o f a p s e u d o g u ai a n olid e (47) a l-d

a te rti alγ a m i n e d e l
･

i v ed f l
･

O m N H 3 a n d th r e e m ol e c tll e s of
'

α 川- etl- yle n eb tlty r Ol a c t o l- a

(48) .h a v e b e e n i s ol ate d p r e vi o u sly fl
.

O m n a t ul
.

al s o tlr C e S . A s e c o n d a ry a 111i ll e

l
･

e l a te d t o 9 h a s b e e n sy nth e si z e d fl
.

O m N H 3 a n d t w o m ol e c tll e s of th e

e u d e s m a n olid e
,

al a n t ol a c t o n e (49) ,
a n d th e r e h a v e b e e n m ”n e l

'

O tlS r e P O l
'

tS Of

r e a c ti o n s of s e c o n d a r y a m i n e s w ith th e てX - m e thyl e n e g r o u p of g e llT l a C l
'

a n Olid e s (5 0 -

5 1) .

1 H - ll m r a n alysis of th e f r a c ti o n th at el ute d afte l
･

bi sp a l
･

th e n olidi n e s h o w ed

it w a s a 2 :1 :1 m i xt u l
･

e Of c o m p o n e n ts 1 0 ,
l l a l-d 1 2 r e s p e c ti v ely ･ T h e thl

･

e e

c o m p o n e n t s w e l
･

e s e p a l
･

a t ed b y m a sh ch l
･

0 rn a t Og l
･

a P h y , a n d th e stl
･

u C t u r al el u ci d ati o n

of e a ch is d e s c l
･

ib e d h e l
･

ei n ･ C o m p o u n d 1(I e x hibite d il
l

a b s o rp ti o n s a t 3 4 7 2

(b r o a d) a n d 1 7 7 7 c m
- 1

,
i n dic ati n g th e p l

･

e S e ll C己
.
o f h y d r o x yl a n d †

- 1 a c t o n e

fl u - cti o l-alitie s ,
r e sp e ctiv ely ･ Its m a s s sp e c tl

･

u m sh o w e d a w e ak p a re n t i o n a t
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､
､
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1 5

､
く
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､

0

8

? 2

1

A

9

1

1

1

0

′
一
R

3

1 3

1 0 R
l

= R
3

= H ･ R
2

= O f
-

I

山 R
l

= O H
,
R

2
- fl

,
R
3

- O A c

1 2 R
l

= O H
,
R

2
= R

3
= = H

m / I 2 6 6 (th e e x a c t m a s s w a s c o n si s t e n t w ith th e m ol e c ul a r f o r m ul a C 1 5t1 2 2 0 4) a n d

al s o s h o w e d a n [ M - 18]
＋
fr a g m e n t , p r e s u m a bly fr o m d e h y d r ati o n of th e al c o h ol

.

E x a m i n a ti o n of th e
l
H -

n m r sp e c ( ru m of l O r e v e al e d m a n y si m il a ri tie s t o th e

sp e c t ru m of dih y d r o p a rth e n olid e [7] (s e e T a ble 6 fo r c o m p a ri s o n s) ･ T h e
l H - a nd

1 3 c - n m r sp e c tr a w e r e m o st i n s tr tl C ti v e i n d et e r m l n l n g th e p o siti o n a n d

st e r e o c h e m i stry of th e h y d r o x yl gr o u p th at h a d b e e n i n dic at e d b y th e ir a n d m s

sp e c t r a l A c o m p a ri s o n o f th e
1 3 c - n m r sp e c t r a of 1 0 a n d th e m o d el c o m p o u n d 7

(T a bl e 5
,
7) i n di c a t e d th e m aj o r diffe r e n c e s w e r e i n th e re gi o n o f C - 9 ･ It w a s

e st a blis h e d p r e vi o u sly (5 3) th at a h yd r o x yl g r o u p p r o d u c e d a p r o n o u n c e d d o w n fi eld

shift (ab o ut 4 0 p p m ) of th e c a rb o n t o w hic h it is a tt a c h ed (c( eff e c t) , a s m all e r d o w n field

shift (5
- 1 0 pp m ) of th e β- c a r b o n , a n d a n u pfi eld s hift ( a f e w p p m ) o f th e γ

-

c a rb o n ･ h th e
1 3 c s p e c t ru m o f l O

,
th e C - 9 r e s o n a n c e i s s hi ft ed d o w nfi eld b y 3 8 ･5

p p m r el ati v e t o 7
,
C - 8 i s shifte d d o w nfi eld b y 8 ･1 p p m , a n d C -7 (th e γ

- c a r b o n) is s hifte d

u pfield b y 3 ･4 p p m ･
T h e s e shift s e s t abli sh th at th e h y d r o x yl g r o u p I S O n C -9 ･

T o

d et e r m i n e t h e c o nfi g u r a ti o n o f th e h y d r o x yl g r o u p '
a c o m p a ri s o n o f th e

l H -

n m r

s
p

e ct r u m of 9 c L
- h y dr o x yp ar th e n olid e (5 4) wi th 1 0 ( a dih y d r op a n h e n olid e d e ri v a ti v e) i s

h elp ful . T h e H -9 B re s o n a n c e a t sp e c tr u m s h o w e d a w e ak p a r e n t i o n a t m / I 2 66

(th e e x a c t m a s s w a s c o n si st e n t w it h th e r h Ol e c ul a r f o r m tll a C 15 口2 2 0 4) a n d als o

s h o w e d a n [ M - 1 8]
＋ fr a g m e n t , p re s u m a bly f r o m d e h y d r ati o n of th e al c oh ol ･

E x a mi n ati o n of th e
l H - n m r s p e c tr u m of 1 0 r e v e al ed m a n y si mi l a ri tie s t o th e

sp e c t ru m of dih y d r o p a rth e n olid e [7] (s e e T a ble 6 f o r c o m p a ri s o n s) ･ T h e
l H -

a n d

1 3 c -

n m r s p e c tr a w e r e m o s t i n s tr u c ti v e i n d e te r m i n l n g th e p o siti o n a n d

ste r e o c h e m i str y of t h e h y d r o x yl gr o u p th at h a d b e e n i n dic ate d b y th e i r a n d m s

sp e c tr a l A c o m p a ri s o n of th e
1 3 c - n m r sp e c tr a of 10 a n d th e m o d el c o m p o u n d 7

( T a ble 5 ,7) i n dic at e d th e m aj o r diffe r e n c e s w e r e i n th e r e gi o n of C 19 1 I t w a s

e st a blish e d p r e vi o u sl y (5 3) th a t a h y d r o xyl g r o u p p r o d u c e d a p r o n o u n c e d d o w nfiel d

shift(a b o u t 4 0 p p m ) of th e c a rb o n t o w hi c h it is a tt a ch e d ( α effe c t) , a s m とIlle r d o w n fl eld
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s hift (5 - 1 0 p p m ) of th e β- c a r b o n , a n d a n u p field shift ( a f e w p p m ) of th e †
･

c a r b o n .
I n th e

13 c sp e c tr u m of l O ･
th e C - 9 r e s o n a n c e i s s hift e d d o w n rl eld b y 3 8 ･5

p p m r el a ti v e t o 7 , C - 8 i s s hift ed d o w nfi eld by 8 ･1 p p m
,
a n d C

･

-7 (th e y
- c a rb o n) is shifted

u pfield b y 3 ･4 p p m ･ T h e s e shift s e s t ablis h th at th e h y d r o x yl g r o u p I S O n C -9 ･ T o

d e t e r m i n e th e c o n fig u r a ti o n of th e h y d r o x yl g r o u p ,
a c o m p ar i s o n o f th e

l H - n m r

s p e c tr u m of 9 a - h y d r o x y p a rth e n olid e (5 4) w ith 1 0 ( a dih y d r o p a rth e n olide

d e ri v ati v e) is h elpf ul .
T h e H j)P r e s o n a n c e a t 8 4 ･ 3 4 p p m i n t h e f o r m e r c o m p o u n d is

i n th e s a m e r e gi o n a s th e p r o p o s ed H - 9B i n 1 0 (4 ･1 1 p p m ) ,
a n d th e c o u pli n g c o n st a n ts

a r e al s o a p p r o p ri a t e f o r a p r o t o n a t th e βp o siti o n [i ･ e ･ ,
a p s e u d o

-

e q u a t o ri al p o sitio n a nd
,

th u s
,
n o l a rg e c o u pli n g wi th th e p r o t o n s o n･ C -8 (55) as s u m i n g th e u s u al c o n f o r m Ettio n

i n w hi ch th e C - 1 4 a n d C - 1 5 m e th yl s a r e cis] . T h tlS
,
W e P r o p o s e th a t c o m p o n e n t 10 is

(
-) -9 α

- h yd r o x y dih y d r op ar th e n olid e , a fl e w g e r m a C r a n Olid e ･

T h e i r s p e c t ru 1Ti of c o m p o l- a nt l l
,
e x hibit e d ab s o rpti o ll S a t 3 5 2 7 (h y d l

-

O X yl) ,

1 7 7 8 (y
-l a c t o n e) , a n d 1 7 3 5 c ll r

l
(e st e r) ･ T h e p a r e n t p e a k at ”/z 3 2 4 w a s

a pp r o p li at e r o l
一

th e m ol e c ul a l
･

f o 11 n ul a l
･

C 1 7 H 2 4 0 6 , a n d th e f r a g m e n t a t m J(z 2 6 4
, [ M -

H O A c]
'

, s u gg e st e d t h e p r e s e n c e of a n a c e t o x yl gl
･

O u p ･ T h e
l H - a l- d 1 3 c -1 11 Tlr

spe ctr a ( T abl e s 6 a lld 7) ,
al o n g wi th t h e i nf o r m a ti o ll ab o v e

,
s u g g e s t e d th at l l

w a s a dih ydl
･

O P ar th e n olid e c o n t ai n l u g h y d r o x yl a n d a c e t o x yl s u b stit u e n ts
,

I n th e

l H -

11 m l
･

s p e c t ru m , H - 1 a p pe a r s a s a s h a l
･

P d o u bl et b e c a u s e of t r a n Li
.

C O u Plill g W it h

H - 2β(J = 1 0 .2 H z) ,
w hile i n 1 0 a n d 7 H - 1 i s a b l

.

O a °d o tlblet b e c a u s e of c o u pli n g

w it h b o th ” - 2 pl
･

O t O n S . O f t h e t w o u n a s s lg n e d l
･

e S O n a n C e S a t 4 ･9 2 a n d 4 ･7 0 p p m
,

th e m o 1
･

e d e s hield e d p l
･

O t O n Sh o ul d b e att a c h e d t o th e c a l
.

b o n b e a l
'

1 n g t h e a c e t o x yl

g r o u p ,
a n d

,
c o n s e q u e n tly ,

w e p r o p o s e t h at t h e h y d l
'

0 Ⅹyl g r o u p IS a t th e 2 α

p ositi o ll , a n d th e H - 2βre s o n a n c e i s a t 4 .7 0 p p m . Pla c e m e n t of th e a c e t o x yl g r o u p at

C -8 i s c o n si st e n t w ith th e
l H -

n m r s pe c tl
･

u m , b u t , m o r e c o n cl u si v ely , this l o c ati o n

r e s u lt s il = 1- a a
■
ntic IP at ed s hifts i n th e

1 3 c -

n lTl r SP e Ct l
･

u m r el ati v e t o th at of 7 ･

T h e C - B l
･

e S O n a ll C e i s dQ W nfi eld b y 4 2 .4 p p m ( α eff e ct; s e e l
･

el a t e d dis c u s si o n r o l
l

1 0) ,
th e C -7 a n d c -9 l

･

e S O n a ll C e S a ]
･

e d o w llfi e]d b y 4 - 8 p p m (βeff e c t) , a n d th e C - 6

l
'

e S O n a n C e i s shift ed u pfi eld b y 3 .5 p p m (y e ff e ct) .

･ T h e 8 - a c et o x yl g l
･

O tlP i s pl a c e d i n

t h e α p o siti o n b y a n al o g y t o th e
l H - n m r s pe c tr u m t o th e cl o s el y l

･

e l a t e d 8β-

a c e t o x y dih y d r o p a l
'

th e n olid e (5 6) . I n th e l atte l
･

C O m P O u ll d th e H - 8βr e s o n a n c e a p p e a l
･

S

at 4 ･90
,

w hile i n l l it is f o u n d at 4 .9 2 p p m . I n 8 -

a c e t o x y g e ll ll a C l
･

a n Oli d e s i l一 W hi c h

日 - 8 is α , this 1
.

e S O n a n C e a p p e a r s m u C h fu rth e r d o w llfi eld at ab o tlt 5 . 7 p p m (5 7) .

T h e v e l
･

y S ig nifi c a n t d e shi eldi n g o f th e C - 13 m e th yl g l
･

O u P l n l l r el ati v e t o i t s

p o siti o ll i l- 7 (1 8 3 v s ･ 1 3 ･ 2
,

r e sp e c ti v ely) s u g g e st s a s
.
v n - o 1

･

i e n t ati o l1 0f this m e th yl

iu l (I th e a c e t o x yl g l
･

O tl

.
P (i ･ e ･ , b o th g r o u p s α) ･

T h u s , w e p r o p o s e c o m p o l- e n t l l is

8 α - a c e t o x y
- 2 α

- h y d l
･

O X y dih y d r o p a rt h e n olid e
,
f o l

･

w hi c h w e s u g g e s t th e n a m e

4 0



p a l
･

a m i c h olid e ･ F o r a l
･

el a te d dis c u s si o n of th e s e a s s l g n m e n t S , S e e J a k u p o vi c e t a l ･

(5 8) .

I n p l
･

e Vi o u s r e p o rt s o n t h e
1 3

c - n m l
･

S P e C tl
･

a Of g e r m a c l
･

a n Olid e s
,

th e

r e s o n a n c e s a s s lg n e d t o C - 2
,
C -3

, C - 8 , a n d C - 9 a l
･

e u s u ally i n di c at e d a s b ei n g

i nt e r c h a n g e able (5 9) ･ C o m p a ri s o n of th e sp e c t r u lll Of dihy d l
･

O P a rth e n dlid e [7] w ith

th o s e o f th e o x y g e n at e d d e l
･

i v a ti v e s 1 0 a n d l l e n able d u s t o a s s lg n e a c h of

th e s e r e s o n an c e s f o r this fa m ily of c o IT IP O u n d s ･ Cl e a rly , th e r e s o n a n c e s a t 2 4 ･ O a n d

3 6 ･ 6 p p m i n 7 m tl St b e a s s lg n e d t o C - 2 a n d C - 3 b e c a u s e i n tl
･

O d u c ti o rl Of a h y d l
･

O X yl

g l
･

O u P at C - 9 i n c o m p o ll e n t 1 0 h a s littl e effe ct o n th e c h e mi c al shifts of th e s e t w o

c a l
･

b o n s ･ T h e I
.

e S O n a n C e a t 36 ･6 pp m i s a s s l g n e d t o C -3 b e c a u s e of th e d e s hi eldin g

e 恥 c t of th e n eig h b o ri n g e p o xid e f u n c ti o n ･ T h e r e s o n a n c e a t 4 1 ･ 1 p p m i n 7 is

att rib u t e d t o C - 9 b e c a u s e a m e tb yle n e c a rb o n a dj a c e llt t O a m e t h yl g r o tlp O n a

tri s ub stit ut e d tT
.

a n S d o ub le b o n d
, t l

･

a n s
- トC 拝 = C( C fi3) C H 2

-] ,h a s b e e n s h o w n t o b e

sig nific a lltly d e s hield e d l
'

el a ti v e t o th e oth e r allyli c c a l
･

b o n (6 0) . Al s o , th e c h e m i c al

s hift s p r e di ct e d f o r th e s e f o u r c a rb o n s i n l O a n d l l b a s e d o n th e α , β, a n d †

eff e ct s of o x y g e n s u b stit u e n t s o n th e m o d el sy st e m 7 al
'

e i n e x c ell e n t ag l
･

e e m e n t

w ith th e a c t u al v al u e s .

T h e i r sp e c tr u m of c o m p o n e n t 1 2
, s u g g e ste d th e p r e s e n c e of a γ1 a ct o n e

a n d a h y d r o x yl g r o u p , a n d th e
l H - n m r sp e c tr u m ag a i n i n dic at e d th e c o m p o u ll d

w a s a s u b s ti t ut e d dih y d 1
'

O P a th e n olid e (T abl e 6) . T h e H l l r e s o n a n c e a t 5 .2 5 p p m w a s a

s h a r p d o u bl et (J = 1 0 . 4 H z) i n dic ati n g (a s dis c u s s e d p r e vi o u sly f o r l l) th at th e

h y d r o x yl g r o u p w a s att a c h e d t o C - 2 a n d w a s i n th e α p o sitio n . T h e ch e m i c al

shift f o l
･

H - 2P is at e s s e n ti ally th e s a m e p o sitio n i n b ot h l l a n d 1 2
,

s u g g e sti n g th e

si m il ar i ty･ of st ru c t u l
･

e S i n this l
･

e g l O n Of th e m ol e c ul e s ･ A 1 3 c s pe ct ru m of 1 2 w a s

n o t o bt ai n e d b e c a u s e of t b e li m ite d a m o u n t of s a m ple a v ail able a lld b e c a u s e th e

s a m ple c o n t ai n e d a s m all a m o u n t of l l a s a n i m p u l
'

ity (r el ati v e R f O . 2 0 a n d 0 .2 2) .

T h u s
,

w e c o れClu d e th at 1 2 is 2 α
- h y d r o x yldihy d r o p a rt h e n olid e .

T o o u l
･

k n o w l e d g e
,
n o n e of t h e s e th r e e s u b stit u te d dih y d l

･

O P al
･

th e n olid e s 1 0 -1 2

h a s b e e ll i s ol at e d p r e vi o u sly fl
･

O m n a t u ral s o u r c e s
･
It i s of i n t e r e st f l

･

O m a
･ bi o sy nt h e -

tic pe r s pe cti v e th at , alt h o u gh th e o x y g e n ati o n of th e p a re
'

n t dih yd r o p a rth e n olid e h a s

t ak e n pl a c e a t th r e e diffe re n t p o siti o n s i n t h e s e c o n s tit u e n ts
,

i n all c a s e s th e

s u bitit u e n t s w e r e i ntr o d u c ed o n th e α f a c e of th e m ol e c ul e .

(
-

)
- D I H Y D R O P A R T H E N O LI D E [7 ト TIc (2 % M e O H / C 6 H 6) R f 0 .5 0 , [ α】1 9

D
-

5 7
o

( c 1 . 4
,
C H C 13) ,

lit . (3 8) [ α]】
2 6

D
- 6 2

o

( C 日C 13); i l
一

V
l n a X ( C C14) 17 7 5

,
1 6 5 0 , 1 4 5() ,

9 8 0 c IT r
l
;
1 H a n d 1 3 c n m l

･

, S e e T a ble s 4 a n d 5
,

r e s p e c ti v ely; ei m s m /z ( r el . i n t .) 25 0

( M ＋
,
2) ,

2 3 2 (3) ,
2 07 (4) ,

1 9 2 (13) ,
13 3 (1 9) , 1 1 9 (3 2) ･
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(
-

)
- p A R T fl E N O L I D E [8 トTIc (2 % M e O H / C 6 H 6) R f O ･ 4 2 , ( M e O H - E t O A c -

p et l
･

0 1 ,
1 : 3 : 6) R f O ･ 5 7

･

･ [ α】
2 0

D
- 78

o

(C H C 13) ,
lit ･ (6 1) [ α]

2 0
D

- 8 1 ･ 4
o

( C H C13); ir v
m 狐

(c c 14) 3 0 20 , 29 2 0 ,
1 77 0 , 1 6 5 0 ,

1 2 8 1 , 1 2 60 ,
1i 3 0 7 9 4 0 c m

-1
;
1 H n m l

･

( C D C 13) ,
S e e

T able 4;
.
ai m s w u(z (r el ･

i nt ･) 2 4 8 ( M
＋

,
2) ,

23 0 (9) ,
19 1 (25) ,

1 9 0 (6 1) ,
1 19 (1 0 0) ･

(
-) - B IS P A R T H E N O LI D I N E [9] ･

- M p 10 0 - 1 0 3
o

(C H C13);tlc ( M e O H - E t O A c ･

p e tl
･

01 ,
1 :3 ‥6) R f O ･3 9; [cx]

2 0
D

- 1 1 2
o

( C H C 13); il
l

V m a x (C C14) 33 6 5
,
3 0 2 0

,
29 20

,

17 7 0 , 1 4 8 0 , 1 2 15 ,
1 1 7 5

,
10 0 0 , 9 4 0 c l n

-1
;
1 = a n d

1 3 c n m r , s e e T a bl e s 4 a n d 5
,

r e s pe cti v ely; ei m s m / z (r el ･ i n t ･) 5 1 3 ( M '
, 8) 27 8 (1 00) ,

26 4 (1 4); hl
･

m S (c o m p o siti o n

i 11t e rp r e t ･

,
C a ld ･ 皿illi l n a S S)I 5 1 3 ･ 3 07 7 ( C 3 0 日4 3 N O 6 , M ＋

･ 5 1 3 ･3 0 90) ,
2 7 8 ･ 1 7 52

( c 1 6 H 2 4 N O 3 , M
- C 1 4 H 1 9 0 3 ,

2 7 8 ･ 17 5 6) ,
2 64 ･ 1 6 00 ( C 1 5 H 2 2 N O 3 ,

M - C 1 5 H 2 1 0 3 ,

2 6 4 . 1 5 9 4) .

( -) - 9 α
- H Y D R O X Y D I H Y D R O P A R T fI E N O LI D E [10] ･

- Ti c M e O H - E t O A c -

p e tr ol e u m e t h e r (10 :2 0 :7 0) R f O ･ 3 2; 【cx]
2 2

D
- 6 0

o

( C H C13); i l
'

V m a x ( C H C13) 3 6 06
,

3 4 7 2 (b r) ,
3 5 5 0 - 3 4 0 0 , 2 9 3 7 ,1 7 7 7 , 9 9 2 c m

-1
;
1 H a n d 1 3 c n m r s e e T able 6 a n d 7

r?
s p e cti - v ely ; ai m s m /z ( r el ･ i nt ･) [ M ]

' 26 6 (5) , 24 9 (9) ,
24 8 (9) ,

2 0 8 (2 8) ,
1 9 0 (2 9) ,

1 35 (6 4); h r m s m /i 2 6 6 . 1 5 27 [ M ]
＋
(c alc d f o r C 1 5 H 2 2 0 4 ,

2 6 6 ･ 15 1 8) ･

8 α - A C E T O X Y - 2 α
- H Y D R O X Y D I H Y D R O P A R T H E N O L I D E (P A R A -

M I C H O L I D E)[1 1] .

- T I c M e O H - E t O A c
-

p e tr ol e u l n e th e r (1 0 :20 :7 0) R f O ･ 2 2 ; i l
l

v m a x ( c H C13) 3 5 26
,
3 4 0 0 ,3 2 0 0 , 2 9 3 5 , 1 7 78 , 17 3 5 ,1 6 4 5 ,

1 23 5
,
1 0 20 c m

- 1
; 1 H a nd

1 3 c n m l
･

S e e T ab le s 6 a n d 7 ,r e s p e c ti v ely; ei m s m /i (r el ･
i n t ･) 【M ]

＋ 3 2 4 ( 2) , [ M -

H O A c]
＋ 2 64 (3) ,

2 49 (7) ,
15 5 (4 5) .

2 α - H Y D R O X Y D I H Y D R O P A R T H E N O L I D E [1 2] .

- TI c M e O H - E t O A c
I

p e tr ol e u m e th e r (1 0 :2 0 :7 0) R f 0 .2 0 ; i r 1) m a x (C H C 13) 3 6 0 0 , 3 4 0 0
-3 2 0 0 ,

2 9 3 1 ,
1 7 7 4 ,

10 0 8 , 90 9 c m
-1
;

1 H n m r s e e T able 6; ei m s lr u(I (l
･

el . i n t .) [ M ]
＋ 26 6 (1) .
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T a bR e 4 1 H - n m r S p e ctr a of 7 , S , a n d 9 a

P r o t o n

C o ITIP O tl n d

7 8 b
9

1 5 .1 5 ( d d
,
2 3

,
l l .9) 5 .2 1 ( a

,
b l

･

,
4 .0

,
1 2 .2 ) 5 .2 7 (d d ,

2 . 2
,
9 . 8)

2 a 1 2 ･ 1 1( d d d d ･ 2 ･3
,
6 .0

,
1 3 .0 1 3 .

0) 2 .0 9 -2 .2 4 ( m )
C

2 .2 6 ( d
,
6 .0

,
1 2 ,1)

2 b 2 .3 7 ( d d d d
,
5 .0

,
l l .0

,
1 3 .3

■
,
1 3 .0 2 ･4 6 ( d d d

,
1 3 .8

,
1 2 .2

,
1 2 .5) 2 .4 O ( m )

3 a 1 .2 1 ( d d d
,
6 .0

,
1 3 . 0

,
1 3 .0) 1 .2 5 ( m ) 1 . 2 3 (d t

,
5 .9

,
1 3 .9 )

3 b 2 .1 6 ( m ) 2 .0 9 - 2 .2 4 ( m )
C

1 .
8 8 (d d

, 5 .9
,
1 4 .6 )

5 2 . 6 9 ( d
,
9 .0) 2 .7 9 ( d

,
8

.9 ) 2 .7 4 ( d
,
8 .8)

6 3 .8 0 ( d
,
8 .4

,
9 .0) 3 .8 6 ( d d

,
8 .9

,
8 . 3) 3 .8 6 (t ,

8 .8)

7 2 .2 8 ( m ) 2 .7 8 ( m ) 2 .4 0 (1 n )

8 a 2 .2 8 ( 皿) 2 .0 9 - 2 .2 4 ( m )
a

2 .1 8 ( m )

8 b 1 .8 0 ( m ) 1 .7 3 ( m ) 2 .4 0 ( m )

9 a 1 .8 0 ( m ) 2 .0 9 1 2 .2 4 ( 孤) 2 . 1 0 - 2 ,1 8

2 .4 0 ( m )

9 b

l l b

2 .2 5 ( m )

2 .2 7 ( d q ,
6 .8

,
1 0 .3)

2 .3 8 ( m )

6 .3 4 ( d , 3 .6)1 3 a 1 .2 5 (4 ,
6

.8
,
C H 3)

d
3 .1 5 (d d ,

2 . 8
,
1 3 .1)

1 3 b
■

l .2 5 (d ,
6 .8

,
C H 3)

d
5 .6 2 (d ,

3 .1) 2 .9 2 ( d d
,
2 . 8

,
1 3 .1)

1 4 1 .6 8 ( s) 1 .7 2 ( s) 1 .6 7 ( s)

1 5 1 .2 7 ( s)
d

1 .3 1 ( s) 1 . 3 0 (s)

a
C h e m i c al s hift s a r e in p p m fo r m T M S , c o up li n g c o n st a n ts ar e i n p a r e n 也es e s in H e rt z , an d th e

s a J n Pl es
,
w er e dis s olv ed i n C D C 13 .

b p r e vi o u sly as sig n e d 2 0 0 M H z sp e ct r u m fr o m B a d e sin s k y et al . (4 2)

c S p e ci艮c a s sig n m e n ts p os sibl e at 4 0 0 M H z w i山 2 D - C O S Y a n d d e c o up lillg e X pe l
'

iln e nt S; H -2 a
,
2 .3 8

(d d ,
5 .1

,
1 3

.
1); H -3 b 2 .1 7 ( m ); 臥8 a

,
1 .7 2 ( m ) .

dl n C 6 D 6 S OI v e nt th e C -1 3 a n d C -1 5 m e th yl s w er e cle ar ly r e s ol v ed in t o a d o u bl et at l ･0 5 a n d a sin gl et

at 0 .9 8 , r e sp e cti v ely .
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甘a bie 5 1 3 c -

n m l
･

S pe ct r a Of 7
,
8

,
a n d 9 a

C a rb o n

C o m p o u n d s

7 8 b 9

1 12 5 . 1 ( -) 1 2 5 . 3 1 2 5 . 3 (
-

)

2 24 . 0
■
( ＋)

C 24 .2 C 24 . 2 ( ＋)
C

3 3 6 .6 ( ＋) 3 6 .2
C 3 6 . 5 ( ＋)

C

4 61 .4 ( ＋) 6 1 .5 6 1 .6 ( ＋)

5 6 6 . 3 (
-

) 6 6 .
4 6 6 .1 ( -

)

6 8 2:I
l
l ( -) 8 2

. 5 8 2
.3 (

-)

7 5 1 . 9 ( -) 4 7 . 7 4 9 .0 ( -)

8 29 . 7 ( ＋)
C 4 1 .2 C 3 0 . 2 ( ＋)

C

9 41 .
4 ( ＋) 3 0 .2 C ,d 4 0 .9 ( ＋)

1 0 13 4 .4 ( ＋) 1 3 4 .7 1 3 4 .3 ( ＋)

l l 4 2 .4 (
-

) 1 3 9 .5 4 5 .5 (
-

)

1 2 1 7 9 .6 ( ＋) 1 6 9 .3 1 7 6 . 7 ( ＋)

13 13 . 2 (
-

) 1 2 1 . 0 4 6 . 2 ( ＋)

14 17 .1 (
-

) 1 7 . 3 1 7 . 2 (
-

)

1 5 16 .8 ( -) 1 7 .0 1 6 .8 (
-

)

a C h e m i c al shifts a r e i n p p m fr o m T M S , s olv e n t w a s C D C 13 ,( ＋) an d ( -) ar e sig n s fr o m 也e att a c h e d

P r o t o n t e st .

b D at a t a k e n fr o m El -F er al y et al . (4 3)
c As sig n m e nt s m ay b e i nt e r ch a n g e d ･

d w e b eli e v e th e 41 ･2 p p m r es ol-alic e Cll O uld b e as sig n ed t o C - 9 ･
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甘a b Re 6 1 H - n m r S p e ctr a of 且0
,
且1 a n d 1 2 a

P r o t o n

C o m p o u n d

1 O 1 且 1 2

1

2 a

2 b

3 a

5 3 2 (d d , 1 0 .2)

2 ,0 9 ( m )

2 .4 1 (d d d d ,
1 2 .5 , 1 2 . 3 ,

l l . 9 , 4 .9 )

1 .1 4 (dt ,
1 2

,
5

,
5

.
5)

5 .3 0 (d
,
1 0 .2)

4 .7 0 (d d d , 1 0 .3
,
1 0 .2 , 6 .1)

1 .2 3 (dd , l l .4 , 1 0 .3)

5
.
2 5 (d ,

1 0 .4)

4 .6 7 ( m )
b

1 .2 2 (d d ,
1 0 .9 ,

1 0 .9)

3 b 2
.
1 5 (b r t, 1 2 .3) 2 .5 8 (d d , l l .4 , 6 .1) 2 .5 6 (d d ,

1 2 .2
,
5 .9)

5 2
.
5 5 (d , 8 .8) 2 .7 3 (d , 8 .8) 2 .7 7 ( d

,
9 .0)

6 3 .7 5 (t, 8 .7) 3 .9 5 (d d , 8 ,
8

,
8

.
8) 3 .7 9

.
(d d , 9 ･0 , 9 ･0)

7 1 .9 ( m ) 2 .3 8 (d d d ,
1 2 .1 , 8 .8

,
8 .6)

4 .9 2 (dd d
,
1 2 .1

, 8 .
2

,
3 .6)

2 .3 7 ( m )
C

8 a 1 .9 ( m ) 2
.
3 7 ( m )

C

8b 1 .9 ( m )

4 .l l (d d , 7 .5 , 3 .9)

1 .6 0 ( m )
C

9 a 2
.
44 ( m ) 1 .6 3 ( m )

C

9 b 2 .4 4 ( m ) 2
.
l l ( m )

C

l l b 2
｡

･2 6 ( dq , 1 1 ･
4

, 7 ･2) 2 .5 8 (d q , 8 .6 , 6 .6) 2 .3 0 (d q , 6 .9)
b

1 3 1 .2 4 ( d , 7 .
2) 1 .4 5 (d , 6 .6) 1 .3 0 (d , 6 .9)

b

1 4 1 .6 8 (s) 1 .87 (d , 1 .1) 1 .7 8 (s)

1 5 1 .2 6 (s) 1 .3 0 ( s) 1 .3 0 ( s)

2
.
1 2 ( s

,
O A c) 1

.5 7 ( s
,
0 Ⅰi)

ac ll e m i c al s h ifts a r e i n p p m fr o m T M S , c o u pli n g c o n st alltS a r e in li z , a11d 山e s a m ple s w e r e dis s o lv e d

in C D C1 3 .

b T h e s e s ig n als w er e irr a diat ed d u ri n g d e c o uplin g e x pe ri m e nt s ･

c As sig n m e nt s m ay b e irlt e r Ch a n g e d ･
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T a bl e 7 1 3 c -

n m r s p e ctr a of 10 a n d l ュa

C a l
･

b o 11

C o m p o u nd

1 0 l l

1 2 16 .3 (
-

) 1 3 1 .0 ( -)

2 23 .8 ( ＋) 6 6 . 6 ( -)

3 3 6 . 9 ( ＋) 4 5 .1 (＋)

4 61 .3 (＋) 6 0 .6 (＋)

5 6 6 . I ( -) 6 6 .6 (
-

)

6 8 1 .3 ( -) 78 . 6 (二)

7 48 .5 ( -) 55 . 4 (
-

)

8 3 7 .8 ( ＋) 7 2 . 1 (
-)

9 7 9 . 6 ( -) 4 9 3 ( ＋)

1 0 13 6 . 5 ( ＋) 1 3 1 .0 ( ＋)

l l 4 2 . 1 ( -) 3 9 .6 ( -)

1 2 1 7 6 . 9 ( ＋) 1 7 6 .8 (十)

13 1 3 . 2 (
-

) 1 8 . 3 ( -)
C

14 1 0
. 9 ( -

) 1 8 . 2 (
-

)
C

1 5 17 .3 ( -) 1 7 .0 ( -)

il C h e mi c al shirt s a r e i n p p m fr o m T M S ; ･q ol v e n t w as C D C 13 .

c A s siB n m e ntS ln a y b e in t er c h a n g e d ･

i v M t C H E L LA R A J A N I A N A (6 2)

T h e sp e ci e s M ich ･ eli a l
･

aj a 7 u
'

a n a C r aib of th e M a g n oli a c e a e f a m ily is

e n d e m i c t ( 川 O 11 h e l
.

n T h ail乙1 11d a l-d is k n o w n t o th e n a ti v e s a s
‖

C h a l n Pi l u a n g
”

(6 3 ,6 4) .

T h e
･

ti m b e l
･

o f M ･ 7
･

aJ a ni a n a i s tlS e d e x t e n si v ely l n th e ply w o o d a n d f u l
･

nitt n
･

e

i nd u s tl
■

i e s (6 5) , a n d th e b a t
,

k I -a s h e e l- u s e d m e dici ll ally a s a s u b s tit u t e f ( w M i c h elL
･

(I

c h (I m [ ” C a L ･ A d e c o c ti o n p l
･

e p a l
･

e d f l
･

O m th e b a rk of th e l att e r s p e ci e s h a s b e e ll

I- s a d a s a f eb l
'

iftlg e
, a S a P r ot e c ti v e m e di ci n e f o r m o th e r s aft e r c hild bi l

･

th (6 6 ,6 7) ,

il lld i n I lldi a f o r th e tr e a t m e ll t O f ab d o mi n al t u m o l
･

S (68) . T h e l
･

e h a v e b e e ll n O

p l
･

e vi o u s p hy to c h e mi c al st u di e s o n a n y p a rt o f M ･ 1
･

aJ a m

･

a n a , a n d i n t his re p o rt w e

d e s c l
･

ib e th e s tl
･

u c h
.

”al el u cid ati o l - f fi v e c o m p o n e n ts i s ol ate d f l
･

O I Tl th e b a t
.

k of th e

pl a llt
,
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～

S

､

0

0

- 1)
2

N H

H O
､ ､

§モ

ー
､

o

0

9 1 1

1
､

§ミ

4

､

0

1 4

7

一 R
′

′

0

1 5
0

′
人

N
JL

c H
｡

J 2
'

H

1 3 R = H

1 4 R = O H

′
O A c

C h r o m a t o g r a p hic p u rific ati o n of th e al c o h oli c e x tr a c t of th e b a l
'

k a s

o u tli n e d i n th e E x p e ri m e n tal s e c ti o n g a v e fiv e c o m p o n e n ts , w hi c h w ill b e di s c u s s e d

in th e o rd e r th e y･ w e re el ute d fr o m th e c ol u m n . T h e 一e a st p ola l
'

C O m P O n e n t W a s f o u n d

t o b e id e ntic al t o (
-

)
-

p a rth e n olid e , a n e p o x y g e r m a c ra n olid e w e id e ntirl e d p l
'

e vi o u sly a s

a c o n stit u e n t of P a r a m i c h eli a b aillo n ii(3 1) .
T h e s e c o l- d c o m p o n e n t w a s s h o w n t o b e

i d e n ti c al t o bis p a rth e n olidill e[9] , a c o m p o u n d fir st is ol ate d b y u s f r o m P ･ b a L
'

ll( u u
'

i

(3 1) . T h e p r e vi o u sly r e p o ll e d
l H - a n d 1 3 c - n m r s pe ctl

･

a ()f 4) a l
･

e P .
･

O Vid e d (T a bl e s 8 a ll d

9 , 1
･

e S pe Cti v ely) f o r c o m p a l
･

i s o n w ith th e n e w c o m p o u n d s 1 3 a n d 1 4 ･ T h e third

c o m p o n e llt W a s f o u n d t o b e ( -) -

p a r a m i c hム1id e [1 1] ,
a s tlb stit u te d dih y d l

･

O P a rth e n olid e

w hi ch w a s i s ol at ed fil
･

S t fl
･

O m P . b aillo nii(5 2) . T h e o ptic al I
.

O r a ti o n of l l , w hi c h

w a s n o t r e p o ll e d i n o u r p r e vi o u s s t u d y , i s g i v e n h e r e i n d e t ail ･･

T h e il
･

S P e C tr u m Of th e fわu rth c o m p o n e n t , 1 3 , e x hibite d ab s o IP tl O n S a t 1 7 7 0

(s) (y
-l a c t o n e) , 16 7 0 (s) , a n d 3 4 4 2

.

c m
-1 ( w ) (s e c o n d a l

･

y a mi d e) ･ T h e a c c u r a t占 m a s s of

th e p a r e n t p e ak at m /I 3 0 7 i n th e ai m s of 1 3 w u s c o n si s t e n t w ith th e m ol e c ul a l
'

f o l
･

m u l a C 1 7 H 2 5 N O 4 , a n d t h e m /z 2 4 8 f l
.

a g m e n t r M -f
-

I 2 N A c]
＋

s tlg g e Ste d th e

p l
･

e S e n C e Of a n N H -

a c e tyl m oi e ty w hic h w a s e x p ell e d v L

'

a a M c L affe l
･

ty
- ty p e

r e a lT a n g e m e n t ･ A c o m p a ri s o l - f th e
l H -

a n d 1 3 c -

n m l
.

S P e C tl
･

a O f 9 a n d 1 3

( T abl e s 8 a n d 9 ,
r e s pe cti v ely) s u g g e st e d th i､t th e s e

p

c o l-1 P O u l-

'

し1 s w e r e cl o s el y

l
･

el at e d , w itl = h e I- 叫 O r diff e l
･

e n C e S b ai l- g l n tl- e l
･

e g l 〔) ” O f C - 1 3 とI n しI th e r)1
･

e S e l- C e Or

a c e tyl l
･

e s O n a n C e S i n 1 3 ･ T h u s , w e b eli e v e thi s c o m p o n e n t p o s s e s s e s th e st ru c t u l
･

e

dipi c te d i n 1 3
■

a n d s u g g e st th e n a m e ( ＋)
- N -

LI C e t y1日a l
●

th e ll ()1idi 11 e f o = 11i s ll e W

g e l
･

m a C l
.

a n Olid e alk al oid . (th e n a m e s f o l
･

9 ,
1 3 ,

と1 11d 1 4 a r e b a s e d o ll th e
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h y p oth etic al c o m p o t m d p a rth e n olidi n e , w hi c h i占13 -

a m i n o dih y d l
･

O P a l｢th e n olid e ･) T h e

u m l
･

S pe c t r al d at a f o l
･

1 3 i l- dic a t e th at th e N -

a c e tyl g r9 u P a d o pts th e c o n f o = n a ti o ll

s h o w n il l Fi 即1
1

e 3 w ith th e a mi d e p r o t o ll h yd r .o g e n b o n di l- g t O tl le C a rb o l -yl o 又y g e l-

of th e l a c t o n e . I n th e
l H - i- 1Tlr SP e C tr u m Of 1 3 this a l n id e p l

･

O t O n a p p e a r s a S a

d o w nfi eld d o u bl e ()f d o u bl ets t )e c a u s e o f ･ diff e r e n t c o u pli n g s w ith H - 1 3 α a l-d H -

1 3β, w hi c h a r e di a s te r e o t opic ･
D e c o u pli n g e x pe ri m e n ts w e r e pe l

.

f o r m e d t o c o l-fi t
.

m

th e s e a s s lg l- m e nt S ･ I n th e
i3 c - 1- m l

･

S P e C t r a , th e C -1 3 l
･

e S O n a n d e i n 1 3 i s s hi eld e d

r el ati v e t o th e c o rr e sp o n dillg Sig ll al i l一9 (3 6 ･ 6 v s 4 6
･
2 pp m , 1

●

e S pe Cti v ely) its W o uld b e

e x p e c te d f ( ”
･

a
.

s y n o l
･

i e n t a ti o n of th e a m id e c a rb o l- yl g l
･

O U P a l-d C - 13 (Fig u r e

3) (6 9 ,
70) . h lt e re S ti n gly , th e H -1 3 p

■
l

･

O t O n S i n 1 3 al
.

a d e s hi eld e d r el a ti v e t() th o s e

i n 9 , A si mi l ar r e v e r s al o f
'

shifts fo l
･

th e c a rb o n a n d h y (h
･

o g e n re s o n a n c e s (i . e . , c a l
'

b o n

shi eld e d w hil e th e atta c h e d p r ot o n s w e r e d e s hiel d e d) i n a mi d e s h a s b e e n I
.

e P O l
.

t ed

p l
･

e vi o t7Sly (71) .
1 T o o u l

･

k n o w l ed g e , c o m p o n e n ts 1 3 is th e fi r st r ep o l
'

t e d e x a m pl e of

a n a t u r ally o c c u rl n g g e r m a C r a n Olid e a m id e .

H α

○

I
H

Fig u r e 3 P a rti al s t r u c t u r e of 1 3

s h o w l n g th e c o nf o l
.

m ati o ll

of th e N - a c e tyl g r o u p .

T h e 鮒II C O m p O n e llt e x hibite d ir ab s o 叩ti o n s a t 17 6 8 (γl a ct o n e) a ll d 1 6 5 6

(乙1 m id e) a s w ell a s a b r o a d pe ak at 3 3 0 0 c l 汀
1
( o H a nd N rI) . T h e m a s s s p e c tl

･

u m a ll d

t h e el e u l e n t al a n aly sis b oth w e r e c o n si st e n t w ith th e m ol e c ul a l
･

f o l
･

m ul a C 1 7 H 2 5 N O 5 ･

T h e
l
H -

a l-d 1 3 c -

n m r s
p

e ct r a (T a bl e s 8 a n d 9 ,
i

･

e s pe cti v ely) ,
al o n g w ith t h e a b o v e

i n f o n n a ti o n , s tlg g e S te d tll at 1 4 ァa s a p alt h e n olidi n e a m id e d e ri v a ti v e c o n t ai n i n g a n

h y d l
･

O X yl s u b stit u e n t ･ M o st of th e p r o to n s i g n al s i n th e 4 0 0 M H z
I H - n m l

･

s p e c t l
.

u m Of 1 4 w e l
･

e Cl e a rly r e s ol v e d a n d l
･

i c h i n d et ail . A I H -
1 H 2 D C O S Y

e x p e ri m e n t a n d i n di vid tl al dt c o u plin g e x p e l
･

i m e n ts w e r e e x pl o y e d t o c o nfi l
･

m th e

a s s lg n m e n tS r e p o r t e d i n T a ble 8
,

a n d a f e w of th e s e r e s ults w ill n o w b e

d e s c rib e d ･ I l
･

l
･

a di a ti o u of th e s lg n al fo l
･

N - ” at 6 ･81 pp m l
･

e s ul t e d i l ” Oll ap s e o f th e

m tll tipl e f o l
･

H - 1 3 α a t 4
･
l() t o a d o u bl et of d o u bl et s al-d c o一l ap s e of th e b l

･

O a d e n e d

d o tlblet o f d o u bl e t s f o r H - 1 3β at 3
･5 8 p p m t o a b r o a d e ll e d d o u blet ･ I IT ad

.

i a ti o n of
l

” - 1 3 (Ⅹ c a u s e d s h a l
'

p e n illg Of th e N - H sig n al a n d si t-1 plifi c ati o 11 0f tl- e H - 1 3P
I

.

e S O n a n C e b u t
,

m o l
･

e i m p () rt a u tly ,
l

･

e s ulte d i u c olla p s e o f th e d o u bl et of d o u bl et s

f o r H -l l a t 2
･

') 9 p p m t o n d o u bl e t(J = 1'1 ･ 2 H z) . T hi s l a l
･

g e C O u Pli n g b e t w e e n H -7
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a n d 田 - ll cle a rly e s t ablish e d th e i r a n .I
.

St e l
･

e O C h e r ni sfl
･

y Of th e s e t w o p L
･

O t O ll S a n d

c o n fir m e d th e α o 1
･

i e n t a ti o ll Of C - 13 a n d th e attとI C h e d a l n id e i
.

u ll C ti o n . I l
･

l
･

a di ati o n of

th e d o u bl et f o r th e h yd l
.

O X yl p r o t o n a t 4
.9 5 p p m c h a llg e (I tll e b l

･

() a d e ll e d (1 u iu
･

te t

( a ct u ally a d d d) f o r H -8 a t 3 .7 6 t o a b r o ad e n ed t riplet ( a ctしはIly it 〔1〔l) . A l s o
, w ll e ll

th e
l H - n m l

･

S P e C t r u m Of 1 4 w a s o bt ai n e d i n C D C 13 C O n t ai l 川Ig 乙I tl
･

LIC e Of ati d
,
th e

h y d l
.

O X yl p r o t o n si g n al w a s s hift e d tlP fiel(I t o a b o u t 2 . 3 p p ln (di s ap p e a l
･

e d o n

a d diti o n o f D 2 0 ) b e c a u s e of p r o t o n e x c h a n g e , il n d th e H - 8 1
･

e S O n a n C e f o l
･

i / T m Li
.

c o tlPli n g s of H - 印 w it h H -9 α a n d ” -7 a lld
,
th u s

,
c o nfir m s th e pl a c e m e llt O f th e O ti

g l
.

O u P i n th e α p o sitio n ･ I n o th e r g e l
-

m a C r a l- 01id e s w ith a l- 8 α 1 0 H
,
I

-

i - 叩 als o a p pe 乙11
1

S

a t ab o tlt 3 .
8 (7 2) , w hil e i n r el at e d c o m p o u n d ･

s w i th a n 叩
- O H , th e H - 8 α

I
.

e S O n a n C e a P P e a l
'

S m u c h f u l
.

th e l
'

d o w nfi eld at a b o u t 4 .7 p p m (73) . A ll of th e s e

d e c o u pli n g e x pe 1
･

i m e n ts
, pl 舶 ad ditio n al o n e s n o t dis c u s

l
s e d h e l

･

e , S u pp o rt th e s t ru c t u r e

p r o p o s e d f o l
･

1 4 . C o m p a l
･

i s o n of th e
1 3 c - n l Ⅵl

･

S P e C t m Of 1 3 a n d 1 4 ( T abl e 9)

w とI S V e ry i n stl
-

u C ti v e al s o ･ It w a s r e p o rt ed p l
.

e Vi o tl Sly (7 4) th at a h y Ll r o x y g l
･

O uf)

p l
･

O d u c e s a p l
.

O n O u n C e d d o w n fi eld s hift ( ab o tlt 4 0 pp m ) of th e c a rb o n t o w hi c h it i s

a tt a c h e d ( α effe ct) , a s I Tl all e l
.

d o w nfi eld shift (5
- 1() pp m ) of th e ドc a rb o l1 , a n d a l一

u p field s hift ( a f e w p p m ) of th e †c a l
･

b o n . T h e l
･

e S O l- a n C e i( -l
･

C -8 i n 1 4 i s s hift e d

d o w nfi eld b y 4 2 p p m ( α effe ct) as c o m p a r e d t o th e s a m e c a l
･

b o n i n 1 3 b e c a u s e o f

t h e h y d r o x yl g r o u p l n t h e f o r m e r
.

Lik e w i s e , C -7 a n d C j) i n 1 4 a r e s hif e d

d o w llfi el d b y 5 a n d l l p p m (β effe ct) ,
r e s p e c ti v ely ,

1
-

el a ti v e t o th e s a m e c a rb o n s

i n 1 3 . O n th e o th e r h a nd , C - 6
,

C - 1 0
,

a n d C - l l i n 1 4 a l
'

e all shifte d u p field b y

a b o u t 4 , 4 , a nd 2 p p m (γeffe ct) , r e s pe c ti v ely ,
l

･

el a ti v e t o 1 3 . T h tlS , t h e
1 3 c -

n m r

l
･

e S tllt s a r e c o m plet el y c o n si st e n t w ith th e st ru c t u l
･

e P l
･

O P O S e d f o l
･

1 4
,

w hic h is

a ll O th e r p r e vi o u sly u n r e p o I
I

t e d g e r m a c l
◆

a n Olid e a m id e f o l
.

W lli cll W e p r o p o s e th e

ll a m 早( ＋)
- N -

a c e t yト8 α
- h y dr o x y p a rt b e n olidi n e

.

()
- p A R T H E N O u D E [8] : R o tati o n ,i r ,

1 H a n d 1 3 c n m l
･

,
a n d ei m s a g r e e w i th

p r e vi o u sly l
･

e P O rt e d v al u e s (3 1) ･

(＋B I S P A R T H E N O L I D I N E [9] .

- M p , r o ta ti o n , i l
l

, a n d ai m s a g r e e wi th

p r e vi o tl Sl y l
･

e p O l
.

te d ( 3 1); v al u e s
I H a n d 1 3 c u m r s e e T able s 8 a n LI 9 , ･

'

e s
p

e cti v ely ･

I ( -)
- 8 α

- A C E T O X Y - 2 c m Y D R O X Y D I H Y D R O P A 良T H E N O L I D E

( p A R A M IC rT O L I D E) [1 1] ･

-T l
･

,
°il n s

,

1Ⅰ
-

I a l- d 1 3 c I- I-- I
.

a g l
･

e e
,

wi th p l
･

e Vi o u sly

r e p o r te d v al u e s (5 2); [ a]
24

D
1 47

o

(c = 0 ･7 6
,
C H C13) I

(＋)
- N - A C E T Y L P A R T 日E N O u D I N E [1 3トTIc r M e O H - E t O A c -

p et r ol e tl m e th e l
-

(1 :3 :6)] R f O . 3 7; [ α】
2 4

D ＋ 23
o

(c = 0 .6 7 , C H C13); i ･l
･

叫 n a x (C モ
ー

I C13) 3 4 4 2 , 3 0 1 0 ,

2 9 2 8
,
1 77 0(s) ,

1 6 7 0 ,9 09 c m
- 1
;
1 H n m r s e e T a bl e 7 ;

13 c n m l
･

S e e T a bl e 8; ei m s m /I r el ･
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i n t .) [ M ]
' 3 07 (25) ,

28 9 (l l) ,
27 9 (1 0) ,

26 4 (l l) ,
2 48 (1 4) ,

1 3 1
,
(1 0 0) h r m s m /I

3 07 . 1 7 8 8 [ M ]
＋
(c alc d f o r C 1 7 H 2 5 N O 4 ,

3 0 7 ･ 17 8 3) ･

.( ＋)
- N - A C E T Y L - 8 α - H Y D R O X Y P A R T H E N O L I D I N E [1 4] ･

- M P 18 8 1 19 0
o

; tic

[ M e O H - E t O A c -

pe t r ol e u m eth e r (1 :3 :6)] R fO ･3 1;[ α]
20

D ＋ 5 1
o

(c = 0
.

･ 75
,
C H C 13; i l

l

”

‡n q x (c H C13) 33 0 0 b r ,
2 9
1
3 2 ,

17 6 8
,
1 65 6 , 1 07 3 , 9 3 7 c m

-1
;
1 H n m r s e e T a bl e 7;

1 3 c

n m r s e e T a bl e 8 ; pJi m s m /z (r el . i n t .) 【M - H 2 0] ＋ 3 0 7 (4) ,
2 5 6 (1 00) ,

2 14 (3 9) ,
15 6

(6 4) . C al c d f ol
･

C 1 7 H 2 5 N O 5; C 6 3 .1 4 ,
H 7 .7 9 ,

N 4 3 3; f o u n d C 6 2 ･ 5 7
,
H 7 ･ 9 6

, N

4 . 19 .

T abl e 8 1 H -

n m r S pe qt r a of 9 ,
Ⅰ3 ad d 1 4 a

､

P r o tわn

C o m p o un d

9 1 3 1 4

1 5 .2 7 (d d , 9 .8 , 2 .2) 5 .1 7 (b r , d , 9 .7) 5 .1 7 (b r d
,
9 .1)

2 a 2
.
2 6 ( d d

, 1 2 .1 , 6 .0) 2
.1 7 ( m ) 2 .1 0 ( m )

2 b 2 .4 0 ( m ) 2 .4 0 ( m ) 2 3 5 ( m )

3 a 1 .2 3 (td ,
1 3 .9 , 5 .9) 1 .21 (d d d , 1 3 .0 , 1 3 .0 , 6 . 0) 1 .1 5 (d d d

,
1 2

. 9 , 1 2 . 9 , 6 .6)

3 b 1 .8 8 (d d , 1 4 .6 , 5 .9) 2
.
1 0 ( m ) 2 .4 5 (d a d , 1 2 . 9 , 1 2 .9 , 7 .8)

5 2
.7 4 (d , 8 .･8) 2 .7 0 (d , 8 .9) 2

. 69 (d , 8 .7)

6 3 .8 6 (d d ,
8 .8 , 8 .8) 3 .87 (d d , 8 . 9 , 8 9) 3 .9 4 (d d ,

8 .7 , 8 .7)

7 2 .4 0 ( m ) 2 .4 0 ( m ) 2 .3 8 ( m )

3 .7 6 (d d d ,
ll .2

, 9 .3 , 9 .3)

8 a 2 .1 8 (I n) 2 .2 0 ( m )

8b 1 .7 0 ( m ) 1 .2 5 ( m )

9 a 2 .1 0 - 2 .1 8 ( m ) 早･2 0 ( m ) 2 .3 5 ( m )

9 b 2 .1 0 - 2 .1 8 ( m ) 2 .2 0 ( m ) 2 .6 5 (b r d
,
1 2 .7)

l l 2
.
4 0 ( m ) 2 .4 0 ( m ) - 2

.9 9 (d d , l l .2
,
5 .2)

13 a 3 .1 5 (d d ,
1 3 .1

,
2 .8) 3 .6 6 (a dd , 1 4 .1 , 6 .5 , 3 .5) 4

.
1 0 ( d d d , 1 2 . 9 , 6 .5 , 5 .2)

1 3b 2 .9 2 (d d , 1 3 .1
,
2 .8) 3 153 (dd d ,

1 4
.1 , 6 .5 , 6 .3) 3

.
5 8 (d d , 1 2 . 9 , 6 .5) .

1 4 1 .67 (A) 1 .69 (s) 1 .7 2 (s)

1 5 1 .3 0 (s) 1 .3 0 (s) 1 .2 8 (s)

N - H 6 13 1 (b r d d
, 6 .5 , 6 .5) 6 .8 1 (d d , 6 .5 , 6 .5)

A c

O H

2
･0 2(s) 2 .0 8 (s)

4
.95 (d , l l .2) .

a C h eln ic al sh irt s 王汀e i n p p m fr o ln T M S , c o up li ng c o n st a n Ls
.

a r e i n p a r e d l eS eS in H ert z
,

'Tal d d l e

Lq 壬皿 PI cs w e r e diss olv e d i n C D C13 .
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T a b且e 9 1 3 c - n m r s pe ctr a of 9
,
且3

,
a n d 1 4 a

C a l
･

b o n C o m p o tl n d

9 1 3 1 4

1 1 25 . 3 (
-

) 1 25 . 1 (
-

) 1 27 .3 (
-

)

2 2 4 . 2 ( ＋) 2 4 .1 ( ＋) 2 4
.
4 ( ＋)

3 3 6 .5 ( 十) 3 6 .3 ( 十)
b 3 5 .8 ( ＋)

4 61 . 6 ( ＋) 6 1 .7 ( ＋) 6 1 .9 ( ＋)

5 66 . 1 ( -) 6 6 .2 (
-

) 6 6 .0 ( -)

6 8 2 . 3 (
-

) 8 2 .9 ( -) 7 8 .9 ( -)

7 49 . 0 (
-) 4 6 .6 ( -

I

) 5 1 . 5 (
-

)

8 3 0 .
2 (＋) 29 .8 ( ＋) 7 2 .3 (

-)

■
9 40 .9 (＋) 4 0 . 9 ( ＋) 5 2 .4 ( ＋)

1 0 13 4 .3 ( ＋) 1 3 4 .6 ( 十) 1 3 0 .3 ( ＋)

l l 4 5 .5 ( -) 4 8 .6 (
-) 4 6 . 8 ( -)

1 2 17 6 .7 ( ＋) 1 7 6 .6 ( ＋) 1 7 7 .0 ( ＋)

13 46 . 2 ( ＋) 3 6 .6 ( ＋)
b 39 .6 (＋)

1 4 17 . 2 (
-

)
b 17 . 2 ( -)

C 1 7 .5 ( -)
b

1 5 1 6 .8 ( -)
b 1 6 . 9 (

-)
C 1 7 . 3 ( -)

b

1
' 1 7 0 .7 ( ＋) 1 7 3 .2 (＋)

2
'

23 .2 (
-

) 2 2 . 9 ( -)

a clle m ic al s h ift s ar e in p p m fr o m T M S , s ol v e n t w as C D C 13 , a n d ( ＋) a n d ( -) a r e sig n s I-
'

r o m u l e

att a clle d p r o t o n t e st ･

b
,
c As sig n m e nt s d le l S a m e C O lu m n w i 山 地e s a m e s u p er s c ript s m ay b e i nt e r c h 弧 g ed ･

v P L U C H E A I N D I C A (9 7)

T h e g e n u s P l u c h e a i n th e C o m p o sit a e
,

tlib e l l- u l e a e
,
i s c o m p o s e d of 5 0

s p e ci e s distrib ute d i n th e N e w W o l
･

1d a n d F a r E a s t ･ A 1- u l--b e l
一

O f P/ LL C h e 'L SP e Ci e s u l
●

e

n o te d f o r t h eir e th n o rn e dic al p r o p e rti e s
,

o f w hi ch th e l
･

e p u te d e l 叩 e n a g O g u e (9 8 -

1 00) a n d ab o rtif a ci e n t (1 0 1 ,10 2) ac ti vitie s of PI LL C ･h e ,I 0 (l o ,
･

a t a i n th e l
･

e gi o n o f

c e n tr al A m e l
･

i c a a n d C a l
･

ib b e a n a r e p l
･

O b ably th e b e s t k n o w n ･
E x t r a c t s of

p[ (/,c h e a l a n c e o l at a h a v e s h o w n
l

ut e ri n e r el a x a ti o n ? cti vity at
l

l o w d o s e s (1 03) a n d

p o s sibly b oth a n tii lTIPl a n t a ti o n a n d a b ol
･

tif a ci e nt e ff e c ts (1 0 4) I

p l u c h e a i n di c a L e s s . ( sy n . P .f o li o s a D . C ･ , C o ry z a c o ry m b o s a R o x b ･ ･ C ･

i n di c a M iq . ,
B a c c h ･a l

･

i s t

･

n '1i c a L ･) ,
al s o k n o w l 川 S k Llk l

･

O n d a , h a s n ( - e s t ablis h e d L
e

n

vit r o o l
･

i n vi v o a cti vitie s
,

al tl w u g h i n T h ail a n d a n d J a v a th e l e a v e s a n d l
･

O O t h a v e
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b e e n r e p o rt ed t o p o s s e s s a s tr l n g e n t a n d a n t lP y r占ti c p r o p e l
･

ti e s a n d a r e u s e d a s a

di a p h o l
･

e ti c i n f e v e rs ･ F r e s h le a v e s a r e u s ed i n th e f o u n of p o tlltic e s q g a l l- St a t o mi c a nd

B a n

.
g r e n o u s ul c e l

･

S (1 05) ･ Cig a r e tte s p re p a l
･

e d f r o m th e c h o p pe d st e m b a l
'

k a l
'

e s m o k ed

t o r eli e v e th e p ai n of si n u sitis (1 06) ,
a n d i n l n d o

- C hi n a ,
th e l e a v e s a n d y o u n g sl m o ts

il re C ll- Sh e d ,
m i x ed w ith alc o h ol

,
a n d ap pli ed t o th e b a ck i n c a s e s of l し- m b ag o a n d als o

a r e tlS ed f o r l
･

‡1 e u m a ti c p ai n s a n d i n b ath s to tl
･

e a t s c abi e s (1 07) I

A n u m b e r of c o m p o u n d s h a v e b e e n i s ol at e d fr o m P ll L C h e a s p e ci e s , th e m o st

c h a r a ct e l
･

i s ti c o f w hi c h a l
･

e th e e tld e s m a u e d e l
･

i v a ti v e s ill th e c u a u ht e m o n e s e l
･

i e s fl
･

O m

P . c hi n g o y o (1 0 8) , P . f o e tid a (1 09) ,
P . o cl o T

･

a t a (1 1 0 ,1 1 1) , P . 7
･

O S e a (l 1 2) , a lld P .

1 m a V e O l e n s (1 1 3) . T h ei
･

e h a v e b e e n n o p r e vi o u s r e p o rts of a n y p h y t o c h e m i c al

st u die s o n P . i n di c a .

I n this r e p o rt w e d e s c ri b e th e is ol ati o n of a n e w c u a u h te m o n e d e l
.

i v ･ati v e 1 5

fl
'

O m P ･i n di c a a n d el u cid at e its s tr u c ttll
･

e t h r o u g h i n te rp r e ta ti o n o f th e hig h -fi eld

p r ot o n n rn r s pe ct n l m a n d h y d r oly sis t o c u a tlht e m o n e (1 6) .

M a s s m e a s u r elTl e nt Of th e m ol e c ul a r i o n of th e is ol ate e s ta blis h e d a m ol e c ul a r

f o l- Tl ul a C 2 4ti 3 6 0 8 ,
a l一d of p a lti c ul a l

･

il-t e l
･

e S t i n th e m a s s s pe ctl
･

u m w e r e th e i o n s a t r'L/z

2 1 7( C 1 5 H 2 1 0) a n d ”/I 1 3 1( C 6 H l l O 3) . W h e r e a s th e l att e r s u g g e s t e d a

p olyf u l- C ti o n al e s te r 弧it , th e f o 皿 e r i ndic at ed th e n u cl e u s t o b e a s e s q u lt e r p e l- e ･

B a s e d o n p ri o r P h yt o c h e m i c al w o rk w it h Pl u c h e a s pe ci e s it w a s c o n sid e r e d th a t

th e n u cl e tlS In i g ht b e of th e c
I

Li a u ht e m o n e t yp e ･ F l
･

O m th e ir s p e c t r u m
,
h y d l

･

O X y ,

s a t u l
-

a r e d e s te r , a n d α
,β- u ll S at u r a te d k e t o n e f u n c ti o n aliti e s w e r e e vi d e n t . F r o m t h e

九m a x a t 2 58 n m it w a s a p p a re n t th at th e k et o n e w a s α
,β,β- t ri s u b stit u t e d (c al c d 2 5 4

n m ) , a n d this w a s c o nfi m l e d by th e ab s e n c e of a ny ol efj ni c p ro t o n b el o w 5 . 4 pp m .

T h e
■

str u c t u r e of th e is ol ate w a s e s t ablish e d b y th e c o m plet e a s s lg n m e n t Of th e

40 O M H z p r o t o n 1-I n r ! P e C tl
･

u m th r o u gh tl S e

'

o f d o u bl e r e s o n a n c e a lld I N D O R

t e c h n lq u e S ･ P l
･

eli mi n a l
･

y e x a m i n a ti o n of th e s pe c tl
･

u m in c o m p a ri s o n w ith p tlblis h e d

n IL r sp e c t r al d at a f o r c o m p o u n d s i n this s e ri e s(1 0 9 ,
1 1 0 , 11 3) ,

i n di c ate d th e p re s e n c e

of t w o a? St at e s a t 2
･ O 9 , q u a t e l

･

n a l
･

y m e th yl g l
･

O u P S at C - 10 (0 . 98 p p m ) a n d C - 4(1 .28

p p m ) , a n d t w o
.
ol e fi ni c m e th yl g r o u p s a t 8 1 .8 6 (1 3 - H 3) a n d 8 2 .1 0(1 2

- H 3) . T w o

o th e l
●

th l
.

e 叩 r Ot O n Si n gl e ts i n th e sp e c t ru 1 n ( 8 1 .2 6 a n d 1 .6 6) w e r e a s sig n e d t o g l
･

O tlP S

i l- a l- e S te l
･

sid e c h ai ll ･ T h e s e d ata s t-gg e st e d a c u a u hte m o n e d el
･

i v ati v e e s t e ri fi e d w ith

a sid e c h a in h a v ”g th e lT ”l e c ul a l
･

f o r m ul a C 9 H 1 3 0 5 ･ T h e p l
.

e S e n C e O f a d o w n fi eld

q tl a l
●

te t Lit 8 5 ･ 2 4 c o u pl ed t o th e th l
･

e e
-

P r O t O ll d o u b一e t (J = 6 H z) at 6 1 .2 6 w a s

c o n fll
･

m e d th r o u g h i t T adiati o n a n d i n di c a t e d t h at thi s m u s t b e a 2
,3

-

(1i a c e t o x y
- 2 -

m e th yl b u ty l
･

a te u nit . Jt , th e l
･

ef o l
･

e
,

l
･

e m ai n e d fo l
･

u s t o e s t a blish th e l o c a ti o n of th e

a c yla ti ll g u I 血
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M ild h y d l
'

01y si s of th e is ol at e aff o rd e d c u a u ht e ll l O n e (1 6) th e l
･

e b y e s t ablis h in g

th e s k el e t o n a n d th e l o c a ti o n a n d st e r e o c h e m i str y of
>

th e h yd r o g r o u p s
･

T hi s

st e l
.

e O Ch e mi c al a lT ay W a s C O n fi r m e d th r o tlg h i l
･

r a di ati o n of th e tl
･

ipl e t (J = 3 FI E) LI L 8

5 ･
0 2

, w hic h c o n sid e l
･

a bly si m plirl ed th l
･

O tlg h i n
･

a di ati o n of th e c o m pl e x I T u lltipl e t i n th e

l
･

e gi o n 8 1 ･8 4 - 1 ･ 7 6 ･ h
'

l
.

a di ati o n a t 8 1
･
8 1 c o l-fi l

･

m e (I th e c o u plin g to a Tl e q u とIt O l
･

i al 叩 -

H a n d al s o p e t
.

mi tte d a s sig n m e n t of th e l α
- H t o a slig h tly b r o a d e n e d d o tlbl et (J = 1 5

H z) at 8 1 ･49 a n d th e lβ凋 t o a d o u blet at 8 1 ･3 3 i n th e d e c o r
.

t pl e d s pe ct r u m ･

T w o alip h atic d o u bl et s (J = 1 5 H z) at 8 2 .1 7 a n d 2
.
25 w e r e a s sig n e d t o th e

9 - H 2 ･
I r r a di ati o n a t 8 2

･ 17 c oll ap s e d th e sig n al a t 8 2 . 25 t o a si n gl e t
,
a n d thi s

c o 叩Ii n g w a s f u rth e r s tlb s ta n ti at e d th l
･

O tl gh I N D O R e x p e l
･

i m e 11 t S m O nit o l
･

l n g e a c h

p l
'

O t()ll S u C C e S Si v ely ･ I n di vid u al a s sig n m e l-t O f th e 9 α - H a n d 9P - H l
･

e S O Il a n C e S W a s

b a s e d i mi ti ally i n p ri o l
.

d a t a (10 9 ,
1 1 0 ,1 1 3) fo l

･

c o m p o u nd s i n this s e ri e s .

3

H ♂
R が

､
●

A
1 3

1 5

o
?

H
3 ′

H
3

u

1 5 R =
- C - C -

C H

O A c

ヽ

O A c

1 6 R = H

T h e sli gh tly b l
･

O a d e n e d d o u bl et of d o u bl ets (J = 4 , 1 3 H z) at 8 1 . 9 2 w a s

a s sig n e d t o th e 5 α
- H , a n d ir r adiatio n c oll ap s e d th e sig n al at 8 3 .O l t o a d o tlble t (J =

15 H z) ,
w hic h m u st t h e r e f o r e b e th e 6 α

一 日 . A lth o tlg h sig nifi c il n t C h a ll g e S W e t
'

e al s o

o b s e r v e d i l = h e r e gi o n 8 2 . 1 5 - 2 . 27 ,it w a s o nly th l
･

O u g h ir l
･

a di ati o n a t 呂2
.1 7 th at t h e

sig n al s a t 3 .
0 1 a n d 1 .9 2 w e r e L C Oll a p s e d t o d o u bl et s (J = 4 H z) pe l

'

m it[i n g th e

a s sig n m e n t of th e 6β胡 . O nly th e

■
m eth yle l- e P r O t O n S a t C - 2 , b o th or w hi c h 皿 t-S t b e i l-

th e re gi o n 8 1
･7 6 1 ･8 6 r e m ai n e d t o b e a s sig n e d ･ B e c a t

.

. s e i l-
･

a d il ti o n at 8 1 ･4 9 (- α - H )

si m p一ifi e d th e r e gi o n a r o u n d 8 1 .8 4 m o r e th a n i r l
･

a di ati o - t 8 ■1 ･3 3
,
th e 2β- H IT ”St

b e i n this r e g i o n a n d th e 2 α - H at ab o u t 8 1
･8 1 ･

B e c a u s e of th e n Q n -fi r s トo r d e r n a t u l
‾

e

o f thi s p a rt of t h e sp e ct ru m , th e s e v al u e s m u s t b e c o n sid e r e d a p p l
･

0 Ⅹi m a te ･

T h at th e e s t e r g r o u p is a C -3 a n d th e h y d l
･

O X y g r o u p s i s a t C - 1 4 α (r ath e r

th a n i n th e sid e c h ai n) is a p p a re n t f r o ITl th e 3β- H at
'

8 5 .
0 2 a n d th e 4 - C H 3 at 呂1 ･2 8 ･

T h e s e d at a a r e i n ag r e e m e n t wi th th o s e f o r a 4 - h y d r o x y d e ri v a ti v e a n d n o t f o l
･

th e

c o r r e sp o n di n g 4 - a c e tyl d e ri v ati v e , w h e l
･

e th e s e sig n al s a l
･

e O b s e l
･

V e d a t 8 5 ･ 86 a n L1
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1 . 6 0 ,
l

･

e S P e C ti v ely (1 1 0) . T h e i s ol at e , th e r ef o l
.

e
,
h a s th e s t ru c tu r e 3 -(2

7

,
3

'
- di a c e t o x y

-

2
-

- m e th yl b uty ryl)
- c u a u ht e m o n e (1 5) ･

o n畠ftll
･

th e l
･

i n t e r e s ti n g o b s e r v a ti o n w a s m ad e; n am ely , th at th e l α
-

,
5 α

-

a n d

9 α
- r e s o n a ll C e S W e r e alュsligh tly b r o ad e n e d ･

T his w a s p a l
･

ti c ul a l
･

1y cl e a l
･

f o r th e ト a n (1

9 -

m e th yl e u e p l
･

O t O n S W h e r e dir e c t c o m p ari s o ll C O uld b e 1-- a d e wi th th e c o l
･

r e S P O n di l-g

β-

p r o t o n s , w hi c h w e r e j 肌 al
-

i ably s h a IP ･ W e s ug g e st this b r o a d e Am g t o b e c a u s e d by

w e ak c o tlPli n g wi t h th e l O - m e th yl g r o tlP ･ I n d e e d
,
th e r e s ol u ti o n e n h a n c e d , 4 0 0 - M H z

s pe ct ru m cl e a l
･

1y sh o w s this m e th yl g l
･

O u P t O b e b l
･

O a d e n e d sigl -ifi c a l-tly i n c o m p alうs o n

w ith th e 5
'

- H 3 .

1 5 w a s o bt ai n e d a s c ol o I
･

1 e s s p ri s m s o n s t a n di n g ,
m p 1 6 5

o

,
i r

,
I) ln a X ( K B r)

3 42 0 , 2 9 6 0 , 2 9 4 0 , 2 8 9 0 , 1 7 4 0 , 1 66 0 ,1 5 8 5 , 1 4 4 5 , 1 3 9 0 , 1 3 7()
,
1 2 4 0 , 1 2 0 0

,
1 1 2 0

,

1 0 7 0 , 1 0 20 , 9 4 0 , 8 7 0 , 75 o . a nd 6 2 0 c m
-1
; t- Ⅴ, 九1n a X (E t O H) 2 58 n m (l o g E 4 . 1 5);

1 H -

11 m l
･

, (4 0 0 M H z
,
C D C13) 8 0 . 98 (3 H , b d , s , 1 4

- H 3) , 1 . 2 6 (3 H , d , J = 6 H z , 4 ㌧H 3) ,

1 . 28 (3 H
,
s , 1 5 - H 3) ,

1 .3 3 (1 H
,
dt

,
J = 3

,
3

,
1 5 H z

,
1β- H) , 1 .

4 9 (1 H
, b d , d d d , J =

3 , 1 2 , 1 5 H z
,
1 (x

- H) ,
1 .6 6 (3 H

,
s

,
5

'
- H 3) ,

1 . 8 1 (1 H
,

m
,
2 α - H ) ,

1 .8 4 (1 H
,

m
,
2β-

H ) ,
1 ･

.8 6 (3 H , s , 1 3 - H 3) , 1 . 9 2 (1 H , d d , J = 4 , 1 3 H z , 5 α - H ) ,
2 . 0 9 (6 H

,
s

,
2 x

O A c) ,
2 .1 0 (3 H

, s ,
1 2 - H 3) ,

2 . 17 (lil ,d J = 1 5 , H z
, 9 α

- H ) , 2 .1 7 (1 H , d d , J = 1 3 ,1 5

H z
,
6P - H) ,

2 .2 5 (1 H
,
d

,
J = 1 5 H z

,
9P - H ) , 3 .0 1 (1 H , d d , J = 4 , 1 5 H z , 6 α

- H ) ,

5 .0 2 (1 H , t , J = 3 H z ,3β- H) a n d 5 .2 4 (1 H
, q ,

J = 6 H z
,
3

-
- H ); m s

,
m / z (r el

.
i n t . , % )

45 2 ( M ＋
,1) , 4 3 4 (2) , 2 1 8 (8) , 2 1 7(47) ,

2 1 6 (2 6) ,
2 01(l l) ,

1 9 3 (5) ,
1 7 3 (5) ,

1 5 9 (8) ,

1 4 9 (6) ,
1 3 1 (2 2) , 1 2 3 (9) , 1 2 1 (8) , 10 9 (8) , 9 7(1()) ,

9 5(15) ,
8 3 (1 2) ,

8 1 (1 3) , 7 1

(1 6) ,
6 9 (1 9) ,

6 7 (1 2) , 5 6 (27) a n d 5 5 (25) . M a s s m e a s u r e m e n ts
,
O b s v d . 4 5 2 . 2 4 1 2

,

C 24 H 3 6 0 8 r e q u ll
･

e S 4 5 2 ･ 2 4 1 0; 2 1 7 ･ 1 5 9 4 , C 1 5 H 2 1 0 r e q u l r e S 2 17 ･ 15 9 1; 1 3 1 . 0 7 04
,

C 6 H l l O 3 r e q u lr e S 1 3 1 . 07 07 .

H Y D R O L Y SI S O F 1 5 ･

- T o a s ol uti o l1 0 f 1 5 (I -

1
.
4 m g) i n a n h y d r o u s M e O H

(1 0 1 T11) w a s a dd e d a s l n all q u a n tity of N a2 C O 3 ･ A fte r 2 h at r o o m te m p e r a t u r e ,

th e s ol v e n t w a s r e m o v e d i n v a c u a
,
c old H 2 0 (1 0 m l) w a s ad d e d a lld th e m i x t u r e

e x tl
-

a c t e d w ith C H C 13 (5 Ⅹ 1 0 m l) ,
a l
l
ld w ith H 2 0 u lltil 11 e u t l

･

al , d l
･

i e d o v e l
･

N a 2 S O 4

a n d e v ap o r a te d i7･王 V a C IL O t O aff o r d a g u m m y m a s s ( 1 6
,
4

.
4 m g) , u v , 九m a x ( E tO H)

2 5 8 n m (4 ･03)
I

,

1 H - n m r (6 0 M H z , C D C 13) ,
8 0 .9 3 (3 H

,
s

,
1 5 - H 3) , 1 . 2 1 (3 H , s ,

1 4 - H 3) , 1 ･8 1 (3 H
,

s
,

1 3 - H 3) , 2 . 0 1 (3 H
,

s , 1 2 - H 3) ,
2 .1 9 (2 H

, m , 9 - H 2) , 2 .6 7

(l H , b r s , e x c h a l-g e abl e w ith D 2 0 , 3 - b H) , 2 .8 8 (1 H , b r s
,
e x c h a l-g e able w it h D 2 0 ,

4 - O H) ,
3

･
01 (1 H

, ” , 6 α
- H) a n d 3 ･6 5 (1 H

, b r s , 3
- H); m s , ”/i (r el . in t .

, % ) 2 5 2 ( M
＋

･6) , 2 0 1 (ll) ,
1 94 (2 0) ,

17 8 (6) , 17 7 (4) , 1 7 5 (4) ,
1 6 6 (6) , 1 6 5 (6) , 1 5 2 (1 7) , 1 5 1

(l l) , 1 4 9 (9) ,
1 3 7 (9) , 1 2 5 (2 1) ,

1 2 4 (1 5) , 1 2 3 (ll) , 1 21 (l l) ,
1 1 0 (1 3) ,

1 0 9 (1 4) , 9 5

( ‖) , 8 4 (14) , 8 3 (1 4) , 8 1 (1 2) a n d 7 3 (6 4) ･ T h e s e p h ysi c al d a t a a l
･

e il- とIg r e e m e n t W i th
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th o Lq e , O ♭t ;lh l C d T n
.

e Vi ( 川 Sly I
-

o r c t1とI u h t e n -(1 ‖e (1 6')( 川)) ,乙I11d id ell ti ty w its C () n l･
l

i l
･

m e (1 b y

c ( 叩 a rjs o n (tl c , --1 S) w ith ai- il l-th e - -ti c s a m pl e .

2 .
1 .2 A m 孟d e s

N at u r al p r o d u c t s p o s s e s s i n g a m id e g r o u p ar e u s u ally m a rk e d b i ol o g i c al
●

i n t e r e s ts ･ F o r i n s ta n c e
,
th e p u n g e n t s u b sta n c e s c a p s ai ci n a n d pip e ri n e a n d th e a n tlg O u t

c ol c hici n e a re pla y a s i m p o rt a n t n a t u r al d ru g p r o d u c t s up t o n o w ･ T h e dist ri b u ti o n o f

n a t u r ally ∝ c u n n g a m id e s i s i n d efi nit e f o r ch e m o t a x o n o m i c c o rlSid e r ati o n .

i . E N T A D A P H A S E O L O I D E S (7 5 ,7 6)

E n t a d a p h a s e ol oid e s M e r r ･ ( L e g u m i n o s a e) is a w o o d y cli m b e r g r o w i n g

th o u g h o u t s o u th - e a st a si a a n d k n o w n c o m m o nly in T h ai a s
”

S ab a a m o n
-I

. T h e s e e d s of

t his pl a n ts a r e u tili zi n g a s a fわlk m e dici n e t o tr e a t s ki n dis e a s e s a n d a s a s o ap pla nt i n

T h ail a n d a n d oth e r tr o p i c s . B a ru a e t al . h a v e sh o w n t h a t th e s e e d s c o n t ai n ol e a n olic

a cid a Ild e n t ag e ni c a cid (7 7) . T暮Iis p r e s e n t i n v e s ti g a ti o n ll a d l e d t o tll e i s ol a ti o n o f

t w o n e w s ulf u r - c o n t ai ni n g c o m p o u d s 且7 a n d 1 8 , (e nt ad a m id e A a n d e n ta d a mi d e B )

T h e m ol e c ul a r f o r m ul a o f 1 7 w a s d e t e r m i n e d t o b e C 6 H l l N O 2 S ( M ＋
, m / I

1 6 1 ･ 0 5 5 4 , c al c d 1 6 1 ･0 5 1 1) b y hig h r e s ol u ti o n M S( E I) m e a s u r e m e n t . T h e I R sp e ctr u m

of 1 7 i n C H C 13 r e v e al e d b a n d s a t 3 2 0 0 - 3 5 0 0 c m
- 1
(b r

,
N H a n d O H ) ,

16 40 c m
-1
( c = o )

a n d 15 8 0 c m
- 1
( c = c) . T h e

1 3 c - N M R s p e c t r u m i n C D C13 i n dic at ed th at th e m ol e c ul e

w a s m a d e u p b y o n e α ,β- dis u b stit u te d ol efi n e c o nj u g ate d w i th a

I

c a rb o n yl g r o u p ,

.

o n e

m e t h yl , t w o m e th yl e n e a n d o n e a m id e f u n c ti o n , a s sh o w n i n T a bl e 10 . C o n sid e ri n g

th e
1 3 c - N M R sp e ctr al d at a , all sig n al s of th e

l H - N M R sp e ctr u m of 17 i n C D C13 W e r e

a s sig n e d a s f oll o w s : 8 7 .6 4 p p m (1 H
,
d

,
J = 1 4 . 5 H z

,
t r a n s - C 珪- C H C O -

) , 8 5 . 6 8 p p m

(1 H , d , J I 1 4 ･ 5 H z
,
tr a m s - C 旦= C H C O -) ,

8 6 .20 p p m (1 H
,
b r

, C O N H
,
dis a p p e ar s o n

ad diti o n of D 2 0 ) , 8 3 .6 9 p p m (2 H
,
t

,
J = 声H z

,

- O Cf!2 C H 2 N ) ,
3 . 2 0 -3 . 5 5 p p m (3 H

,

m
,
O H l

- O C H 2 C H 2 N , b e c o m e s a 2 H t ripl e t (J = 5 H z) c e n t e r e d at 8 3 ･4 4 p p m o n

ad diti o n of D 2 0 ) ,
8 2 . 3 2 p p m (3 H

, s ,
S - C H 3) . F r o m th e ab o u e r e s ult s ,

t h e s t ru c t u r e of

E n t ad a m id e A w a s el u cid a t e d to b e t r a 7L f
- N -(2 - h y dr o x y e th yl)

-3 - m e th ylthio p r o p e n a m id e .

E n ta d a m id e B , 1 8 , C 7 H 1 5 N O 2 S 2 ([ M ]
＋

m /I 20 9 .0 5 53 , c al c d 2 09 .0 5 4 5) , differe d

i n c o m p o siti o n b y th e i n c r e m e n t C H 4 S fr o m e n t ad a m id e A
.
T h e I R sp e c tr u m (C H C13)

of 1 8 sh o w e d b a n d s a t 3 2 5 0 - 35 50 c m
- 1

(b r , N H a n d O H) a n d 16 6 0 c m
-1
(a m id e

C O) lik e th e sp e c tr u m of 1 7 . T h e
l H N M R a n d 1 3 c N M R s pe c tr a ( C D C 13) of 1 8 al s o

e x hibite d si mi 1 ar s lg n al s t o t h o s e d u e t o t h e
- C O N H C H 2 C H 2 0 H m oi ety of 1 7

,
a s sh o w n

i n T able s 1 0 a nd l l . T h e o t h e r sl g n al s or b ot h s p e ctr a sh o w e d t h e p r e s e II C e Of a n
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is ol ate d = C H - C H 2 - m oi e ty a n d t w o e q ui v al e n t S - m e th yl g r o u p s i n th e m ol e c ul e (且8) ･

F r o m th e a b o v e r e s ults , th e str u c t u r e o f e n t ad a mi d e B w a s sh o w n t o b e N -(2 -

h y d r o x y eth yl)
-3 ,3 - bi s ( m eth ylthi o) p r o p a n a m id e ･

M e 十 C
?

, M e
_ S i s

_

M e

H
2
よェ2

H -

C
- C - N H

II

‾ c H
2

1
H

2

0 0 H

E n L Lld L1111id c A

l

C
- N H - C H

2

-

(I
0

E n t 山 山11iJ c 良

T a ble 且0 1 3 c - N M R sp e ctr al d at a o f e n ta d a m id e A a n d B

C art m n E nt a d a mi d e A
*

E nt=ad a mi d e B
*

C - 1 1 6 5 .9 (s) 1 7 0 .4 (s)

C - 2 1 1 5 .7 (d) 4 2 .9 (t) a

C - 3 ･ 1 4 3 .
4 (d) 5 0 .4 (d)

N H - C H 2 4 2
.6 (t) 4 2 . 5 (t)

a

C H 2
- O H 6 2 .2 (t) 6 1 .8 (t)

S - C E 3 1 4 .7 (q) 1 3 .
4 (q)

*

(1 0 0 M fl z
, C D C13)

a As sig n m e nt s m ay tx5 i n t er c h a n g e

T a bl e l l l H N M R sp e ctr al d at a of e nt ad a m id e B i n C D C 13 ( 8 p p m )

TH

2

8

6 .2 0

4 . 15

3 .7 5

3 . 45

2 .6 8

2
.
4

2 . 1 6

(1 H , b r , .
c o n s -

, di s a p pe a r s o n ad diti o n of D 2 0 )

(1 H
, t , J = 7 H 2: , C 宣- C H 2 C O -)

(2 H
,
i

,
I = 5 H z

,

- O C 旦2 , C H 2 N -

)

(2 H
,
m

,

- O C H 2 C 旦2 ,
N -

, b e c o m e s a 2 H bi plet (J = H z) o n ad diti o n of D 2 0)

(2 H
,
d

,
J = 7 H z

, C H - Cf!2 C O -)

(1 H , b r ,

- O H , di s a pp e a r s o n a d diti o n d f D 2 0

(6 H , ∫, S - M e
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ii . P IP E R S ji R M E N T O S U M (7 8)

T h e g e n u s P L
'

p e r i n th e Pip e r a c e a e f a mi ly i s c o m p o s e d of a p p r o xi m a tely 2 0 0 0

sp e ci e s distri b ut e d p ri m a ri ly i n tr o pi c al r egi o n s (7 9) . A n u m b e r of P L
'

p e r sp e ci e s a r e

n o t e d fo r th ei r e th n o m e di c al p r o p e rti e s , o f w hi c h t h e r e p u t e d sti m u l a n t
,
c a r m i n a ti v e

,

di u r eti c a n d dia p h o r e ti c a c ti vitie s o f P . n ig r L u n a r e P r ob a bly th e b e s t k n o w n(8 0 ,
8 1) . T h e

s pe cie s of in t e r e st i n th e p r e s e n t s t u d y , Pip e r s a r m e n ( o s u m R o x b
”

al s o k n o w n a s

.'

C h a
-

pl u
1.

, h a s e x hit)it e d i n vit r o a c tl V lty l n th e r ed u c ti o n of blo o d s u g a r i n all o x a n

di a b etic r a bbits (8 2) a n d i n T h aila n d th e pla n t a n d f mi t a r e u s e d a s a n e x p e c t o r a n t (8 0) .

I n th e M al a y a n d I n d o n e si a n A r c hip ela g o
, th e l e a v e s a n d r o o ts of thi s sp e ci e s h a v e

b e e n r e p o rt e d t o p r o vid e a n effe cti v e r e m e d y f o r t o o th a c h e
,
f u n g oid d e r m a titi s o n th e

fe e t ,
c o u g hi n g ,

a s th m a a n d p le u ri sy (8 1) . A p r e vi o u s i n v e s tig ati o n o f P
.
s a r m e n ( o s LL m

yi eld e d β- sit o s t e r ol a n d dih y 血o ci n n a m i c a cid a s t w o c o n s tit tl e n t S Or th e l e a v e s (8 3) .

H e r ei n ･ i s th e r e p o rt of th e is ol ati o n a n d str u c t u r al el u ci d atio n of fi v e c o m p o n e n t s

i s ol at e d fr o m th e d ri e d fr uit of P ･ s a r m e n t o s u m ･ F o u r of th e s e c o m p o n e n t s a r e

p r e vi o u sly u n r ep o rt e d n a t u r al p r o d u c t s a n d t w o of th e s e h a v e b e e n sy n th e si z e d t o

c o nfir m th eir st ru c t u r e s .

Fi v e of th e c o m p o u n d s e x t r a c t e d fr o m th e d ri e d fr uit of P
.
s a r m e f2t O S u m W e r e

i s ol at e d a s d e s c rib e d i n t h e E x p e ri m e n t al s e c ti o n . Tll e St rtl C亡u r al el u cid ati o n o r t h e s e

c o m p o u n d s w ill b e d e s c ri b e d in t h e o rd e r i n w hic h th e y w e r e el u t e d f r o m th e

c b r o m a t o g r ap h y c ol u m n .

C o m p o u n d 且9
,
th e l e a st p ol a r c o m p o n e n t

,
w a s a l o w - m e lti n g s olid w hi c h

e 7' hibite d a p a r e n t p e ak i n it s el e c t r o n i m p a c t m a s s sp e c t ru m (ei m s) at m / z 3 16 a nd a n

a c c u r a t e m a s s c o n si ste nt w i th th e m ol e c ul a r f o r m tll a C 2 1 H 3 2 0 2 ･ Th e m a s s s p e c tr al

fr ag m e n t at m / I 1 3 1 (8 4) (s e e p r o p o s e d str u c t u r e b el o w ) ,
th e ul [r a vi ol e[ (85) a n d l H

N M R sp e ctr a (8 5) all s u g g e ste d th e p r e s e n c e of a 3
,
4 - m e th yl e n e di o x y

-

p h e n yl m oi ety

c o nj u g ate d t o a n al k e n yl sid e c h ai n ･ T h e
l H N M R als o i n di c at e d th at th e

c o nfig u r a ti o n o f th e 1
,
2 - d o ubl e b o n d is tr a m s (J = 15 .6 H z) a nd b oth th e

l H a n d th e

2
■

l

7
1

(:
､̀

§i

. #
5

●

1 9

6
■

( C H 2)1 1
C H 3
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1 3 c N M R s p e c t r a s h o w e d th at th e sid e c h ai n i s li n e ar ･ T h e s t m c t u r e p r o p o s ed fo r

this fi r s t c o m p o n e n t
,
1 9

,
h a s n o t b e e n re p o rt e d p r e vi o u sly i n t h e lit e r at u r e alt h o u gh

r el a t ed El a t u r al p r o d u c ts w i th C l 1 (is ol ate d fr o m P ･ l o ng u m (8 6)) a nd C 1 2 tr a m s - alk e n yl

sid e c h ai n s (pip a t al i n e
,
i s ol at ed fr o m P . p e ep ul oid e s (8 5)) h a v e b e e n r e p o rt ed ･

T h e s e c o n d c o m p o u n d el u te d fr o m th e c ol u m n w a s a c ry stalli n e s olid w hic h

e x hibit e d a n el m s p a r e n t i o n a t m / z 1 99 a n d a n a c c u r a t e m a s s c o n si st e n t w i th t h e

f o r m ul a C 1 3 H 1 3 N O . T h e i n f r a r e d a b s o rp ti o n at 1 7 25 c m
- 1

(u n u s u al p o siti o n f o r a n

a m id e) (8 7) a n d th e str o n g ult r a vi ol e t a b s o rp ti o n a t 2 4 0 n m (8 8) b o th w e r e c o n si s t e n t

w i th th e p r e s e n c e of a n N - a c ylp y rr ol e m oi ety ･ D e t aile d a n aly s t s Ofth e
l H a n d 1 3 c

N M R sp e c 打a i n dic at ed this c o m p o n e n t p o s s e s s e s s t r u c t u r e 20 B e c a u s e of th e

l o w e r b a 汀ie r t o r o t a ti o n a b o u t th e c a r b o 叩トnitr o g e n b o n d i n a c ylp y 汀01 e s (8 7) , th e

p r o t o n s a n d c a rb o n s a t th e t & o
.
α

-

p o siti o n s of th e p y r r ol e r i n g a p p e a r a t th e s a m e

p o siti o n i n th e
l H a n d 1 3 c N M R s p e ct r a

,
r e sp e c ti v el y ,

u nlik e th e sit u a ti o n w ith

s a t u r a t e d a mi d e s (t o b e dis c u s s e d l at e r) . T o o ur k n o w l e d g e , 2 0 h a s n ei th e r b e e n

i s ol at ed fr o m n a t u r al s o u r c e s n o r s y n th e si z e d p r e v i o u sly b ut it is w o r th n o tl n g th at 3 -

p h e n ylp r op a n oi c a cid
, t h e p a r e n t a cid of a m id e 2 0 , w a s i s ol a t e d p r e vi o u sly f r o m th e

l e a v e s o f P . s a r m e n t o s u m (8 3) .

2
'

. #

3
'

2 0

･5 β

Th e ei m s ( M
'

, 22 3) ,
i nf r ar e d sp e c tr u m (C = 0

,
16 73 c m

- I
) ,

m elti n g p oi n t , a n d

p m r sp e ctr a all s up p o rte d th e c o n cl u si o n th at th e third c o m p o n e n t l S P ellit o ri n e ,
2 1 ･ A

d et aile d a n aly si s of th e 4 00
,

M H z
I H N M R sp e ct ru m o f 2 1 (8 9) is p r e s e n te d i n T abl e 1 l a

f o r c o m p a ri s o n
.

w ith 2 2 a n d 2 3 a n d i n T a bl e l i b th e 1 0 0 M fl z
1 3 c N M R d at a f o r 2 1

is r ep o r t e d f o r c o m p a ri s o n w i th 2 2 a n d 2 3 als o b e c a u s e t h e c h e m i c al s hift s f o r

s e v e r al c a rb o n s diff e r f r o m th o s e r ep o rte d p r e vi o u sly (9 0) . P ellit o ri n e h a s b e e n f o u nd

i n a n u m b e r of P L
'

p e r sp e ci e s a s w ell a s i n th e C o m p o sit a e a n d th e R u t a c e a e f a m ilie s

(9 1) I 21 h a s al s o b e e n
L
l h e ( ar s e( o f n um e r o u s s y nth etic i n v e stig a ti o n s (9 2) p r e s u m ably

b e c a u s e of its slg n 泊c a n t biolo g l C al a c ti v lty .

T h e f o u rth c o m p o n e n t
,
2 2

,
w a s a n oil w hic h e x hibit e d a p a r e n t i o n t a t m / z 2 2 1 i n

its ei m s a n d a n a c c u r a t e l n a S S C O n Si s t e n t wi th th e f o n ll ul a C 1 4 H 2 3 N O .
T h e i n f r a r e d

( C = 0
,
1 65 0 c m

- 1
) a n d ul t r a vi ol e t sp e c tr a ( 九m a x 2 7 4 n m ) s u g g e s t e d th e p r e s e n c e of a

die n ai nid e m oi ety a Ild th e
l H N M R sp e c tr u m i n di c ate d th at b o th d o u bl e b o n d s i n th e

5 8



die n e sy st e m w e r e of th e t r a m s
-

c o n fi g u r a ti o n J 2 ,3
= 1 5 .2

,
J 4 ,5

= 1 4 ･1 H z) ･ T h e
l H

sp e c t r u m ( T a ble l l a) als o s u g g e ste d th at th e nit r o g e n at o m w a s p r e s e n t i n a

p y rr olidi n e ri n g a n d b e c a u s e of th e hi gh er b a mi e r t o r o t a ti o n ab o u t this c a rb o n yl
-

n itr o g e n b o n d (9 3) (a s c o m p ar e d w it h th e b a r ri e r i n 2 0 (8 7) ,
th e α - o r sy n -

p r o t o n s

r e s o n at e u p fi eld fr o m th e α
1

- o r a n ti -

p r o t o n s (9 3) ( a n ti t o t h e c a rb o n yl g r o u p) .

c o n v e r s ely ,
it w a s dis c o v e r e d b y a

l H - 1 H 2 D - C O S Y e x pe ri m e n t th at th e βs y n p r o to n s

r e s o n a t e d o w n field fr o m th e β
-

a n tip r o t o n s . T h e
1 3 c N M R sp e c t r u m of c o m p o n e n t

2 2
,

w hi c h i s r e c o rd e d in T abl e l l b , sh o w s th at th e c a r b o n c h ai n b e y o nd th e di e n e

m oi ety is li n e a r a n d al s o e x hibits f o u r r e s ol v ed r e s o n a n c e s f o r th e c ar b o n s o f t h e

p y r r olidi n e n n g ,
w it h th e (x - o r s y n - c ar b o n b ei n g a s s ig n e d t h e m o r e u p fi eld

r e s o n a n c e a t 4 6 .0 p p m (9 3) . T h e e v id e n c e d e s c ri b e d a b o v s i n dic a t e s th a t this f o u r th

c o m p o n e n t i s t h e p r e vi o u sly u n r e p o rt e d N -

a c ylp y r r oli di n e ,
22

,
f o r w hi c h w e p r o p o s e

t h e n a m e s a m e n d n e .

T h e fifth a n d fi n al c o m p o n e nt i n thi s st u d y , 2 3 , e x hibit e d i n its ei m s a p a r e n t

i o n ai m / z 29 9 a n d a n a c c u r at e m a s s ap p r o p n a t e f o r a m ol e c ul a r f o rm ul a of

C 18 H 2 1 N O 3 . T h e I R a n d U V s pe ctr a s u g g e st e d th e p r e s e n c e of a n u n s a tu r at ed a m id e

f u n c ti o n a n d t h e b a s e p e ak in th e ei m s a t m / I 13 1 in dic a t ed a p a rti al st ru c t u r e c o n si sti n g

of a d o u ble b o n d 9 0 nj u g at e d t o a 3
,
4 -

m e th yle n edi o x y p h e n yl s u b stit u e n t s (i ･ e ･ a r y ト

c H - C H - C H 2
-

,
S e e dis c u s si o n of ei m s o f 1 9) .

A n aly sis o f th e
l H (T abl e l l a) a n d

1 3 c N M R sp e c t r a (T abl e l l b) f o r th is c o m p o u n d i n dic at e d th at th e t w o d o u bl e b o n d s

p r e s e n t i n 2 3 w e r e of th e t r a m s - c o n fig u r a ti o n (J 2
,
3

- 1 5 ･2 , J 6
,
7

= 15 ･ 6 li z) a n d th at th e

nitr o g e n at o m w a s ag a l n P r e s e n t i n a p yr r olidi n e n n g ･ A ll of thi s sp e c t r o s c o pic d at a

s u p p o rt s t h e c o n cl u si o n 血at t his c o m p o u n d is a n o th e r u n s a t u r a t ed N - a c ylp y m lidi n e ,

23 , f o r w hic h w e p r o p o s e t h e n a m e s a r m e n t o si n e ･

5 9
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､ く
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2 1
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. a

5
-

6
'

A
6

A

､
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2

Tq も

2 3

E
A

r
y

N

ab .

p

･

D

1 ･(3 ,
4 ･ m et h yl e r) e di o x y p h e n yl)

･ 1 E -t e t r a d e c e n e
,

1 9

T L C (1 % E t O A c/p e tr ol) R f O . 7 0; M P 3 3 .5 -3 6 . 5
o

C ; U V (E t O H ) 九m a x 2 16

n m (20 ,0 0 0) ,
2 6 0 (1 2 ,

0 0 0) ,
2 6 8 (l l ,5 0 0) ,

3 1 2 (5 ,3 00); I R ( C C 14) 3 0 1 0 ,
2 9 2 0

,

1 5 0 0
,
1 48 0

,
1 2 45 , 1 0 4 0 c m

- 1
;
1 H N M R ,

4 00 M H z ( C D C 13) 8 6 . 9 1 (1 ,
s

,
H - 2

1

) , 6 .7 5

(2 , m , H
- 5

-

a n d 6
1

) , 6 .
2 9 (1 ,

d
,
I = 1 5 .6 H z

,
H - 1) ,

6 . 0 6 (1 ,
dt

,
J = 1 5 . 6

,
6 .5 H z , H - 2) ,

5 .9 4 (2 ,
s ,H -7

.

) ,
2 . 1 7 (2 ,d t , J - 7 . 2 , 7 . 0 H z , H - 3) ,

1
.
4 5 (2 ,

m
,
H - 4) ,

1 . 2 8 (1 8 ,
m

,
H - 5

t o H - 1 3) , 0 .8 9 (3 ,t , J = 6 .4 H z) ,
a s sig n m e n ts c o n fir m e d b y 2 D - C O S Y e x p e ri m e n t;

1 3 c N M R
,
1 0 0 M H z ( C D C13) 1 4 7 .9 (＋

,
C -3

-

) ,
1 4 6 .5 ( ＋,C - 4

-

) ,13 2 .5 ( ＋ , C
- 1

-

) , 1 29 . 5(
-

, C - 1) ,
1 2 9 .

2( -

,
C - 2) ,

1 2 0 . 1( ＋
, C - 6

'

) ,
1 0 8 . 2( -

,
C - 5

T

) ,
1 0 5 . 3( -

,
C - 2

'

) ,
1 0 0 .9 ( ＋

,
C -

7
'

) ,3 2 . 9( ＋) , 3 1 .9( ＋) ,
2 9 . 6(＋) ,

2 9 .5( ＋) ,
2 9 .3( ＋) ,

2 9 . 2( ＋) ,
2 2 .6( ＋) ,

1 4 . 1( -

,
C - 1 4)

.

,

M S (r el .
i n t .) m / z 3 16 (M ＋

,
4) ,

2 8 8(8 2) ,
1 6 1(6 9) ,

1 3 1(10 0); e x a c t m a s s e s c al c d . f o r

C 2 1 H 3 2 0 2 3 16 .
2 40 2 a n d C 9 H 7 0 fr a g m e n t 1 3 1 . 0 4 9 4 ,

f o u n d 3 1 6 . 2 4 0 0 a n d 1 3 1 ･0 4 9 6 ,

r e sp e c ti v ely .

N ･(3 ･

p h e n yl p r o p a n olyl)p y r r ol e
,

20

T L C (5 % E t O A c/p etr ol) R f 0 . 7 5; M P 4 8 . 5 - 5 0 .O
o

C ; U V ( E t O H ) 九m a x 2 0 5 n m

(2 5 0 0) , 2 4 0 (8 00 0) ; I R ( C C14) 3 0 6 0 , 3 0 3 0 , 2 9 4 0 , 1 7 2 5 , 1 4 7 0 , 1 3 7 0 , 1 3 2 5 , 7 0 0 c m
- 1
;

1 H N M R
, ( C D C 13) 8 7 . 27 (7 , m , H

- 2
-

,

-3
-

,

- 4
-

a n d -

α) 6 .2 7 (2 ,
t

,
J - 2 . 5 H z

,
H -β) ,

3 .1 2 (2 ,
t) , 3 .

l l (2 ,t , H
- 2 o r

- 3);
1 H N M R (C 6 D 6) 8 7 .0 9 (5 ,

m
,
H - 3

7

,

- 4
'

,
a n d - α) ,

6 . 9 4

(2 ,
d

,
J = 7 . 3 H z

,
B - 2

f

); 6 .0 7 (2 ,
t

, J = 2 .3 日z
,
H -β) ,

2 . 7 8 (2 ,
t

,
J = 7 . 6 H z) ,

2 . 3 7(2 ,
t ,

J = 7 . 6
,
H z

,
H - 2 o r - 3); 1 3 c N M R ( C D C 13) 16 4 .6 (C - 1) ,

1 40 . 2 (C - 1
-

) ,
1 2 8 .7 ( C - 2

-

) ,

1 28 . 4 ( C 1 3
-

) ,
1 2 6 .5 ( C - 4

-

) ,
1 1 8 .9 (2 x C - a ) ,

11 3

'

. 2 (2 冗 C -β); 3 6 .4
,

3 0 . 4 (C - 2 o r

6 0



-3) M S (r el . i n t .) m / I 19 9 ( M
＋

, 5 8) , 1 0 5 (5 5) , 9 1(1 0 0) ,
7 7(2 1) ,

65 (17)
･

, e x a c t m a s s e s

c al c d . f o r C 1 3 H 1 3 N O 1 9 9 . 0 9 9 7 ,
f o u nd 19 9 .1 0 05 .

N -孟s o b u tyl
- 2 E

,
4 E ･ d e c a d孟e n a m 畳d e (p el且孟t o r畳n e) ,

2 且

T L C (5 % E t O A c/p etr ol) R f O . 1 0; M P 6 6 - 6 8
o
C (lit . (9 1) 6 9

o

C); I R a n d M S

th e s a m e a s th o s e r e p o rt e d p r e vi o u sly (94);
1 H a n d 1 3 c N M R

,
s e e T a bl e s l l a a n d

1 l b
,

r e sp e c ti v ely .

N ･(2 E
,
4 E ･ d e c a d畳e n o yりp y r ol豆d呈m e (s a r m e n ti n e) ,

2 2

T L C (3 0 % E t O A c/p etr ol) R f 0 . 4 2; a y ell o w oil; U V ( E t O H ) 九m a x 2 7 4 n m

(16 ,9 0 0); I R ( C C 14) 29 40
,
29 20

,
2 8 6 0

,
16 5 0

,
1 6 3 5 ,

16 110 ,
1 42 0 c m

l l
;

l H a n d 1 3 c

N M R , s e e T ab le s l l a a n d l l b
,
r e sp e c ti v ely; M S (r el . i n t .) 2 2 1 ( M ＋

,
39 ) ,

19 2(6) ,

17 8( 14) ,
15 0(10 0) , 8 1(7 4) ; e x a c t m a s s e s c al c d . f o r C 1 4 H 23 N O 2 2 1 .1 78 0 a n d C 9Ⅰi 1 2 N O

fr a g m e n t 1 5 0 .0 9 2 0
,
f o u n d 2 2 1 . 17 7 8 a n d 1 5 0 . 0 9 17

,
r e s p e c ti v ely ･

N ･[7 -(3 ,
4 ･ m e 紬 yl e n e di o x y p h e n yl) - 2 E

,
6 E - h e p t a d i e n o yI] p y r r oli di n e

(s a r m e n 七o si n e) ,
2 3

T L C (3 0 % E t O A c/p etr ol) R f 0 .3 2; M P 7 7 .5 - 7 9 .5
o

C ; U V 仲t O H ) 九m a x 2 1 7 n m

( E 3 6 ,70 0) ,
2 6 7(1 8 ,70 0) ,

3 0 9(8 ,
9 0 0);I R( C C 14) 2 86 5 , 1 6 6 0 , 16 1 5 , 1 48 0 ,

1 2 4 5 ,
10 4 0

c m
- 1

,

1 H a n d 1 3 C N M R
,

s e e T a ble s ll a a n d l l b
,

r e sp e c ti v ely; M S (r el . i n t .) 2 9 9

( M ＋
,
1 6) ,

2 0 1(18) ,
1 3 1(1 0 0) , 1 0 0(5 7); e x a c t m a s s c al c d .f o r C 1 8‡i2 1 N O 3 2 9 9 ･1 5 2 1

,

f o u n d 2 9 9 . 1 5 2 6 .

T a b le l l a
l H N M R D at a f o r 2 1 , 2 2 , a nd 2 3 a

H 2 1 2 2 2 3

2

3

4

5

6

7

8

9

1 0

α

β

β
'

α
-

Y

N _ 班

5 .7 6

7 . 1 9

6
.
1 0

6 . 1 2

2 . 1 4

1 .4 2

1 .3 0

1 .3 0

0 . 8 9

3 .1(;

1 .8 0

(d ,
1 5

,
0)

(d d
,
1 5 .0

,
1 0 .0)

(d d
,
1 3 . 1

,
1 0 .0 )

( d t
,
1 3

.
1

,
7 .0)

(d d
,
6 .8

,
7

.
3)

( q u i n t
,
7 .1)

( m )

( m )

( t
,
6 .9)

( t
,
6 .5)

( m )

0 .92 ( d
,
6 .7)

5 .6 0 b r
,

s

6 .0 1

7 .2 1

6 .0 8

6 .1 0

2 .08

1 .3 5

1 .2 3

l .23

0 .8 1

3 .4 4

(d ,
1 5 .2)

( d d
,
1 5 .2

,
9 .5)

( d d
,
1 4 .1

,
9 .5)

( d t
,
1 4 .1

,
7 .0)

(d d
,
6 .8

,
7 .0)

( q u i n t
.
6 .9)

( m )

( m )

( t
,
4 .3)

( t
,
6 .9)

1 .8 9 ( q u i n t
,
7 .0)

1 .7 9 ( q u i n t
,
7 .0)

3 .4 7 ( I
,
6 .9)

6 1 3 ( d
,
15 .2)

6 .9 2 ( d t
.
1 5 .2

,
6 .2)

2 .3 6 ( b r s)
2 .3 6 ( b r s)
6 .0 2 ( d t

,
1 5 .

6
.
6 .2)

6 3 2 ( d
.
15 ,6)

ら

3 .5 0 ( t
,
7 .0)

1 .9 5 ( q u in t
,
6 .4)

1 .8 6 ( q u i n t
,
6 ･4)

3 .5 3 ( t
,
7

.
0 )

a c h e m ic al s hifts a r e irl P P m fr o m T M S , m ultipli citi e s a n d c o u pli n g c o n stA nt S i n H e rt z a r e i n

p ar e n th e s e s a n d th e s a m pl es w er e dis s ol v e d i n C D C13 ･

b As sig n m e nt s o f a r yl p r ot o n s : 8 6 .8 8 ( b r s
,
H -2

-

) , 6 ･7 4 ( m
, H - 5

'

a nd 6
.

) ,
5 ･9 4 (s , H - 7

-

)
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T a b le 1 且b
1 3 c N M R D a t a f o r 2 且

,
2 2

,
a n d 2 3 a

2 3
■ ■■ ■ - 11 1 ■■ ■■ l ■■■

1 6 4 .7

1 2 0 .3

1 4 4 .4

3 2 . 2

3 l .6

1 3 0 .2

( ＋)

( -)

( -

)
( 十)

( ＋)

( -)

( -)

( ＋)

( -)

(
-

)
( -)

(
-

)

(＋)

(十)

(十)

( ＋)

( 一)

( 十)

2 2

1 6 5 . 2

1 1 9 . 8

2 1C a r b o n

1

2

3

4

5

6

7

8

9

1 0

α

β

β
●

α
'

†

16 6 .4 (十)
1 2 1 .8 ( -)
1 4 3 .2 (

-

)
1 2 8 .2 (

-)
1 4 1 .3 (

-

)
3 2 .9 ( ＋)
2 8 .5 ( ＋)
3 1 .4 (＋)
2 2 .5 (＋)
1 4 . 0 (

-)
4 6 .9 (＋)

2 8 .6 ( -

)

2 0 .1 ( -)

1 4 3 .1

1 2 8 . 6

1 4 2 .2

3 2 .9

2 8 .5

3 1 .4

2 2 .5

1 4 .0

4 5 .9

2 6 .1 ( 十)

2 4 .3 ( 十)

4 6 .5 (十)

1 2 7 .5

b

4 5 .7 ( ＋)

2 6 . 0 ( 十)

2 4 .2 ( 十)

4 6 .4 ( 十)

a C h e m i c al s hift s a r e i n p p m
'fr o m T M S w ith C D C 13 a S S OI v e n t ･

b c h e m i c al shift s f o r c a rb o n s 1
-

t o 7
7

ar e : 13 2 .0 ( ＋) , 1 0 5 .3 ( -) ,
1 4 7 .9 ( ＋) ,

1 0 8 .1 ( -) ,
1 2 2 ･2 ( -) ,

1 00 .9 (＋) , r esp e cd v ely . S e e r ef er e n c e (2 6) f o r a s sig n m e nt s of r elat ed a r o m ati c c o m p o u n d s ･

2 . 1 . 3 A l k al oi d s

A lk al oid s h a v e pla y e d a n i m p o r t a n t p ar t i n t h e d e v el o p m e n t o f th e c h e m i c al a n d

bi olo gi c al s ci e JI C e S . T h e y w e r e o rl g l n ally d efi n e d a s p h a r m a c ol o gi c al 1y a ctiv e ,

n it r o g e n h et e r o cy cli c b a s e s o f pl a nt o n g l n ･ A d efi niti o n w hic h w a s a n at u r al

c o n s e q u e n c e of th e e a rly e x p e ri e n c e s of alk aloid is ol ati o n , a n d w bic b fb c u s s e d o n

p la nts w hi ch b a d b e e n u s e d a s s o u r c e s of 血Ⅵg s fわr c e nt 血 e s , o r w ell k n o w n t o b e

e x tr e m ely t o x i c .

T h e alk aloid g r o u p s p r e s e n t ed h e r e i s r o u g hly d らvid e d b a s ed o n th e m aj o r

a m i n o a cid & o m w hic h th ey ar e d e ri v e d .

2
`1 . 3 . 1 I s o q u l n Oli n e s

●

●

a . B i s b e n z ylis o q u l n OIi n e s

i . C Y C L E A B A R B A T A ( 1 1 4 , 1 1 5)

C y cle a b a rb a t a ( W all .) M ie r s ( M e nisp e r m a c e a e) , a pl a n t gr o w i n g in E a st A sia

a n d u s e d i n T h ail a nd f o r th e t r e a t m e n t o f f e v e r s a s s o ci ate d w ith m al ar i a . T his pl a nt

h a s b e e n s t u died p r e vi o u sly a n d f o u n d t o aff o rd a n u m b e r o f alk al oid s (1 1 6
,
11 7) ･ I n

t his i n v e s tig a ti o n , fi v e alk al oid s , ( ＋)
-t e tr a n d ri n e [ 2 4] , ( -) -1i m a ci n e [2 5] , ( ＋)

-

th alr u g o si n e [26] , ( ＋)
- h o m o a r o m oli n e [2 7] a n d ( -

)
-

c y cl e ap elti n e [28] ,
w e r e f o u n d fr o m

th
,
a fir st al k aloid al fr a c ti o n . A lth o u g h t h e s e alk aloid s a r e div e r s ely dist ri b ute d (1 16

-
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119) ,
th u s f ar

,
th eir c o m plet e a n d u n a m big u o u s

l n - a n d 1 3 c - n m r a n aly s e s h a v e n o t

a p pe a r e d d u e t o th e s e v e r e o v e rl ap of t h e p r o t o n a n d c a rb o n s i g n al s f r o m th e

c o r r e sp o n di n g p o siti o n s o f th e di m e ri c u nits ･ A s a re s ult , s o m e o f t h e p r e vi o u sly

r ep o r t ed
1 3 c a s sig n m e n t s of t etr a nd ri n e [2 4] , 1i m a ci n e [2

.

5] a n d h o m o a r o m oli n e [2 7]

r eq uir e d efi niti o n a n d r e v isi o n ･ H ig h field n m r
, a n d p ar tic ul ar ly th e u s e o f v a ri o u s t w o

-

di m e n si o n al N M R t e ch niq u e s ( C O S Y
,
R O E S Y

,
H E T C O R a n d F L O C K ) , pe rm itte d th e s e

d et e ロni n ad o n s .

T e t r a n d ri n e [2 4] w a s p r e vi o u sly i s ol a t ed f r o m v ar i o u s pl a nt s
,
i n cl u di n g C ･

b a rb a t a , a n d N M R p ar a m e t e r s h a v e b e e n p a rti ally a s sig n e d (1 1 6 - i 19) . T h e
l H N M R

sp e ct r u m s h o w e d c o t!plin g s ig n al s f o r th e f o u r p r o t o n s of th e C
-

- ri n g ,
a n d a c c o rdi n g t o

c o n v e n ti o n(1 1 8) ,
th e m o s t d o w nfi eld si g n al ( 8 7 .3 0

,
d d

,
J = 8 . 2 , 2 . 2 H z) sh o uld b e

a s s lg n e d t o H - 14
t

･ A d e c o u pli n g st u d y o n th e
l H N M R s p e ct r u m at 3 0 0 M H z sh o w ed

th at H - 1 4
-

c o uple d t o 臥 1 3
'

( 8 7 . 1 0
,
d d

,
J = 8 . 2 , 2 .3 H z) a n d H 1 10

t

( 8 6 ･2 7 , d d ,
J -

8 .
2

,
2 .3 H z) ,

H - l l
-

( 8 6 .7 6 , d d , J = 8 . 2 , 2 .3 H z) c o u ple d t o 月 - 1 3
-

a n d H - 1 0
'

,
a n d H -

14 ( 8 6 .8 6
,
d d , J = 8 .2 , 2 .2 H z) c o upl ed t o 冗 - 1 3 ( 8 6 .8 2

,
d

,
J = 8 ･2 H z) a n d H - 1 0

( 8 6 . 5 2 , d , J = 2
.
2 H z) .

T h e s e r el ati o n ship s w e r e c o nfir m e d b y th e C O S Y s p e ct ru m

th at al s o sh o w e d th at H - 1 ( 8 3 .7 2) c o uple d t o t w o H -

α p r o t o n s a t 8 2 ･ 4 8 a n d 2 ･6 7 ,

a n d t h at H - 1
.

( 3 . 8 4) c o u pl e d t o th e t w o H - α
-

p r o t o n s a t 8 2 ･7 5 a n d 3 ･ 2 2 ･

T h e R O E S Y sp e ctr u m (F ig .
4) (1 2 0 ,

1 2 1) sh o w e d t h e p r e s e n c e o f N O B

c o r r el a ti o n c o n t o u rs b et w e e n H - 5 ( 8 6 . 2 6) a n d 6 - O M e ( 8 3 .7 0) ,
H - 13 ( 8 6 . 8 2) a n d

1 2 - O M e ( 8 3 .8 8) , H - 5
-

( 8 6 . 4 8) a n d 6
.

- O M e ( 8 3 .3 3) , a nd H -8
-

( 8 5 ･9 6) a n d H - 1 4
T

I

T h u s
,
H - 1 4

-

i s sp ati ally cl o s e r t o H - 8
-

t h a n 臥 1 0
'

, w hi c h is n o t af,p a r e n t f r o m th e

p la n ar dia g r a m ( 1 18) . Th e
l
H N M R d at a f o r th e m e thy l a nd m ethi n e sig n al s y e r e

c o n si st e n t w ith th e r e p o rt ed d at a (1 1 8) , b ut th e r e w e r e n o p r e vi o u s r ep o r ts o n th e

a s sig n m e n t of th e si x m e th yle n e g r o u p s , w hic h ar e a s sig n e d h e r e ･ A s a m ple (7 0 m g) of

2 4 i n ab o u t 0 .4 m l C D C 13 , W a s u s e d f o r th e
l H a n d al s o f o r 1 3 c N M R a s s lg n m e n t ･

T h e
1 3 c sp e c tr u m of 2 4 o n g l n ally sh o w e d o n ly 2 2 s e p a r at e d ar o m a ti c c ar b o n s lg n al s ･

H o w e v e r
,
a ft e r z e r ofilli n g t o 3 2 K

,
t w o sig n al s n e a r 8 1 2 7 ･7 ( C - 4 a a n d C -4 a

f

) , a n d t w o

sig n al s n e ar 8 1 2 1 .6 (C
1 1 1

'

a n d C - 1 3
'

) ,
w e r e dis cl o s ed

, p e r m itti n g t h e e m e rg e n c e

of all 2 4 a r o m ati c c a rb o n s lg n al s , c o n si st e nt w ith th e s 加 ct u r e ･ T h e H E T C O R sp e ct m m

( 1 2 2) displ ay ed e a c h of th e p r ot o n a t ed c a rb o n s ,
a n d t h e F L O C K sp e ctrp m (Fig ･ 5)

(1 2 3) i n di c at e d th e l o n g
- r a n g e c o r r el atio n s b et w e e n

l H a n d 1 3 C th r o u g h t h r e e b o n d s

a n d t w o b o nd s .

A n aly sis of th e c o r r e sp o ndi n g c r o s s
-

c o r r el a ti o n s r e v e

l

al e d th at th e N - M e ( 8

2 .3 0) c o u ple d t o C - 1 ( 8 6 1 . 19) a n d C 1 3 ( 8 4 3 ･9 1) ,
t h e N

'
- M e ( 8 2 15 8) c o u ple d t o C -
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1
f

( 8 6 3 . 6 4) a n d C - 3
･

( 8 4 5 ･ 0 0) , th e H - 1 c o u pl ed t o C - 8 a ( 8 1 2 2 ･6 4) , C - 4 a ( 8

1 2 7 . 7 2) , C - α ( 8 4 1 .7 0) , C - 8 ( 8 1 4 8 . 1 9) a n d C -9 ( 8 1 3 4 ･6 8) , th e H - 1
.

c o u pl ed t o C -

α
-

( 37 .9 3) ,
th e H - 5 ( 8 6 ･

2 6) c o u ple d t o C -4 ( 8 2 1 ･ 8i) , c
- 8 a , C

- 7 ( 8 1 3 7 ⊥6 3) I
C -6 (

8 1 5 1 .
18) a nd C - 4 a , th e H - 5

･

( 8 6 ･ 4 8) c o u pl e d t o C 7
-

( 8 1 4 3 ･5 7) ,
C - 6

-

( 8 1 4 8 ･39) ,
C -

4
･

( 8 2 4 .9 2) a n d C -8 a
･

( 8 12 7 ･8 4) ,
th e H -8

f

(8 5 ･

'

9 6) c o upl e d t o C - 6
-

,
C - 7

･

,
C - 1

,

a n d

c - 4 a
.

,
th e ‡i - 13 c o u ple d t o C 1 1 1 (8 1 4 9 ･1 2) , C - 9 a n d C - 1 0 , t h e H - 13

'

c o u pl ed t o C 1

1 2
-

(8 1 5 3 . 5 8) , C - 9
-

a n d C - l l
-

,
t h e 6 - O M e ( 8 3 ･7 0) c o u ple d t o C - 6 , t h e 7 - O M e ( 8

3 . 1 5) c o u ple d tらc - 7
,
th e 1 2 - O M e ( 8 3 . 8 8) c o upl ed t o C 1 1 2 a nd th e 6

.
- O M e ( 8 3 ･3 3)

c o u pled t o C - 6
-

･ T h e r ef o r e , thi s e x p e ri m e n t pe r m itt ed th e c o m pl et e a s s lg n m e n t Of th e

1 3 c n m r d at a ･ R e tr o sp e c ti v e a n aly sis o f t h e H E T C O R s pe ctr u m th e n dis cl o s e d th e

a s s lg n m e n t S Of th e p a rtly o v e rl a pp e d sig n al s of th e si x m e th yle n e g r o u p s a s t h e H 1 3

sig n al s a t 8 2 ･8 7 a n d 3 ･ 4 7
,

.
th e H - 3

T

sig n al s at 8 2
･83 a n d 3 ･3 9

,
th e H - 4 sig n al at 8

2 . 39 a n d 2 .8 9 , t h e H - 4
'

sig n al s a t 2 ･6 9 a n d 2 ･9 1 ,
th e H - α sig n al s a t 8 2 ･4 8 a n d

2 .6 7 , a nd th e H - α
,

sig n al s a t 8 2 ･ 7 5 a n d 3 ･ 2 2 ･ T h e u n a m big u o u s
I H a n d 1 3 c n m r d at a

2 5 ar e sh o w n i n T able s 1 2 a n d 13 , r e sp e c ti v ely ･ C o m p ar i s o n w ith th e r ep o rt e d

1 3 c d a t a f o r 2 4 ( l1 9) i n dic at e s th at th e d at a f o r C - 8 ･a
,
C - l l , a n d C - 7

-

s h o uld b e

r e v i s e d ･ I n a d ditio n , th e p ar a m e t e r s f o r th e N - M e a n d N
-

- M e ,
a n d f o r C - α a n d C -

α
'

n o w h a v e b e e n cl e a rly a s s ig n e d , a n d th e a s s l g n m e n tS f o r th e O M e s lg n al s h a v e b e e n

d e 丘n e d .

Li m a ci n e [2 5] als o w a s p r e vi o u sly is ol at e d fr o m this a n d ot h e r pl a nt s ,
a nd

p ar ti al a s sig n m e n t of th e
l H a n d 1 3 c n m r d at a h a s b e e n r ep o rt ed (l 1 6

- 1 19) ･
L ik e

t et r a nd ri n e [2 4] ,
a s a m pl e (7 0 m g) o f 2 5

▲

i n ab o ut 0 .4 m l C D C 13 W a s u s e d f o r this

st u d y ,
a n d a c o r r e sp o n di n g o n e

-

a n d t w o
- di m e n si o n al N M R st u d y le d t o th e c o m plet e

a s s lg n m e n t O f t h e
l H a nd 1 3 c n m r d at a ･ C o m p a d s o n w ith th e r e p o r t ed 1 3 c d at a

( T able 1 3) ,
i n dic at e d t h at C - 1 1 a n d C -7

'

s h o uld b e r e vi s e d ･ T h e N - M e ,
N

-
- M e

,
C - 3

,
C -

3
-

, C -

α a n d C -

α
-

h a v e n o w b e e n cl e a rly a s s lg n e d , a n d a s s lg n m e n tS fわr t h e t hr e e O M e

s lg n al s h a v e b e e n m ad e .

T h al ru g o si n e [2 6] , a s t e r e oi s o m e r of li m a ci n e [25] ,
w a s p r e vi o u sly is ol at e d

fr o m this a n d o th e r pl a n ts , a nd p ar ti al a s s i g n m e n t s O f th e
l H N M R d a t a h a v e b e e n

m a d e(1 16 -1 18) . A s a m ple (8 0 m g) of 26 i n a b o u t 0 . 4 m l o f C D C 13 W a s u s e d i n thi s

st u d y ,
a n d th e

l
B a n d

1 3 c n m r d at a b a v e n o w b e e n c o m plet ely a s s l g n e d b y th e u s e of

C O S Y
,
R O E S Y

,
H E T C O R a n d F L O C K t e c h niq u e s , a n d s o m e o f th e s lg n al s diffe r

f r o m th o s e o f 2 5 (T abl e s 1 2 a n d 1 3) . T h e m aj o r diffi re n c e i n t h e p r ot o n d at a

b et w e e n 2 5 a n d 26 is th at th e 6
'

- O M e s ig n al o f 2 6 is 0 .5 p p m f a rt h e r d o w n rl eld t h a n

th at of 2 5
,
a n d th e H - 1 a n d H -5

'

r e s o n a n c e s o f 2 6 a r e a b o u t O ･ 2 p p m f ar th e r d o w nfield

t h a n th o s e of 2 5
,
r e sp e c ti v ely ,

a n d th e H - 10
,
H -1 4 a n d H - 1

-

sig n al s of 2 6 a r e O ･
2 - 0 ･3
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p p m f a rth e r d o w n field th a n t h o s e of 2 5 r e s pe c ti v ely ･ F u rth e r m o r e ,
t h e C - 5 , C - 8

,
C -

4 a
'

a n d C -8 a
'

s lg n al s of 2 6 a r e 2 - 3 p p m f ar th e r u p
- o r d o w nfield t h a n th o s e of 2 5 .

H o m o ar o m alin e [2 7] h a s b e e n i s ol ate d p r e vi o u sly fr o m a b o u t t e n pla n t s , b u t

this i s th e fir st r ep o r te d is ol ati o n fr o m C . b a rb a t a (1 1 6 ,I 1 7) . I n o u r s t u d y ,
it w a s f o u n d

th a t it s p r o t o n n m r sp e c tr a s h o w e d r e m a rk able diffe r e n c e b e t w e e n dil ut e a n d

c o n c e n tr a t e d s ol uti o n s i n C D C13 , e sp e ci ally , o n e o f th e N -

m e th yl s ig n al s m o v e d

u p 鮎1d b y m o r e t h a n O ･1 p p m ･ I n this st ud y , a s a m ple (4 0 m g) of 27 i n ab o u t O ･ 4

m l o f C D C 13 W a s u s e d , a n d its c o m pl et e
l H a n d 1 3 c n m r d at a w e r e a s s lg n e d b y a

c o m bin ati o n of C O S Y , R O E S Y , B E T C O R a n d F L O C K e x p e ri m e n t s( T a bl e s 1 2 a n d

13) . C o m p a ri s o n w ith th e r ep o rte d l H n m r d at a (1 18) i n
.

di c a te d th at th e a s sig n m e n t s

f o r N - M e a n d N
-

- M e sh o uld b e r e v i s e d ･
C o m p a ri s o n w ith th e r ep o rt e d 1 3 c n m r d at a

(1 17 ,1 2 4) in dic a t e d th at th e a s sig n m e n ts of C - 9
,
C - 9

'

,
C - 3

,
C - 3

-

,
じ 11

,
C - 1 2 , C - 4 a

.

･

C -8 a
'

, 6 - O M e a n d 6
'

- O M e al s o sh o uld b e r e vi s e d
,
a n d th at C - 4 a , C -9

'

, C - 5 , C - 1 3 , N -

M e a nd N
f

- M e h a v e b e e n d efi nitiv ely a s s lg n e d .

C y cl e ap elti n e [ 2 8] ,
a s t e r e oi s o m e r of h o m o a r o m oli n e 2 7

, w a s i s ol at e d

p r e vi o u sly fr o m C . p elt a t a (1 25) ,
a n d t his i s th e fir st i s ol ati o n f r o m C ･ b a rb a t a

I

(1 1 6 ,1 17) .
A s a m pl e (1 3 m g) of 2 8 ab o ut O . 4 m l of C D C 13 W a s u S e d f o r th e n m r

s t u die s ,
a n d th e

. l H a n d 1 3 c n m r d at a of 2 8 w e r e a s s lg n e d b y th e u s e of th e C O S Y ,

R O E S Y
,
H E T C O R a n d F L O C K t e c nig u e s (T abl e s 1 2 a n d 1 3) . T h e m aj o r diffe r e n c e s

1

b e t w e e n t h e p r o t o n d at a o f 2 7 a n d 2 8 a r e th a t th e B - 1 0 si g n al of 2 8 is ab o u t 1 p p m

f a r th e r d o w nfield th a n t h at of 2 7
,

a n d th e slg n al s f o r H - 1 , 6 - O M e ,
a nd 班 - 8 ar e ab o u t

O 12 p p m f a rt h e r d o w nfield th a n th o s e o f 2 7 ･ T h e m aj o r diffe r e n c e s i n th e c a rb o n

d at a b et w e e n 2 7 a n d 2 8 i s t h at t h e C - a
f

s ig n al o f 29 i s ab o ut 29 p p m f a rt h e r

d o w nfield th a n th at of 27 , b ut th e C -3 sig n al of 28 is 5 p p m f a rth e r u pfield th a n th at of

2 7 . F u t h e r m o r e
,
th e s lg n al s f o r C - 8 , C -8 a , α ,

9
,
10

,
1 2 , 1 3 a n d 1 3

t

of 2 8 ar e 2 - 3 p p m

f ar th e r u pfield th a n th o s e o f 2 7 , a n d th e s ig n al s f o r C - 4
,
C - 4 a , C

- 4
.

a n d C 19
暮

of 2 8 ar e

2 - 3 p p m 血t h e r d o w n 鮎1d t h a n th o s e o f 之7 ,
r e s p e c ti v ely ･

A lk al oid s 2 4
,
2 5 a nd 26 b el o n g t o a g r o u p s of bisb e n zyli so q u l n Oli n e alk al oid s

w ith t w o e th e r lin k a g e s b et w e e n 8 - 7
f

a n d 1 1 - 1 2
-

,
a n d th eir H -8

t

sig n al is fa rth e r u pfield

th a n t h at o f H -5
T

.
I n c o n tr a s t , i n alk al oid s 2 7 a n d 2 8

,
w hi c h h a v e e th e r li n k ag e s

b et w e e n 7 - 8
･

a n d l ト1 2
-

,
th e 臥 8 slg n al is f a r th e r d o w n field th a n th a t of H - 5 ･

F u th e r m o r e ,
i n c o n tr a st t o t h e alk aloid s 2 4

,
2 5 a n d 2 6 , a n d al s o i n c o n tr a st t o th e

n o r m al bi sb e n z ylis o q ui n oli n e s w i th t w o o r th r e e e th er li n k a g e s ( w it h c e rt ai n

e x c ep tio n s
,
s u ch a s c a n dic u si n e ,

1 2 - 0 - d e s m e th ylla b e ri n e , o s o mi n e) (1 1 6
1 11 8) , alk aloid s

2 7 a n d 2 8 sh o w e d th e p r ot o n r e s o n a n c e of t h e N
t

- M e f ar th e r u pfield th a n t h e s ig n al f o r
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t h e c o r r e sp o n d i n g N - M e ･ A st u d y t o re - e x a mi n e th e sp e c tr a of ot h e r
r

alk al oid s

w it h th e s e s t ru c t u r al c h ar a c t e ri s ti c s is c u r r e ntly b ei n g u n d e rt ak e n ･

c o n ti n u i n g st u di e s o f th e al k al o id s f r a c ti o n aff o rd e d t w o n e w

bi s b e n z yli s o q ui n oli n e alk al oi d s
■

,
n a m ely ,

●

( -)
- 2

-
- n o rli m a ci n e [2 9 ] ,

a n d ( ') -

c y cl e a b a r b ati n e [3 0] . ( ＋) - T e t r a n d ri n e 2
.

-β- N -

o xid e [3 1] w a s al s o f o u n d in th e e x tr a c t ･

T his alk al oid w a s i s ol at e d p r e vi o u sly fr o m th is pl a n t a s th e fir st bisb e n zyli s o q ui n olin e

N l ｡ Xid e , b u t its st n l C t u r e W a s n o t f ully d et e - i n e d (1 2 7) ･ T h e k n o w n alk al oid s ( 叶

b er b a m i n e , (＋r e p a n di n e , ( ＋) - c y cl e a n o ri n e , ( ＋) - d ap h n a n d ri n e , ( -) - c u ri n e , ( ＋)
-

c o cl a u ri n e , a nd ( -) - N - m e th ylc o cl a 甲ri n e w e r e al s o id e ntifie d ･

T h e m a s s sp e c t r u m o f ( -) - 2
.

- n o rli m a ci n e [2 9] is c h a r a c t e ri sti c of a d o u bly

b ri d g e d
,
t ai l -t o

-t ail di m e r wi t h
▲
a m ole c ul a r p e ak at m / I 5 9 4 (1 0 0 % ) ,

c o r r e sp o n di n g t o

c 3 6 H 3 8 N 2 0 6 ･ A s tr o n g fr a g m e n t i o n at m / I 36 7 c o r r e sp o n d s t o th e u p pe r p ar t of t h e

m ol e c ul e . T h e s e t w o f r a g m e n t s ar e 1 4 d alt o n s l e s s th a n th e c o r r e sp o n din g I o n s i n th e

m a s s sp e c t ru m of li m a ci n e ･

T h e
l H n m r s pe ctr u m p r e s e n ts o nly o n e N - m et h yl gr o u p sig n al at 8 2 ･3 2 p p m

w hic h sh o uld b e a s sig n e d t o t h e left h a n d sid e is q ui n olin e u nit (1 28) ･ C o m p ar ed t o th e

l H n m r sp e ct r u m o f ( -) -1i rn a ci n e , th e ab s e n c e o f a th r e e p r o t o n si n gl et ar o u n d 2 ･5 5

p p m in dic at e s t h e p r e s e n c e of a s e c o n d a ry a m i n e o n th e d g ht b a n d sid e of t h e

m ol e c ul e ･ As e x p e ct e d , s lg n al s d u e t o th e p r ot o n s sit u a t ed n e ar N - 2
'

ar e shifte d f ur th e r

d o w nfi eld : H - l
'

a t 8 4
. 1 7 p p m

,
i n s t e ad of 3 . 8 7 p p m f o r li m a ci n e (1 2 6) ,

th e

m e th yle n e p r o t o n s a t C - 3
･

a r e a t 3 ･ 2 0 p p m a n d 3 ･ 5 1 p p m i n st e a d o f 2 ･ 8 3 a n d 3 ･
49

p p m
,
a n d th e p r ot o n s a t C - α

･

a p p e a r a t 3 ･
2 0 p p m a n d 2 ･9 8 p p m i n st e ad of 2 ･ 76 p p m

a n d 3 . 2 2 pp m (1 28) .
T h e o th e r r e s o n a n c e s i n th e sp e c t ru m ar e si m il ar t o th o s e ob s e rv e d

f o r (
-

)
-1i m a ci n e (1 26 ,

1 28) .

A R O E S Y e x p e ri m e n t sh o w e d a s p ati al r el atio n ship b et w e e n t h e 2 - N - m et h yl

sig n al (2 3 2 p p m ) a n d H - 1 (3 .7 4 p p m ) ,
a s w ell a s b et w e e n t h e 2 - N M e a n d H - 4 (3 ･5 1

p p m) . A n eff e ct b et w e e n H - 1
f

(4 ･ 17 p p m ) a n d H - 8
'

(6 ･0 7 p p m ) w a s al s o vi sibl e ･

T h e s e r e s ult s c o nfir m ed t h e p r e s e n c e of a N - 2
.

s e c o n d ar y a m i n e ･ H o m o n u cl e ar

c o s y , H M Q C a nd H M B C e x p e ri m e n ts p e rm itt e d th e c o m plet e a s sig n m e n t of th e
l H

a n d 13 c s p e ctr a of ( -

)
- 2

-
- n o rli m a ci n e [2 9] as p r e s e n t ed ar o u n d st ru c t u r e s 2 9 a a n d 2 9 b ･

T h e s e c o n d n e w bisb e n z ylis o q ui n oli n e , ( 叶 c y cl e ab a rb a ti n e [3 0] ,
a 恥 rd e d a

m a s s sp e c tr u m sh o w i n g a m ol e c ul a r i o n p e ak at m /I 6 0 8 (C 3 7 H 4 0 N 2 0 6) a c c o m p a ni e d

b y a b a s e pe ak at m / I 3 8 1 ･ T h e m a s s of t h e l att e r f r a g m e n t c o r r e sp o n d s t o
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C 2 2 H 26 N 2 0 4 , a n d i n di c at e s t h at th e u p p e r p ar t of t h e m ol e c ul e i s s ub stit ut ed b y t w o

m e th o x yl g r o u p s a n d o n e h y d r o x yl g r o u p ,
w ith t w o m e th yl a te d t e r ti a ry a m i rl e S , O r b y

th r e e m e t h o x yl g r o u p s a n d a N - m e th yl g r o u p a n d a s e c o n d a ry a m i n e ･ T h e p r e s e n c e

i n th e
l H n m r sp e c tr u m o f t w o th r e e -

p r o t o n si n glet s at 8 2
･
2 5 p p m a n d 2

･ 5 8 p p m d u e

t o t w o N - m e th yl g r o u p s i n di c at e d th e f o r m e r s t r u c t u r al h yp o th e si s t o b e c o r r e c t ･

E x c ept f o r th e a b s e n c e of a th r e e p r o t o n si n gle t n e ar 3 .7 5 p p m , th e s lg n al s o b s e r v e d i n

th e sp e c t r u m a r e si m il a r t o th o s e o b s e Ⅳ e d i n th e sp e c t r u m of ( -) -i s o t e tr a n d ri n e

(1 28) . T hi s si m il ar ity s u g g e ste d th at c o m p o u n d 3 0 w a s id e ntic al t o､ C - 0 - d e m e t h y ト

is ot etr a n d ri n e .

T h e s m all ab s ol ut e v al u e of th e p o siti v e sp e cifi c r o t a ti o n of 3 0 c o nfir m e d

th a t (＋) - c y cl e ab ar b ad n e b el o n g t o th e t e t ra n d ri n e s u b gr o u p a n d i n c orp o r a t e s t h e l R
,
1

t

S

c o nfig u r ati o n (1 29) ･

A R O E S Y e x p e ri m e n t c o nfir m ed th e s e a s s ig n m e n ts . I n p a rti c ul ar , e ff e c ts w e r e

o b s e rv e d b et w e e n H -5
-

(6 .5 5 p p m ) a n d O M e
- 6

.

(3 . 5 5 p p m ) , 日 - 1
'

(3 . 9 8 p p m ) a n d H - 8
'

(6 .0 8 p p m ) ,
2

'

N M e (2 .5 8 p p m ) a n d H - r (3 .9 8 p p m ) ,
a n d 2 - N M e (2 ･2 5 p p m ) a n d

H - 1 (3 .9 5 p p m ) .
T h e

l H n m r d at a a r e s u m m e ri z e d o n st ru c t u re 3 0 .

T h e m a s s sp e c t ru m of (＋) -t e tr a n d ri n e 2
'

-β- N - o x id e [3 1] displa y s a w e ak

m ol e c ul ar i o n at m /I 6 38 (1 6 % ) w hic h c o r re sp o n d s t o C 3 8Ⅰ14 2 N 2 0 7 ･ T h e b a s e p e a k at

m / I 6 2 2 is d u e t o t h e lo s s of a n o x y g e n a t o m a n d s u g g e s ts th e p r e s e n c e of a N -

o xid e

f u n c ti o n
･

T h e o th e r f r a g m e n t i o n s a r e si m il ar t o th o s e o b s e r v e d i n th e m a s s s p e c tr u m

o f( ＋) -t e t r a n d ri n e , w it h a s t r o n g p e a k at m / z 3 9 5 (4 5 % ) d u e t o r th e

bist etr a h y dr oi s o q ui n oli n e & ag m e n t f oll o w i n g fa cil e cl a v a g e of th e b e n z ylic b o n d s (1 28) I

T h e
l H n m r sp e c t ru m (i n C D C13 ,

50 0 M H z) , p r e s e n t ed a r o u n d st ru c t u r e

31 a , i n di c a te d a th r e e p r o t o n s i n glet d u e t o a 2 - N - M e at 2 13 4 p p m w hile th e 2
t

- N - m e th yl

gr o u p r e s o n a te s f u rth e r d o w nfi eld t h a n u s 血1 at 3 ･36 p p m ･
T h e d o u blet of d o ublet s d u e

t o H l l
'

at 4 ･ 4 4 p p m , a s w ell a s th e t w o m ultiplets c o r r e s p o n di n g t o th e C - 3
.

m eth yle n e

g r o u p at 3 . 76 a nd 4 . 13 p p m , ar e al s o m o r e d o w nfield th a n i n th e sp e c tr u m of ( ＋) -

t e tr a n d ri n e ( r e sp e c ti v ely at 3 .8 4
,
2 . 8 3 , a n d 3 ･3 9 p p m ) ･ T h e s e f e at u r e s c o nfi rm e d th e

p r e s e n c e of a N -

o xid e f u n c ti o n a t N 1 2
.

･ O th e r r e s o n a n c e s
, e sp e ci ally t h o s e of t h e

ar o m ati c p r o t o n s ,
w e r e v e ry si m il ar t o th o s e o b s e rv ed fo r ( ＋)

-t e tr a nd ri n e (12 6) ･

T h e d o w n fi eld shifts of O ･ 8 pp m f o r th e 2
'

- N -

m e th yl ･
s i n gl e t a n d of O ･6 p p m

f o r t h e H - 1
･

d o u bl et o f d o u blet s s u g g e ste d t h at H - r i s o n t h e sid e o p p o sit e t o th e N -
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o x id e(1 2 7) . T h e p o si ti v e o ptic al r o t a ti o n i n dic a t e s th a t 3 1 p o s s e s s e s t h e l S ,
1

'

S

c o n{1 g u r a ti o n (1 27) . T h e r e f o r e th e N - o xid e f u n c ti o n o c c u pi e s th e P o rie n t a ti o n
･

T his c o nfig u r a ti o n of th e N -

o xid e f u n c ti o n w a s c o n fi - e d by a R O E S Y

e x p e ri m e n t; a sig nirlC a n t C O r r el a ti o n w a s o b s; rv e d b e t w e e n H -1
'

(4 ･
4 4 p p m ) a n d th e

2
･

- N M e (3 .3 6 p p m ) ,
w hile n o eff e c ts w e r e d ete c t e d b et w e e n H - 3

.

a n d th e 2
'

- N M e ･

T h e r ef o r e , th e N M e g r o u p I S O n th e s a m e sid e of t h e m ol e c ul e a s H - 1
'

･ a n d t h e o x y g e n

a t o m o n t h e op p o sit e sid e ･

T h e c o m pl et e a s s lg n m e n t S O r l = a n d 1 3 c sp e c t r a h a v e b e e n c o nfi - ed b y

h . m o n u cl e a , C O S Y
,
H M B C a n d H M Q C e x p e ri m e n t s a n d a; e p r e s e n t ed a r o u n d

st n l C t u r e S 3 1 a a n d 3 1 b .
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T a bi e 且2 1Ⅰi - N M R S p e c tr a D a t a of th e B i sb e n z ylis o q u l n Olin e A lk al oid s 2 4 - 2 8 fr o m

C . b a r b a t a
a

2 7 2 8r ot o n 2 4
■■ ■■■■ ■ ll ■ ■ 一 一 ■ ■l■ 一 ■ ■ 一 ■■ ■ ■■ ■■ ■ ■■ ■ ■ ■■ ■■ ■ ●■ ■■ ■ ■■ q ■

■
ー

3 .7 2(d ,9 .5)

2 .30 ( s)

2 .87 ( m )

3 .47 ( m )

2 .39 ( rn)

2 .S9 ( m )

6 .26 ( s)

3 .70 ( s)

3 .15 ( s)

N M ¢

6 - O M e

7 - O M c

1 0

l l

I2 1 0 M e

1 3

1 4

1
'

N
'

M e

3
●

3
'

4
-

4
●

5
●

6
'
- O M e

8
'

2 .4 5(d d
,
1 4

.
1 .A)

2 .6 7(d d
,
1 4

,
1 0)

6 .52 (a ,
2 .2)

3 .8 S( s)

6 .8 2( d
,
8 .2)

6 .S 6( d d
,
8 .2

,
2 .2)

3 .8 4( d d ,l l ,5 .9)

2 .58( s)

2 .83( m)

3 .3 9( m)

2 .69( m)

2 .91( 孤)

6 .4 8( s)

3 .3 3( s)

5 .9 6( s)

a
'

2 .7 5(d d
,
l l .0

,
1 2 .3)

d 3 .2 2 ＋d d
.
1 2 . 3 .

5 .9)

1 0
'

6 .2 7(d d
,
8 .2

,
2 .3)

1 1
1

6 .7 6(d d
,
8 .2

.
2 .3)

1 3
'

7 .1 0(d d
,
8 . 2

,
2 .3)

1 4
T

7 .3 0(d d
,
8 . 2

,
2 .3)

2 5 2 6

3 .7 5( d d
,
10 .9

,
2 .5

2 .3 2( s)

2 .85( m )

3 .49( m )

2 .39( 也)

2 .90( m )

6 .2 7( s)

3 .7 0(s)

2 .5 7( d
,
1 3 .9)

2 .6 9( d d
,
13 .9

,
1 0)

6 .5 7( d
,
2 .2)

3 .9 1( s)

6 . S 3(d ,
8 ,2)

6 .書5 (d d
,
8 .2

,
2 .2)

3 .87 (d d
,1 0 .9 ,5 .6)

2 .5 9( s)

2 .写3( m)

3 .4 9( m)

2 .7 2( m)

2 .9 4( rr l)

6 .5 1( s)

3 .3 3( s)

6
.0 5( s)

2 .7 5( dd
,
1 2 .5

,
1 0

. ”

3
.2 2(d d

,
1 2 .

5
,
5 .6)

6 .3 0(d d
,
8 .2

,
2 .3)

6 .7 9(d d
,
8 .2

,
2 ,3)

7 .1 2(d d
,
8 .2

,
2 .3)

7 .3 2( d d
,
8 .2

,
2 .3)

3 .9 8(d d
,
1 0 .9 ,2 .5)

2 .2 8( s)

2 .
7 4( 也)

3 .21( m )

2 . 32(d d
,
15

,
4 .7)

2 .79( rn)

6 .3 2( s)

3 . 27( s)

2 .6 1( dd
,
14 .S

,
10 .9)

2 .9 0(d d
,
14 . 8

.
2 .5)

6 .2 6(d ,
2 .2)

3 . 88( s)

6 .7 6( d
,
8 .3)

6 ,6 0(d d
,
a .3

,
2 .2)

3 .5 8(d d
,
l l .5 ,5 .0)

2 .45( S)

2 .7 4( m)

3 .31( 班)

2 .88( m)

2 .90( m)

6 .70( s)

3 .86( s)

6 .04( s)

2 .
76( m)

3 .18( rn)

6 ,4 1(d d
,
8 .3

,
2 .2)

6 .8 0( d d
,
8 . 3

,
2 .2)

7 .0 2( d d
,
8 .3

,
2 ,2)

7 .28( d d
,
8 .3

,
2 .2)

3 .6 3( dd
,
4

,
2 .6)

2 .5 3( s)

3 .0 2( m )

2 .73( rn)

2 .4 0( m )

2 .4 0( Tn)

6 .3 3( s)

3
.6 0( s)

6 .6 6( s)

2 .6 8( m )

2 , 94 (d d
,
1 4 .I

.
4)

5 .5 4(b r . s)

3 .8 8( s)

6 .7 4(d ,
名.4)

6 .7 0(d d
,
a .4

,
2 .3)

4
.1 3(d β.5)

2 .4 3( s)

2 .5 5(L7 1)

2 .86( m )

2 .7 3( m )

3 .08( m )

6 .20( rn)

3 .7 6( s)

2 .61( rn)

3 .2 2(a .
1 3 .8)

6 .9 5(d d
,
8 .4

,
2 .2)

6 .4 0(d d
,
8 .4

,
2 .2)

6 .9 1(d d
,
8 ,4

,
2 .2)

7 .3 3(d d
.
8 .4

,
2 .2)

3 .4 5( d
.
7 .7)

2 .5 7( s)

2 .6 6( m)

2 .9 7( m )

2 .6 0( m )

2 .7 8( m )

6 .4 1( s)

3 .3 4( s)

6 .4 4( s)

2 .5 0( d
,
13 . 4

,
7 .8)

3 .0 5(d ,
13 . 4)

6 .6 0(d . 2 . 2)

3 .9 4( s)

6 .9 4( d
,8 . 4)

6 . 8S (d d
,
8 .4 ,2 .2)

4
.1 9( b r .d

,9 .
8)

2 .4 8( s)

2 .8 4( m )

3 .37( m )

2 .63( m )

2 .93( m )

6 .3 8( s)

3 .
7 5( s)

2 .
7 7 (d d

.
1 2 .

7
,
9 .

a)

3 . 13( d d
,
1 2 .7 J .6)

6 .8 4( d d
,
8 .4

,
2 .2)

6 .8 4( d d
,
a . 4

,
2 . 2)

7 .0 6(b r .a
.
2 . 2)

7 .3 0( b r .d
,
2 .2)

a R e c o rd e d i n C D C13 ,
C h e mi c al s hift v al u e s a r e r ep o rt ed a s v al u e s (p p m ) fr o m T M S at 5 00 M H z ; sig n al

m ultiplicit y a n d c o u pli n g c o n gt a n t s ( H z) a r e s h o w n in p ar e n th e s e s . I n o r d e r t o f oll o w t h e c o n v e ntio n

(1 1 7) , t h e m o st d o w nfi eld sig n al is as sig n e d f o r H - 14
T

,
o n e of t h e f o u r p r ot o n s o f fi n g C

'

.
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T a b且e 且3 1 3 c - N M R S p e c tr a D ata of B isb e n z ylis o q u l n Oli n e A lk al oid s 2 4 ･ 2 8 fr o m

C . b a Tb w a
a

2 7 2 8

6 5 .3 1

4 2 .3 6

4 6 .7 8

2 6 .5 9

1 2 7 .9 2

1 1 2 .3 8

1 4 9 .1 2

1 4 4 .1 5

1 2 0 .7 3

1 3 1 .3 1

4 0 .3 8

1 3 3 .9 0

1 2 0 .4 6

1 4 8 .5 8

1 4 8 .5 0

1 1 2 .7 7

1 2 3 .4 5

6 0 .2 2

4 1 .5 4

4 4 .2 6

2 2 .7 0

1 2 2 .9 5

1 0 5 . 8 2

1 4 6 .4 2

1 3 4 .9 1

1 4 3 .0 6

1 2 2 .9 5

4 3 . 9 9

1 3 6 . 4 6

1 3 1 . 6 9

1 2 0 . 3 8

1 5 5 .4 2

1 2 1 .5 5
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b .
甘e色r a 払y d r 叩 r Ot O b e r b e r主n e s

i . P A R A B A E N A S A G Z T T A T A (1 3 0)

P a r a b a e n a s a gi(t a t a M ie rs ( M e ni sp e r m a c e a e) is a l ofty cli m b e r i n dig e n o u s t o th e

n o rth e r n p a rt of T h aila n d a n d h a s b e e n u s ed b y th e hill t rib e s o f this r e g l O rl f o r

m edici n al p urp o s e s (1 3 1) . A d e c o c ti o n o f s t e m s a n d l e a v e s aff o rd s a t r e a t m e n t f o r

J a u n dic e
,
i n dig e stio n , a n d p ai nf ul i n te sti n al di s ( ur b a n c e s ･ All p a rt s of th e pl a n t m a y b e

u s e d a s a f e b ri f u g e a n d t o n i c . T h e r e h a v e b e e n n o p r e vi o u s r e p o r t s o f a n y

p hyt o c h e m i c al o r p h a r m a c ol o gi c al st udie s o n this sp e ci e s , b u t a r e c e n t ti c s c r e e n i n g Of P
･

s a gitt at a M o o n e y s u g g e st e d th e p re s e n c e of m a g n on o ri n e i n th e pe tiol e (1 3 2) ･ I n thi s

r e p o rt ,
w e d e s c ri b e th e st ru c t u r al el u cid ati o n of fo u r c o m p o n e n t s i s ol at e d fr o m th e l e a v e s

of P . s a g l tt a t a M ie rs . T w o of th e s e c o m p o n e n t s a r e alk aloid s n o t p r e vi o u sly r e p o rt e d .

T h e c ol o rl e s s c ry st alli n e s olid
, 3 2 ,

w a s i s ol a t e d a s d e r s c ri b e d i n th e E x p eri m e n t al

s e c ti o n a n d w a s f o u n d t o b e th e c y cl o h e x a n e p e n t ol ( ＋) -

p r o t o q u e r ci t ol (3 2) o n th e b a si s

of th e d at a r ep o r t ed b el o w ･ O u r 4 0 0 M Ⅰi z
I H -

n m r s p e c t r u m o f thi s c y clit ol w a s

e s s e n ti ally th e s a m e a s th at p r e vi o u sly r ep o rte d at 2 2 0 M H z (1 3 3) .
T h e

1 3 c - n m r

sp e c t ru m o f 3 2 w a s
,

r e p o rte d re c e n tly (1 3 4) , b u t t w o of th e si x c a r b o n r e s o n a n c e s

c o uld n ot b e a s s ig n ed u n a m big u o u sly ･ W e h a v e f o u n d th at
l H -

1 3 c shift -

c o r r el a t e d 2 -

D n m r sp e c tr o s c o p y (13 5 ,
13 6) s h o w ed cl e a rly th a t th e m tlltiplet a t 8 3 ･5 9 p p m a s sig n e d

t o m - 1 (1 3 3) w a s a s s o ci at ed w i th th e
1 3 c r e s o n a n c e a t 8 68 .9 p p m a n d th at th e

d o ub let of d o u blet s a t 8 3 .8 5 fo r H - 5 w a s a tt a c h e d t o th e c a r b o n r e s o n a ti n g at 8

68 . 6 . T h u s
,

w e h a v e b e e n a bl e t o a s s ig n all si x re s o n a n c e s
,
a n d th e s e a r e r e p o r te d i n

this s e c ti o n
.

T h e i s ol a ti o n of ( ＋) -

p r o t o q u e r ci t ol fr o m th e f a m ily M e ni sp e r m a c e a e h a s

b e e n r ep o rt ed p r e vi o u sly (13 7
- 13 8) ･

O H

H O

H O

3 2

O H

O H

T h e th r e e c o m p o n e n ts
,
3 3

I
3 4 , a n d 3 5 w hic h w e r e i s ol at e d fr o m th e b a si c

f r a c ti o n of t h e le af e x t r a c ts
, g a v e p o siti v e D r a g e n d o rff a n d M a y e r

'

s t e st s
,
s u g g e sti n g

th e y w e r e alk al oid s ･ M a s s s p e c t r al a n aly s is Of th e c o m p o u n d s i n dic ate d a cl o s e

7 5



s tr u c t u r al r el a ti o n s hip a s all th r e e e x hibit e d t h e c h a r c t e ri s ti c r e t r o 】)i els
- A ld e r

f r a g m e n t s a s s o ci a t e d w ith a t e t r ah y d r o p r o t o b e rb e ri n e s k el et o n p o s s e s s i n g t w o

m e th o x y gr o u p s i n th e D ri n g (i . e .

,
fr a g m e n t m / I 1 6 4

,
Fi g Llr e 6 a n d at l e a s t t w o

m e th o x yl g r o u p s i rl th e A ri n g (13 9) . T h e s e a n aly s e s al s o s u g g e s t e d th a t 3 3

c o n t ai n ed a n ad diti o I一al m e tl 1 0 X yl g r o u p a n d 3 4
●

a b y 血o x yl g r o u p l n n n g A w hic h w a s

ab s e n t i n 3 5 ( m / z 2 2 0 v s .
20 6 v s .

19 0 ,
r e sp e c ti v ely , Fig . 6)
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Fig u r e 6 1 M a s s S p e c t r al F r ag m e n t a ti o n s of 33 , 3 4 a n d 3 5

m / I

1 64

1 64

1 6 4

A v a ri e ty of sp e c tr o s c o p l C t e c h ni q u e s w a s e m pl o y e d t o d e t e m i n e th e

p o siti o n s of th e s u b stit u e n ts i n r l n g S A a n d D ･ T h e p r e s e n c e of a C - 9 m e th o xyl g r o u p

i n all th r e e alk aloid s w a s i n dic a t e d b y sig nifi c a n t r el ati v e i n te n sity of th e ( M - O C H 3)

fr a g m e n t i n th e m a s s s p e c t r a o f 3 3
,
3 4

,
a n d 3 5 (18 , 2 1 , a n d 1 2 %

,
r e sp e c ti v ely)

(1 4 0) ･ F u rth e r e vi d e n c e f o r thi s s u b s tit u ti o n w a s o b tai n ed f r o m th e
l H - n m r sig n al f o r

th e C - 8 m e tb yle n e g r o u p ･ I n c o m p o u n d s w ith n o C - 9 o x y g e n s u b stit u e n t
,
t壬Iis

m e th yle n e ap pe a r s a s a b r o a d si n gl e (
･
b u t w h e n a m e th o x yl g r o up I S P r e s e n t O n C - 9

,

th e C - 8 p s e u d o a xi al p r ot o n i s shift e d u p field t o b e c o m e a d o ubl e t (J - 16 H z) at a b o u t

3 ･6 5 p p m , a n d th e p s e u d o e q u a t o ri al p r o t o
,

n i s d e s hi eld e d t o ab o u t 4
･3 5 p p m
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(1 4 1 ,
1 4 2) ･ E x a m i n a ti o n of t h e

l H sp e c tr a of th e s e alk al oid s ( T able 1 4) s h o w s

cl e ar ly th at t h e l att e r si t u a ti o n e xi st s f o r th e p r o t o n s a t C - 8 [e . g . ,i n 33 8 3 .5 5(d , J =

1 5 ･ 7 H z) , 4 1 25 (d ,
J = 15 ･ 7 H z)] ･ Pl a c e m e n t o f th e s e c o nd m e th o x yl g r o u p in ri n g D at

C - 10 w a s i n dic at e d b y th e o r tb o c o u pli n g (∫ = 8 . 1 H z) b e t w e e n H - l l a n d ” - 1 2 .

T h u s
,

w e c a n c o n cl ud e th a t t h e t w o m e tb o x yl gr o u p s i n n n g D of t h e s e c o m p o u n d s

a I ℃l o c a t e d at C - 9 a n d C - 10 .

B o th 1 H - a n d 1 3 c - n m r w e r e e m pl o y e d t o d e t e r m i n e th e s u b stit utio n p a tt e r n s i n

n n g A of th e c o m p o u n d s ･ A 4 0 0 M H z
I
H -

n m r sp e c tr u m of 3 5 s h o w e d si n glets f o r t h e

t w o ar o m ati c p r o t o n s i n ri n g A
,
w hic h s u g g e ste d t h at th e y w e r e p a r a t o e a c h oth e r (i . e . ,

at t h e 1 -

a nd 4 -

p o siti o n s) a n d th u s th at th e t w o m e th o x yl gr o u p s w e r e at C - 2 a n d C -3 .

C o m p a ri s o n of th e
1 3 c -

n m r sp e c t r u m of 3 5 w ith th at of t e t r ah y d r o p al m a ti n e (1 43 ,
1 4 4) ,

a k n o w n t e tr ah y d r o p r o t o b e rb e ri n e w it h m e th o x y g r o u p s a t th e 2
,
3

,
9

,
a n d l O -

p o siti o n , e st ab lish ed t h at th e c o m p o u n d s w e r e th e s a m e ･ F u rth e r c o m p a ri s o n of oth e r

p h y sic al p r op e rti e s c o nfi rm ed th at th e is ol at e w a s i n d e e d 3 5 ･ A lth o u g h p o r ti o n s of th e

l H - n m r sp e c t r u m of 3 5 h a v e b e e n r e p o r t ed (1 45) ,
i n T a bl e 1 4 w e h a v e i ndic at e d th e

a s s ig n m e n t f o r e a c h r e s o n a c e i n t h e 4 0 0 M H z sp e c t r u m ･ D e te r m i n a ti o n o f th e o ptic al

r o t a ti o n of 3 5 e st a blish e d th at it w a s (
-

)
-t e tr a h y d r o p al m a ti n e w i th th e (S) a b s ol u t e

c o n fig u r ati o n a s d e pi cte d in Fig . 6 (1 46 ,
1 47) .

M a s s s p e c tr al a n aly s e s e s t a blish e d th at 3 3 w a s a p e r) t a m e t h o x yl d e ri v a ti v e

w hic h c o nt ai n ed a n ad diti o n al 0 C H 3 gr o u p s i n n n g A a s c o m p a r e d w ith 35 a n d th at of

3 4 h ad a n a d ditio n al O H g r o u p l n t his n n g ･ R e a c ti o n of 3 4 w it h M et a n d K 2 C O 3 i n

D M F yi eld e d 3 3 a n d , th u s , s h o w e d th at 3 3 w a s th e m e th yl eth e r o f 34 ･ O n bi o sy n th eti c

gr o u n d s , t h e t hr e e m e th o x yl gr o up s l n n n g A of 3 3 w o uld b e e x p e c t e d at t h e 1 -

,
2 -

a n d

3 -

p o sitio n s , b u t c o m p a d s o n of t h e
1 3 c sp e c t r u m o f 3 3 (T able 1 5) w ith th at of O -

m e th ylc ap a mi n e (1 4 4 ,1 4 8) , th e k n o w n t e t r ah y d r op r o t o b e rb e ri n e w ith m e th o x yls a t th e

1
,
2

,
3

,9 , a n d 10 -

p o siti o n s , s h o w e d th at th e y w e r e n o t th e s a m e .
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甘a b 且e 且4
1
Ii 4 00 M H z N M R sp e c tr a of 3 3

)
3 4

,
a n d 35 a

H y d r o g e n

C o TTl p O u rI･ d

3 3 3 4 3 5
b

1 6 .5 6 s 6 .3 7 s 6 .7 5 s

4 5 .8 4 b r . s ( O H ) 6 .6 4 s

5 a x 2 .8 7 m 2 .8 4
1

m 3 .1 7 m

5 e q
2

.
5 6 m 2 .5 8 m 2 .6 7 m

6 a x 2 .8 7 m 2 .8 4 m 2 .
6 7 m

6 e q 3 .2 2 m 3 .2 2 m 3 .2 1 m

S a x 3
.
5 5 d ( 1 5 .7) 3 .5 5 d ( 1 5 ,9) 3 .5 8 d ( 15 . 8)

8 e q 4 .2 5 d ( 15 .7) 4 . 2 5 d (15 .9) 4 .2 6 d (15 . 8)

l l 6 .7 9 d ( 8 . 1) 6 .s o d ( 8 .1) 6 .8 1 d ( 8 .
1)

1 2 6 .8 9 d ( 8 . 1) 6 .8 7 d ( 8 .1) 6 .8 8 d ( 8 . 1)

1 3 a x 2
.
8 7 m 2 .8 4 m 2 . 8 4 d d ( 16 .0 , 1 2 .

0)

1 3 e q
3

.2 4 d d ( 1 0 .9
,
4 .0 ) 3 .26 d d ( 10 .5

,
4 .

4) 3 .2 8 d d ( 16 .0
,
4 .0)

1 4 3 .5 2 m 3 .5 1 m 3 .5 5 d d ( 1 2 .0
,
4 .0)

O C H 3
1

s 3 .8 5 0 3 . 8 4 9 3 .8 5 0

3 .8 5 3 3 . 8 5 2 3 .8 5 6

3 .8 7 1 3 . 8 7 4 3 . 8 7 0

3 .8 7 7

3 .8 8 3

3 . 8 9 2 3 . 8 9 2

a c h e mi c al s hift s ar e in p p m fr o m T M S a n d c o u pli ng c o n st a nt s a r e i n p ar e n th e s e s in H ert z ･

b s e e T o u r w e e t al . (1 4 5) fo r a dis c u s si o n of s o m e of 山e s e a ssig n m e n ts .

T h e f ollo w l n g e v id e n c e u n a m big u o u sly e st ablis h e d th at th e th ird m eth o x y g r o u p

in n n g A of 3 3 w a s a t th e 4 -

p o siti o n a n d th at n o s u b stit u e n t w a s o n C - 1 ･ T e tr ah y d r o
-

p r o t ob e rb e ri n e s s u ch a s 3 5 , w hi c h c o n tai n n o m et h o x yl g r o u p o n C - 1 , h a v e b e e n

sh o w n t o e xi st i n a tr a m s
-

c o nf o rm a ti o n w ith r e sp e c t t o t h e B / C ri n g f u si o n ( 14 8 ,
1 49) A

T h e o b s e rv ati o n of a hig h field (3 . 5 - 4 . 0 p p m ) H - 1 4 r e s o n a n c e i s o n e i n dic a ti o n of th is

t r a m s
-

c o n f o rm ati o n ( e . g .
,
3 .5 5 p p m i n 3 5) (1 4 5

,
1 4 8) ･ I n 3 3 a n d 3 4

,
th e n 臥 14

r e s o n a n c e w a s fわu n d in this r egio n (T able 1 4) ,

'
i n dic a d n g th at b ot h c o m p o u n d s h a v e n o

s u b stit u e n t o n C - I a n d th a t th e y e xi s t i n th e tr a m s
-

c o nf o r m a ti o n ･ F u r th e r
,
i n si m il ar

c o m p o u n d s w i th n o s u b stit u e n t o n C -1 , th e C - 6 r e s o n a n c e i n th e
1 3 c - n m r sp e c tr u m

ap p e a r s a t ab o ut 5 1 p p m
,

w hile i n c o m p o u n d s w ith a n o x y g e n s u b stit u e n t at t his

p o siti o n , th e C -6 sig n al ap pe a rs i n th e r e gi o n 4 7 - 4 9 p p m (1 4 8 ,
1 5 0) . 1 n 3 3 a n d 3 4

,
this

si g n al a p p e a r e d at 5 1 . 2 a n d 5 0 .9 p p m
, ( T a ble 1 5) r e s p e c ti v ely ,

a s e x p e c t e d f o r

c o m p o u n d s w i th n o C - 1 s ub s ti t u e n t .

It c o uld b e a s s u m e d th at b e c a u s e t h e r e i s n o s u b stit u e n t at C - 1 i n eith e r of

th e s e alk aloid s
,
th e th r e e s u b s ti t u e n t s i n n n g A m u st b e a t th e 2 ,3 , a nd 4 -

p o sitio n s ･

B u t b e c a u s e s u b stit uti o n at th e 4 -

p o siti o n i n p r o t o b e rb e ri n e s i s w i th o u t p r e c e d e n t
,
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T a b畳e 且5 1 3 c -

n m r sp e c tr a of 3 3 , 3 4 a nd 3 5 a

C a r b o n

C o m p o u n d s

3 3 3 4 3 5
b

1 1 0 4 .6 1 00 .6 1 0 8 .9
2 1 5 0 .8 1 5 0 .4 1 4 7 .6 L
3 1 4 0 .5 1 3 3 .5 1 4 7 .6
4 1 5 1 . 8 1 4 6 .3 1 1 1 .5

4 a 1 2 1
.
4 1 1 4 .8 1 2 7 .8

5 2 3 .6 2 3
.
1 2 9 .1

6 5 1
.
2 5 0 . 9 51 .5

8 5 4 .0 5 4 . 1 5 4 .0
8 a 1 2 7 .7 1 2 7 . 7 1 2 6 .9
9 1 5 0 .3 1 5 0 .

2 1 5 0 .3

1 0 1 4 5 .
1 1 4 5

.0 1 4 5 .2

l l 1 1 1 .0 1 1 1 .0 1 1 1 .1

1 2 1 2 3 .8 1 2 3 .7 1 2 3 .7

1 2 a 1 2 8
.7 1 2 8 .6 1 2 8 .7

1 3 36 .
4 3 6 .2 3 6 .4

1 4 59 . 5 ‾ 59 .5 5 9 . 3

14 a 1 33 .6 1 3 3 .7 1 2 9 .9

2 - O C H 3 5 5 . 9 5 5 .9 5 5 . 8

3 - O C H 3 6 0 .6 C 6 1 .0

6 0 .2

5 5 . 8

6 0 . 1

4 - O C H 3 6 0 .9 C

9 - O C H 3 6 0 .2

10 - O C H 3 56 .2 5 5 .9 56 . 1

a C h e m i c al shifts a r e i n p p m fr o m T M S .

b D at a t a k e n b m H y gh e s a n d M a c L e a n (1 44)
c As sig n m e n ts m d y b e in t er ch allg e d .

e vid e n c e w ill b e p r e s e n t ed t o e st ablish cl e ar ly this s u b stit uti o n p att e r n ･ I n c o m p o u n d s

w it h o ut a n o x y g e n s u b sti t u e n t a t th e 4 -

p o siti o n , t h e
1 3 c r e s o n a n c e f o r C - 5 ap p e ar s

a t ab o u t 3 0 p p m (e ,g ･ , 2 9 ･1 p p m i n 3 5) ･ I n b o th 3 3 a n d 3 4 , this c ar b o n i s s t r o rl gl y

shield e d (2 3 ･6 a n d 2 3 ･ 1 p p m
,
r e sp e c ti v ely) b e c a u s e of th e pr e s e n c e of a C - 4

o x y g e n s u b stit u e n t ･ A si m il ar s hi eldi ng o f C - 5 h a s b e e n r e p o r t e d f o r
.
si m pl e

t et r ab y d r oi s o q ui n oli n e s
一
( 15 1

,
1 5 2) a nd f o r m o r e c o m pl e x s y st e m s (1 5 3 ,

15 4)

p o s s e s s l ng a m e th o x y g r o u p at th e 4 -

p o siti o n ･ A l s o
,
t h e

1 3 c r e s o n a n c e f o r all

c ar b o n s i n th e A ri n g of 3 4 (T able 15
､

) sh o w e d e x c elle nt a g r e e m e n t w ith a si mi l a rly

s ub stit ut e d t etr a h y d r oi s o q ui n oli n e s y st e m (15 3) .

1 H 2 - D n O e s p ec t r o s c o p y

(N O E S Y )(1 55) w a s al s o e m pl o y ed t o c o nfi r m th e s u b stit u ti o n p att e r n i n ri n g A . F o r 3 3
,

this t e c h niq u e s h o w e d th at o n e of th e m e th o xyl g r o u p s w a s i n cl o s e p r o xi m lt y t O H -

5 a x ( 8 2
･8 7) , a r e s ult t h at is o n ly p o s sible if a m e th o x yl 夢r O u P is o n C - 4 ･ T h e

N O E S Y te c h niq u e w a s e v e n m o r e i nf o m a ti v e w ith 3 4 , a s it sh o w e d th at th e h y d r o x yl

pr o t o n at 8 5 .8 4 w a s. i n cl o s e p r o xi m ity t o H - 5 eq ( 8 2 . 5 8) . T his r e s ult e st ablish e d

th at th e h y dr o x yl gr o up l n n n g A m u st b e at th e 4 -

p o siti o n ･ I n m a ki n g th e
l H - n m r

a s sig n m e n t s fわr all p r o t o n s i n 3 3 a n d 3 4 ( T abl e 1 4) ,
w e w e r e a s si st e d b y a

l H

h o m o n u cl e ar s hift -

c o r r el at e d 2 - D e x p e ri m e n t ( C O S Y ) (15 6) p e rf o r m e d w it h 3 3 .
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o n th e b a si s of th e ab o v e e v id e n c e , w e p r op o s e th e ill u str a te d st ru c t u r e s f o r 3 3

a n d 3 4 . A s n ei th e r of th e s e c o m p o u n d s h a s b e e n r e p o rt ed p r e vi o u sly ,
w e s tlg g e St th e

n a m e s ( -) - o - m e t h ylth ai c a ni n e f o r 3 3 a n d ( -) -th ai c a ni n e f o r 3 4
･ Cl o s ely r el at e d

le v o r o t at o r y s ub st a n c e s ar e o f t h e (S) c o nfig u r a ti o n (1 46 ,
1 4 7) ,

s o w e p r o p o s e th e

a b s ol ut e c o n fig u r a ti o n s f o r 3 3 a n d 3 4 a r e a s d e pict e d i n F ig 6 ･ A n u n u s u al

bio sy nth etic f e a t u r e of th e t w o n e w alk al oid s is t h e p r e s e n c e of o x yg e n s ub stit u e n ts a t

C - 4 . O f th e m o r e t h a n 7 0 k n o w n p r o t o b e rb e ri n e s (1 4 9) ,
t o o u r k n o w l ed g e th e s e ar e

th e fir st w hic h h a v e b e e n r ep o rt ed w ith s ub stit u e n t s a t th e 4 -

p o sitio n ･

( ＋)
- P R O T O Q U E R C I T O L (3 2) .

- M p 2 2 8 - 2 3 0
o

,
lit . (1 37) m p 2 35 - 2 3 7

o

; [ α]
2 0

D

＋ 2 3
o

( H 2 0) , lit . (13 7)[ α] 2 0
D ＋ 2 5 . 6

o

( E 2 0 ); i r 1) m a x (K B r) 3 3 2 0 ( st . ,b r .) , 1 0 70 ,

1 0 5 0 c m
-1
;
1 H n m r

,
a s
■
r e p o rt ed p r e vi o u sly (1 33);

1 3 c n m r (D 2 0 ) 3 3 . 3 (C
- 6) , 6 8 ･6

( C - 5) ,
6 8 .9( C - 1) ,

7 l .0( C - 3) ,
7 2 .3( C - 4) ,

7 4 . 6(C
- 2); ei m s m / z

･

(r el .i n t ･) 1 6 5 ( M ＋
＋

1 ,1) ,
12 8(1 0) ,

10 2(1 8) , 9 9(2 3) , 8 6(2 4) , 7 4(5 3) , 7 3(1 0 0) .

(
-

)
- o - M E T H Y L T H A IC A N I N E (3 3) .

- M p 1 19 - 1 20
o

( M e O 印 C H C 13); [ α]
2 0

D
-

2 5 9
o

(C H C 13); ir I) m a x ( C H C 13) 3 0 4 0 , 2 9 40 ,2 85 0 , 1 49 5 ,
1 1 20 , 9 10 c m

-1
; u v 九m a x

(E t o n ) 2 0 8 n m ( e 26 ,0 0 0) ,
2 2 9 sh ( e 15

,0 0 0) ,
2 7 8 ( e 1

,
7 0 0);

1 H a n d 1 3 c n m r
,
s e e

T a ble s 1 4 a n d 1 5; ei m s m / I ( r el . i n t .) 38 5 ( M ＋
,

6 9) ,
3 8 4(3 9) , 3 5 4(1 8) , 2 2 0(2 6) ,

1 6 5(2 4) , 1 6 4(1 0 0) , 1 4 9(6 1); tl c (5 0 % E t O A c/3 0 - G o
o

p e tr ol e u m e t b e r) R f 0 .
4 4 . C al c d

f o r C 2 2Ⅰ壬2 7 N O 5 : C , 68 .5 5; H
, 7 . 0 6; N

, 3 . 6 3 . F o u n d : C
,
6 8 .4 1; H

,
7 . 4 0; N

,
3 .8 7 .

(
-

)
- T H A I C A N I N E (3 4) : M p 1 4 4 - 1 4 6

o

( M e O H / C H C 13);[ α]
2 0

D
- 2 4 3

o

(C H C 13);

ir I) m a x ( C H C 13) 3 5 20
,
3 0 20

,
28 3 0

,
2 7 5 0

,
1 4 95

,
1 1 2 0 ,

9 1 0 c m
- 1
; u v 九m a x ( E t O H)

2 0 8 n m ( e 2 2
,0 0 0) ,

2 2 1 s h ( e 8 10 0) ,
28 0 ( e 13 0 0); w it h a d d ed O H - 2 1 6 ( e 3 2

,0 0 0) ,

2 8 0 (e 3 2 0 0);
1 H a n d 1 3 c n m r

, s e e T a ble s 1 4 a n d 15 ; ei m s m / I (r el .
i n t .) 3 7 1 ( M ＋

, 6 0) ,

3 70 (2 9) , 3 4 0(1 2) ,
20 6(1 6) , 1 6 5(2 3) , 1 6 4(1 0 0) , 1 4 9(5 7); tlc (5 0 % E t O A c/3 0 -G o

o

p etr ol e u rh e th e r) R f O . 3 5 . C al c d f o r C 2 1 H 2 5 N O 5 : C , 6 7 .9 1; H
, 6 .7 8; N

, 3 .
7 7 . F o u n d :

C
,
6 7 . 7 5; H

,
6 .3 0; N

,
3 .8 0 .

(
-

)
- T E T R A fI Y D R O P A L M A T I N E (3 5)

- M p 13 9 - 1 4 1
o

,
lit .(1 5 7) m p 14 1

o

;

[ a]
2 0

D
I 20 3

o

( C B C13) ,

- 2 3 6
o

(E t O H ) ,
lit .(1 5 7) [ α】

2 8
D

- 2 5 8
o

,

- 2 7 1
o

(E tO H ); ir I ) m a x

( C H C 13) 3 0 2 0 ,28 3 0 , 2 7 5 0 , 1 59 5
,
1 2 5 5

,
9 10 c m

- 1
; u v 九m a x ( E t O H ) 20 5 n m

,
2 2 5 sh ,

2 8 1
･

,

1 H a n d 1 3 c n m r sp e c tr a , s e e T abl e 1 4 a n d 15 a n d r ef e r e n c e s (1 45 ) a nd (1 4 4) ,

r e s p e c ti v ely; ei m s m / I (r el . i n t .) 3 3 5 ( M ＋
,

6 7) ,
3 5 4(4 1) ,

3 2 4(1 2) ,
1 9 0(2 4) ,

1 65(2 3) ,
1 64(1 0 0) , 1 4 9( 1 6 2) .
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C O N V E R S I O N O F 3 4 T O 3 3 ･

- T o a s ol u ti o n of 3 4 (2 4 .
7 rn g) i n D M F

(1 ･5 m l) w a s ad d e d 24 m g fi n ely p o w d e r e d K 2 C O 3 . T o this s u s p e n si o n w a s

i n tr o d u c e d 8 ･ 2 3 トLl of M e†
,

a n d th e re a c ti o n m i x t u r e w a s s ti rr e d a t r o o m t e m p e r a t u r e

u n d e r a n a t m o sp h e r e of N 2 f o r 2 .5 h
. H 2 0 (1 0 m l) w a s a d d e d t o th e re a c ti o n

m i x t u r e
,
a n d th e p r od u c t w a s e x tr a c t e d w i th C H C13 (3 ti m e s) . T h e c o m bi n ed o rg a ni c

e x tr a c t s w e r e w a sh e d o n c e wi th b ri n e
,
d ri e d (a n h y d r o u s M g S O 4) , a n d th e s ol v e n t

r e m o v e d at r e d u c ed pr e s s u r e t O g i v e a y ell o w oil ･ P u rifi c a ti o n of th e c ru d e p r o d u c t b y

p r e p a r a ti v e ti c (5 0 % E t O A c/3 0 - 6 0
o

p e tr ol e u m e th e r , R f O .4 4) g a v e 1 6 .4 m g (64 % ) of a

c o m p o u n d i n d e ntic al t o 3 3
.

c . N a p h 紬 al e n e
一畳s o q 1 血 o且i n e s

i . A N C IS T R O C L A D U S T E C T O R I U S (1 5 8
,
1 8 4)

A n cistr o cl a d u s i s th e o nly g e n u s of th e pla nt f a m ily A n ci str o cl a d a c e a e a nd is

c o m p o s ed of n e a rly 2 0 sp e ci e s distri b u te d i n tr o p i c al A si a
,

M al a y s i a , a n d W e s t

A f ri c a (1 59 ) ･ T h e g e n u s i s a s o u r c e , t o g eth e r w it h t w o g e n e r a i n th e

D i o n c h o p h yll a c e a e
,

o f th e n a p ht h al e n e -i s o q ui n oli n e g r o u p o f alk al oid s (1 6 0 ,
1 6 1) .

E ig ht e e n alk al oid s i n t his s e ri e s h a v e b e e n i s ol at ed t o d a t e
,
a n d th e c o m p o u n d s m ay b e

gr o up e d a c c o rdi n g t o th e l o c a ti o n of t h e 8 - b o n d j oini n g th e t w o u n its . M o st of th e

alk al oid s (t e n) a r e li n k e d 5 - 1
'

(1 6 2 - 1 6 9) ,
w hilst s e v e n o th e r s a re li n k e d 7 - 1

'

(1 66 ,1 7 0
-

17 2) A T h e r e m ai ni n g alk al oid , a n ci str o cl adidi n e (3 6) fr o m A n cl s t r o cl a d l Lf h ey n e aヮu s

W a11 ･ (1 7 3) ,
i s li n k ed 7 -3

.

, a n d th e c ry stall o g r ap hic a n aly sis o f thi s alk al oid w a s

r e c e n tly p r e s e n te d (1 74) . W e r ep o rt h e re th e s t ru c t u r e d e t e r m i n a ti o n o f a s e c o n d alk al oid

h a vi n g a 7 - 3
'

li n k a g e , a n ci s t r o t e c ( o ri n e (3 7) f r o m th e l e a v e s of A n ci s ( r o cl a d LL S

te c t o ri u s 牡o u r
.) M e r r .

C H 3 0

O H
7

5ク
′

㌔, . ′ク

O C H 3 C H 3

㌦
c H 3

N

#

㌔ . , #
C H

3

36

P r e vi o u s w o r k o n th e s t e m a n d t w ig s Of A . t e c t o ri u s h a s yield e d

a n cist r o cl a d ei n e (1 6 7) ,

■
a n ci s t r o cl a di n e (1 6 9) ,

h a m a ti n e (1 6 9) ,
a n d a n ci s t r o cli n e
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(1 6 9) ,
s u b s e q u e n t t o a d e m o n st r a ti o n t h at th e sp e ci e s c o n t ai n e d alk aloid s (1 7 5) ･ T h e

r o o t s o f A
. te ct o ri u s h a v e b e e n u s ed t o tr e at d y s e nt e ry an d m al a ri a l

A fte r p a rtitio n o f th e E t O fi e xtr a c t ,
th e C H C 13 fr a cti o n w a s c h r o m at o g r a p h e d o n

al u m i n a t o affo rd a n ci s tr o t e c t o ri n e (0 . 0 1 6 % yield) . F r o m it s u v sp e c tr u m
, w hi c h dis

-

pl a y ed 九m a x 2 3 4 , 2 8 6 , 3 06 , 3 23 ,
a n d 3 3 7 n m

,
a n ci s t r o te c t o ri n e w a s a m e m b e r of th e

n a p bt h al e n e
- i s o q u l n Oli n e s e ri e s of alk aloid s c o n t ai n l n g a p b e n olic b y 血 o x y g r o up

( ℃ m a x 3 3 7 5 c m
- I
) , e v e n th o u g h n o p o siti v e F e C 13 t e st O r Shift i n b a s e (2 N N a O H

s ol u ti o n) i n th e u v s p e c tr u m w a s o b s e Ⅳ e d . N o m ol e c ul a r i o n w a s o b s e r v ed i n th e

el e c tr o n i m p a c t (ei) m a s s s p e c t ru m
,
b u t a cl e ar ( M ＋ H ＋

) w a s f o u n d at m / I 4 22 i n t h e

c h e m i c al i o ni z a ti o n m a s s s p e c tr u m u s i n g m e th a n e a s t h e r e a g e n t g a s ･ I m p o rt a n t

f r a g m e nt s i n th e ei m a s s sp e ctr u m w e r e o b s e rv ed at m / z 40 6 a n d 2 0 3 .

T h e l o w -fi eld l 臥 n m r sp e c t r u m o f a n ci s t r o t e t o ri n e fir m ly e st a blish e d th e

n a p btb ale n e -i s o q u l n Oli ll
.
e n a t u r e Of th e c o m p o u n d a n d i n di c ate d th e p r e s e n c e of t w o

d o u bl et m etb yl g r o u p ,
a n a r o m a ti c m e tb yl g r o up ,

a n N - m e tb yl gr o up , a nd t hr e e a r o m ati c

m e t h o x y gr o u p s ･ T h e a r o m ati c r e g i o n W a s c o m ple x
,

alth o u g h t w o s i n glet s w e r e

ap p a r e n t ･

I n o rd e r t o e v al u a t e t h e s tr u c t u r e m o r e e x plicitly , a d et aile d e x a m i n a ti o n of th e

hig h
- fi eld l H -

n m r sp e c t ru m of a n ci s t r o t e c t o ri n e w a s un d e r t ak e n ･ T w o d o u blet m e th yl

g r o u p s w e r e ob s e r v ed at 8 1 .2 68 a nJd 8 I . 4 6 6 fr o m th e 3 - C H 3 a n d th e 1 - C H 3 ,

r e s p e c ti v ely ,
a n d th ei r m e thi n e p r o t o n s w e r e o b s e r v e d at 8 2 .5 4 4 a n d 8 3 . 7 3 l .

h a di atio n a t 8 1 .2 7 c oll ap s e d t h e sig n al at 8 2 . 5 4 4 t o a d o u blet of d o u blet s (J = 3 .0 ,

10 .3 H z) ,
cl e ar ly e st ablis hi n g th e 3 - C H 3 t O b e eq u at o ri al . T h e ar o m atic r e gi o n w a s n o w

cl e ar 1y r e s ol v e d w ith si n glet s o b s e r v ed at 8 6 . 5 1 8 a n d 8 7 . 2 3 2
,
d o u bl et s a t 8 6 .6 8 9

a n d 8 7 ･ 3 43 , a n d a tri plet at 8 7 ･ 2 6 6 ･ T h e l atte r t h r e e sig n al s w e r e a s sig n e d t o a dj a c e n t

p r o t o n s､ o n th e n ap htb al e n e n u cl e u s
,

a n d o n b i o g e n e ti c g r o u n d s a m e th yl gr o up ( 8

2 . 16 9) w a s pl a c e d at C - 2
'

a n d o x y g e n a ti o n a t C - 4
-

a n d C - 5
'

. I r r a di atio n o f t h e

m e t h o x yl g r o u p s l n glet at 8 3 . 6 9 1 c a u s e d a n 8 . 1 % n O e eff e ct i n th e si n gl et at 8 6 .5 1 8 ,

a n d t h e r e v e r s e i 汀 adi a ti o n p r o d u c ed a n n O e (4 % ) o nly i n th e 8 3 .6 9 1 si n glet . A

si m ila r sp ati al r el a ti o n s hip w a s e s t ablis h e d b e t w e e n th e a r o m a ti c m e th o x y g r o u p at

3 .9 8 5 a n d th e d o u bl et at 8 6 . 6 8 9 , w hi c h c o uld th e r ef o r e b e a s sig n e d t o a 5
T

- O C H 3 a n d

it s adj a c e n t 6
t

- 班 . T h e r e w e r e a n u m b e r of alt e r n a ti v e s t o e x pl ai n th e f o r m e r n O e

e xp e ri m e n t s : (a) a 7 - 1
'

li n k a g e
,

w ith th e O H at C - 4
I

a n d th e third O C H 3 at C -8 , (b) a 7 -

3
T

li n k a g e w ith t h e O H / O C H 3 at C - 8/ C - 4
f

o r r e v e r s e
,
a n d ( c) a 5 - 3

'

li n k ag e w ith O H at

C -8 a n d O C H 3 at C - 4
t

･ P o t e n ti ally ,
th e s e str u c t u r e s c o uld b e di sti n g uish e d b y t h e

b a s e -i n d u c e d shift of a p r o t o n o rt h o o r p a r a t o th e h y d r o x y g r o u p a n d w h e th e r o r n o t
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t h e p r o t o n shift e d is o r th o t o a m e th o x y g r o u p ･ H o w e v e r , t h e f ail u r e of

a n ci s t r o t e c t o ri n e t o u n d e rg o a b at h o c h r o m i c shift i n th e u v sp e c t r u m o n th e a dditio n of

2 N N a O H did n ot a u g u r w ell f o r th e s u c c e s s of this e x p e ri m e n t
,
a n d c o n s e q u e n tly , th e

s l n gl e c ry stal X - r a y c ry st all o g r a p hic a n aly sis w a s c a mi e d o u t .

A n ci st r o te c t o ri n e c ry st alli z ed i n th e m o n o cli nic P 2 1 sp a c e g r o u p W ith t mi t c ell

di m e n si o n s of a = 1 1 ･8 5 8(1 4) ,
b = 7 ･ 04 3(7) , C = 1 4 .6 9 3(2 8) A

o

a n d β ≡ 1 1 4 .4 3(1 2) .

T h e c ry stal st ru c tu r e w a s el u cid at e d
,
u si n g th e p r o g r a m M U L T A N (1 7 6) ,

a n d r efi n e d
,

u si n g th e p r o g r a m S H E L X (1 77) ･ T h e h yd r o g e n b o n d le n g tb s w e r e r e s t ri c t e d t o 1 . 0 A
o

d u ri n g r efi n e m e n t, a n d th e l ar g e st p e a k o n a fi n al el e c t r o n d e n sity diffe re n c e m a p w a s

O ･ 1 2 e A
o

･

-3 T h e fi n al R = 8 ･ 0 % o v e r 1 0 8 7 i n d e p e n d e n - efle xi o n s u s l n g a u n it

w eig htin g s c h e m e .

Fi n al p o siti o n p a r a m e t e rs
,

b o n d le n g th s , a n d v al e n c y a n gle s a r e lis t e d i n

T a ble s 16 - 1 8
,

r e s p e c ti v ely ･ T h e c ry s t all o g r a phic st ru c t u r e d e d u c e d f o r a n ci st r o te c t o -

ri n e (Fig u re 7) i n di c ate s th a t it i s i nd e e d a 7 - 3
.

li n k ed n ap hth ale n e -i s o q ui n oli n e alk al oid

h a vi n g t h e m ol e c ul a r a r r a y s h o w n i n 7 0 i n w hi c h th e C - 1 a n d C -3 m e th yl g r o u p s a r e

cis a n d th e N - c o n t ai ni n g n n g t O th e i s ∝lu l n Oli n e m oi e ty ad o p t s s of a c o n f o r m a ti o n w ith

C - 3 t h e o u トof -

pl a n e at o m ･ S t e ri c hi n d r a rlC e ab o u t th e dia r yl li n k a g e r e s ults i n a dih e d r al

a n gl e of 5 6 ･ 4
o

b e w e e n t h e t w o a r o m ati c n n g s ･

C ( 12 )

o( 2 )

〔(6 )
c (5 1

c (l
●

l c (2
▲

)

c (4
'

)

c(8
●

) c( 8 ▲
l

l

c( 5
-

)

c【1 5)

c(6
'

)

c (7
'

)

亡( 4 A
-

I

o(4 )

0 (つl

c (3
'

l

C (7 )

c (1 3 )

C (8 I

o( I)
〔川

C( 9)

C ( 10

c( 3)

t4(2)

‖ l l I

C (4 a)

c( 8 a)

c ( り

Fig u r e 7 0 R T E P displ ay of th e c ry st all o g r a phic s t ru c t u r e of a n ci s b
･

o t e c t o ri n e (3 7)

It n o w b e c a m e p o s sibl e t o a s s ig n th e
l H sp e c t rtl m C O m plet ely ･ F r o m th e n O･e

e x p e ri m e n ts th e sih gle t s a t 8 3 .6 9 1 a n d 8 3 .9 8 5 c o tlld b e a s si g n e d t o th e 6 - a n d 5
'

-
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o c H 3 ,
r e P e C ti v ely , l e a vi n g t h e sig nlet a t 8 3 ･3 2 3 t o b e a s o m e w h at shield e d m e th o x y

g r o up at c & si m ila rly '
t h e a r o m ati c si n glet at 8 6 ･5 1 8 c o u ld b e a s sig n ed t o H - 5 a n d

at 8 7 .2 32 ･t o H - 1
･

. E x a m i n ati o n of th e c o u p li n g c 6 n st a n t s p e r m itt e d th e d o u blet s of

d o u blet s a t 8 2 .6 55 a n d 8 2 .7 8 7 t o b e a s sig n ed t o H - 4βa n d 班 - 4 α r e sp e c ti v ely ･ T h e

c o m plet e a s sig n m e n t s a r e sh o w n o n st ru c t u r e 3 7 ･ A n ci str o t e c t o ri n e (3 7) is th e r ef o r e

a m e m b e r o f th e r ar e 7 - 3
-

-li n k e d n ap h th ale n e
- 1 S O q ui n oli n e alk al oid s of w hic h

a n ci str o cl adidi n e (3 6) (1 73 ,17 4) ,
i s t h e o nly oth e r e x a m ple ･

T

A
0 (
0 (
0 (
0 (
C I

N I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C I

C 】

C I

C■
C
C

C

C

C

C

O I

H

H
II

H
I‡
H

Ⅱ

H

H

H
H

H

冗

II

I‡

‡‡

H
E

冗

H

H
II
a

H

刀

H

H

E
II
II

a bl e

.t o m

(1)
(2)
(3)
(4)
(1)
(2)
(3)
(4)
( 4 A)
(5)
(6)
” ,

(8)
( 8 A)
( 1)
(2

1

)
(3?
(4?
(斗A つ
(5

I

)
(6

'

)
Cr)
(8り
(S A つ
■く9)
( 1 0)
( l l)

( 1 2)

( 13)
( 1 4)
( 15)
H (3)
( 1)
(3)
(4 A)
( 4 B)
β)
( 1り
(6

'

)
(7

'

)
(名

.

)
(9 A)
(9 B)
(9 C)

. (1 0 A)
( 10Ⅰり

.( 1 ∝:)
-

(l l A)
:( ll B)
:( ll C)

. (1 2 Å)
( 12 B)
( 12 C)
(1 3 A)
(1 3 B)
(1 3 C)
(1 4 Å)
(1 4Ⅰり
(1 4 C)
( 15 A)
(1 5 B)
(1 5 C)

1 6 F r a c ti o n al at o m i c C o
-

o rdin at e s (耳

Ⅹ

12 4 0 (ち)
4 6 7 0 (7)
3 7 5 3 ( 9)
3 6 45 (10)
19 4 3 (12)
23 3 1 (l l)
28 6 8 (1 3)
3 9 6 3 (l l)
3 6 8 2 (1 2)
4 3 74 (l l)
4 0 5 6 (l l)
3 0 25 (1 2)
23 47 (1 2)
26 8 9 (l l)
13 1 2 (l l)'
17 6 9 く1)
25 8 9 (1 0)
29 6 2 (l l)
24 9 0 (1 3)
27 8 9 (1 2)
2 33 9 (1 8)
1 54 6 (1 6)
1 20 7 (l l)
1 65 6 (1 3)
2 07 4 (1 4)
1 28 S (1 6)
3 13 5 (1 4)
5 59 1 (1 2)
1 16 3 (1 6)
1 4 17 (1 4)
40 87 (1 4)
37 9 9 ( 10 2)
1 10 2 (4 1)
23 0 6 (8 1)
4 43 ($ l)

45 5 9 (7 7)
5 0 14 (6 9)
0 66 2 (7 1)
2 34 2 ( l oo)
1 1 16 (7 5)
0 5S 3 (7 2)
1 54 6 (7 7)
2 9 22 ( 39)
2 10 5 ( 94)

Q 89 6 (1 06)
0 7 12 ( 97)
15 16 (1 0 1)
3 6 42 ( 84)
2 3 00 ( 3S)
3 5 10 ( 89)
5 9 26 ( 88)
5 1 99 ( 96)
6 27 2 ( 70)
0 3 96 ( 5 2)
11 02 ( 88)
1S5 4 ( 67)
2 2 30 ( 49)
0 9 97 ( 8 2)
0 9 19 ( 74)
｡ 柑07 ( 59)
3 6 19 ( 94)
4 3 83 ( 87)

10 4
) w it h ら. s . a

-

s (i n p a ∫e n tb e si s)

95 9 4
y
(:

65 4 9 (:
1 13 8 7 (:
13 6 1 3 (:
87 9 4 ぐ
7 93 1 ぐ
6 04 2 (:
6 19 9 (

1

7 0 21 (
■

64 27 (:
7 04 3 (■
8 24 4 (
87 6 6 (:
8 15 8 (
77 8 6 (
7 3g O

L(
i 65 1 (

1 0 27 8 (■
1 0 75 2 (
1 2 38 3 (
1 2 83 3 (
1 1 5 43 (
9 9 55 (
9 4 90 (

1 0 9 65 (
79 17 (
5 10 3 (
51 43 (

11 3 77 (
5 5 79 (

15 27 2

12 78 7

85 2 1

5 109

50 1 6

20)
22)
2 3)
2 3)
27)
24)
27)
29)
2S)
28)
25)
29)
27)
25)
30)
27)
25)
23)
27)
:27)
:3 0)
:32 ･)
こ3 5)
:2 6)
:2 4)
:3 2)
:3)

:2 9)
:3 1)
:2 8)
(2 9)
(3 7)
( 17 5)
( 12 7)
(S 6)
( 12 2)
( 12 1)
( 13 4)
(5 6)
( 17 6)
( 12 ･4)
( 16 0)
( 1 85)
( 15 2)
(7 8)
(1 16)
(1 44)
(1 4 0)
(1 58)
(1 0 6)
(1 50)
(1 26)
(1 5 4)
(1 4了)
(1 6 1)
(1 35)
(1 65)
(1 26)
(17 7)
(1 58)
( 107)
(1 47)

7 12 1

55 3 1

69 8 4

14 2 12

17 S3

9 06 9

15 86

0S 79

17 9 4

9 19 5

69 60

7 53 4

3 97 1

4 9 26

6 26 0

4 5 00

4 1 83

5 77 0

1 20 5 1

1 08 47

1 23 0 6

5 14 0

4 53 3

5 9 83

15 6 8 0

16 42 4

1 46 00

2:

3 3 (6)
0 0 (6)
2 6 (7)
0 7 (6)
16 (9)
64 (8)
･09 ( 10)
1 8 ( 1 0)
ll (9)
7 2 ( 1 0)
37 (9)
5 5 (9)
7 9 (9)
-5 6 (9)
63 ( l l)
58 ( 1 0)
81 ( 9)
･5 2 ( 9)
76 ( 9)
64 ( 10)
-69 ( 13)
･2 1 ( ll)
･8 6 ( 10)
･4 5 (9)
85 ( ll)

r80 ( 12)
L7 2 ( 10)
L7 0 (9)
･6 1 ( l l)
I7 7 ( 12)
L1 4 ( ll)
13 7 ( SO)
4 4 (7 1)
ト80 (79)
ト63 (6 8)
'9 5 (77)
-5 3 ( 74)
L4 0 (73)
L3 4 (79)
i85 (55)
■60 (7 4)
【73 (6 4)
;80 (5 2)
r3 1 (6 0)
?0 2 (8 i)
i89 (9 0)
I4 3 (6 2)
L9 1 (9 5)
T63 (6 5)
A 6 (9 1)
;19 (4 0)
L48 (5 6)
【29 (7 0)
L80 (6 9)
L76 (5 2)
)50 (7 9)

.
10 (7 9)
那 (8 1)

199 (4 3)
;60 (7 5)
蔓69 ( 83)
L64 (4 9)

4 20 7
- 11 16
･ 18 64
. 1(;09
- 07 1 8

0 1 11

107 2

1名37

1(;5 5

0 67 9
_ 0 05 6

3 3 63

2(;58

24 8i

30 5 2

37 76

43 64

50 69

5 22 1

46 8 6

39 4 5
. 11 85
- 27 80
- 247 2

29 7 0

0 86 1

2 07 7
4 81 4

2 93 7
- 114 4
- 14 80
- 04 63
- 079 5

1 05 3

3 44 0

5 23 4

5 6 85

4 7 60
- 0 873
_( 娼80
- 17 3 1
- 29 02
･ 26 89
- 3 34 3
- 24 9 1
- 29 63

0 43

2 80

2 82

4 20

29 63

1 64 6

36 19

24 48

28 29

04 80
14 76

10 50

21 10

22
.
8 a

13 99

46 60

4 8 69

5 4 64

T h e m a s s s p e c tr u m of a n ci str o te c t o ri n e al s o m e ri ts s o m e a d ditio n al c o m m e n t ･

A f a cile l o s s of 1 5 a m u w a s ap p a r e n t t o g l V e th e s t able sp e ci e s at m / z 4 0 6 . T h e m o st

i nt e r e sti n g I o n th o u g h is m /I 20 3 si n c e this d6 e s n o t c o r r e sp o n d t o eit h e r h alf of th e
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m ol e c ul e a s m ig h t b e e x p e c t e d , alth o u gh t it cl e ar ly is d e ri v e d f r o m th e i s oq ui n oli n e

u n it .
I n o u r e s ti m a ti o ll tlli s i o n m a y h a v e th e s t r u c t u r e 3 7 a i n w hicI1 O n e Of th e

alip h atic m e th yl g r o t)p s h a s b e e n l o st t o g eth e r w i th o n e of th e m e tb yls f r o m a n ar o m a ti c

m e th o x y g r o u p . A n ci str o cl a didi n e (3 6) s h o w s al o s s of 1 5 a m u

i o n a t m / I 40 5
,
b u = 1 0 S t a ble sp e ci e s ar e o b s e rv e d b el o w this m a s s .

ダ
ー

モヒ , ～

#

も ､

O C H
3

N

C H
3

十 .

3 7 a m / z 20 3

f r o m th e m ol e c ul a r

T h e ab s ol ut e c o nfig u r a ti o n of n ap h th al e n e -i s o q u l n Olin e alk al oid s h a s b e e n

s t u die d p r e vib u sly (1 6 5 ,1 78) . T h e c d s p e c t ru m o f a n ci s tr o t e c t o ri n e i n M e O H sh o w ed

a n e g ati v e fi r s t C otto n eff e c t ([0] 23 4
- 3 4 , 1 7 9) a n d a p o siti v e s e c o n d C o tt o n effe ct

(【0】2 1 8 ＋ 7 0 ,1 6 7) w lli c h cl e a rly d e m o n s tr a t e s tll e a b s ol ut e c o nfig u r a ti o n o f

a n cistr o t e c t o ri n e t o b e th at sh o w n i n 3 7 .

O

T ab !e 且7 B o n d l e n g hts ( A ) w it h e d s
'

s (i n p ar e n th e s e s)

0(1) - C(1 8)
0(1) - C(1 3)
0(2) - C(6)
0(2) - C(12)
0(3) - C(4

'

)
0(4) - C(5

.

)
0(4) - C(1 5)
0(1 0) - N (2)
0(1) - C(8 A)
0(I) - C(9)
N (2) - C(3)
N (?) - C( 1q)
C(3) - C(4)
C(3) - C(1 1)
C(4) - C(4 A)
C(4 A) -C(5)
C(4 A) -C(8 A)

1 .3 56 (1 8)

l

l

:宗吾琵言‡
1 .4 2 7 (2 1)
1 .3 5 2 (1 8)
1 .4 1 6 (2 2)
1 .44 7 (2 3)
1 .4 6 9 (2 2)
1 .5 5 0 (1 7)
1 .5 5 4 (2 5)
1 .4 6 3 (24)
1 .4 5 8 (1 7)
1 .4 7 3 (1 6)
1 . 5 6 2 (2 5)
l .4 9 2 (2 3)
1 .4 1 3 (1 8)
1 . 3 7 0 (2 1)

C(5) - C(6)
C(6) - C(7)
C(7) - C(8)
C(7) - C(3 )
C(8) - C (8 A)
C(I

f

) - C(2
'

)
C(1り- C(8 A

'

)
C(2

'

) - C(3
I

)
C(2

'

) - C(1 4)
C(3

-

) - C(4
■

)
C(4

'

) - C(4 A
'

)
C(4 A

'

) - C(5
-

)
C(4 A

l

) - C(8 A
'

)
C(5

'

) - C(6
.

)
C(6

'

) - C(7
t

)
C(7

'

) - C(8
1

)
C(8

■

) -C(8 A
-

)

1 .3 8 0 (2 2)
I .4 2 9 (2 2)
1 .4 1 3 (1 7)
1 .5 1 0 (2 1)
1 .3 5 4 (2 2)
1 .3 6 3 (2 4)
I .4 4 3 (2 5)
1 .4 1 4 (2 3)
1 .50 1 (2 5)
1 3 9 3 (2 1)
1 .4 1 1 ( 22)
1 .4 0 3 (2 5)
1 .4 1 7 (2 5)
1 .3 6 5 (2 8)
1 .3 8 3 (3 1)
1

.3 4 1 (3 0)
1 .4 14 ( 2 3)

8 5



O

T a bl e 且8 V ale n c y A n gl e s ( A) w ith e d s
'

s (i n p a r e n th e s e s)

C(1 3) - 0 ( 1) - C (8)
C( 8 A) - C (8) - 0 ( l)
C( 5) - C( 6)

- 0 (2)
C( 3

'

) - C( 4
'

) - 0 (3)
C( 1 5) - C( 4) - C ( 5

I

)
C( 6

1

) - C (5
.

) - C (4)
C(9) - C( 1) - N (2)
C( 1 0)

- N ( 2)
一 C (1)

C(4 A)
- C( 8 A)

- C( I)
C( 1 0) - N ( 2) - C ( 3)
C( 1 1)

- C (3)
- N( 2)

C(4 A)
- C( 4)

- C (3)
C( 8 A) - C(4 A)

- C( 4)
C( 6)

- C (5)
- C( 4 A)

C( 7)
- C (6)

- C (5)
C(3

f

) - C( 7) - C (6)
C(8 Å) - C( 8)

- C (7)
C( 4

●

) - C( 3
-

) - C (7)
C( 3

f

) - C( 2
'

) - C( 1
.

)
C( 4 A

'

) - C( 8 A
-

) - C( l
l

)
C( 1 4) - C( 2

'

) - C ( 3
'

)
C( 4 A) - C (4

■

)
- C( 3

'

)
C( 8 A

'

) - C( 4 A
'

) - C( 4
'

)
C( 6

'

) - C( 5
'

) - C( 4 A
l

)
C( 7

'

) - C (6
-

) - C( 5
t

)
C( 8 A

'
- C (8

'

)
- C( 7

'

)

.2 (1 3)
7
.(

1 2)
9 (1 4)
0 (l l)
9 (1 2)
9 (1 6)

.1 (1 3)
.5 (1 3)
,1 (1 2)
.9 ( 1 4)
.1 ( 1 2)
.6 ( 1 3)
.9 (1 2 ･)
･3 (1 4)
,2 ( 1 2)
.9 (1 2)

.1 (1 5)
9 (1 4)
9 ( 1 6)
8 ( 1 3)
8 ( 1 3)
5 ( 1 4)

6 ( 1 5)
2 ( 1 6)
6 ( 1 8)
9 ( 1 7)

1 1 8

1 1 7

1 2 3

1 1 5

1 2 0

1 1 8

1 0 7

1 0 7

1 1 9

1 1 1

1 1 2

1 1 1

1 2 0

1 1 9

1 2 0

1 1 8

1 2 0

1 2 0

1 1 9

L I B

1 1 9

1 2 1

1 1 8

1 2 5

l l (～

1 2 1

C( 7) - C( 8) -q( 1)
C( 1 2) - C ( 2) - C( 6)
C( 7) - C( 6) 1 0 ( 2)
C( 4 A

'

)
- C( 4

'

)
- 0 ( 3)

C( 4 A
'

)
- C( 5

.

) - 0 ( 4)
C( 8 A)

- C( 1) - N ( 2)
C( 3) - N( 2) - C( 1)
C(9) - C( 1) - C ( 8 A)
C( 8) - Cく8 A) - C (1)
C(4) ･ C(3) - N(2)
C(1 1) - C ( 3) - C( 4)
C(5) { (4 A) - C (4)
C(8 A)

- C (4 A)
- C (5)

C(8) - C( 8 A) - C( 4 A)
C( 8)

- C( 7)
- C (6)

C( 3
'

) - C( 7)
- C( 8)

C( 2
1

)
- C( 3

'

)
- C( 7)

C( 8 A
t

)
- C (1

■

) - C( 2
-

)
C( 1 4) - C ( 2

f

) - C( I
'

)
C( 8

'

) - C ( 8 A
'

) - C( 1
'

)
C( 4

.

) - C ( 3
'

) - C( 2
'

)
C(5

-

) - C ( 4 A
■

) - C( 4
'

)
C( 8 A

'

)
- C( 4 A

'

) - C (5
.

)
C( 8

1

) - C (8 A
'

)
- C ( 4 A

. '

)
C( 8

'

) - C ( 7
'

) - C( 6
'

)

1 2 1 .2

1 1 6 . a

1 1 5 .9

1 2 3 .4

1 1 5 .8

1 1 4 .4

1 1 4 . 2

1 0 8 .5

1 1 8 .9

1 0 8 .6

1 1 2 .3

1 1 8 .7

1 2 0 .0

1 2 2 .0

1 1 8 .3

1 2 2 .1

1 1 9 .2

1 2 .1 .3

1 2 0 .3

1 2 3 . 0

1 1 9 .9

1 2 5 .3

1 1 6 .2

1 1 8 .2

1 2 1 .9

( 1 2)

(l l)

(l l)
(1 4)

(1 3)

(1 3)

(1 2 .)

( 1 2)

(1 3)

(15)

(1 4)

(1 5)

(1 3)

(13)

(1 3)

(1 4)

(1 4)

(1 6)
(1 6)

(1 6)

(1 2)

(1 5)

(1 3)

(1 6)

(1 6)

2 .6 5 2 .7 9

3 .9 8

6 % R o e

6 .6 9

7 .2 7

〆
㌢

§さ.

8 .1 % n o t

3 ･6 9
c =

3 0

9 .5 6

0 H

一 <ク

7 .3 4 7 .2 3

7

C H 3

2 .1 7

6 .5 2

#

も､

H H

ざ 1 .2 7

㌦
c H

3

2 .5 6

N C H
3

2 ･4 8

3 .7 3

O C H
3 C H

3

3 .3 2 l
.
4 7

3 7

P H Y S I C A L P R O P E R T I E S O F A N C IS T R O T E C T O R I N E .

- A n ci str o t e c t o ri n e

(37 ) cr y st alli z ed fr o m h 4 e2 C O a s p al e y ell o w n e ed le s
,

m p 1 3 4 - 1 4 0
o

; ir ℃ m a x

( K B r) 33 7 5 ,
2 9 6 0 , 2 9 2 5 , 28 4 0 , 27 70 ,

1 6 40 , 1 6 0 0
,
1 5 5 5

,
1 4 5 8

,
1 4 0 0

,
13 6 2

,
1 3 2 0

,

1 1 1 5 , 10 9 5 , 1 0 8 5 , 8 2 5
,

a n d 7 5 5 c m
- 1

; u v 九m a x ( E t O H ) 2 3 4 (l o g E

4 ･ 73) ,
2 86 (3 .6 4) ,3 0 6(3 .6 1) , 3 2 3(3 . 6 6) ,

a n d 3 3 7 n m (3 . 6 9); m s m / z (ei
,
7 0 e V

,
18 0

o

) n o

M ＋
o b s e r v e d

,
4 2 0 (1 % ) ,

4 0 7(2 8) , 4 06 (1 0 0) , 3 6 0( 1 7) , 2 0 3(7 2) , 2 0 2(5) , 1 9 5(6) ,

1 89(4) ,
1 8 8(9) ,

18 7(5) ,
1 8 1(8) , 1 8 0(3 6) , 1 7 2(2 8) , 1 6 7(9) , 1 6 5(2 8) , 1 5 8(3 1) , 15 1(3 3) ,

1 45(8) , 14 4(8) ,
1 4 3(8) ,

1 3 7(7) ,
1 36(8) ,

1 3 1(7) ,
12 9(1 0) ,

12 8(8) ,
1 15(1 2) ,

a n d 1 0 7(7);

m s , m / I ( ci
, CI1 4 g a s , 7 0 e V) 4 2 2( M ＋ H ＋

,
10 0 % ) a n d 4 06(9);

1 H - n m r (3 6 0 M H z
,

C D C 13) 8 1 .
26 8 (d ,

3 H
,
J = 6 . 1 H z

,
3 - C H 3) ,

l .4 6 6 (d ,
3 H

,
J = 6 .4 H z

,
1 - C H 3) ,

2 ･ 1 6 9 ( s , 3 H , 2
'

- C H 3) , 2 A 8 4 ( s
,

3 H
,

N - C H 3) ,
2 . 5 4 4 (d d q ,

1 H
,
J = 3 .0

,
6 .1 ,

10 ･3 H z
,
3 - H ) ,

2
. 6 5 5 (d d ,

1 H
,
J = 3 . 0

,
15 . 3 H z

,
4 - H β) ,

2 . 7 8 7 (d d ,
1 B

,
J = 1 0 .3

,
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15 14 H z , 4
- Ⅲα) ,

3 ･ 3 2 3 (s
,
3 H

,
8 - O C H 3) ,3 . 6 9 1 (s

,
3 H

,
6 - O C H 3) ,

3
.
7 3 1 (q ,

■1 H
, J =

6 ･4 H z , 1 - H) , 3 ･9 8 5 ( s , 3 H
,
5

-
- O C H 3) , 6 . 5 18 ( s , 1 H , 5 - H ) ,

6 . 68 9 (d ,
1‡i

,
J = 7 .5 H z

,

6
7

- H ) , 7 ･ 2 3 2 (s , 1 H , 1
.

- H ) , 7 ･ 2 66 (t ,
1 H

, J = 7 . 8 H z , 7
-

- H ) , 7 . 3 4 3 (d ,
1 H

,
J I 8 . O H z

,

8
.

- 刀) , a n d 9 ･5 6 5 (s , 1 H , 4
-

- O H ); [ α]
2 6

D O
o

(C H C 13); C d ( M e O H ) [0]2 18 ＋ 7 0
,
16 7

,

[0] 2 3 4
- 3 4 ,

1 7 9 , [0]2 8 3
= - 10 ,2 9 1 , [0] 3 0 8

- 5
,
14 6 , [0] 3 2 1

- 6 ,5 4 9 a n d
.[0]3 3 6

- 8 ,4 2 0 .

C R Y S T A L L O G R A P H I C A N A L Y S IS ･

- C ry st al d a t a
,
C 2 6 H 3 1 N O 4 ,

M =

4 2 1 ･ 5
,

m o n o clinic , a ≡ 1 1 ･8 5 8(14) ,
b ≡ 7 ･0 43(7) , c ≡ 1 4 . 6 9 3(2 8) A

o

,β ≡ 11 1 . 4 3(1 2)
o

,

u = 1 1 4 2 ･ 6 A
o 3

,
z =

･ 2 D c I 1 ･2 2 g ･ c m -3
,

s p a c e g r o u p P 2 1 , Ll ( M O - K α) = 0 .4 6

c m
-1

.

T h e c ry st al str u c t u r e w a s el u cid at e d u si n g M U L T A N (1 7 6) a n d r e 丘n e d u si n g

S H E L X (1 7 7) ･ I n th e fi n al c y cl e s of le a st -

s q u ar e s r efi n e m e n t , th e p o siti o n al p ar a m e te r s

f o r all at o m s , a ni s o tr o p IC th e r m al p ar a m e t e r s f o r t h e C a n d 0 at o m s a n d c o m m o n

i s ot r o p I C th e r m al p a r a m et e r s f o r t h e m et hyl a n d n o n
- m et h yl h y d r o g e n s w e r e v a ri ed ･

S tr u c t u r e a m plit u d e s a n d th e rm al p a r a m e te rs a r e list ed i n m a te ri al a v aila bl e f r o m th e

a u th o r s .

P r e vi o u s w o rk o n th e chl o r o f o r m fr a c ti o n of th e eth a n ol e x tr a c t of th e l e a v e s o f

A n ci st r o cl a dんs t e ct o ri u s (L o u r .) M e r r .( A n ci str o cl a d a c e a e) yield ed a n e w 7 ,
3

･
-li n k e d

n ap ht h ale n e
-

1 S O q u l n Olin e alk al oid , w h o s e s t ru c t u r e w a s d e d u c e d th r o u gh a c o m bi n a ti o n

o f sp e c tr o s c o pic a n d X -

r a y c ry st all o g r a p hic a n aly sis (1 58) . S u b s e q u e n t c ry st alli z ati o n

o f a r el ate d fr a c ti o n f r o m a c e t o n e aff o rd ed a n ci st r o cl adidi n e (3 6) , w h o s e id e ntity w a s

e st ablish ed b y m e a n s of m i x e d m p ,
c o -ti c

,
u v

,
i r

,
m a s a n d l H -

n m r i n c o m p ar i s o n w ith a n

a uth e ntic s a m ple (17 3) .

A tt e n ti o n t h e n f o c u s s e d o n th e n m r s pe c t r o s c o p I C P r o pe rti e s of th is c o m p o u n d ,

g l V e n t h e p r e s e n c e of th r e e m e t hyl , o n e m e th yle n e , o n e alip h ati c m e thi n e ,th r e e

m e th o x y , fi v e ar o m ati c p r ot o n a te d c ar b o n s an d t w el v e q u a t e rn a r y a r o m a ti c c ar b o n s i n

t h e att a ch e d p r ot o n t e s t ( A P T) s p e ctr a . A n aly sis of th e
l H -

n m r a nd h o m o n u cl e ar

C O S Y sp e c tr a i ndic ate d th at a p h e n oli c p r o t o n a p p e ar ed at 8 9 ･6 3 p p m , a n d th at th r e e

of t h e p r ot o n s o n th e n ap htb ale n e n u cl e u s 叩p e a r e d a s a n A B X p att e 皿 at 8 7 .3 6 (d , ∫

≡ 7 .3 H z) , 7 .
28(t , J = 7 .3 H z) ,

a n d 6 .7 1 p p m (d ,
J = 7 .3 H z) a s sig n ed t o H - 8

'

, H - 7
t

a n d B - 6
-

,
r e sp e c ti v ely . T w o o th e r a r o m ati c si n glet s ap p e a r ed a t 8 7 ･ 2 5 a n d 6 ･63 p p m

a n d w e r e a s s lg n e d t o H - r a n d H - 5
,
r e s pe cti v ely ･

F u rth e r e v id e n c e t o a s s ig n H -5 a n d H - 6
'

w a s a pp a r e n t fr o m th e N O E S Y

sp e ctr u m , w hi c h r e v e al e d th e p r e s e n c e of a n O e e 批 ct b et w e e n a m e t h o x y g r o u p

8 7



si n gl et at 3 .9 9 p p m a n d H - 6
-

, a n d b et w e e n a si n gl e t a t 8 3 ･
7 5 p p m a n d H - 5 (6 o6 3

p p m ) . c o n s eq u e ntly , t h e s e t w o m e th o x y gr o up si n gl ets w e r e a s sig n e d t o C - 5
'

a n d C -6
,

r e sp e c ti v ely ･ T h e r e m a l n l n g 皿 eth o x y s l n glet , w hid h d o e s n o t s h o w a n y n O e w i th a n

adj a c e n t ar o m ati c p r o t o n
,
c o uld th e r ef o r e b e att ri b ute d t o p o siti o n 8 ･

T h e m o s t hig h
-fi eld m eth yl gr o u p r e s o n a n c e a t 8 1 ･4 3 p p m (d , I = 6 ･7 B z)

a n d a s sig n e d t o p o siti o n 3 , w a s c o u ple d t o a m ul tipl et at 8 3 ･4 1 p p m ･ w hi c h w a s i n

t u r n c o upl ed t o a p ai r of g e m i n ally
- c o u ple d m e t h yle n e p r o t o n s a t 8 2 ･6 9 (d d , J =

1 5 .5
,
4 . 5 H z) a n d 2 . 4 2 (d d , J = 15 . 5 ,

1 ･8 H i) ,
a s w ell a s

■
b ei n g lo n g

-

r a n g e c o upl ed

t o a m e th yl d o ublet at 2 .49 p p m (J = 1 .8 H z) ･ T h e sig n al s w e r e a s sig n ed t o H -3
,

H - 4 α ,
H - 4β a n d 1 - C H 3 ,

r e sp e c ti v ely . A ttrib u tio n of th e c h e m i c al shift s o f th e

p r ot o n s α a n d βat H -

4 w a s c o nfi r m e d b y th e o b s e r v a ti o n o f n O e c r o s s p e ak s i n th e

N O E S Y sp e ctr u m b et w e e p H - 3 (3 . 4 1 p p m ) a n d H - 4β(2 ･
4 2 p p m ) ･ A d diti o n ally ,

a s

n o t ed fr o m th e X -

r ay c r y st al s t r u c t u r e d a t a of a n ci st r o t e c t o ri n e (3 7) ,
t h e i s o q ui n oli n e

m oi ety ad o pt s a s o f a c o n f o r m a ti o n w ith C -3 o u トof -

pl a n e (1 5 8) ･ U n d e r th e s e

c o n diti o n s
,
a n d , g i v e n th e c o uplin g c o n st a n t d at a

,
th e a s s lg n m e n tS Of 班 - 4 α a nd H -

4P w e r e c o n fir m e d , T h e r e m ai ni n g m e th yl si n glet at 2 ･ 1 6 p p m w a s a s sig n e d t o H - 2
'

･

E x a m i n a ti o n of t h e b r o ad - b a n d d e c o uple d a n d t h e A P T c ar b o n
- 1 3 n m r s pe ctr a

did n ot p e rm it c o m ple t e a n d u n a m big u o u s r e s o n a n c e id e ntific ati o n f o r a n ci str o cl adi -

di n e (36) . T his c o u ld o nly b e a c hi e v e d th r o u gh t h e ap plic a ti o n of th e C S C M I D

(1 79) a nd s el e cti v e I N E P T (1 8 0) t e c h n iq u e s . I niti ally , th e p r o t o n a te d c ar b o n s w e r e

a s sig n e d u si n g th e f o rm e r t e c h niq u e (Fig u r e 8) . M a g n e ti z ati o n t r a n sf e r r e d fr o m th e

d o w n field s at ellit e of H - 5 aff o rd e d t w o p o siti v e r e s o n a n c e s f o r C -5 (1d5 .8 7 p p m ) a n d

C -6
'

(1 0 3 .0 1 p p m ) a n d w e r e di stin g ui sh e d a s d e s c rib e d b el o w ･
M a g n e ti z a ti o n

tr a n sf e r r ed f r o m t h e u pfield c ar b o n
1 1 3 s at ellit e o f H - 7

'

s h o w e d th r e e n e g ati v e

r e s o n a n c e s fb r C - 1
.

,
C - 8

-

a n d C - 7
-

at 8 1 18 . 70 , 12 1 . 07 a n d 1 2 5 .5 8 p p m b e c a u s e of

th e p r o申m lty O f th e p r ot o n ch e m i c al s hift s o f H - 8
-

a n d H - 1
f

･ A si m il ar sit u ati o n w a s

e n c o u n t e r e d w i th H - 8
-

. I rr a di ati o n 1 Of th e d o w nfield s at ellit e of 班 - 8
-

e n h a n c e d th e

r e s o n a n c e a t 8 1 21 .0 7 p p m m a xi m ally , s u g g e sti n g th at th is m i gh t b e C - 8
'

, a n d t o a l e s s e r

e x t e n t th e sig n al at 8 1 2 5 .5 8 p p m , w hic h w a s t e n t a ti v ely a s sig n ed t o C -7
'

･ A p o siti v e

di stin cti o n b et w e e n th e s e r e s o n a n c e s w a s m ad e w i th th e s el e c ti v e I N E P T t e c h niq u e ,

a s ill u s t r a t ed s u b s eq u e n tly ･ I r r a di a ti o n of th e d o w n fi eld c ar b o n - 13 s at ellit e of th e 5
'

-

O C H 3 P r ot o n s P O Siti v ely e nh a n c e d t h e 5
f

- O C H 3 C ar b o n at 8 5 5 ･ 8 0 p p m ･ Si m il ar ly ,

ir r adia ti o n of t h e d o w n field s atellit e of 8 - O C H 3 yield e d t w o p o siti v e r e s o n a n c e s f o r th e

8 - O C H 3 C ar b o n (60 .8才p p m )
■

a nd f o r C -3 (5 l . 40 p p m ) ,
a n d a n e g ati v e r e s o n a n c e f o r

t h e 6 - O C H 3 C ar b o n (5 5 .9 3 p p m ) . T h e s e d at a s u p p o rt e d t h e p r e s e n c e o f H - 3 p ar ti ally

hid d e n b el o w t h e 8 - O C Ii3 P r O t O n S ･ I r r adi atio
'

n o f t h e d o w nfield c ar b o n
- 1 3 s a t ellit e of

8 8



1 - C H 3 p o siti v ely e n h a n c ed th e 1 - C H 3 (2 6 .85 p p m ) a n d t o a l e s s e r e x t e n t C - 4 (3 5 .
2 0

p p m ) ･ w h e n t h e d o w nfield s at ellit e o f 3 - C H 3 W a s ir r adiate d
,
o nly a p o sitiv e r占s o n ah c e

f o r 3 - CⅠi3 (2 1 .9 3 p p m ) w a s o b s e r v e d .

T b e o x y g e n a t e d c a rb o n s o n th e n ap btb ale n e a n d is o q u l n Oli n e n a g s w e r e

a s s ig n e d u s l n g th e s el e c ti v e I N E P T t e c h niq u e e m plo y i n g a d el a y ti m e C O r re SP O n di n g t o J

= 4 H z (Fig u r e 9 a n d 10) I S el e c ti v e I N E P T i r r adi a ti o n of t h e m e th o x y si n gl et s

a tt a c h e d t o C - 5
'

, C -6 a n d C - 8 r e s ult e d in t h e e n h a n c e m e n t of th e s e c ar b o n s a t 15 6 . 0 1
,

1 5 9 ･ 2 8 a n d 15 7 ･7 5 p p m
,
r e sp e c ti v ely ･ Ir r a di a ti o n o f 臥 4 α wi th J = 5 H z yield e d th e

th r e e
- b o n d c o u ple d c a rb o n s C - 5(1 0 5 .8 7 p p m ) , 3 - C H 3 (2 1 . 9 3 p p m ) a n d C - ぬ (1 1 6 .9 3

p p m ) , a s w ell a s t h e t w o - b o n d c o u plin g s of C -4 a(14 1 . 25 p p m ) a n d C -3(5 1 . 40 p p m ) .

As sig n m e n t of th e r e m a l n l n g n aP h th al e n e n n g c a rb o n s w a s a c hie v ed w i th J =

● I

8 H z
.
I r r adiati o n of H - 1

'

l e d t o t h e e n h a n c e m e n t of th e c a r b o n r e s o n a n c e s at 8 1 3 6 . 08 ,

8 1 2 1 .0 7
,
1 16 .7 9 a n d 8 1 13 .

2 5 p p m . Ir r a di ati o n of H - 6
'

al s o e n h a n c e d th e r e s o n a n c e

a t 1 1 3 .2 5 p p m
,
i n dic atl n g th at it s h o uld b e C - 4

●

a a n d al s o th e r e s o n a n c e a t 1 2 1 . 07

p p m
,

i n dic ati n g it t o b e C - 8
'

. I r r a di ati o n of th e 2
T

- C H 3 e n h a n c ed t h e sig n al s at 8

1 18 17 0
,
1 16 ･7 9 a n d 1 3 7 ･ 7 1 p p m

,
a nd c o n s eq u e n tly th e sig n al at 8 1 16 .7 9 p p m c o uld

b e a s c ri b e d t o C - 3
r

,
t h e sig n al at 8 1 3 7 . 7 1 p p m to C - 2

.

a n d th e sig n al at 8 1 18 .7 0 p p m

t o C - 1
.

. T h e r e m ai ni n g r e s o n a n c e a t 8 1 36 . 0 8 p p m w a s a tt ri b ut e d t o C - 8
.

a ,

th e r eb y c o m pleti n g th e u n a m big u o u s a s s lg n m e n t Of th e c a rb o n - 1 3 n m r sp e c t ru m of

a n ci str o cl a didin e (3 6) .

P hy sic al P r o p e r ti e s of A n ci s tr o cl a d L
'

di n e
- A n ci s t r o cl adidi n e (3 6) cr y st alliz e d

fr o m a c e t o n e a s p al e y ell o w n e edle s , m p 2 5 5 - 2 5 8
o

d e c .

, [α] D
= 129 .7

o

( C H C13 ; C

O ･0 6 4); ir )ヽ m a x (K B r): 3 3 6 7 , 3 01 3
,
29 3 4 , 1 6 09

,
1 0 9 0 c m

- 1
; u v 九m ｡ x ( M eP H ):23 8

(l o g e 4 . 2 2) ,
2 55 s h(3 .8 9) , 2 8 5(3 .6 3) , 3 06 sh (3 . 4 1) , 3 2 0(3 . 34) , 3 35 n m (3 .4 2);

1 H -

n m r (3 6 0 M H z , C D C13) 8 : 9 .6 3 (1 H , s , 4
-

- O H ) , 7 .3 6 (1 H , d , J = 7 .3 H z , H -8
t

) ,

7 . 28 ( 1 H , t , J = 7 .3 H z , H - 7
.

) , 7 . 25 (1 H , s , H - r) , 6 . 7 1 (1 H
, d , J = 7 . 3 H z , H -6

f

) ,

6 ･6 3 ( 1 H
,
s

,
H -5) ,

3 ･9 9 (3 H
,
s

,
5

■
- 0 (二H 3) ,

3 ･7 5 (3 H , s
,
6 - O C H 3) ,

3 ･ 4 1 (1甲, m , H -3) ,

3 .3 7 (3 H
, s , 8 - O C H 3) ,

2 .6 9 (1 H ,
d d

,
J = 15 .5

,
4 .5 H z

, .
昆 - 4 α) ,

2 .4 9 (3 H
,
d

,
J =

1 .8 H z , 1 - C H 3) , 2 .
4 2 (1 H

, d d , J = 1 5
.5 ,

1 .8 H z
,
H - 4β) ,

2 . 16 (3 H
,
s

,
2

'
- C H 3) ,

1 .4 3

(3 H , d , J = 6 . 7 H z
, 3

- C H 3);
1 3 c n m r (c D C 13) : 1 63 ･2 6 (C;

- 1) , 15 9 ･ 28 ( C 1 6) , 15 7 ･75

( C - 8) ,
1 5 6 . 0 1 ( C - 5

'

) ,
1 5 1 . 2 6 ( C - 4

'

) ,
1 4 1 .2 5 ( C 1 4 a) , 1 3 7 ･7 1 ( C - 2

'

) ,
1 3 6 ･0 8 ( C -

8
t

a) ,
1 2 5 .5 8 (C - 7

.

) ,
1 2 1 . 0 7 (C - 8

'

) ,
1 1 8 .7 0 ( C - r) ,

1 18 .6 3 (C
- 7) ,

1 1 6 .9 3 ( C - 8 a) ,

1 1 6 .7 9 ( C - 3
'

) ,
1 1 3 . 2 5(C - 4

1

a) ,
10 5 . 87 ( C -5) ,

1 0 3 . 0 1 ( C - 6
.

) ,
6 0 . 8 2 (8 - O C H 3) ,

5 5 ･9 3

(6 1 0 C H 3) , 5 5 .8 0 (5
-

- O C H 3) , 5 1 . 4 0 ( C - 3) ,
3 5 . 20 ( C - 4) ,

2 6 ･8 5 (1
1 C H 3); 2 1 ･9 3 (3

-

8 9



C H 3) ,
2 0 . 4 6 (2

T
- C H 3); ei m s , m / I ( r el . i rlt .) 4 0 5 ( M ＋

,
1 0 0 % ) ,

3 8 8(37) , 3 4 4(2); ci m s
,

m / I ( r el . i n t .) 4 0 5 ( M
＋

, 1 0 0 % ) .

C H
J
O

O H'

ク
′

!
′

ク
′

′

.
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'

ら .

､
､
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/y
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′

C H ,
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′く
紺

O C H
J

C H
3

8 0 C H J

3

エ, c M
,
.

1 C H
J

C S C M I D

C H

1 0 C H
,

′

5 0 C H l

6
'

1
′

†

8

O

I
H

･

I
l

I

∫

～

G H )
(

t ▲

I6 0 = O I2 1 †l l l l l l 1 1 2 1

1 C H
) a

8 0 C H Jd

′

5 0 亡H
対

H 5d

′

H ㌔

J

H a
d

Fi g ･ 8 R e p r e s e nt a ti v e C S C M 1 D s pe ctr a of a n ci s tr o cl a didi n e (3 6)
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2 . 1 . 3 . 2 ‡m d ol e s

i . K O P S IA J A S 朋
■

I N I F L O R A (1 8 1 ,1 8 5)

A st u d y of th e i n d ol e alk aloid c o n s tit u e n t s w a s m a d e o n K op si a j a s m i n lJ7o r a

pit a rd (F a m ily A p o c y n a c e a e , s u b f a m ily P lu m e ri oid e a e , t ri b e R a u v olfi e a e) ,
a sp e ci e s o n

w hic h n o c h e m i c al r ep o rt h a s b e e n p u blish ed ･ F r o m th e m e th a n ol e x tr a c t of t h e

l e a v e s c olle cte d at C hi a n g M ai p r o v i n c e of T h ail a n d t w o k n o w n a n d fi v e n e w

al k al oid s w e r e o bt ai n e d ･
A m o n g th e n e w alkla oid s th r e e w e r e f o u n d t o b e n o v el cl a s s

of K op s l a alk al oid s .

C o m p o u n d 3S sh o w e d t h e U V sp e c tr u m c h a r a c t e ri stic t o N - a cyl at e d i n d oli n e

c h r o m o p h o r e ･
T h e

l H - N M R sp e ctr u m
,
t h o u g h r e v e al e d s o m e r e a dily a s s lg n abl e

f u n c tio n al g r o u p s s u c h a s N ( a) - m e th o x y c ar b o n yl ( 8 3 ･ 7 9 & 3 ･8 1
,

r o t a m e r s) ,
a r o m a ti c

ri n g p r o t o n s ( 8 7 .1 2 (H
- 9) , 8 7 . 0 6 ( H - 1 0) ,

8 7 ･ 2 3 ( H - l l , a n d 8 7 ･ 5 0 & 7 ･9 4 ( H -

1 2
,
r o t a m e r s)) , a n d a c o nj u g a t e d m e th yl e st e r ( 8 3 . 7 7 ( C O 2 M e) a n d 7 ･ 0 4(H - 1 7)) ,

s tr o n gly s u gg e st ed a hith e rt o u n e n c o u n t e r e d t y pe b a si c sk el e t o n ･ A t th is s t ag e X -

r a y

st ru c t u r al a n aly sis w a s c a mi ed o u t ･

T h e c ry st al of c o m p o u n d 3 8 h ad t h e f oll o w l n g C ry st al d at a : t ri cli nic , P l , a =

1 0 . 1 0 8( 2) ,
b - 1 5 . 1 1 8(2) , c = 7 . 2 2 1(1) A

o

,
α - 9 9 .8 4 (1) , β ≡ 1 0 8 ･8 1(2) , γ =

8 0 . 0 9(1) . I n t e n sity d a t a of 4 0 3 9 r e fl e c ti o n s ,
F( o) > 3 8 F(o) , w e r e m e a s u r e d o n a f o u r

ci r cl e s diffr a c t o m e t e r . T h e s t ru c t u r e w a s s ol v ed b y th e dir e c t m e t h o d a n d th e r e s ult w a s

r efi n e d b y bl o c k - di a g o n al le a s t sq u ar e s c al c ul atio n s t o a n R v al u e of O ･0 6 2 ･
T h e

O R T E P d r a w i n g is sh o w n b el o w . C o m p o n d 3 8
,
r n o w n a m e d k o p sij as m i nil a m (3 8) ,

t ur n e d o ut t o b e th e fir s t e x a m ple of D n = s e c o K op si a a
1

1k al oid s ･

Ih th e
l H - N M R sp e c t r u m of k o p sij am inil a m (3 8) a hi gh ly d e shield e d sig n al is

o b s e rv ed at 8 4 .1 0 , w hi ch is a s c ri b able t o 冗 -3 α s uff e ri n g fr o m d e shieldi n g a ni s o tr o p I C

effe ct c a u s ed b y C - 2 1 a m id e c a rb o n yl g r o u p . O th e r p r o t o n s a dj a c e n t t o nitr o g e n w e r e

o b s e r v e d at 8 3 .0 0 ( H - 3β) ,
2

.8 8 阿
- 5 α) , a n d 3 .5 0( H -5β) . T h e

1 3 c - N M R d at a a r e

s h o w n i n T abl e 19 ･ B a s e d o n th e s e a n d oth e r sp e c tr o s c o pic d at a
,

s tr u c t u r e s o f t w o

ad ditio n al cl o s ely r el ate d alk al oid s , c o m p o u nd 3 9 a n d c o m p o u n d 40
,
w e r e el u cid at e d a s

d e s c ri b e d b elo w .

C o m p o u n d 3 9 s h o w ed th e
l H - N M R sig n al s d u e t o t h e m e th yl e n e s o n C -3(

3 . 0 2(H - 3β) a n d 8 4 . 15(3 α)) a n d C - 5 ( 8 2 .8 7( B - 5 α) a nd 8 3 . 5 6( H - 5β)) at al m o s t th e

9 2



s a m e p o sitio n s a s k o p sij a s m i nila m (3 8) . T h e
1 3 c - N M R ( T a ble 19) i n dic at e d t hi s

c o m p o u n d t o b e 2 0 - d e o x y k op sij a s m i nil a m (3 9) . T h e C - 20 sig n al w a s f o u n d a t 8

3 3 ･ O a s a d o u bl et ･ T h e s lg n al d u e t o e - 1 8 w a s o b s e Ⅳ e d a t･ 8 弧 4 , at a p o si ti o n

shift e d d o w n field b y 4 ･1 p p m f r o m 3 8 o w i n g t O th e r elief fr o m th e y
-

g a u c h e eff e c t of

th e h y d r o x yl g r o up at C -2 0 of 3 8 .

C o m p o u n d 4 0 p o s s e s s ed o n e d o u ble b o n d i n th e m ol e c u l e o f k o p s lj a S mi nila m

(3 8) ･ T h e
l H - N M R s p e c t r u m of 40 s h o w ed t w o ol efi n i c p r o t o n s , H

- 14 a n d H + 5
,
a t

8 5 ･ 4 4 a n d 8 5 ･8 0
,

r e sp e c ti v ely ･ T h e ch a r a c t e ri stic H - 3 c ” ig n al m o v ed f u rth e r

d o w n w a r d t o 8 4 ･9 4 i n t hi s c o m p o u n d ･
T h e s e fi n di n g s

,
t o g eth e r w i th 1 3 c - N M R

sp e c tr al d at a ( T a bl e 1 9) , i n dic a t e d th e st ru c t u r e t o b e A I斗- k o p sij a s m i n il a m (40) .

C at alytic r ed u c ti o n of 40 ( H 2 P d - C , a t m o sp h e ri c p r e s s u r e) off o rd e d k o p sij a s m i nil a m

(38) a s e x p e c te d .

T w o a d ditio n al n e w alk al oid s , c o m p o u n d 4 1 a n d c o m p o u n d 4 2
,

i s ol ate d a n d th e st ru c t u r e s w e r e d e d u c e d a s f oll o w s .

W e r e

C o m p o u n d 4 1 sh o w ed t h e U V sp e c tr u m s u p e ri m p o s abl e t o th a t of (3 8) , t h u s

i n dic ati n g th e ch r o m o p h o r e s of N(a)
-

m e th o x y c ar b o n yl i nd oli n e a n d a c rylic e s t e r
.

T h e

l H - N M R sp e c t r al d a t a of th e n o n
-

a r o m a ti c m oi ety a n d th e m a s s sp e c t r al fr a g m e n t s

w e r e r e m a rk ably a n al o g o u s t o t h o s e of a r e p o rt ed c o m p o u n d 4 5 d e ri v e d fr o m n a t u r al

k o p sid a si n e 4 6 o r k o p sid a si n e N - o xid e 4 7 b y H o m b e rg e r a nd H e s s e (1 8 2) . T h e
1 3 c -

N M R o f 4 1 (T able 1 9) s t r o n gly s u pp o rt e d th e el u cid at ed st ru c t u r e
.

T h e n a m e

of k o p sIJ a S m i n e w a s g l V e n t O c o m p o u n d 4 1 .

C o m p o u n d 4 2 O as m i nifl o ri n e) w a s f o u n d t o h a v e a 1 2 - m e th o x y i n d oli n e

c h r o m o p h o r e b y th e U V sp e c tr u m a n d th e
l H - N M R sp e ctr u m ( 8 3 .8 5( O M e) ,

8

6 .76( H - l l) , 8 6 . 8 5( H - 10) , a n d 8 6 .9 7( H -9) . T h e I R a b s o rpti o n at 1 7 25 c m
- 1

a n d

1 3 c - N M R sig n al at 8 2 14 .8(s) i n dic

-

at e d th e k et o ni c g r o u p of th e typ e of fr uti c o si n e
-

f ru ti c o s a m i n e . T h e s e a nd oth e r sp e c tr al d ata d e m o s tr at ed th e s t r u c t ur e sh o w rl ab o v e . T h e

o ri e nt ati o n of th e h y d r o x yl g r o u p at C - 16 w a s d ed u c ed to b e β o n th e b a si s of th e

c o u pli n g c o n st a n t (∫ = 6 .6 H z) b et w e e n 16 - H a n d 17 +a (18 3) ･

A l o n g w ith th e ab o v e n e w alk al oid s t w o m o r e b a s e s w e r e i s ol a t ed a n d w e r e

sh o w n t o b e f ru ti c o si n e 4 3 a nd fr u ti c o s a m i n e 4 4 th r o u g h c o m p ar i s o n of th e s p e c t r al

d ata w it h t h o s e gi v e n i n th e lit e r at u r e (18 3) .
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c o m p o u n d 3 8 (k o p sij a s mi nil a m ) : m p 2 4 5 - 2 4 6
o

C
, [ α】D

- 2 2 0
o

( C H C 13) ,

c 2 3 H 2 6 N 2 0 6 ･ M S m / I : 4 2 6 ( M ＋
, 7 0) ,

40 8(4 3) , 3 9 4(3 2) ,
3 3 9(1 0 0) ,

4 2(4 5) ･ I R (K B r)

3 4 5 0 ,
1 1 2 0 , 1 7 0 0 ,

1 69 0 c m
-1

･
u v ( M e O H ) 2 0 8 ,

24 7 , 28 0 ･
2 9 0 n m ･

. 1 B - N M R (2 7 0

M Ⅰi z
,
C D C 13) 8 : 1 ･6 ト2 ･ 3 5(8 H ) ,

2 ･ 4 8 (1 B
,
d d d

,
J - 15 ･3

,
1 5 ･3 , 5 ･6 H z) ,

2 ･8 8

( 1 B
,

d d , J = 9 ･6 ,
9 ･ 6 壬i z) , 3 ･0 0 (1 H

,
d d , J = 1 4 ･ 2

,
4 ･ 6 H z) ,

3 ･ 50 (1 B , d d d ,
J = 1 1 ･ 4

,

l l A ,
l l .4 B z) , 3 ･6 7 (1 H , b r

･ s) ,
3 ･7 9 & 3 ･8 1 ( e a ch s , 6 H alt o g eth e r) , 4 ･ 10(1 H

,
d d

,
J

≡ 1 3 .8
,
l l .9 H z) ,

7 .0 4 (1壬i ,s) ,
7 ･0 6 (1 H , d d , I = 7 ･3 , 7 ･3 H z) ,

7 ･ 1 2 ( 1 H ,
d

,
J =

6 . 3 H z) , 7 .2 3 (1 H ,
ト 放 e) , 7 ･5 0 (d -lik e) & 7 ･9 4 (br) (1‡i) ･

c o m p o u n d 3 9 (d e o x y
･k o p sij a s m i n ila m ) : m p 1 9 2 - 1 95

o
C

,
C 2 3 H 2 6 N 2 0 5 , [ α] D

- 2 1 0
o

( C H C 13) . M S m / z 4 10( M ＋
,8 1) , 3 7 8(7 8) ,

3 2 3(10 0) ,
59(5 4) ･ I R (K B r) 1 7 20

,

1 7 1 0 ,
16 9 0 c m ＋ u v ( M e O H) 2 10(4 ･6 2) ,

2 4 3(4 ･2 5) , 28 2(3 ･ 4 7) ,
28 9(3 ･

4 3) n m ･

1 H -

N M R (2 7 0 M H z , C D C 13) 8 : 1 ･5 - 2 3 (1 0 H ) ,
2 ･8 7 (1 H

,
d d

,
J = 7 ･ 1 , 7 ･

1 H z) ,
2 ･9 0 (l

H
,
m ) ,

3 . 0 2 (1 H ,
d d

,
J - 1 3 ･

2
,

4 ･ 6 B z) , 3 ･5 6 (1 H
,
b r ･) ,

3 ･6 4(s) 良 3 ･ 8 3(s) ( 3 H ) ,

3 . 76(3 H , s) ,
4 .15 (1 H ,

d d , J I 1 2 ･8
,
1 2 ･ 8 H z) ,

7 ･0 6 (1 B , d d , J = 7 ･6
,

7 ･6 H z) ,

7 . 1 4 (1 H , d ,
J = 7 ･1 H z) , 7 ･ 2 3 (1 H

,
t - lik e) , 7 ･

2 6(l H
,

s
,

o v e rl ap p e d w ith C H C 13

sigh al) , 7 . 5 1 (d ,
J = 7 ･9 昆 z) & 7 ･9 5 (d ,

J = 7 ･9 H z) (1 H ) ･

c o m p o u n d 4 0 ( A 1 4
- k o p sij as m i nila m ) a m o rp h o u s p o w d e r ･

H i gh

R e s .1 uti o n M S : 4 2 4 .1 6 3 ( M '
) ( C al c d . f o r C 2 3 H 2 6 N 2 0 5 ; 4 2 4 ･ 1 63 2) A M S m / z 4 2 4

( M .
,
6 8) , 4 0 6(7) ,

3 6 5(7) , 33 8(2 4) ,
3 3 7(1 0 0) ,

2 5 9(7) ･
1 6 7(9) , 1 1 5(8) , 5 9(1 5) ･

u v ( M e O rl) 2 09 ,
2 4 2

,
28 1

,
29 0 n m

･

1 H 二N M R (2 7 0 M H z
,

C D C 13) 8 : 1 ･9 2 ( 1 H
,

d d d
,
I = 14

.
4

,
7

,
9 .7 H z) , 1 .9 0 - 2 . 15 (4 H

,
m ) , 2 ･3 2(1 H ,

m ) ,
2 ･ 4 0(1 H , m ) ,

2 ･6 5 (1 H ,

d d d , I - 16 . 6
,
14 .0

,
6 . 4 H z) , 2 .9 0 (l H

,
m ) ,

2 ･9 6 (1 H
, d d

,
J - 9 ･5 , 9 ･5 H z) ,

3 ･ 37 (1 H ,

d d , J = 1 7 .2
, 6 .8 H z) ,

3 . 40 (1 H , m ) ,
3 .7 2 & 3 ･8 0 ( e a c h s

,
6 B alt o g eth e r) ,

4 ･9 4 (1 H ,

d d d , J = 1 7 . 4
,
2 . 7

,
2 . 7 H z) , 5 .

4 4 (1 H ,
d d

,
J = 1 2 ･ 5 , 6 ･1 H z) ,

5 ･8 0 (1 H ,
d d

,
J =

12 .5 ,
2

.7 H z) ,
6 . 8 2 (1 H , s) , 7 .0 6(2 H ) ,

7 ･2 4(1 日) , 7 ･ 5 2(d ,
J = 7 ･ 9 H z) & 7 ･9 8 (d ,

J =

8 .6 H z) (1 B ) .

c o m p o u n d 4 1 (k o p sij as m i n e) : m p 19 9 - 2 0 2
o

C ,【α] D
- 2 0 2

o

( C H C13 ･ H igh

R e s ol u ti o n M S : 39 4 .1 8 8 5 ( M '
) ( C alc d .

f o r C 2 3 H 2 6 N 2 0 4 ; 39 4 ･ 1 8 9 0) ･ M S m / I : 3 9 4

( M
･

, 10 0) , 3 9 3(2 0) ,
37 9(3 1) , 3 63(1 2) , 3 3 6(2 0) ,

3 35(6 6) , 3 0 7(19) , ? 8 2 (19) ,
2 7 5(19) ,

2 26(2 1) , 5 9(1 2) .

1 H - N M R (2 7 0 M H z , C D C 13) : 8 1 ･ 2 - l ･
4 (3 H ) ,

1 ･4 6(1 H , d d d ,
J =

13 .3 , 13 3 , 3 .5 H z) ,
1 .6 0 (1 H

,
d d d , J = 13 .3

,
9 . 1

,
9 . 1 H z) , 1 ･

45 - 1 ･6 5(1 H
,

m) ,
1 ･7 0 -

1 .9 0 (2 H , m ) , 2 .0 5 (1 H
,
b r .d

,
J = 1 3 .1 H z) ,

2
.
4 7 (1 H

,
d d

,
J = 13 ･7 , 6 ･8 H z) , 2 ･5 8

(1 H , d d d , J = 8 . 6 , 8 .6 ,
6 .8 Ii z) ,

H z) , 2 .6 8 (1 H
,
d d

,
J = 2 ･ 7 , 2 ･7 H z) ,

3 ･ 0 5 (2 H , b r
,

d , J = 6 .7 H z) ,
3 .3 3 (1 H

,
s) , 3 .7 4 & 3 .7 9 (b r . s a n d s , 6 H alt o g eth e r) ,

6 ･8 5 (1 H ,
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b r ･ s) ,
7 ･0 3 (1 H

,
d d

,
J = 7 ･ 0 , 7 .3 H z) ,

7 . 2 0 (1 H , d d , J = 7 .0 , 7 .O H z) ,
7 . 2 9 (1 H

,

d
,
∫ = 7 ･ 2 H z) , 7 ･ 5 0 (br) & 7 . 9 1 (b r) (1 H ) .

C o r n p o u n d 4 2 O a s m i niflo ri n e) : m p 2 3 0 - 2 3 3
o
C

, [ α】D
- 5 5 .3

o

(C H C13) . H ig h

R e s ol u ti o n M S : 3 5 3 ･
1 7 8 4 ( C alc d ･ f o r C 2 1 H 24 N 2 0 3 : 3 5 2 .17 85) . U V (E t O H) 2 1 0(4 .5 0) ,

2 4 5(3 ･ 8 4) ,
2 9 1(3 ･ 3 7) n m

･ M S m / I 3 5 2 ( M '
, 1 0 0) , 2 3 2(9 0) , 2 5 4(17) ,

2 5 3(10) ,

2 10(9) ,
1 2 4(6 0) I I R( K B r) 3 5 0 0 -3 3 0 0

,
17 30 c m

- I
. 1 H - N M R (2 7 0 M H z

,
C D C13) 8 :

1 ･ ト1 ･5 (5 H
,
m ) ,

1 ･7 8 (1 H
, d d , J = 1 1 . 5

,
3 .3 H z) , 1 .8 7 (1 H

,
d d d

,
J = 1 2 .8

,
9 .6

, 9 .6

H z) ,
2 ･ 20 (1 H ,

d d d
, J = 1 1 ･5 , 9 ･9

,
9 .9 H z) ,

2 .4 1(1 H , d , J = 4 .6 H z) ,
2 .5 8(1 H

,
d

,

■
J

= 6 ･ 6 H z) ,
2 ･8 4 (1 H

, d , J = 1 0 ･6 H z) ,
2 .8 5 - 2

.9 0 (2 H , b r) , 3 . 2 2 (1 H
,
s) , 3 .59 (1 H

,

d d
,
J = 1 l ･6

,
4 ･6 H z) , 3 ･8 5 (3 H , s) ,

4 .2 0(1 H
,
d

, J = 6 . 6
.
H z) , 6 . 7 6 (1 H

,
d d

,
J = 8 .0

,

1 ･O H z) ,
6 ･8 6 (1 H

,
d d

, J = 8 ･0 , 8 .O H z) ,
6 .9 6 (1 H

, d d , J = 7 .3 , 1 .O H z) .

N

9
R

1 0

l l

1 0

l l

#

§ゝ

1 2

ク
′

㌔ .

12

9

#

§ ゝ

12

1 7

8

1 3 N 2

M e O
2
C 1 6

N

H

小
R

'

2 1

1 8
1 9

2 0

A

C O 2
M e

N

㌦
H

R 1 6

山○

21

1 8

8

1 3 N
2

1 6
1 7

0

1 9

M e O
2
C C O

2
M e

9 5

1 5

1 4

1 5

1 7

1 4

2 0

R

4 1 R = H R
-

= H

4 5 R = O M e 氏
-

- ”

46 R = O M e R
t

= O E

4 7 R = O M e R
t

= O H

N - O x id e

4 2 R = O M e

l 印
- O H

4 3 R = H

1 6B - o H

4 4 R = H

1 6 α
- O H

3 8 R = 0Ⅰi

3 9 R = H

4 0 R = O H

A
1 4



T a b! e 且9 1 3 c - N M R (6 7 .5 M H z , C D C 13) of c o m p o u n d s 3 8 - 4 2

4 0 4 且 4 2
一 ■ 一 ■ ■ ■ 一 - 一 一 ■ l ■ 一 ■ ■ 叫

6 8 .9
a) 7 1 .1 6 5 . 5

3 8 3 9
～

6 9 .
2 a) 6 9 .5

C a r b o n

2

3

5

6

7

8

9

1 0

1 1

1 2

1 3

1 4

1 5

1

1 6

1 7

1 8

1 9

2 0

2 1

C - C = O

N - C = 0

0 - M e

0 - M e

4 2 .9

4 4
.0

3 2 .4

6 1 .3

13 0 .4

1 2 4 .4 , 1 2 4 .9

1 2 3 . 3

1 2 8 . 5 , 1 2 8 . 6

1 1 5 . 3

1 4 0 . 9

2 2 . 6

3 1 .
4

1 4 8 .0
,
1 4 8 .6

2 9 .3 , 3 0 .4

2 3 .9

1

1

1

1

1

1

1

1

1

1

4 7 . 3

5 0 . 2

39 .0 叫

6 2 .5

1 3 5 .2

1 2 2
.
1

1 2 3 .6

1 2 4 .7

1 1 5 .2

1 4 2 .0

1 6 .1

2 6 .0

4 0 .8

4 5 .2

3 1 .6

6 5 .0

2 9 .5 b )

2 4 .3 C)

2 3 .6

2 8 . 8

1 5 .6

4 0 . 8

9
C)

8

1 b )

2 4
.

■

3 8 .

3 0 .

4 2 .

2 6 .

9

6

2 9 .7

3 3 .0 6 8 .2 a)

1 72 .0 1 7 2 .3

1 6 6 .9 1 66 .5

1 5 3 .2 1 5 3 .3

5 1 .8 52 .2

5 2 .0 5 2 .8

1 4 3 .4

3 8 .
2 a)

3 2
. 3

3 4 .0

6 9 .0

1 66 . 1

5 1 .8

5 2 . 2

4 8 .5

5 4 .7

5 5 .4

60 .6

1 3 0 .6

1 1 0 .4

1 1 7 .3

1 2 1 . 5

1 4 6 .4

1 3 8 . 8

1 7 . 8

3 5 . 7

70 . 9

5 9 .1

3 1 .6

2 9 .5

3 5 .4

6 7 .0

2 1 4 .9

5 3 .7

4 2 . 3

4 3 . 9

3 2 .9 b)

6 0 . 3

1 3 0 . 5

12 4 .9

1 2 3 .6

1 28 .7

11 5 .4

14 0 .6

2 2 . 5

4 1 . 3

1 3 0 .1

1 4 5 .
7

2 6 .3

3 2 .2 b)

69 .
4 a)

1 7 2 .O a)

1 6 6 .5

15 3 .4

5 2 .3

5 2 .8

a) , b) , c) : As sig n m e n ts m ay b e in t e r c h a n g ed

9 6



♂

A
ミ≒岳 さ ー

,#

F/

ミ竜 三ミミミ態

Fig l l O R T E P d r a w i n g Of k op sIJ a S m i nil a p

9 7

. 6 #

′1
■
ヽ

- ヽ
′

A



F u r th e r e x tr a c ti o n w ith et h a n ol ,
f ollo w e d b y t h e u s u al w o rk - tip P r o c e d u r e s a n d

r e p e a t e d ch r o l-- a t O g r a P h y o v e r silic a g el yi eld e d alk aloid 4 8
,

w h o s e m ol e c ul a r f o r m ul a

c 2 3 H 2 6 N 2 0 5 W a s e s ta blis h e d b y hig h r e s ol u ti o b m a s s m e a s u r e m e n t ･ I n t h e r e g i o n

1 6 9 0 - 1 7 5 0 c ll一
- 1

, t h e I R s p e c t r u m - di spla y ed tll r e e C a rb o n yl b a n d s , o n e o f th e m

i n di c a ti v e f o r a n e s t e r (1 7 4 5 c m
- 1
) . T h e s e

'

c o n d b a n d at 17 2 7 c m
- i

c o ul d b e a s sig n e d

w i th th e aid o f th e
1 3 c N M R sp e c t r u m t o a k e t o f u n c ti o n (2 1 4 p p m ); w hil e th e a b s e n c e

of a m i n e p r o t o ll i rl th e
l H N M R s pe ctr u m a n d th e o b s e r v a ti o n of sig n al s at

1 4

1 5

2 0

N

#

ミ
ゝ.

1 2

I
M e O O C

2

2 1

1 8
1 9

1 6

C O O M e

2 2

1 7

48 R = f1

49 R = O M e

1 5 3 a n d 5 2 p p m i n th e
1 3 c N M R s pe ct r u m all o w e d th e a s s l g n m e n t O f t h e a b s orp ti o n

b a n d a t 1 6 9 7 c m
-1

t o a u r e th a n e m oi e ty ･ T h e U V sp e c t ru m displ ay e d a si m il a ri ty t o a

N - m e tb o x y c a rb o n y ト2
,
3

,

-dih y 血 oi n d ol e c b r o m op h o r e .

T h e
l H N M R sp e ctr u m r e c o r d e d at 2 2

o

i n t e g r a t e d fわr 2 6 p r o t o n s ,
b u t

displ ate d th re e p ai r s of id e n ti c al si g n al s (7 .9 1 a n d 7 . 4 8 ,
4 ･ 1 0 a n d 3 ･ 8 9 ,

a n d l ･9 5 a n d

1 .7 8 p p m ) iI一t e g r ati ll g f o r o n e b alf p r o t o n e a c b ･ I n c r e a si n g t e m p e r a t u r e l e d t o a

g r ad u al b r o a d e ni n g of th o s e s ig n al s a n d t o a c oll ap s e o f t h e b r o a d si n gle t b u ri e d u n d e r

til e m e th yl e ste r s l g n al s a t 3 .7 4 p p m . T his ob s e r v a ti o n s u g g e s te d th at 8 6 w a s a

1 :1 mi x t u re of t w o c o nf o r m e r s a t r o o m t e m p e r a t u r e i n w hic h th e N - c ar b o m e th o x y gr o up

w a s i n t w o e n e r g e ti c ally a v ail a ble pla n a r c o nf o r m ati o n s ･ S plitti n g o f all b ut th r e e

o f t h e s lg n al s i n th e
1 3 c - N M R sp e ct ru m s u p p o rt e d th at n o ti o n ･ T h e eq uilib ri u m of

e n e rg e ti c ally fa v o r a ble c o nf o r m e r s f o r i n d ol e alk al oid s b e ar i n g a u r e th a n e g r o u p h a s

b e e n r ep o rte d p r e vi o u sly(1 8 6 ,1 8 7) .

T h e
l
H - N M R d a t a w e r e f u rth e r a n aly s ed w ith t h e aid of r e s ol u ti o n e n h a n c e d

C O S Y sp e ct r a a t 2 2
o

a n d 55
o

(s e e Fig 12 a a n d b ,
T abl e 2 0) .

I n ad diti o n t o t h e N -

c a rb o m e th o x y a n d m e th yl e st e r g l
1

0 u P S ,
fi v e i s ol a t e d sp i n S y st e m s W e r e O b s e r v e d ･

F o u r a r o m a ti c p r o t o n s w ith a c o u pli n g p att e r n typi c al f o r a n o
- di s u b stit u t e s a r o m a ti c r l n g

w e r e o b s e r v e d ill tl l e r e g 1 0 Ⅰ- 7 . 0 - 7 . 9 p p m , a n d a t w o
-

p r o t o n sp l n S y st e m W a s
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c o m p ri s e d of a s plit d o u blet at 4 ･ 1 0 a n d 3 ･89 p p m , c o uple d t o a d o u ble t a t 3 ･5 2 p p m

(J I 9 ･
4 H z) ･ T w o p ai r s of m e t h yle n e p r o t o n s , o n e p ai r of w hi c h

,
b e c a u s e of t h eir

c h e m i c al shifts (2 ･9 7 a n d 2 ･7 5 p p m ) h a d t o b e v i ci n al t o a h et e r o at o m
,
a n d a s e c o n d p ai r

w e r e o b s e rv e d at l ･ 5 3 a n d 3 ･5 4 p p m . T h e l a rg e ch e m i c al shift diffe r e n c e (A 8 2 .0 1)

b et w e e n th e s e t w o p r o t o n s i n dic at e d a s けo n g a n i s o t r o p lC e 批 ct of a sp a ci ally cl o s e

c a r b o n yl ･
A n o th e r spi n sy st e m c o n si st ed of thr e e p ai r s of m e th yl e n e p r o t o n s (2 . 9 2 a n d

2 ･7 9
,
2 ･ 3 8 a n d 2 ･ 4 9 a n d l

･
2 1 a n s l ･3 3 p p m ) ,

th e fi r st of w hic h w a s al s o a dj a c e n t t o

nit r o g e n ･ F i n ally , t h e s l g n al s f o r a n o t h e r t w o p a l一s Of m e th yl e n e p r o t o n s w e r e

o b s e r v e d at l
･9 5 (1 ･7 8) a n d l ･4 3

,
a n d l ･3 5 a nd 1

.5 8 p p m , r e sp e c ti v ely .

T h e A P T sp e ct ru m o f 4 8 displa y e d r e s o n a n c e s f o r f o u r ar o m a ti c C H a n d t w ?

ar o m ati c q u at e m ar y c ar b o n s , th r e e n o n - a r o m a ti c q u a t e rn a ry , t w o m e thi n e a n d s e v e n

m e th yl e n e c a r b o n s t o g et h e r w ith sig n al s a ttri b ut a bl e t o th e N - c a rb o m eth o x y ,
m et h yl

e st e r a n d k et o f u n c ti o n aliti e s ･ T h e l att e r s lg n al
,

d u e t o it s u n u s u ally hig h c h e m i c al

shift (2 1 4 p p m ) w a s r e m i n i s c e n t of k o p sid a si ni n e 4 9 (18 6) ,
a n d a t e n t a ti v e

a s s ig n m e n t s Of t h e ot h e r c ar b o n r e s o n a n c e s s h o w ed g o o d ag r e e m e n t w ith a

k o p sid a si ni n e ty p e sk el et o n .

P o siti v e p m o f of th e n at u r e of t h e n u cl e u s w a s o b tai n e d th r o u g h e xt e n si v e

N O R diff e r e n c e e x p e ri m e n t s a t 2 2
o

a n d 5 5
o

, w hi ch li n k e d all of th e dis c r e t e sp l n

sy st e m s t o g eth e r a n d c o m plet ely e st ablish e d t h e r el ativ e st e r o c h e m i stry a n d t h e

p r ef e r r e d c o nf o rm ati o n . F u r th e r m o r e
,

th e sp e c tr al si m plifi c a ti o n p e rm itt e d

s u b st a n ti ally o v e d 叩p ln g S lg n als i n th e r e g l O n 1 .2 - 1 . 7 p p m .

T h e r e s ults of th e N O B d iffe r e n c e e x p e ri m e n t s a r e s c h e m a ti c ally r e p r e s e n t e d i n

Fig . 1 3
,

w hic h als o sh o w s th e p r ef e r re d c o nf o r m a ti o n of 4 8 i n s ol u ti o n . O n ir r adiatio n

o f t h e N -

c a r b o m et h o x y r e s o n a n c e , a w e ak e n h a n c e m e n t o f t h e H - 12 sig n al s w a s

o b s e rv e d . T h e f a c t th at t h e H - 1 2 r e s o n a n c e s of b oth c o nf o r m e r s w e r e e nh a n c e d c a n

b e e x plai n e d b y c o n sid e r a ti o n of a n e q uilib d u m st at e s w h e r e c o nfb m a ti o n al

e x c h a n g e i s m u c h f a ste r th a n th e r a th e r sl o w N O E b uild -

u p a n d d e c a y ･ N O B
-

s f r o m

H - 1 6 t o H - 18 a
,
fr o m H - 1 7 t o H - 1 9 a

,
H - 15 a a n d H 1 3 a , a p d b et w e e n H - 1 4 b a n d H - 5 b

d efi n e d th e r el ati v e s te r e ∝ h e m i stry ar o u n d th e q u ate rn a ry c ar b o n s C - 2 , C -7 a n d C - 20 .

I r r a di atio n o f H - 6 b l e d t o a n e n h a n c e m e n t of H - 9 , th e r e b y e st a blishin g a li n k t o t h e

i n d ole n u cl e u s . T h e st e r e o ch e m i st ry ar o u n d th e u r e th a n e m oi e ty w a s d efi n e d b y th e

a ni s o tr o p I C effe ct o f t h e N - c a rb o m e th o x y c a rb o n yl gr o up o n H - 12 , H 1 1 6 a n d H - 18 b ,

a nd th eir sp ati al p r o xi m ity w a s c o n fir m e d b y a m ol e c ular m ∝1el ･ T h e st e r e o c h e m istry

of th e C - 1 6 e s t e r g r o u p w a s e s t a blish e d fr o m th e c o u plin g c o n st a n t J 1 6
.
1 7 = 9 ･4

H z
,
i n dic a ti n g a S m all dih e d r al a n gl e f o r th e H - C - 1 6 t o H - C - 17 b o n d ･ T h e e st e r
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f u n c ti o n h a d th e r ef o r e t o b e e n d o r el a ti v e t o th e C - 1 8 - C - 1 9 b ri d g e . M ol e c ul ar m ∝1els

r e v e al eld a v e ry cl o s e sp ati al rel a ti o n ship b et w e e n th e e s t e r c a rb o n yl a n d H - 6 a
,
th e r eby

e x pl ai n l n g .
th e u Il u S u ally s t r o n g d e sbi eldi n g o b s e r v ed fわr th at p r ot o n ･

N O E
.

s th at c o uld b e ob s e r v e d ar e al s o i n di c at ed i n Fig 13 .
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Fig 1 2 b
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T h e
13 c - N M R sp e c t r al d a t a w e r e a s s ig n ed th r o u g h l D h et e r o n u cl e a r c o r r el ati o n

u si n g th e C S C M I D p uls e s e q u e n c e (1 8 8) ･ S el e c ti v e p o p ul a ti o n t r a n sf e r f r o m b oth

t h e u pfield a n d d o w nfi eld
1 3 c s atellite s i n th e

l H
I N M R sp e ct ru m a u o w e d f o r th e

u n a m big u o u s a s si g n m e n t o f all of th e p r o t o n a t ed c a rb o n s ( T a bl e 2 0) ･ C o m p a r e d t o

th e p r e vi o u sly r e p o rt ed a s sig n m e n t s o f th e cld s ely r el at e d k o p sid a si ni n e(18 6) ･ all of

th e i nt e r c h a n g e able a s sig n m e n ts h a v e b e e n cl ari fie d ･
那l e a s s ig n m e n t Of th e C -3 a n d C -

5 r e s o n a n c e s h ad t o b e i n v e rt ed
,
a n d th e r e s o n a n c e s of th e ar o m a ti c c ar b o n s C -9

,
C - 10

a n d C -l l , al l of th e m cl o s e i n c h e m i c al s hift
,

c o uld b e disti n g uish e d b a s ed o n th e w ell

r e s ol v ed l H - N M R sp e c tr u m ･ I n a si m il ar f a shi o n , t h e f o u r s ig n al s i n th e r e g l O n

2 8 -3 5 p p m w e r e a tt ri b ut ed t o th e alip h atic m e th yle n e c ar b o n s C -6 , C - 14 , じ 18 a n d C -

1 9 .

B a s e d o n t hi s s pe ctr al e v id e n c e , c o m p o u n d 4 8 w a s i d e ntifi e d a s lO -

d e m e tb o x y k o p sid a si ni n e ･ T o o u r k n o w l e d g e it is o nly th e s e c o n d i n d ol e alk al oid

kn 6 w n w ith t his p ar ti c ul ar sk el et o n , a n d si n c e th e st ru c t u r e of k o p sid a si ni n e 4 9 w a s

e s t a blis h e d e s s e n ti ally th r? u g h c h e m ic al c o Ⅱel ati o n w it h k o p sid a si n e a n d

plei c a rp l n e , t h e p r e s e n t r ep o rt r ep r e s e n ts th e fir st d et aile d N M R sp e ct r al a n aly sis of

a c o m p o u n d in this s e ri e s .

1 0 1 D e m e th o x yk o p sid a si ni n e (4 8) . C ol o u rl e s s p ri s m s
,
6 0 m g ,

0 ･0 0 8 6 % , m p

1 9 4 - 19 6
o

, 【α]
2 0

D
- 15 9 o

( M e O H
,
c 1 .0 0); U V 九m a x ( M e O H ) n m ( e) : 2 0 8 (26 ,8 00) ,

2 4 3 (1 3 ,
6 0 0) ,

28 0 (2 ,
2 0 0) ,

2 8 7 (2 ,
0 0 0); I R I ) m a x K B r c m

- 1
: 2 8 0 0 ,

2 7 2 0 , 1 7 4 7 ,

1 7 2 7 , 1 6 9 7 , 15 8 5 , 1 5 7 0 , 1 4 8 1 , 1 4 6 3 , 1 4 4 4 , 1 3 6 5 ,
1 3 5 9 ,

1 1 9 7
,
1 1 6 9

,
7 4 0; E I M S

m / z (r el . i n t
.) 4 1 0(4 7 ,

M ＋
) ,

3 7 9(3 7) , 3 7 8(1 0 0) ,
3 5 1

,
3 5 0(1 6) ,

3 23 (8) ,
3 2 2(7) ,

2 15(19) ,
20 1(10) ,

1 8 2(8) ,
1 8 0(8) ,

16 8(9) ,
16 7(8) ,

1 5 6(9) ,
15 4(9) ,

1 2 2(15) ,
10 9( 1 4);

B R E I M S m /z fo u n d 4 1 0 . 1 8 4 2 ( M ＋
) ,

c al cd C 2 3 H 2 6 N 2 0 5 4 10 . 18 4 1;
1 H N M R : s e e

T abl e 2 0;
1 3 c N M R : s e e T a ble 2 1 .

1 0 2
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T a bl e 2 0 1 H N M R sp e ctr al d at a o f 10 - d e m eth o x y k o p sid a si ni n e (4 8)
*

C h e m ic al S hi托

2 2
0

c 5 5
0

c

3 a

3 b

5 a

5 b

& 1

6 b

9

1 0

l l

1 2

1 4 a

1 4 b

15 a

1 5b

1 6

1 7

1 8 a

18 b

1 9 a

lワb

1 6 { 0 2 M e

N C O 2 M e

2
. 9 2 . d M

2 . 7 9 di

2
. 7 5 d #

2
.7 9 d M

3 .5 4 d M

1 .5 3 (ガ

7 .7 3 b r d

7
.0 5 di A

7 .0 6 d1

7 .2 0 di

7
.
2 4 di

7 .9 1 b r d

7 .4 8 b r d

2 . 39 d W

2 .2 8 d i W

1 .3 3 d ガ

1 .2 1 此

4 .1 0 d

3 .8 9 d

3 .5 2 d

1 .9 5 A d ガ

1 .7 8 d M

1
.
4 3 di

1 .5 8 b r d d

1 .3 5 (ガ

3 .7 4 ∫

3 .7 4 b r s

3 .8 5 b T
･

S

* O bt ai n ed at 3 0 0 M fl z , i n C D C 13

＋ E x tr e m ely b r o a d e n e d sig n als

2 .9 4

2 . 7 8

2 . 7 2

2 .9 6

3 . 5 6

1 .5 3

7 .7 3

7 .0 3

7 .2 1

- ＋

- ＋

2 . 3 9

2 .2 8

1 .3 3

1 .1 9

- ＋

- ＋

3 .5 2

- ＋

- ＋

- ＋

1 .6 1

1 .3 5

3 .7 4

3 .8 1

戯

di

(まガ

戯

d #

di

d

di

d m

d i d

d ガ

此

di

di

∫

b r s

C o u ロ1i n だ C O n St a n t ( H z

5 a , 6 b

5 a
,

5 b

5 a , 6 a

6 a
,
6 b

6 a , 5 b

5b
,

6 b

3 a . 3 b

3 a
,
1 4 a

3 a . 1 4 b

3 b
,
1 4 a

3 b , 1 4 b

3 b
､
1 5 b

1 4 a ,

1 4 a ,

1 4 b ,

1 4 b ,

I ヰa .

1 5 a

9 .
1 0

1 0 ,

ll
,

16 .

1 8

1 8

1 8

1 9

a

a

b

a

1 5 a

1 5 b

1 5 a

1 5 b

1 4 b

1 5 b

l l

1 2

1 7

1 8 b

1 9 a

lワb

lワb

.4

.
.0

i
.1

.
.7

,
.0

.
4

･

.0

. 2

. .9

. 5

. 0

. 5

. 2

.0

. .0

.0

.9

.2

.6

.5

. 5

. 4

.0

. 8

. 0

.0

1

3

6

3

3

5

3

5

1

1 2

1

5

1

5

2

1 2

5

1 2

1 3

7

7

7

9

1 0

8

3

1 0

1 0 4



T a わ且e 2 且 1 3 c N M R sp e ctr al a sig n m e n t s of 10 - d e m e t h o x y k o p sid a si ni n e ( 舶)
*

C h e m i c al shift C C h e m i c al shift

2 9 . 95

69 .7 6

3 5 4 . 4 0

5 4 4 .4 1

3 4 . 1 8

1 0

l l

1 2

13

6 2 . l l

6 1 .5 8

1 3 1 .5 0

1 3 1 .2 6

1 2 5 .2 9

1 2 4 .8 8

1 2 3 .4 9

1 2 3 .3 2

1 2 8 .2 6

1 2 8 .0 7

1 1 5 . 3 0

1 15 .2 7

1 4 1 .3 8

∫

d

♂

d

d

d

d

d

d

14 2 9 . 1 0

1 5

1 6

1 7

18

19

2 0

1 4 .8 3

4 9 . 9 8

49 .0 9

6 6 .9 0

6 6 .8 1

29 .3 6

2 8 .1 5

29 .0 4

4 7 .8 5

4 7 .7 7

2 1 2 1 3 .5 3

2 1 3 .9 5

2 2 1 7 0 . 9 5

1 7 0 . 7 4

N ∈(力M e 1 5 3 . 8 4

1 5 2 .6 9

N C O 地 5 2 .7 0

1 4 0 .3 6 J 5 2 .0 5

C q 辿 5 1 .7 6

∫

d

d

d

d

q

q

q

辛 O bt ai n e d a t 90 .8 M H z
,
i n C D C 13

1 0 5



2 . 1 .3 . 3 C a r b a z ol e s

i . M U 虎R A Y A S ヱA M E N S I S (1 8 9 )

M u m u a L ･ , i n th e t ri b e Cl a u s e n e a e
,

s u bf a m ily An r a mi oid e a e , f a m ily R u t a c e a e ･

i s a g e n u s o f sh ru b s o r s m all t r e e s distri b ut ed fr o m S o u th e a s t A si a t o A u s tr ali a (19 0) ･

M u r rq y a si a m e n sis C r aib is o n e o f th e th r e e sp e ci e s f o u nd th r o u gh o ut T h ail a n d a n d is

k n o w n l o c ally a s
.T

P r o rlg fa a
''

(1 9 1) .
T h e p o w d e r ed r o o t of t hi s sp e ci e

.
s m i x e d w i th

H 2 0 is cl ai m e d t o b e t ak e n e x t e rn ally a n d i n te r n al1y f o r e y e s o r e s
,
f o r s n ak e bit e ･ a n d

f o r t u b e r c ul o si s (1 9 2) .
T h e r e h a v e b e e n n o pf e vi o u s p h yt o c h e m i c al r ep o rt s o n an y p ar t

of M . s i a m e n si s
,

s o i n this st u d y w e d e s c ri b e th e is ol ati o n a n d st ru c t u r al el u cid a ti o n of

ei gh t c o n s tit u e n t s ,
i n cl u di n g th r e e n e w c ar b a z ol e alk aloid s 5 3

,
5 4

,
a n d 5 5 ･ T h e ei gh t

c o m p o n e n t s e x tr a c te d fr o m th e r o o t s w e r e i s ol at e d b y a c o m bi n ati o n of

c h r o m at o g r a p hi c t e c h niq u e s A s d e s c ri b e d i n t h e E x p e ri m e n t al s e c ti o n ･ T h e st ru c t u r al

e 山 d d atio n o f th e s e c o m p o u n d s w ill b e d e s c rib e d i n t h e o rd e r i n w hi c h th ey w e r e

el ut e d fr o m th e c h r o m at o g r ap h y c ol u m n ･

T h e fir s t a n d le a s t p ol a r c o m p o u n d w a s sh o w n t o b e th e c ar b a z ol e h e pt a p hyllin e

[5 0] b y c o m p ar i s o n w i th t h e m p a n d sp e c tr al d at a r ep o rt e d i n th e lit e r a t u r e (19 3) ･ I n

T a ble 23 w e i n cl u d e th e p r e v i o u sly u n r ep o r te d 1 3 c - n m r sp e c t ru m of 5 0 ･ A ft e r w e

b ad d e t e m i n ed in d ep e n d e n tly 血e str u c t u r e s of th e s e c o n d a n d t hird c o m p o n e n t s , th e s e

n e w c a rb a z ol e s ,
5 1 a n d 5 2

,
w e r e r e p o rt ed t o b e p r e s e n t i n C la u s e n a h a r m a n di a n a

,

a n o th e r R ut a c e a e sp e ci e s (19 4) ･ W e b elie v e t h e a s sig n m e n t s i n th e p r e vi o u s r e p o rt

( 19 4) fo r C -

? a n d C -7 i n 5 2 s h o uld b e r e v e r s e d ( T a bl e 23) .

T h e f o u rth c o m p o n e n t w a s a p al e y ell o w s olid th at e x hib it ed a p ar e n t i o n i n

it s ei m s a t m / z 2 5 5 a n d a n a c c u r at e m a s s c o n si st e n t w ith th e m ol e c u l a r f o rm ul a

C 1 5 H 1 3 N O 3 ･ T h e ロV SP e C t ru m Of th e c o m p o u n d
.
i n di c at ed a 3 - f o r m ylc a rb a z ol e

c h r o m o p h o r e (1 9 5
,
1 9 6) ,

a n d
,

a s ad diti o n of b a s e did n ot alt e r th e sp e c t ru m
,
it w a s

c o n cl u d ed t h at n o p h e n olic h y d r o x yl g r o u p s w e r e p r e s e n t ･ T h e
l H -

a nd 1 3 c - n m r

sp e c tr a (T able 2 2 a n d 2 3) i n dic at e d t h e p r e s e n c e of t w o m e t b o x y g r o u p s a n d a

f o rm yl s u b s tit u e n t ･ T h e
l H r e s o n a n c e f o r E -5

,
H - 6 , a n d H - 8 w e r e v e ry si m il a r t o

th o s e i n 51 a n d 5 2 a n d in di c at e d t h at o p e of th e m et h o x yl g r o u p s w a s ･ att a c h e d t o C -

7 . T h e o t h e r t w o ar o m a ti c r e s o n a n c e s a s s i n gl ets
,

w e r e a s s ig n ed t o H - l a n d H - 4 a nd

s h o w e d th at th e s e c o n d m e th o x yl g r o u p m u st b e a t C - 2
･ T h u s , thi s c o m p o n e n t w a s

a s sig n e d th e st ru c t u r e 3 -f o r m yl
- 2 ,7

- di m e th o x y c a rb a z ol e [5 3] ,
a n e w alk al oid a n d th e

m e th ylat e d d e ri v a ti v e o f 5 2 . T h e r el at e d 3 -f o r m yl
- 2 ,6 - di m e t h o x y c ar b a z ol e (gly c o z olid e)

1 0 6



h a s b e e n i s ol at ed fr o m G ly c o s m i s p e n t ap hylla (1 9 7) a n d p r e p a re d b y o x id a ti o n of

th e c o r r e sp o n din g 3 - m e th yl d e ri v ati v e (19 8) .

T h e fift h c o m p o n e n t w a s s h o w n t o b e t h e k n o w n c o u m ari n x a n th o x yle ti n

(19 9) b y c o m p a ri s o n o f it s m p a n d l H -

n m r sp e c t ru m w ith a n a ut h e n ti c I S a m ple
.

T his c o m p o u n d w a s al s o i s ol at e d fr o m C . h a r m a n di a n a (2 0 0) alo n g w ith 5 且 a n d

5 ヱ
,

w bic b a r e m e n ti o n ed a b o v e (1 9 4) .

T h e n e
･

Ⅹt c o m p o n e n t w a s f o u n d t o b e m u k o n al [5 6L a c a rb a z ol e p r e vi o u sly

is ol at e d f r o m M u r r a y a k o e n igii (2 01) . T h e
1 3 c -

n m r sp e c t r u m of 5 6 is gi v e n i n T able

23 , a s a n u m b e r of o u r a s slg n m e n tS , p a rti c ul a rly i n t h e u n s u b stit u te d b e n z e n e

ri n g ,
diffe r f r o m th o s e r ep o rt ed p r e vi o u sl y fo r m u k o n al (2 0 1) . O u r a s sig n m e n t s f o r

this ri n g a r e si m il ar t o th o s e r ep o rt ed f o r c a rb a去ole it s elf (2 02 ,
2 0 3) .

T h e s e v e n th c o m p o n e n t w a s a y ello w c ry st alli n e s olid th at s h o w e d a w e a k

p ar e n t i o n i n it s ei m s a t m / I 3 0 7 a nd a n a c c u r at e m a s s c o n si st e n t w ith t h e m ol e c ul ar

f o r m ul a C 1 9 H 1 7 N O 3 . T h e u v s p e c tr u m s u g g e ste d th e p r e s e n c e of a 3 - f o r m ylc a rb a z ol e

p a r 血1 st ru c t u r e (19 5 ,1 9 6) , a n d , a s a dditi o n o f b a s e did n o t shift th e u v m a x i m a , it

w a s a s s u m ed th a t th e o th e r o x y g e n s ar e n o t p r e s e n t a s p h e n olic h y d r o x yl g r o u p s . T h e

l H -

n m r s pe ct r a
ti n th e thr e e s ol v e n t s u s e d i n th is st u d y (T a bl e 2 2) in di c ate d th e p r e s e n c e

of a 7 - m et h o x y s u b stit u e n ts a s th e f a m ilia r p att e r n s e e n i n th e sp e c t r a of 5 1
,
5 2 , a n d 5 3

f o r a -5
,
H - 6

,
a n d H - 8 w a s o b s e rv e d h e r e al s o . T h e o nly o th e r a r o m a ti c p r o t o n

, a

sig nific a n tly d e shi eld e d si n gl et , w a s a s s i g n e d t o H - 4
･ T w o v i n yl p r ot o n s

,
w hi c h

w e r e c o u pl ed t o e a c h oth e r
,
a n d a 6 -

p r o t o n s l n glet w e r e r e adily a c c o u n t ed fわr b y a

2
,
2 - di m e th yl

- A 3 -

p y r a n sy st e m f u s e d t o C - 1
,

a n d C - 2 of th e c a rb a z ol e n u cl e u s , a nd ,

th u s , th is c o m p o n e n t i s a n e w alk al oid p o s s e s s i n g St r u c t u r e S 4 ･
A c o m p o u n d w i th o ut

th e m et b o x yl s ub stit u e n t ,
m u 汀 ay a Ci n e

,
h a s b e e n i s ol at ed p r e vi o u sly 丘

･

o m 〟
･

k o e nigii (2 0 4) a n d fr o m C la u s e n a h e p t ap hylla (2 0 5) ,
a n d w e th e r ef o r e s u g g e st

th at 5 4 b e c all ed 7 -

m e th o x y m u r r ay a ci n e ･ A c o m p a ri s o n of th e
l H - n m r sp e c tr u m of

m u r r ay a ci n e (2 0 4) w i th th at of 5 4 ( T able 22) fully s u p p o rt s th e st ru c t u r e p r o
p

o s e d f o r

th e l atte r , a s d o e s th e
1 3 c -

n m r sp e c t ru m r e p o r t ed in T able 23 ･
T h e w e a k e r p ar e n t i o n i n

血e ei m s of 5 4 i s e x plain ed b y th e f a cile l o s s of o n e of tl- e m e th yl g r o u p s aモc - l l

t o gi v e a c ar b a z ol op y ri1i u m i o n ( 20 3) , th e b a s e p e ak i n th e sp e c 加 m
･

T h e fi n al c o m p o n e n t i s ol at ed w a s a c r e a m 1 01 o r e d s olid t h a t g a v e a p ar e n t

p e ak i n it s ei m s ( m / I 2 2 5) a n d a n a c c u r a t e m a s s c o r r e sp9 n di n g t o th e m ol e c ul ar

f o r m ul a C 14 H l l N O 2 ･ T h e tl V SP e C tr u m ag a i n S u gg e st ed a 3 -f o r m yl c ar b a z ol e sk el et o n
,

a n d a s it w a s u n c h a n g e d u p o n ad diti o n of b a s e
,
th e r e m a l n l n g o x y g e n i s n ot p r e s e n t a s

1 0 7



a p h e n olic h y d r o x yl g r o up ･ T h e
lli n m r w a s q uit e si m ple ( T a bl e 2 2

,
c o m p o u n d

5 5); o th e r th a n t h e a r o m a ti c ,
a m i n e

,
a n d f o r m yl p r o t o n s it sh o w e d o nly o n e

m e th o x yl
-
g r o u p '

a nd th e a r o m a ti c p r o t o n s H - 5 tb H - 8 dis pla y ed a p att e r n si m il ar t o

th at fo u n d i n 5 0 a n d 5 6 . I n ad diti o n
,
t w o a r o m ati c s l n gl et s ,

w ith ch e m i c al shift s

si m il ar t o t h e c o r r e sp o n di n g p r o t o n s i n 56 ,
w e r e a s sig n ed t o Ⅰi - 1 a n d H

'

- 4 ･ T h u s
,

c o m p o n e n t 5 5 is 3 -f o r m yl
- 2 - m e th o xy c a rb a z ol e o r 0 - m e th yl m u k o n al ･ T his c o m p o u nd

h a s b e e n sy st h e si z e d (19 8) ,
b u t t o o u r k n o w l e d g e this is th e fir st ti m e i t h a s b e e n

r e p o rt ed i n M ･k o e nigii (2 0 6) a n d C ･ h e p t ap h yLla (2 07) ･

1 H -

o r
1 3 c - n m r s pe ctr a of 5 5

w e r e n o t p r e vi o u sly r e p o rt ed; th e s e ar e i n cl u d e d i n T able s 2 2 a n d 2 3
,
r e sp e c ti v ely ･

T h e i s ol ati o n o f s e v e n c a rb a z ol e c o m p o n e n t s f r o m th e s p e ci e s u n d e r

i n v e s tig ati o n p r o v id e s
,

a n u n u s u al o p p o rt u n ity f o r a d et ail e d c o m p a ri s o n
,
s o th e 4 00

●

M H z
I H - a n d 1 0 0 M H z

1 3 c - n m r sp e c tr a of all th e s e c o m p o u n d s a r e r e c o rd e d in

T able s 2 2 a n d 2 3
,

r e sp e c ti v ely ･ A c o m pil ati o n o f th e
l H -

n m r sp e c tr a of k n o w n

c a rb a z ol e alk aloid s w a s r e p o rt e d in 19 7 7 (19 6) . I n o u r s t u d y w e r e c o rd ed t h e
l H - n m r

sp e c u
･

a of th e s e v e n c ar b a z ol e s i n th r e e diffe r e n t s ol v e n ts : th e p ol ar s ol v e n t M e2 C O -

d 6 / th e c o m m o n n m r s ol v e n t C D C 13 ,
a n d th e a r o m a ti c m e diu m C 6 D 6 ･ T h e s ol v e nt

M e 2 C O - d 6 W a s f o u n d t o b e p ar ti c ul a rly eff e cti v e i n r e s ol vi n g th e a r o m ati c

p r o t o n s 班 -5 t o H - 8 . F o r all c o m p o u n d s , th e N H p r ot o n i n C 6 D 6 is s hi eld e d , w hile

i n M e2 C O - d 6 i t i s d e shield e d r el ati v e t o it s p o si ti o n i n C D C13 ･

,

n e ar O m ati c

s ol v e n t -i n d u c e d s hift ( A S IS)
.

i s e x pl ai n ed b y a s s u m i n g th at C 6 D 6 is al ig n e d

p e r pe n dic ul ar t o t h e p ol ar N - H b o n d at th e p o siti v e e nd of th e di p ole ･ r e s ultin g l n

shi eldi n g o f th e a m i n e p r o t o n b y th e て Cl o u d (2 0 8) I It sh o ul d b e n o t e d th at w ith a n

alk yl gr o u p s a t th e 1 p o siti o n (e . g .

,
i n 5 0 a n d 5 1) ,

this s hi eldi n g effe ct is n o t a s

p r o n o u n c ed ･ H o w e v e r ,
i n M e 2 C O - d6 this p r o t o n i s d e shield e d b e c a u s e of th e i nte r a c ti o n

b et w e e n t h e a m i n e a s p r o t o n - d o n o r a n d t h e M e2 C O - d 6 o x y g e n a S el e c tr o n p ai r d o n o r

(2 0 9) ･ i n t e r e s ti n gl y ,
i n c o甲P O u n d s 5 0 - 5 2 a n d 5 6 , th e 2 - O H , w hic h is H - b o n d e d t o

th e 3 1f o r m yl o x y g e n
,
i s d e shi eld e d i n C 6 D 6 c o m p ar e d w ith th e o th e r t w o s ol v e n ts ･

A c o m p a ri s o n of th e c h e m i c al shift of H - 4 i n c o m p o u n d s c o n t ai n i n g a 2 1 0 H

s u b stit u e n t 5 0 ･ 5 2
,
5 6 w it h t h o s e c o n t ai ni n g a 2 - O R s u b stit u e n t (5 3 , 5 4 ,

5 5) is

i n st ru c ti v e ･ I n th e l a t t e r c o m p o u n d s i n C 6 D 6 ,H
- 4 r e s o n a t e s c o n sid e r ably f u rt h e r

d o w nfield th a n i n th e f o r m e r c o m p o u n d s ･ W e s u g g e st th at i n c o m p o u n d s 5 0 ･ 5 2 a nd

56 , t h e 3 -f o r m yl g r o u p e x i st s i n c o n f o rm ati o n A b e c a u s e o f i nt r a m ol e c ul ar H - b o n di ng

w ith th e 2 - O H s u b s tit u e n t , w hile c o m p o u n d s 5 3
,
5 4 a n d 5 5 c o n f o 皿 a ti o n B

p r e d o m i n at e s ･ A p plic ati o n of th e

■
s o

-

c alle d c ar b o n yl pl a n e r ul e (2 0 9 ,
2 1 0) w o uld

p r e dict th at i n C 6 D 6 ,
H 14 i n c o nf o rm ati o n B w o uld b e d e shield e d b e c a u s e it is i n fr o nt

of th e c ar b o n yl pl a n e
,

w h e r e a s i n c o nf o r m ati o n A it w o uld b e shi eld e d r el ati v e t o i ts

1 0 8



p o siti o n i n C D C 13 ･ It sh o uld als o b e n o te d th at i n th e A -ty pe c o m p o u n d s 50 - 5 2 , 5 6

th e f o m yl p r ot o n i s m o r e shield ed i n all s ol v e n t s c o m p a r e d w it h th e ち -t y p e

c o m p o u n d s( 5 3
,
5 4

,
5 5) . O n th e o th e r h a n d , th e f o r m yl c ar b o n ( T a bl e 2 3) is

d e shield e d i n th e A -ty p e g r o u p (
- 19 6 p p m ) b e c a u s e o f in tr a m ol e c ul a r H -b o n di n g ,

a s

c o m p a r e d w ith th e oth e r g r o up ( - 1 8 8 .5 p p m ) . A c o m p ar is o n of th e c h e m i c al s hifts of

th e t w o m e th o x yl g r o u p s i n 5 3 w it h th e s i n gle m e th o x yl g r o u p s i n 5 1 , 5 2
,
5 4 , a nd

5 S e st ablis h e s u n a m big u o u sly t h at i n 53 th e d o w nfi eld r e s o n a n c e i n M e2 C O - d 6

a n d C D C 13 (3 ･9 9 p p m ) ,b ut th e u pfield r e s o n a n c e i n C 6 D 6 (3 .3 2) i s th e 2 - m e th o x yl

gr o u p ･
It i s h op e d th at k n o w l e d g e of th e s e s ol v e n t effe c t s m ay fi n d ap plic ad o n i n th e

str u c t u r al el u cid ad o n o f n e w c a rb a z ol e n a tu r al p r od u c t s ･

H H 0

! l Jl

芝
c

.
;

h
o

d
も′

c
＼

H

, #
O R

3 - F O R M Y し 2
,
7 - D I M E T H O X Y C A R B A Z O L E [5 3] .

- M p 2 1 9 - 2 2 0
o

; u v

(E t o 試) 九m a女(l o g E ) 29 9(4 .6 9) ,
3 4 4(4 . 14); ir ( C C14) 3 3 4 0

,
2 9 6 4

,
1 6 8 7

,
1 6 6 2

,

16 3 2 , 1 1 48 , 10 6 3 c m
- 1

,

1 H n m r s e e T abl e 2 2;
1 3 c n m r s e e T able 2 3; ei m s (r el . i n t .)

m / I [ M ＋] 25 5 (8 1) , 2 4 0(3 3); e x a c t c al c d f o r C 1 5 H 1 3 N O 3 , 2 5 5 .0 8 9 5 , f o u n d

25 5 . 0 8 7 5 .

7 - M E T fIO X Y M U R R A Y A C I N E [5 4 ト M p 2 1 ト2 1 3
o

; u v (E t O H) 九m a x (l o g e )

3 0 6(4 .5 8) , 35 4(4 .0 9); ir ( C H C 13) 3 4 60 , 16 6 6 , 1 6 28 ,1 6 0 3 ,1 1 5 6 c m
-1

;
l H n m r s e e T a bl e

2 2;
1 3 c n m r s e e T a ble 2 3 ; ei m s (r el .i n t .) ∽/z [ M ＋】 3 0 7(4 4) , 2 9 2( 10 0) , 2 5 5(5 8) ,

21 0(65) ; e x a c t m a s s c al c d fo r C 1 9 H 1 7 N O 3 , 3 0 7 . 1 2 08 , f o u n d 3 0 7 . 1 20 8 .

3 - F O R M Y し2 - M E T H O X Y C A 良B A Z O L E(0
- M E T H Y L M U K O N A L)[5 5] .

- M p

18 9 .0 - 18 9 .5
o

; u v (E t O H ) 九m a x (lo g s ) 29 6(4 . 6 4) , 3 50 (4 . 1 9); ir ( C H C13) 1 6 6 8
,
1 6 28

,

16 0 6
,
1 15 3 c m

- 1
;
1 H n m r s e e T able 2 2;

1 3 c n m r s e e T a bl e 23 ;
-

ei m s (r el .i n t .) m / z [ M ＋
]

2 25( 10 0) ,
2 O8( 1 2) ,

1 79(1 8) ,
15 4(1 4); e x a c t m a s s c al c d f o r

-

C 1 4 H 1 1 N O 2 ,
2 25 .0 79 0

,

f o u n d 2 2 5 .0 79 6 l

･

1 0 9
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T a b且e 2 2 4 0 0 M H z
I
H -

n m r s pe ct r a of c o m p o u n d s 50 - 5 6 i n thr e e s ol v e n ts
a

P r ot o n C o m u n d

S O 5 1 S 2 5 3

H - 1

H - 4

H _ 5

H - 6

H _ 7

H - 8

H - 9

H _ 1 0

rI - 1 2

l l - 1 3

C H O

N H

0 仁

O M e

8 .2 2 ( S) 8 .1 2 ( s)

6 . 8 5 ( s)

【6 .8 4
,
6 .6 1]

8 ,2 9 ( s)

7 .l l ( s)

【9 6 .8 5
,
6

.
1 3]

8 .3 7 ( s)

【8 .0 4
,
7 .4 0] 【7 .9 4

,
7 .3 4] 【8 .0 5

,
7 .3 6】 【8 .4 5

,
8 .8 2】

8 .0 1 ( d
,
7 .6 ) 7 .8 8 ( d

,
8 .7) 7

.9 2 ( d
,
8 .

8) 7 ,9 7 ( d
,
8 3)

【7 .97
,
7 .8 0] 【7 . 8 4

,
7 . 6 6] 【7 .8 5

,
7 .6 1] 【7 .8 7

,
7 .5 6]

7 .2 0 ( t
,
7 . 6) 6 .8 2 ( d d

,
8 .7 . 2 .2) 6 . 8 3 ( d d

,
8 .

'

8
,
2 .2) 6 .8 8 ( d d

,
8 .3

,
2 .2)

【7 .2 7
,
7 .2 1】

7 .3 5 (I ,
7 . 6)

【7 .4 0
,
7 .2 7]

7 .4 8 ( d
'

,
7 .6 )

【6 . 8 7
,
6 .9 3]

7 .0 1 ( d
,
2 .2)

【6 .8 8
,
6 .8 6]

7 .0 2 ( d
,
2 .2)

【6 .8 8
,
6 .7 4]

7 .0 2 (d ,
2 .2)

【7 .4 0
,
6 .9 0]

3 . 6 1 ( d
,
6 . 8)

【3 .6 4
,
3 .5 3]

5 .3 4 (b r t
,
6 . 8)

【5 . 3 2
,
5 .2 2]

1 .6 4 ( d
,
1 0)

【1 . 7 7
,

1 .5 7]

1 .8 1 ( s)

【1 .90
,

1 .6 9]

9 .9 1 (s)

【6 .9 1
,
6 .4 4]

3 .5 9 ( d
,
6 .9)

【3 . 6 3
,
3 .5 7]

5 3 2 ( b r t
,
6 .9)

【5 3 2
,
5 .2 6]

1 .6 4 (d ,
1 .0)

【1 .7 8
,
1 .5 8】

1 .8 1 ( s)

【1 .9 0
,
1 .7 1】

9 .9 0 ( s)

【6 .8 9
,
6 . 5 0]

9 .95 ( s)

【6 .9 0
,
6 .6 2]

1 0 .4 3 ( s)

【9 .91
,
9 .4 7] 【9 .9 0

,
9 .5 2] 【9 .9 3

,
9 .4 9] Fl o .5 0

,
1 0 .9 3]

1 0 .6 2 ( b r s) 1 0 .5 1 ( b r s) 1 0 .
7 2 ( b r s) 1 0 .6 4 (b r s)

【8 .2 0
,
7 .4 8] 【8 . 1 0

,
7 .3 9] [8 .1 2

,
6 .3 1] 【8 .l l

,
6 .5 8】

3 .8 5
,
3 .9 9 ( s)

b

l l .7 5 ( s) l l .7 2 ( s) l l .4 2 ( s)

【11 . 7 0
,

1 2 .3 5] 【1 1 . 6 0
.

1 2 .3 8]

3 .8 4 ( s)

【1 1 .4 3
,

1 2 .1 8]

3 . 8 5 ( s)

【3 .9 0
,
3 .4 6] 【3 .9 0

,
3 .4 7] 【3

.9 0
,
3 .9 9] ;

3 .4 6
,
3 .3 2]

a
F o r e a c h p r o t o n th e fi r s t n u m b e r i s th e c h e m i c al s h ift i n th e s ol v e n t M e 2 C O - d 6 W h il e th e t w o n u m b e r s i n

s q tl a r e b r a c k e ts a r e v al u e s o b t ai n e d in C D C 1 3 a n d C 6 D 6 ,
r e S P e C ti v el y ･ I n p a r e n th e s e s a r e g i v e n th e m u l ti pli c ity

fo r th e p r o t o n an d th e c o u p li n g c o n st a n t ( s) i n H e r tz .

b
l n e a c h p ai r

,
th e fi r s t v al u e i s f o r th e 7 - O M e a n d th e s e c o n d f o r th e 2 - O M e

1 1 1



T a b且e 2 2 C o n ti n u e d

P r o to n
C o m p o l l n d

5 4 5 5 5 6

H _ 1

H -4

H -5

H - 6

rI -7

n - 8

H -9

H - 1 0

H 1 1 2

a - 1 3

C H O

N E

0 較

O M 占

8 .2 3 ( s)

7 .1 2 ( s) 6 .8 9 ( s)

【6 .8 8
,
6

. 1 0] 【6 .8 8 ,
6 .5 9]

8 .5 0 ( s) 8 .4 3 ( s)

[8 3 0
,
8 .6 9] 【8 .5 6

,
8 . 8 8] 【8 . 1 8

,
7 .4 2]

7 .9 7 ( d
,
8 .4) 8 .1 0 ( d

,
8 . 0) 8 .0 7 ( d

,
7 .6 )

【7 .8 4
,
7 .5 3] 【8 .0 0 , 7 . 7 0] 【7 .9 9

,
7 .7 5]

6 .8 3 (d d ,
■8 .4

,
2 .2) 7 .1 5 ( i

,
8 .0 ) 7 . 2 2 ( t

,
7 .6)

[ 6 .8 6
,
6
､

.7 3]

6 .7 9 ( d
,
2 . 2)

【7 . 2 5
,
7 . 0 9] 【7 .2 8

,
7 .1 8】

7 .3 5 ( I
,
8 .0) 7 .3 8 ( t

,
7 .6)

【7 3 8
,
7 .2 5] 【7 .4 0

,
7 .2 6]

7 .4 7 (d ,
8 .0) 7 .4 8 ( d

.
7 .6)

【6 .9 0
,
6 .5 5]

6 .9 1 (d ,
9 .8)

【6 .6 1
,
6 .0 3]

5 .90 (d ,
9 .8)

【5 .8 0
,
5 .3 2]

1 .5 4 ( s)

【1 . 5 5
,
1 .2 6]

1 .5 4 ( s)

〔1 .5 5
,
1 .26]

1 0 ,4 5 ( s)

【7 .4 0
,
6 .9 6]

1 0 .4 5 ( s)

【7 .
4 0

,
6 . 8 8】

9 .9 8 ( s)

【1 0 .4 9
,

1 0 .9 2] Fl o .4 9
,

1 0 . 8 9] 【9 . 9 5
,
9 .4 5]

1 0 .6 8 ( b r s) 1 0 .6 1 ( s) 1 0 .7 2 ( bt s)

【8 . 1 4
,

6 .5 5]

3 . 8 5 ( s)

【3 .8 9
,
3 .4 6]

【8 .8 8
,

6 . 6 5]

4 .0 0 ( s)

【3 .9 9
,
3 .3 0]

【8 .2 2
,

6 .3 1]

l l .
4 6 ( s)

【1 1 . 4 6
,

1 2 .1 6]

1 1 2



T a bRc 23 1 3 c - n m r sp e c t r a o f c o m p o u n d s 5 0 - 5 6 a

C a rb o n C o m p o u n d s

5 0 5 1 5 2 5 3 5 4 S 5 5 6

C - 1 a 1 4 5 .3 ( 十) 1 4 5 .5 ( ＋) 1 4 7 .0 ( 十) 1 4 6 .6 (十) 1 4 1 .6 ( 十) 1 4 6 .2 ( 十) 1 4 6 . 8 (十)

C - 1 1 0 9 .7 ( ＋) 1 09 . 6 ( 十) 9 7 .0 ( -) 9 3 .9 ( -) 1 0 5 . 2 ( ＋) 93 .5 ( -) 97 . 1 ( -)

C . 2 15 8
.0 ( 十) 15 7 .

5 (十) 1 6 0 .9 ( 十) 1 6 1 .6 ( ＋) 1 5 4 .4 ( 十) 1 6 2 .2 (十) 1 6 1 .7 (十)

C - 3 1 1 5 .7 ( ＋) 1 1 5 .6 (十) 1 1 5 .8 ( ＋) 1 1 6 .0 (十) 1 1 7 .2 (十) 1 1 7
.
7 (十) 1 1 6 .1 (十)

C - 4 1 2 6 ,0 (
-

) 1 2 4 .5 (
-

) 1 2 6 .7 (
-

) 1 2 1 .5 (
-

) 1 2 1 .5 ( -) 1 2 1 .2 (
-

) 1 2 8 .3 (
-

)

C - 4 a 1 1 7 .7 ( ＋) 1 1 7 .9 ( 十)
b

1 1 8 .4 ( ＋) 1 19 .4 ( 十) 1 1 9 .1 ( ＋) 1 1 9 .3 (＋) 1 1 8 .6 (
-)

C _ 5 a 1 2 4 .1 ( ＋) 1 1 7 .5 ( 十)
b

1 1 7 .3 .( ＋) 1 1 8 .2 ( 十) 1 18 .0 ( 十) 1 2 4 .2 (＋) 1 2 4 .0 ( ＋)

C _ 5 1 2 0 .7 ( -)
b

1 2 0 .7 ( -) 1 2 1 .0 ( -

) 1 2 0 .2 (
-

) 1 1 8 .4 (
-

) 1 2 0 .7 ( -

)
b

1 2 1 .0 ( 十)

C _ 6 1 2 0 .0 ( -)
b

1 0 9 .0 (
-

) 1 0 9 .2 (
-

) 1 0 9 .5 (
-

) 1 0 9 .3 (
-

) 1 2 0 .5 (
-)
b

1 2 0 .4 (
-

)

C _ 7 1 2 5 .9 ( -) 1 5 9 .5 (＋) 15 9 . 8 ( ＋) 1 59 .7 (＋) 1 6 0 .1 ( 十) 1 2 6 .2 (
-) 1 2 6 .5 (

-)

C - 8 1 1 1 .6 ( -) 95 .9 ( -) 9 6 .1 (
-) 9 6 .2 ( -) 9 6 .2 ( -) 1 1 1 .7 ( -) l i l .8 ( -)

C - 8 a

2 _ O M e

3 _ C H O

1 4 1 .5 (＋)

19 6 .3 (
-

)

2 3 .0 ( ＋)

1 4 2 .9 ( ＋)

19 6 .3 (
-

)

1 4 3 .0 ( ＋)

1 9 6 .2 ( -)

1 4 3 .0 (＋)

5 6 .3 ( -)

1 1 8 .6 ( -

)

1 4 3 .2 ( 十)

1 1 8 .3 ( -)

1 4 1 .4 ( 十)

5 6 .1 ( -)

1 8 8 .4 ( -)

1 4 1 .7 (＋)

19 6 .1 ( 1)

7 _ O M e

C _ 9

5 5 .3 ( -)

2 2 .9 ( 十)

55 .5 ( -) 5 5 .8 ( -) 5 5 .7 ( -)

1 3 0
.
8 ( -)

C - 1 0 1 2 1 .
7 ( -) 1 2 1 . 8 ( -) 1 1 7 .4 ( -)

C _ l l 1 3 2 .7 ( ＋) 1 3 2 .
6 ( ＋) 7 7 .7 ( 十)

C _ 1 2 1 7 .6 ( -) 1 7 .6 ( -) 2 7 .6 ( -)

C - 1 3 2 5 .3 ( -) 2 5 3 ( -) 2 7 .6 ( -)

a C h e m i c al s hifts a r e i n p p m w i払 出e s olv e n t M e2
- C O - d 6 a S in t e rn al r ef er e n c e .

b A ssig n m e nt s m ay b e in t er c h a n g e d ･

1 1 3



2 . 1 . 3 . 4 L u p量n e A は a! oi d s

i . S O P H O R A E X Z G U ji (2 1 1)

s op h o r a e x lg u a C r aib ･ h a s b e e n u s e d a s a f olk m e di ci n al pl a nt i n T h ai la n d fo r

a n tip y r e ti c a n d r e spir at o ry di s e a s e s (2 1 2) ∴ I n this r ep o r ts
,

a n e w l u pi n alk aloid
,

(＋c ytisin e a c e t a m id e is ol a t e d fr o m th e r o o ts o f S ･ e xig u a i s p r e s e n te d ･

s e p a r ati o II S b y sili c a g el c h r o m a t o g r a p h y , p r ep a r ati v e T L C a n d p r ep a r a ti v e

P L C of a 7 5 % e th a n ol e x tr a c t of th e dry r o o ts of S . e xig u a g a v e a n e w alk al oid , ( -) -

12 - c ytisi n e a c e t a m id e (5 7) ,
t o g et h e r w it h eig ht k n o w n b a s e s

, (
-

)
-

c ytisi n e (5 8) , ( -) - 12 -

h y d r o x y c yti si n e (5 9) , ( -)
- N - m e t h yl c yti si n e (60) , ( -) - N -f o r m ylc y ti si n e (6 1) , (

-

)
-

1 u p a ni n e (6 2) , ( ＋) - 5
,
6 - d e h y d r ol u p a n i n e (6 3) , ( -) -

a n a g y ri n e (6 4) ,
a nd (

-

)
- b a ptif oli n e

(6 5) (T a ble 2 4) .

T h e n e w alk aloid (5 7) (0 . 00 5 % d ry w t) ,
w a s a n oil , [ α]

2 5
D

- 2 0 4
o

, w hi c h

g a v e th e m ol e c ul ar f o r m ul a C 1 3fl1 7 N 3 0 2 b y hig h r e s ol u ti o n m a s s sp e c t r o m e try ･ T h e

p r e s e n c e of a n α
-

p y ri d o n e n n g w a s s u g g e s t e d b y ab s o rp tl O n S i n th e U V sp e c tr u m a t

3 0 9 ムm (l o g 巳 3 .8 8) a nd 2 3 3(3 .8 4) a n d in t h e I R s p e c t ru m a t 1 6 5 0 c m
-1

･ T h e f r ag m e n t

i o n s a t m / I 1 8 9
,
1 6 0 a n d 1 46 i n th e m a s s sp e c t r u m of 5 7 als o sh o w e d th e p r e s e n c e

o f a n α -

p y ri d o n e ri n g s y st e m [2 1 3] . T h e I R sp e ct ru m of 5 7 s h o w e d t h e ab s o rp ti o n of

a n a m id e g r o u p s at 16 9 0 c m
-1

. F u rt h e r m o r e ,
t w o sig n al s a t 8 6 1 ･ 7 (t , C - 1 4) a n d at 8

17 5 .5 (s , C - 15) w e r e o b s e rv ed c o m p a r e d t o th o s e of (
-

)
-

c ytisi n e (5 8) i n t h e
1 3 c N M R

D E P T sp e ctr u m ( T a bl e 2 5) . T h e
l H N M R s pe ctr u m o f 5 7 , e x c ept f o r th e t w o i s ol at ed

sig n al s at 8 2 .9 7 (1 H , d , J = 1 6 . 2 H z , H - 14) a n d at 8 2
.8 7 (1 H

,
d

,
J = 1 6 ･ 2 H z

,
B -

1 4
-

) , s h o w e d e s s e n ti ally si m ila r sig n al s t o th at o f (
-) - c y tisin e (5 8) . I n th e

13 c n m r

sp e c t r u m of 5 7 (T able 2 5) , th e sig n al s of C - l l a n d C 1 1 3 w e r e
'

s hift ed d o w nfi eld i n

th e r a n g e o f 7 - 8 ,
c o m p ar ed t o th o s e of 5 8 . F r o m th e s e r e s ult s

,
th e s t ru c t u r e of 5 7 w a s

s u g g e st ed t o b e a n a c e t a m id e of ( -) - c ytisi n e (5 8) at th e N - 1 2 p o siti o n , n a m ely (
-

)
-

1 2 - c ytisi n e a c e t a m id e (5 7) . F u rt h e r c o nfir m ati o n of th e id e n tify of th e n e w alk al oid a s

5 7 w a s o bt ai n ed b y c o m p a n n g th e n at u r al p r o d u c t dir e ctly w ith a s y n th eti c s a m ple ,

p r e p a r e d 丘o m 5 8 w ith α - c blo r o a c e t a m id e .

I t w a s p o s sibl e t h at1 5 7 m i gh t b e a n ar tifa ct o f ( -) - 1 2 - c ytisin e a c eti c a cid (6 6) a s

e x t r a c ti o n of th e c o m p o u n d w a s p e rf o r m e d u si n g 28 % N H 4 0 H [2 14 ,2 15] . T h e r ef o r e
,

th e p r e s e n c e o f 6 6 i n th e o ri gi n al pla nts w a s e x a m i n e d b y t w o m e th o d s ･ T h e fir st

m e th o d u s ed e x tr a c ti o n w ith o u t 2 8 % N H 4 0 H 【2 1 6] . T h e s e c o nd w a s p r ep a r ati o n of

th e a m i n o a cid fr a c ti o n u s i n g a C a ti o ni c e x c h a n g e r e si n ･ A q u e o u s E tO B e x tr a c t s f r o m

th e d ry r o o t s of S . e xig u a w e r e t r e a t e d w ith D o w e x - 5 0 W X 4 ( H ＋ f o rm ) a n d t h e

fr a c ti o n c o n t ai n l n g th e ∑ w itt e r
-i o n c o m p わu n d s ob t ai n ed . A ll alk al oid al fr a c ti o n s

l 1 4



o b t ai n e d u s i n g th e s e t w o m e th o d s w e r e a n aly s e d b y H P L C .
H o w e v e r

, a n aly s i s O f

b o th f r a c ti o n s did n o t r e v e al th e p re s e n c e of 6 6 b u t d e m o n s tr a t ed th e p r e s e n c e o f

57 .
C o n s e q u e n tly ,

1t W a s C O nfir m e d th at 5 7 is n o t a n ar tifici al p r o d u c t of 6 6 .

T h e a b s ol u te c o nfig u r a ti o n of 5 7 w a s d et e r m i n ed b y c o m p a ri s o n of th e C D

sp e ct ru m w ith th at o f 5 8 ･ T h e C D s pe ctr u m of n a t u r al a nd sy n th eti c 5 7 g a v e a

n e g ati v e C ott o n eff e ct at 3 0 7 n m ([0]3 0 7
- 2 6 1 0 0) a n d a p o si ti v e o n e at 2 3 2 n m

(【0] 2 3 2 ＋ 2 8 6 0 0) . T h e s e a I
●

e th e s a m e a s th o s e or 5 8 ([0】3 1 0
- 2 1 0 00 , [8] 2 3 3 ＋

43 0 0 0) ,
r e p o rt e d p r e vi o u sly [2 17] . T h e r ef o r e

,
th e a b s ol ute c o n fig u r a ti o n of S 7 w a s

d e te r m i n e d t o b e 7 R ,9 S , th e s a m e a s th at of ( -) - c y ti si n e (5 8) (7 R
,
9 S) [21 8] .

C o m p o u n d 5 9 , (＋12 - h yd r o x y c ytisi n e h a s al r e a d y b e e n i s ol ate d fr o m S p a r(iu m

j u n c e u m O ･ e g u m i n o s a e) wi t h th e n a m e of c y ti si n e N -

o xid e , w hic h w a s c o n sid e r e d t o

b e i n eq uilib ri u m w ith 1 2: N - h y d r o x y c yti si rl e [2 19] . H o w e v e r
,

n o d et aile d

c h a r a c t e ri z a ti o n o f 5 9 h a s t) G e n a v ai 1 abl e s o f a r . T h e r ef o r e
,

w e r ep o r t a f ull

c h ar a ct e ri z a ti o n of 5 9 in this in v e stlg ati o n .

S o f a r , w e h a v e i s ol ate d N - 1 2 -

c y ti si n e d e ri v a ti v e s s u c h a s 6 0 , 6 1 , 6 6 , ( -) -

r h o m bif oli n e
, ( -) - N - e th yl c ytisi n e , ( -) - N -

a c e tylc ytisi n e , a n d ( -) - N -(3 -

o x o b utyl) c ytisin e

f r o m s e v e r al le g u mi n o u s pl a nt s a n d d e m o n s t r a t e d a f e w e n z y m a ti c a c ti v i ti e s f o r

biot r a n sf o r m a ti o n of N - 12 -

c ytisi n e d e ri v a ti v e s [2 1 4 , 2 2 0 - 2 2 6] . R e c e n tly , G r ei n w ald

et al . r ep o rt e d th e is ol ati o n a n d str u c t u r al d ete r mi n ati o n of c y tlS l n e 12 -

c a rb o x y
-

e th yle st e r a s a n e w c o m p o u n d fr o m s u sp e n si o n c ult u r e of L a b u m u m w a t e r e rL
'

( Le g u m i n o s a e) [2 27] . It is o f in t e r e s t th at th e o c c u r r e n c e of th e s e N - 1 2 d e ri v ati v e s

r e v e al s th eir p o s sibl e r ol e a s k e y i n te m edi ate s i n th e bi o sy n tl- etic p ath w ay b et w e e n

tri c y clic l u pi n al k al oid s a nd t etr a c y clic al k aloid s .

1 3
1 2

%
S

5

0

2

5 7

58

5 9

6 6

3 N

1 9

7 N - R

l l

1 0

R

1 4 1 5

C H
2
C O N H

2

E

O H

C H
2
C O

2
日
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T a bl e 2 4 P h y si c al c o n s t a n t s a n d yi eld of l u pi n alk al oid s fr o m r o o t s of S ･ e xig u a

A k al °id s
M
_
p _ + 望!旦堕里聖型 一 _ + 生垣聖呂+ + 鮎奴盟主

1 .5
T o t al b a s e 5 .

4

( -) -1 2 - C y d sirle a C et a mi d e (5 7)

( -) - C y d si n e (5 S)

( -) -1 2 - H yd r o x y cytisin e (5 9)

( -) - N - M e 也ylcy tisin e ( 甜)

( -) - N - F o n Tlylc y d si n e (6 1)

( -) - L u p aJli n e (6 2) *

( ＋) - 5 ,
6 - D eh y dr olu p a ni n e (6 3)

*

( -) - A n ag y ri n e ( 64)

- B a tif oli n e 占

oil

1 5 5

- 2 04 (0 ･

.

1 7)

- 1 1 2 (0 .5 4)

2 3 8 ＋ - 2 0 9 (0 .
l l)

1 3 7 - 2 1 9 (0 .4 8)

lワo

oil

oil･

oil

2 0 7

･ 2 3 0 (0 .1 5)

-1 53 (0 .0 3)

ー 1 3 7 0 .2 0

1 7

16 4 0

l l

1 6 4 0

1 5

t r a C e

t r a C e

3

2 1 9

(0 . 00 5)

(0 .
4 5 6)

(0 .(氾3)

(0 .
4 5 6)

(0 . ∝ 川)

(0 .0 0 1)

0 .0 6 1

* C D s pe ct r a w er e m e as u r ed in st e a d o f [c L] D

＋D e c o m p o slt 10 n

T a bl e 2 5 1 3 c N M R s pe ctr al d a t a of c o m p o u n d s 5 7 a n d 5 8

5 7 5 8 5 7 - 5 8

2

3

4

5

6

7

8

9

1 0

l l

1 3 a

1 4 a

15

S

d

d

d

t

d

1 6 5 . 5 1 6 6 .6 -1 .1

1 1 6 . 8 1 1 7 .8 - I .0

14 1
.
4 1 4 2

.
l - 0 . 7

1 0 7 .9 1 0 8 .9 - 1
.
0

153 .
2

3 6 . 7

2 6 .0

2 9 . 5

51 . 5

6 1 .2

61 . 8

6 1 . 7

1 75 .5

1 53 .
4 -0 .2

3 6 .9 - 0 . 2

2 7 .3 - 1
. 3

2 9 .5 0

5 1 .8 - 0 .3

5 3 .6 ＋7 .6

5 4 .6 ＋7 .2

a As sig n m e n ts m ay b e r e v er s ed

(
-

)
- 1 2 - C ytisi n e a c e t a m id e (5 7) . O il . [ α】

2 5
D

- 2 0 4
o

(E t O H ; c 0 . 17) . C D ( M e O H ):

【0]3 0 7
- 26 1 0 0 ,【8]2 3 2 ＋ 2 8 6 00 . U V 九m a x M e O H n m (l o g e ) : 3 0 9(3 .8 8) , 2 33(3 . 8 4) ,
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I R v m a x
.
C H C 1

3
C m

- 1
; 3 5 0 0

,
3 3 7 0

,
1 14 0 ( N H ) ,

29 9 0
,
2 9 4 0

,
2 8 0 0 ( C - H ); 1 6 90

( a m id e) 1 6 5 0
,

15 50 ( α -

p y rid o n e) ･ E I - M S m / i (r el . % ): 2 4 7 ･ 1 3 2 1 [ M ]
＋
(2 0)

( C 1 3Ⅰi1 7 N 3 0 2 , C al c ･ 2 4 7 ･ 1 3 2 1) ,
2 3 0(5) , 20 3(1 00) ,

1 8 9(8) ,
1 60(1

,9) , 1 4 6(1 2) ,
1 1 7(7) ,

1 0 1(9) ,
5 8(6 2) , 4 4(1 8) .

1 3 c N M R (6 7 .8 M 月z
,
C D 3 0 D): 8 1 7 5 .5 (s

,
C - 1 5) , 16 5 . 5 (s

,

C - 2) ,
1 5 3 . 2 (s , C - 6) ,

14 1
.
4 (d , C - 4) ,

1 1 6 .8 (d , C - 3) , 1 0 7 ,9 (d , C - 5) , 61 .8 (t , C - 1 3)
*

,

6 1 . 7 (t , C - 1 4)
*

, 6 1
.
2 (i , C - l l) , 5 1 . 5 (t , C - 10) , 36 .7 (d , C - 7) , 2 9 .5 (d , C -9) , 26 .0 (I ,

c -8);
*
a s sig n m e n t s m a y b e r e v e r s ed .

1 H N M R (5 00 M H z , C D 3 0 D): 8 7 .4 8 (1 H , d d , J

= 8 . 8 a nd 6 .9 Ⅰi z
,
H - 4) ,

6 .4 3 (1 H
, d d , J = 8 .8 a nd l .

4 H z
, H - 3) , 6 .3 2 (1 H

, d d , J =

6 .9 a n d l ･ 1 H z
,
H - 5) ,

4 11 2 (1 H
,
d

,
J = 15 .5 H z

, H - 1 0 e q) , 3 . 9 1 (1 H , d d , J = 15 .5 a nd

6 . 0 Ⅰi z
,
H - 1 0 a x) , 3 .1 4 (1 B

,
d

,
I = 2 .2 H z

, 班 - 7) , 3 . 00 (1 H , d , J = 1 2 .0 H z , H - l l e q) ,

2 .9 7 (1 H
,
d

,
J = 1 6 .2 H z

,
H - 1 4) ,

2 . 9 0 (1 H
,
d m

, J = l l
.
1 H z

,
H - 13 e q) ,

2
.
8 7 (1 H ,

d
,

J = 1 6 . 2 H z , ” - 14
f

) ,
2 .6 0 (1 H

,
d

,
J = 1 2 .O H z

,
H - l l a x) ,

2 .5 7 (1 H
,
d d

,
J = l l .1

a nd 2 . 1 H z
,
a - 1 3 a x) , 2 ･ 5 0 (1 H ,

d
,
J = 2 .5 H z

,
H - 9) ,

1 . 9 6 (1 H ,
dt

,
J = 1 2 .9 an d 1 .5

H z , H - 8 e q) , 1 .8 7 ( 1 H , d , J = 1 2 .9 H z , H -S a x) .

(
-

)
- 1 2 - H y d r o x y c ytisi n e (5 9) . P al e y ell o w n e e dl e s . M p 2 3 8 o (d e c .) . [ α】

2 5
D

-

20 9
o

(E t O H ; c O .
l l) , C D ( M e O H) : [0]3 0 8

- 1 9 1 00 , [0]2 3 2 ＋ 1 7 4 0 0 , U V 九m a x M e O H

n m (l o g s ) : 3 08(3 .8 3) ,
2 3 2(3 . 78) . I R v m a x K B r c m

- 1
; 3 2 00 , 1 1 5 0 ( N - H ) , 2 9 40 ,

29 0 0 ,
2 8 2 0 (C - H ) ,

1 6 4 0 ,
1 5 4 0 ( α

-

p y ri d o n e) . E I - M S m / I (r eユ. % ): 2 0 6 . 10 5 3 [ M ]
＋
(6 2)

( C l l H 1 4 N 2 0 2 ,
C al c . 2 0 6 . 1 0 5 4) ,

19 0(29) ,
1 8 9(4 0) ,

1 6 0(4 3) ,
1 4 8(2 8) ,

1 4 7( 5 4) ,

1 46(1 0 0) ,
13 4 (26) ,

1 1 7(1 6) ,
9 3(8) ,

4 4(4 0) , 4 1(3 0) ,

1 3 c N M R ( C D 3 0 D ) ,
1 2 5 .6 5

M H z): 8 1 6 5 . 5 (s
,
C - 2) , 15 3 .0 (s , C -6) ,

1 4 1 .3 (d , C - 4) , 1 1 6 . 8 (d , C 1 3) , 10 7 .8 (d , C -

5) , 6 6 . 0 (t , C - 1 3) , 6 5 . 9 (t , C - l l) , 5 1 .
4 (t , C - 1 0) , 3 7 . 5 (d , C - 7) , 3 0 . 6 (d , C - 9) ,

2 5 .9

(t ,
C 1 8) .

1 H N M R (C D 3 0 D
,
5 0 0 M H z): 8 7 . 4 5 (1 H

,
d d

,
I - 8 . 8 a n d 6 .9 H z

,
H - 4) ,

6 .3 9 (1 H , d d , J = 8 .8 an d 1 .
1 H z

, H - 3) , 6 .
29 ( 1 H

, d d ,
J = 6 .9 a n d O .8 H z ,

H -5) ,
4 .0 5

(l H , d , J = 1 5 .4 H z , H - 1 0 e q) , 3 .8 7 ( 1 H , d d , J = 15 . 4 a n d 6 .7 H z
,
H - 10 a x) , 3 . 3 2 (1 H ,

d m , J = 1 2 .1 H z , 払 1 1 e q) , 3 . 26 (1 H , dt , I = 9 . 6 a n d 1 .8 H z , H - 13 eq) , 3 . 18 (1 H , d , J

= 2 .5 H z
,
H - 7) ,

2 . 7 2 (2 H
,
b r d

,
J = 9 .6 玉i z

,
H - l l a x , 1 3 a x) ,

2 .6 0 (1 H , d d , I = 6 . 1 a nd

3
.

.O H z
,
H -9) ,

1 .8 3 (2 H ,
d d

,
J = 1 3 . 9 a n d 3 .0 玉i z , H - 8) .
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2 .1 .4 Fl a v o n oi d s

T h e n a v o n oid s ar e a v e ry l a rg e cl a s s of n at u r ally o c c u m n g c o m p o u n d s t h at c a n

b e s uit ably s u b cl a s sified a c c o r di n g t o th e o x y g e n ati o n p att e rn s of th e sh･iki m at e - d e ri v ed

a r o m a ti c ri ng (C) . T h ey ar e c o m m o n i n th e hi gh e r pl a n t s a nd h a v e b e e n e x t e n si v ely u s ed

a s c h e m o t a x o m o ni c m a rk e r s .
T h e fl aもo n oid s p r e s e n t e d h e r e a r e i n cl u d e d

d ih y d r ofl a v o n ol , p r e n yl a t e d fl a v o n oid s , i s o fl a v o n oi d s
,

h o m oi s ofl a v o n oi d s a n d

r o t e n oid s .

i .
B L U M E A B A L S A M I F E R A (2 28)

B l u m e a b als a m lf e r a D C is a m e m b e r o f th e t ri b e ln ul e a e (C o m p o sit a e) w hic h h a s

b e e n u s e d i n th e tr a diti o n al m e dici n e of s o m e O ri e nt al c ult u r e s . T h e C hi n e s e h a v e u s ed

p r e p ar ati o n s of this pl a n t 年S a C a r m i n a ti v e
,
a m ild sti m ul a n t , a v e r m if u g e , a s a t o pic al

ap plic ati o n f b∫ se ptl C ul c e r s ,
a n d a s a p r e v e n ti v e m e dic a m e n t i n ti m e s o f e pid e m i c s ･ T h e

a n ci e n t C hin e s e m e dic al lite r at u r e h a s r e c o rd ed it s u s e a s a n ab o rtifa ci e n t (2 2 9) .

P r e p ar a ti o n s of B l u m e a a r e p r e s e n tly fi n di n g u s e i n th e tr aditio n al m e dici n e of

T h ail a n d , w h e r e th ey ar e a v ail abl e at l o c al h e rb al d r u g sh o p s ･ C ig a r e tt e s ar e p r e p a r e d

fr o m th e c h op p ed ,
d ri e d le a v e s of B . b al s a m lfe r a a n d s m ok ed t o r;lie v e th e p ai n of

si n u sitis ,
A n i n f u si o n p r ep ar ed fr o m l e af m at e ri al is u s e d a s a s t o m a c hic , c ar m i n a ti v e

,

di aph o r e ti c
,
e x p e c t o r a n t a nd e m m e n ag o g u e ･ A d e c o cti o n of fr e sh le a v e s i s u s e d ,

al o n e o r

i n c o m bi n a ti o n w ith oth e r pla n t p r ep ar a ti o n s , a s a b ath f o r w o m e n f ollo w i n g Child birth ･

T h e ch e m i st r y of B l u m e a c o n stit u e n t s h a s b e e n of s o m e i nt e r e st f o r a t l e a st 6 5

y e ar s .
T h e e s s e n ti al oil w a s th e fi r s t p r o d u c t t o b e s t u die d (2 3 0) . I n this i niti al s t u d y , d

-

c ar v o t a n a c e t o n e
,
I - t e tr ah y d r o c ar v o n e

,
a m i x t u r e o f b ut y n c

,
i s o b ut ym c a n d n

-

o c t a n oi c

a cid s
,

a n d a n u nid e nti 丘e d p b e n ol w e r e i s ol at e
■
d . S u b s e q u e n tl y ,

トb o r n e ol (2 29) ,

f e n c h o n e (2 3 1) ,
I

,
8 - ci n e ol

.
(2 3 1) ,

t w o c ar v o t a n a c e t o n e d e ri v ativ e s (23 2) a di e st e r of

c o nif e ryl alc o h ol (23 3) ,
s o m e p oly a c e tyle n e s a n d thi o p b e n e d e d v ati v e s (2 33 ,2 3 4) ,

c a m p e st e r ol ( 23 5) ,
stig m a st e r ol (23 6) ,

sit o s te r ol (23 7) ,
x a n th o x yli n (2 29) ,

e ri a n thin a nd

5
,
3

'

,
4

'
-t ri b y d r o x y

- 3
,
6

,
7 - t ri m e th o x yfl a v o n e (2 3 6 ,

2 3 8 - 2 4 0) ,
o t h e r u n id e n tifie d

fl a v o n oid s (2 29 ,
23 8) ,

c o u m a ri n s a nd trit e rp e n e s ( 2 29) , a n d m y ri s ti c a cid (23 1) h a v e

b e e n i s ol ate d fr o m B I w n e a s pe ci e s .

T h e p r e s e n t s t u d y w a s u n d e r t ak e n i n o r d e r t o e x p a n d o u r k n o w l e d g e of th e

c o n stit u e n t s of this m e dici n ally i n t e r e stl n g g e n u s
,

a n d d e s c d b e s th e i s ol a ti o n of t w o

fl a v o n oid d e ri v a ti v e s , (2 R
,3 R)

- dih y d r o q u e r c e ti n
- 4

r
-

m e th yl et h e r (6 7) a n d (2 R ,3 R) -

dih y d r o q u e r c e ti n - 4
-

,
7 -di m e th yl e th e r (6 8) , b oth of w hi c h ar e n e w n a t u r al p r o d u c t s .
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T h e p r o t o n n m r d a t a o f is ol a t e 6 7 st r o n gly s u g g e s t e d th at it w a s a

dih yd r o n a v o rl Ol d e ri v a ti v e
,
a n d t h e ch a r a c t e ri stic 1 I H z d o u blet s a t 4 .4 8 a n d 5 . 0 3 p p m

in dic ate d a t r a m s
- di a Ei al a r r a n g e m e n t o f 2 - H a n d 3 - H i n s u c h a sy ste m ･ T h at th e s ig n al

f o r 3 - 冗 w a s f u rt h e r s plit an d , o n a d ditio n of D 2 0
,s h a rp e n e d t o a d o u blet i n dic at e d th at

th e h yd r o x y at C -3 w a s n o t m e t h yl at e d ( 2 4 1 a) .
T h e A B s y ste m c e n t e r e d Jaモ5 .8 7 p p m ,

sh o w i n g m e t a C O u Pli n g of ap p r o xi m a tel y 1 H z
,
s u g g e s t ed th at th ey w e r e p r o t o n s a t C - 6

a n d C -8 i n a dih y d r ofla v o n ol o x y g e n at ed a t C - 5 a n d C - 7 (24 1 b) .

T h e p r o n o u n c e d b a th o c h r o m i c shift o f th e b a n d II a b s o rp t i o n i n th e u v sp e c tr u m

of 6 7 o n ad diti o n of s odi u m a c e t a t e i n dic ate d th e p r e s e n c e of a f r e e h y d r o x yl at C - 7

(24 1 c) ･ A d diti o n of al u m i n u m c hl o ri d e r e a g e n t p r o d u c e d b ath o c h r o mi c s hift s o f b a n d I

(5 4 n m ) a n d b a n d II (25 n m ) ch a r a c t e ri sti c of a s e c o n d fre e h y dr o x yl at C -5 (2 4 1d) .

M a s s sp e c tr al pe a k s a t m / I 16 6 a n d 13 7 s u b st a n ti ate d th at th e r e m a l n l n g hy d r o x yl a n d th e

m e th o x yl g r o up w e r e i n d e ed o n th e B - ri n g (2 4 2 , 2 4 3) .

? R o R

&
O R

●

H

H O

H O

ク
′

ら .

0
㌔

ち
H

O H

O H 0

6 7 R = H , R
-

= C H
3

6 9 R = C H
3 ,

R
'

= H

O R

ク
′

ら, .

0

O H

0 = 0

7 1 R = H
,
R

'

= C H
3

7 3 R = C H
3 ,

R
.

= H

､
(

ら

. #

O R
-

C H
3
0

C H 3
0

ク
′

§さ.

0

H

㌔

ち
=

&
O H

O H 0

6 8 R = H
,
R

'
= C H

3

70 R = C H
3 , R

'

:ニ H

O R

ク
′

ら, .

0

O H

､

句

. a

O H ･ 0

7 2 R = H
,
R

'
= C H 3

7 4 R =
.

C H
3 ,

良
-

= 由

O R
-

O R
-

T h e m ultiplet at 6 .9 1 ( D M S O ) or 7 . 0 0 - 7 .1 0 ( a c e t o n e) i n th e n r n r sp e c tr u m of 6 7

a r e s u g g e sti v e of o x y g e n a ti o n of C - 3 a n d C -4 (2 4 1 e) . H o w e v e r , d efi niti v e a s sig n m e nt of
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th i s u b s tit u ti o n p a tt e rn c o uld n o t b e m a d e o n th e b a si s o f th e s e sp e c tr a l
A p o rti o n o f th e

i s ol at e w a s o xidi z ed (2 N H 2 S O 4 / air (2 4 4) t o th e c o r r e sp o n di n g 鮎 v o n ol , w hi c h s h o uld

b e eit h e r t a m ar i x e ti n (7 1) o r阜s o rh a m n e ti n (7 3) ･ C o m p ar i s o n o f th e n m r sp e c t u m of th e

T M S eth e r of this u nk n o w n fl a v o n ol w it h p u blis h ed sp e c tr a of t h e t w o r ef e r e n c e

c o m p o u nd s (2 4 1f) sh o w e d th at th e u n k n o w n n a v o n ol c o r r e sp o n d e d t o t a m a ri x etin (7 且) ･

T his w a s f u r th e r s u b st a n d at ed b y th e st abilit y of th e u v sp e ct ru m of th e o xid ati o n p r o d u c t

i n th e p r e s e n c e of s o di u m m e th o xid e ･ F l a v o n ol s h a vi n g a f r e e l h y d r o x yl at C - 4 a r e

u n s ta ble in s odi u m m e th o x id e s ol uti o n
,
a n d th eir u v sp e c t r a d e g e n e r a t e i n a f e w m i n u te s

(2 4 1 g) . T h e n a v o n ol p r o d u c e d b y th e o xid ati o n o f 6 7 w a s s e e n t o b e s t able i n t h e

p r e s e n c e of s o di u m m e th o x id e f o r at l e a s t 2 4 h o u r s ･ A I s o
･

tl c c o m p a ri s o n o f t h e

o xid ati o n p r o d u c t w ith is o rb a m n e ti n (7 3) sh o w e d t h e m t o b e di 批 r e nt i n s e v e r al

sy ste m s ･ A s a m ple o f t a m a ri x e ti n w a s ,
u nf o rt u n a tely ,

n o t a v ail a ble ･

T b e ab s ol ut e s te r e o ch e m i stry at C - 2 an d C -3 w a s d et e r m i n e d b y m e a n s of ci r c ul ar

dic h r oi s m ･ C o m p ar i s o n of th e c d c u r v e s of 67 w it h th o s e of dih y d r o fl a v o n ol s of k n o w n

c o nfig u r a ti o n (2 4 5) e st abli sh ed t h e ab s ol ute c o n fig u r ati o n a s 2 R
,
3 R , th e sig n s of th e

C ott o n eff e cts & o m 4 00 t o 2 0 0 n m b ei n g r e sp e c ti v ely ＋
,

-

,
＋

,
＋ ･ T h u s 6 7 is a s s l g n e d

･

th e

s t ru c t u r e (2 R ,3 R
,) - dih yd r o q u e rc e ti n - 4

'
- m e th yl eth e r

､

o r (2 R ,3 R)
- dih y d r o t a m a ri x e ti n ･

T h e n m r s p e c tr u m of th e is ol a t e 6 8 w a s id e n ti c al t o th a t o f 6 7 e x c ep t th at it

sh o w e d th e lo s s of o n e e x c h a n g e a bl e p r ot o n a n d t h e ad diti o n of a s e c o n d ar o m ati c

m et b o x yl g r o up . Si n c e th e u v s p e c 打u m w a s u n c h a n g e d o n a d diti o n o f s o di u m a c e t a te ,

th is m e th o x yl g r o u p is l o c a t ed at C - 7 (2 4 1 c) . M a s s sp e c t al e vid e n c e c o nfir m e d th at th e

ad ditio n al 1 4 m a s s u nits w e r e i n d e e d i n t h e A - ri n g . S ulf u ri c a cid o x id ati o n of 6 8 w a s

u s ed t o e s t ablish th e B - ri n g s u b stit uti o n p atte m a s i n 6 8 r ath e r th a n 7 0 ･ T h u s
,
t h e u v

s pe c t ru m of th e o xid atio n p r d u c t 7 2 w a s f o u n d t o b e q u it e St able i n s o diu m m et h o xid e

s ol u tio n
,

a n d tic c o m p a ri s o n w ith a r ef e r e n c e s a m ple o f r h a m n a zi n (7 4) s h o w e d 7 2 t o

diffe r e n t i n s e v e r al sy st e I P S . C i r c ul a r di c h r oi s m a g a l n e S t ablis e d t h e ab s ol ut ed

c o nfig p r ati o n t o b e 2 R
,
3 R . T h u s ,

6 8 is a s si g n e d t h e str u c t u r e (2 R
,
3 R ) -

dih y dr o q u e r c e ti n - 4
'

,
7 - di m e th yl eth e r .

I n 1 9 7 2 , H e r z e t al . (2 4 6) r ep o rt e d t h e is ol atio n of a dih y dr o fl a v o n ol fr o m a

E up a [ o ri u m h y b ri d ( C o m p o sit a e) h a v i n g eit h e r 6 8 o r 7 0 a s its s t u r c t u r e . T h e y w e r e

u n a ble t o c o m ple tely d efi n e th ei r i s ol at e , h a v l n g l o s t th e r e m a l n l n g S a m pl e i n a n

tl n S u C C e S Sf ul o xid atio n r e a c ti o n
.

C o m p a d s o n or th e a r o m a ti c r e gi o n of th e n m r sp e c tr u m (i n D M S O ) o f th eir

is ol at e w ith th at of 6 8 s h o w e d th e m cl e a rly t o b e diff e r e n t . T h e r ef o r e , f r o m th e d at a

p r e s e n t ed i n r ef ･ 2 46 a n d c o m p ari s o n w it h o u r i s ol at e , 6 8 , w e c a n n o w p r o p o s e t h e

1 2 0



st n l C t u r e Of th e E u p at o ri u m i s ol ate a s ( 2 R
,
3 R ) -dih y d r o q u e r c e ti n - 3

-

,
7 - di m e th yl e th e r

(70) ,
w hic h is al s o a p r e vi o u sly u n r e p o rt e d n at u r al p r o d u ct .

T a b且e 2 6 U ltr a vi ol et s pe ctr a d at a of 6 7 a n d 6 8 a

6 7 6 8

M e O H

N a ∝ f1 3

N a O A c

N a O A c ＋ H 3 B O 3

A I C13

A IC 13 ＋ H Cl

3 2 7 s h (lo g e = 3 .8 9) 3 2 7 s h (3 . 7 6)
2 9 0 (4 .4 8) 2 8 7 (4 .4 9)
2 3 5 (4 .5 4) 2 3 0 s h ( 4 .5 7)
2 0 6 (4 .8 2)

3 2 7 (4 .6 2)

2 1 6 s h ( 4 .6 8)
2 05 ( 4 ･8 1)
3 2 7 s h ( 3 .7 6)

2 9 0 s h (4 .0 3) 2 9 0 (4 .4 7)
2 5 0 s h (4 .0 9) 2 3 0 s h (4 .5 7)
2 0 6 (4 .

8 2)

3 2 7 (4 .5 8)

2 1 7 s h (4 .70)
20 7 (4 .79)
3 2 7 s h (3 .

76)
2 94 s h (4 .1 9) 2 8 7 (4 .4 9)
3 2 7 s h (3 .8 9) 3 2 7 sh (3 . 76)

･ 2 90 (4 .4 8) 2 8 7 (4 .4 9)
3 81 (3 .9 2) 3 84 (3 . 92)
3 1 5 (4 .5 5) 3 1 5 (4 . 57)
2 8 2 (4 .l l) 2 8 7 sh (4 .l l)
2 2 3

. (4 .6 4) 2 2 5 (4 .70)
2 0 6 (4 .7 6) 2 0 6 (4 .9 2)
3 7 7 (4 .0 1) 38 4 (3 .8 9)
3 1 5 (4 .5 5) 3 1 2 (4 .50)
2 8 2 (4 .2 5) 2 8 7 s h (4 .2 2)
2 2 3 (4 .6 4)

■ 2 2 5 (4 .6 8)
2 0 6 (4 .7 7) 2 0 6 (4 .9 1)

a A n U V s pe ctr a w e r e r e c o rd ed u sin g th e st a n d ard p r ∝ e d ur e s g l V e n i n r efe r e n c e 2 4 1

(2 R
,
3 R ) - D Ⅲi Y D R O Q U E R C E T I N - 4

-
- M E T Y L E T H E R (6 7) - F r a c ti o n 6 7

,

w h e n e v ap o r a t e d t o d ry n e s s i n v a c u a
, yi eld e d 7 6 6 m g (1 .7 x l O

-4 % ) of a lig ht y ell o w ,

a m o rp h o u s p o w d e r
,

m p 1 73 - 4
o

;【α】
2 4

D ＋1 4 .9
o

,
ir

,
u m a x ( K B r) ,

3 4 0 0
,
16 4 5

,
16 0 0

,

1 2 8 0
,

a n d l 1 6 0 c m
- I

: u v
,

d a t a s u m m a ri z e d i n t a b l e 3 1 ; c d

( M e O H ) ,【0] 3 2 8 = ＋3 . 35 x l O 5
,[o】2 9 3 .5

= - 1 .3 1 Ⅹ10 6
,[o]2 5 3 . 5

- ＋1 . 9 5 x l O 5
, [o] 2 2 0 = ＋1 .4 4 x

10 6 d e g . c m
2
d m ol e;

1 H - n m r ( D M S O -d 6) , 8 3 . 78 (3 H
,
s

,
A r O C H 3)2 4 .4 8(1 H ,

b d
,
J - ll

H z
, 3 - H ) ,3 .8 1 (3 H , m ,3 x O H ) ,5 .0 3 (1 H ,d , J = 1 1 H z

,
2 - H ) ,

5
.8 7(2 H

,
A B sy st e m

,
6 - H a n d

8 - H a n d 8 - H ) ,6 .9 1(3 H ,b m 2
'

H ,5
'

H a n d 6
'

H ) , a n d l l . 8 8( 1 H
, b s , O H );

l H -

n m r( a c e t o n e
- d 6) ,

3 .8 8(3 H ,s , A r C H 3) ,4 .6 1(1 H ,d , J = 1 1 . 5 H z
,3 - H ) ,5 . 0 8(l 氏d

,
J = 1 1 .5

H z
,
2 - H ) ,

5 .9 8(2 H
,
A B s y st e m

,
6 - H a n d 8 - H ) ,7 .0 0 - 7 . 1 0(3 H , m ,

2
■

- H
,5

-
1 H a n d 6

-
- H ) ,

a n d l l . 6 8 (1 H
,
b s

,
O H ); m s

,
m / I 3 1 8 ( M ＋

, 37 % , C 1 6 H 1 4 0 7) , 289(4 4) ,
16 6(50) ,

16 5(26) ,
16 4(3 6) ,

15 3(10 0) ,
a n d 13 7(39) .

( 2 R
,3 R) - D I H Y D R O Q U E R C E T I N - 4

-

,
7 - D I M E T H Y L E T H E R (6 8) .

- F r a c ti o n

68
,
w h e n e v ap o r at e d t o d r y n e s s i n v a c u a

, yi eld e d 9 4 m g (2 . 1 x lO
- 5 % ) of a lig h t y ello w ,

a m o rp h o u s p o w d e r
,

m p 1 6 4 - 7
o

;【α]
D
2 4 ＋1 4 .8

o

; i r
,

℃ m a x( K B r) ,
3 48 0 m , 16 3 0

,
16 10

,

1 2 7 3
,

1 1 5 0 a n d l 1 3 0 c m
- 1

; u v
,

d a t a s u m m a ri z e d i n t a bl e 1; c d ( M e O H ) ,

1 2 1



桝3 3 1 .5
- 十3 . 5 9 x l O 5

,[ α】2 2 4 - 1
･
2 6 x l O 6

,[o】2 5 3 . 5
- 十1 ･ 7 1 x l O 5

,【o]2 2 1
･ 5

- . 1 ･2 8 x l O 6
°e g

c m
2/d m ol e;

l H -

n m r ( D M S O - d 6) , 8 3 .7 9(6 H ,
b s

,
2 x A r O C H 3) ,

4
●

･5 5 (1 B ,
m

,
3 - H ) ,

5 ･ 09

( 1 H ,d , J = 1 1 H z
,
2 胡) ,

6 . 1 0(2 H ,
A B s y st e m , J = 2 H z

,
6 月 a n d

'

8 - H ) , a n d 6 ･9 5

(3 H , m , 2
-

- H ,5
-

- H a n d 6
-

1 H ):
1 H -

n m r (a c e t o
p

e -d 6) , 8 2 ･ 78 (3 fl ･
b m

,
3 又O H ) , 3 ･8 6(3 B

,

s ,
A r O C H 3) ,

3 .8 7(3 H , s , A r O C H 3) ,
4 . 6 2(1 H , d , J = 1 1 ･ 6 H z

,
3 - H ) ,

5 ･ 1 1(1 H ,d , J = 1 1 ･ 6

H z
,
2 - H) ,

6 . 0 7(2 H
,
A B s y ste m

,
6 - H a n d 8 -

) , a n d 7 ･0 0 - 7 ･ 1 0(3 H
,

m , 2
-

- H ,5
.

朔 a n d 6
'

-

H ) ; m s
,

m / I 3 3 2 ( M '
, 2 5 % ,

C 1 7 H 1 6 0 7) , 3 0 3 (3 6) ,
1 7 9 (16) ,

1 67 (lo o) , 16 6 (2 9) , 16 4

(35) ,
15 1 (20) , a n d 1 3 7 (2 3) .

o x I D A TI O N O F 6 7 - A s a m pl e (1 5 m g) of 6 7 w a s s u s p e n d e d i n 2 N H 2 S O 4 (5

m l) a rid h e at ed o l m St e a m b ath u n d e r a g e n tl e str e a m o f air f o r 2 4 h o u r s ･ A ft e r th e s a m ple

w a s c o ol e d t o r 00 m t e m pe r a t u r e a n d e x t r a c t ed w i th et h yl a c e t a t e (4 x 5 m l) , p ar ti ti o n w a s

eff e cte d a g ai n st a S a t u r a te d a q u e o u s s ol uti o n of s o di u m bi c a rb o n a te t o r e m o v e r e sid u al

a cid . T h e o rg a ni c p h a s e
,

w h e ll d ri ed ( N a 2 S O 4) a n d e v ap o r a t e d i n v a c u o , yi eld e d 14 ･2

m g
l

(9 5 % ) of a d ar k y ello w
,

w a x y s olid , 7 1 ; u v , m a x ( M e O H ) , 3 6 9 ,
2 9 2 , 2 7 0 sh ,

2 5 5

a n d 2 0 5 n m ; m a x ( M e O H ＋ N a O C H 3) , 3 8 8 , 3 2 6 ,
2 7 7 a n d 2 0 5 n m

,
wi t h n o c h a n g e f o r

a tLl e a s t 2 4 h o u r s .

O X I D A T I O N O F 6 8 - A s a m ple (1 5 m g) of 6 8 w a s s u sp e n d ed in 2 N

H 2 S O 4 (5 m l) a n d h e at ed o n a ste a m b ath u n d e r a g e n tl e str e a m of ai r f o r 4 8 h o u r s . A f t e r

th e s a m pl e w a s c o ol ed t o r o o m te m pe r at u r e a n d e x tr a c t e d w ith eth yl a c et a te (4 x 5 m l) ,

p a rtiti o n w a s eff e ct e d a g a l n St a S a ttlr a t ed a q u e o u s s ol uti o n of s o di u m b ic a r b o n a te t o

r a m o v e r e sid u al a cid . T h e o rg a ni c ph a s e , w h e n d ri ed ( N a2S O 4) a nd e v ap o r a t ed i n v a c u o ,

yi eld e d 1 2 . 4 m g (8 3 % ) or a y ell o w w a xy s olid
,
7 ヱ; u v

,
℃ m a x ( M e O H ) , 3 6 4 , 2 8 8 , 26 0 ,

2 1 3 a n d 20 8 n m
'

, ℃ m a x ( M e O H ＋ N a O C H 3) ,
4 1 3

,
3 3 3

,
29 0

,
2 3 0 a nd 2 1 1 n m , w ith n o

c h a n g e fわr at le a s t 2 4 h o u r s .

ii ･ S O P H O R A E X Z G U A (2 4 7)

T h e g e n u s S op h o r a i s a n ab u n d a n t s o u r c e of p r e n yl fla v o n oid s [2 4 8] a n d s o m e

s pe ci e s of th e g e n u s h a v e b e e n u s ed a s a f olk m edici n e i n C hi n a (S .
t o n k i n e n sis) a nd

J ap a n (S . j7 a v e s c e n s) . T h e g e n u占is di vid ed i n t o t w o s u b g e n e r a , S o p h o r a a n d

S ty p h n ol o b i u m [2 4 9 ,2 5 0] , P r e vi o u s s t u di es
.

s h o w th at th e p r e n ylfl a v o n oid s o c c u r

e x cl u si v ely i n th e s u b g e n u s S op h o r a ･ S op h o r a e x L
'

g u a
,
i n s u b g e n u s S o p h o r a a nd s e ri e s

R u b r lJI o r a e [249 ,
2 5 0] ,

i s a n e n d e m i c sp e ci e s i n T h ai 1a Jld an d th e r q o ts o f th e pla nt ar e

u s e d fo r t r e a ti n g r e spir a t o ry dis e a s e s [2 5 1] . P r e v i o u s s t u di

'

e s o n t h e c h e m i c al

c o n s tit u e n t
_

s of this pl a n t r e v e al e d th e p r e s e n c e o f ni n e l u p l n e al k al oid s w hi c h w e r e
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studi ed b y T ak a m a ts u e t al . [2 1 1] . W e n o w d e s c rib e th e is ol ati o n f r o m th e r o o t s a n d

str u c t u r al d ete r m i n a ti o n o f t w o n e w fl a v a n o n e s wi th a l a v a n d ulyl r e sid u e
,

n a m e d

e x lg u a凸a v a n o n e s A an d B ･

P u rific ad o n of a chlo r of o r m s ol u bl e e xtr a c t of th e r o o t s of S op j w r a e x lg u a wi th

silic a g el c ol u m n c h r o m a t o g r ap h y r e s ult e d i n th e is ol ati o n of t h r e e fla v an o n e s (7 S ･ 7 7) .

T h r e e o n e
-

p r o t o n d o u ble d o u ble t s a t 8 2 . 5 4 J = 1 7 , 3 H z) , 3 . 87 (J = 1 7 , 14 H z) a n d 6 . 0 2

(J = 1 4 ,3 H z) a s sig n e d t o H - 3 a n d H - 2 i n th e
l H N M R sp e c t r u m sh o w ed 7 5 t o b e a

n a v a n o n e d e ri v ati v e . A t w o
-

p r o t o n d o u ble t a t 8 6 . 47 (J = 8 H z) a s sig n a bl e t o H -3
'

a n d H -

●

5
-

, a n d a 打ipl et at 8 7 .0 5 (J = 8 H z) a s sig n able t o H - 4
●

i n dic at e d th a t 7 5 is di - o x y g e n at e d

at C -2
.

a nd C -6
'

o n th e B ri ng . I n th e EI m a s s sp e c t ru m , p r o m i n e n t & ag m e n t i o n s at m / I

30 1 a n d 16 5 s h o w ed th at A ri n g l S al s o di -

o xy g e n a t e d , a nd t h e r i n g b e a r s a C -

alk yl

g r o up I T h e al k yl g r o u p w a s d et e r m i n ed t o b e l a v a nd ul yl(5
- m e th yl

- 2 -i s op r op e nyl
-h e x -4 -

e n yl) b y th e c a rb o n c h e m i c al s hift s [25 3] a s sig n e d b y
l H - 1 3 c c o s y . T h e p o sid o n of

th e l a v a n d ul yl r e sid u e w a s c o n cl ud ed t o b e at C -8 , b e c a u s e a o n e
-

p r o t o n si n gl et a s s lg n ed

t o a ch el at e d h y d r o x yl gr o up at C -5 ap p e a r ed at 8 1 2 .2 7 [25 2 ,2 5 3】, a nd th at 7 S e x hibit e d

a b ath o c h r o m i c shift o n ad diti o n o f A I C13 ( C a 23 n m ) i n th e U V s p e ct ru m [25 4] . T h e

p o siti o n of th e l a v a nd ulyl r e sid u e w a s f u rth e r c o nfir m e d b y 2 D N M R ･ I n th e C O L O C

s pe ct ru m , t h e c h el at ed h yd r o x yl gr o u p c a u s e d a c r o s s pe a k wi th a c a r b o n a t 8 9 6 .8 w hi c h

w a s c o r r el at ed w ith a o n e -

p r o t o n si n gl et at 8 6 .0 1 a s sig n e d t o th e A ri n g p r ot o n (冗- 6) i n

th e
l H - 1 3 c c o s y ･ B y m e a JI S O f d l e C D sp e ctr al r e s ults

,
th e c o nfig u r a ti o n at C - 2 i s 2 S ･

C o n s e q u e n tly ,
7 S i s (2S ) -5

,
7

,
2

'

,
6

'
- t e tr a h y d r o x y

- 8 -l a v a n d ulylfl a v a n o n e
,

n a m e d

e xig u a fl a v an o n e A 二

騒
C H

∩ 0

H O

H

0

H

ク
'

≒
も .&
O H

H

13
c -

1
H l o n g r an g e c o up li n g l n th e C O L O C sp e ct ru m of 75
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7 5 R = H
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H O
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RI M S f r a g m e n ts of 7 5 a n d 7 6

T h e
l H N M R s p e ctr u m o f 7 6 w a s al m o s t s u p e ri m p o s a bl e o n th a t o f 7 5 e x c ep t

f o r th e p r e s e n c e of a m e t h o k yl g r o u p a t 8 3 ･8 7 ･ I n th e E I m a s s sp e c t r u m , p r o mi n e n t

f r ag m e
'

n t i o n s w e r e o b s e r v d a t m / I 3 1 5 a n d 1 7 9 . T h e s e r e s ults s h o w e d 7 6 is a

m o I1 0 m e tb yl etb e r of 7 5 ･ It i s cl e a r 舶t o n e or th e h y 血) x yl gr o u p s o n tI - ら A ri n g of 7 5

is m e tb yl at e d ･ I n th e C O L O C sp e c t r u m (a c e t o n e
-d 6) , a C h el at ed b y 血 o x yl g r o up a s sig n e d

t o c -5 (8 1 2 ･3 8) c a u s ed a c r o s s p e ak w i th a c a r b o n sig n al a t C - 6(8 93 . 2) . T h e , e s ults of

th e C O L O C sp e c t r u m i n dic ate d th at th e A ri n g s u b stit u (i o n i s 5 - h y d r o x y
-8 -1 a v a n d ulyl

- 7 -

m e th o x y ･ T h e C D s p e c t r al d a t a sh o w e d th a t th e c o n fi g u r a ti o n a t C - 2 i s 2 S ･

C o n s eq u e n tly ,
7 6 i s (2 S)5 ,2

'

,
6

f
- tri h y d r o x y

- 8 -1 a v a n d ulyl
- 7 - m e t h o x yfl a v a n o n e , n a m e d

e x lg u afl a v a n o n e B
･ C o m p o u n d 7 7

, o b t ai n e d a s n e e dl e s , w a s i d e n tifi e d a s

s o p h o r afl a v a n o n e G (5 ,7 ,
2

-

,4
-

-t e tr a h y d r o x y
- 8 -1 a v a n d ulylfl a v a n o n e) b y c o m p a ri s o n

w ith a n a u th e n ti c s a m ple is ol a t e d f r o m S . l e a c hi a n a [25 3] .

1 2 4



I n th e pr e s e n t s t u d y ,
w e i s ol ate d t w o 2

'

,
6

.
- di o x y g e n a t ed fl a v a n o n e s fr o m th e

r o o ts o f S . e x lg u a . S u c h fl a v a n o n e s ar e o nly k n o w n p r e vi o u sly f r o m I , o n cj w c a rp u s

o r o ti n u s (L e g u m i n o s a e) ( o r o ( o n i n a n d o r o t o ni n 5 -

m e th yl eth e r) [25 5] , S c u t el[a n
'

a

b ai c al e n si s ( L a bi at a e) (5 ,7 , 2
f

,6
'

- t e tr a h y d r o x yfl a v a n o n e a n d it s 5 -

m e th yl eth e r)

(5 ,
7 ,2

.

,6
'

-t e tr a h y d r o x yfl a v a n o n e a nd it s 5 -

m e th yl e th e r) [2 5 6 ,25 7] a n d S . d L
'

s c ol o r

(5 , 2
'

- di h y d r o x y
- 7

,
8

,
6

.
-t ri m e th o x y fl a v a n o n e a n d 5 ,

2
'

- d ih y d r o x y
- 6 ,7 , 6

'
-

tri m e th o x yfla v a n o n e) [2 5 8] . U p t o t h e p r e s e n t
,
t h e fl a v a n o n e s f r o m S op h o r a a re

o x y g e n at e d at 2
f

-

, 4
'

-

,2
.

,4
.

-

[2 48] a n d 2
'

,
4

'

,6
'

- [2 5 9 ,
2 6 0] . O u r p r e s e n t di s c o v e ry of

2
'

,
6

'
- di o x y g e n a te d fla v a n o n e i n S . e xig u a i s th e r ef o r e of n o t e .

5
,
7

,
2

-

,
6

'
- T e tr a h y d r o x y

- 8 -l a v a n d ulyl n a v a n o n e (e xig u afl a v a n o n e A
,
7 5) . m p

17 8 . 5 - 17 9
o

( C 6 H 6) . E I M S m / I ( r el . i n t .) : 4 2 4 (l l) ,
3 0 1 (l oo) ,

2 8 3 (9 3) ,
1 65 (7 3) , 1 3 6

(4) .
H R M S m / I : [ M ]

＋4 2 4 . 19 1 7 (C alc d . 4 2 4 .1 8 8 6 f o r C 2 5 H 2 8 0 6) . C D A e 2 7 3
- 7 .3

( n e g ati v e m a xi m u m ) ,
A e 3 0 3 ＋ 3 . 1 (p o siti v e m a x .) . U V 九 M e O H n m :29 2 .3 3 8 ,

＋

A I C13 :3 1 4 ,39 2 .

1 H N M R (a c et o n e
- d 6) 8 :1 .4 8 (3 H ,b r s

,
M e -7

”

) ,
1 . 5 4

,(3 H
,
b r s

,
M e -

6
.'

) , 1 . 6 1 (3 H ,b r s , M e
- 6

”

) , 1 . 6 1 (3 H , b r s , M e
- l o

u

) , 2 . 0 8(2 H
,
m , H

1 3
.

) ,
2 .5 4(1 H

,
d d

,

J I 1 7 ,3 H z
,
H - 3 e q) ,

2
･5 6 - 2

･ 6 0(3 H
,
m

, ”
- 1

' '

, H
- 2

'

:) ･ 3 ･8 7(1 H
,d d , J = 1 7 ,1 4 H z , H

-

3 a x) ,
4 .5 5 (2 H

,
bt s

,
H -9

'.

) ,
4 . 9 8 (1 H

,
t lik e

,
H - 4

.

) ,
6 . 0 1 (1 H

,
s

,
H -6) ,

6
.
0 2 (1 H

,
d d , J I

1 4
,
3 H z

,
” - 2) ,

6 . 4 7(2 H ,d , J = 8 H z
,
H - 3

.

,
冗 - 5

'

) ,
7 . 0 5 (1 H ,

t
,
J = 8 H 2:

,
H - 4

'

) ,
8 . 50

(2 H
,

b r s
,

･ O H - 2
'

a n d O H - 6
'

) ,
9 . 4 5 (1 H , s , O H - 5) .

1 3 c N M R d at a a r e s h o w n i n

T a ble 2 7 .

5 ,2
-

,6
'

- T ri h y dr o x y
- 8 -l a v a n d ulyl

1 7 -

m e th o x yfla v a n o n e (e xi g u afl a v a n o n e B , 76) .

A p al e y ell o w vi s c o u s oil . EI M S m / z ( r el . i n t .) : 43 8 (7) , 3 69 (7) , 3 15 (1 0 0) , 2 9 7 (9 3) ,

13 3 (l l) ,
1 7 9 (6 9) ,

13 6 (3) . H R M S m / z : [ M ]
＋ 4 3 8 . 2 0 1 0 ) C al c d .

4 3 8
.
2 0 4 2 f o r

C 2 6 H 3 0 0 6) . C D : A e 2 7 5
-6 .5 ( n e g a ti v e m a x .) ,

A E 3 0 2 ＋2 .2(p o sitiv e m a x
.) . U V M e O Ⅰi

n m :2 9 0
,
3 4 3

,
＋ A I C 13 :3 1 5

,
3 4 0 .

1 H N M R ( a c et o n e - d 6) 8 : 1 . 4 7 (3 H
,
b r s

,
M e - 6

1'

) ,

1 .60 ( 3 H
,
b r s

,
M e I o

川

) ,
2 .0 0 - 2 .5 5 (5 H

,
m

,
H - 1

"

,
H - 3

”

) ,
2 .5 6 (1 H

,
d d

,
J = 16

,
3 H z

,

H -3 e q) ,
3 .8 7 (3 H

,
s

,
O M e) ,

3 .8 9 ( 1 H
,
d d

,
J = 16

,
1 4 H z H 3 a x) ,

4 .4 5
,
4 . 4 9 (1 H

,
e a c h

b r s
,
H -9

‥

) ,
4 .9 4 (1‡もt lik e

,
H - 4

”

) ,
6 .0 2 (1 H

,
d d , J = 1 4 ,3 H z , H

- 2) ,6 . 1 3 (1 H , s , H
-

6) ,
6 . 4 8( 2 H

,d ,
I = 8 H z

,
H - 3

'

,
H - 5

f

) ,
7 .0 3 (1 H

,
t

,
J = 8 H z , ” - 4

'

) , 8 . 55 (2 H
,
b r s ,

O H - 2
.

a n d O H -6
f

) ,
1 2

.3 8 (1 H , s , O H - 5) .

1 3 c N M R s pe ctr al d at a a r e sh o w n i n T a ble 27
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iii . D A L B E R G E A C A N E) E N A T E N S I S (2 6 1)

C o n ti n u l n g O u r S t u die s o n th e tr aditio n al m e dici n al pl a n t s
,

of T h ail a nd , w e h a v e

i n v e stig at e d D alb e rgia c a nd e n a E e n sis P r ai n ( Le g u m i n o s a e) , a tr e e i n di ge n o u s t o e a s te r n

As ia ･ T h e h e a rt w o o d h a s a d e e p r e d c ol o r a n d is u s e d i n T h ail a n d a s a r e d d y e s t uff .

T h e r e h a v e b e e n n o p r e vi o u s p h yt o c h e m i c al sttldi e s o n this s p e ci e s ･
I n a p r eli m in a ry

bi ol o gi c al e v al u a ti o n , th e C H C 13 a n d M e O H e x t r a ct s w e r e f o u n d t o dis pl ay a n [ib a c ( e ri al

a n d a n d fu n g al p r o pe r d e s ･
T h e s a m e e x tr a c t s al s o sh o w ed c yt ot o xi c､ a c tl V l ty a g l n S t th e P -

38 8 1y m p h ∝ ytic le u k e m i a t e s t s y s t e m i n v L
'

t r o . (2 6 2) .

T h e i s ol ati o n of t h e a n tib a c te ri al a n d a n d f u n g al c o m p o n e n t s w a s m o nit o r ed b y

di r e c t bi o a u t o g r a p hi c a s s a y o n tl c (26 3
,
2 6 4) . F o u r of th e i s ol a t e d c o m p o u n d s w e r e

id e n tifi e d a s ( i)
-

m u C r O n u l at ol (2 6 5
,
2 6 6) , ( R ) -( -) - cl a u s s e q ui n o n e 7 8 (2 6 7) ,

-

f o r m o n o n e ti n (2 6 5) , a n d (R)
-

(
-

) - v e s tit ol (2 6 7 ,3 6 3) .

w a s c h ar a c t e ri z e d i n th e f oll o w i n g m a n n e r .

H O
､

句

′♂
㌔

H

ク
′

一 <ク
O C王ち

7 8

H O

T h e n e w i s ofl a v o n e q u l n O n e 7 9

､
q iq h

ノダ

0

O H 0

79

0

ク
′

一#
O C Fr

3

T h e b at h o c h r o m i c s hift i n b a n d IT
l
of th e u v sp e c tr u m , o n th e a d diti o n o f

A IC 13/ H Cl a n d N a O A c ,
i n dic at e d th e p r e s e n c e of a hy d r o x y g r o u p p e rL

'

t o a c a rb o n yl

g r o u p a n d of a s e c o n d a cidi c h y d r o x y g r o u p . I n th e i r sp e c t ru m a c o m ple x a b s o rptl O n

p atte r n w a s o b s e rv e d i n th e re g i o n 1 6 50 - 1 68 0 c m
- 1

s u g g e s t i n g th e p r e s e n c e of m o r e th a n

o n e α ,P -

u n s at u r a t ed k et o n e m oi ety ･ I n th e m a s s sp e c t ru m o b tai l- e d a t 2 0 e V
.

, c o m p o u n d

79 sh o w ed a fr a g m e n t ati o n p att e r n ty pic al f o r m e th o x y b e n z o q ui n o n e s (2 69) .

A n i n t e n s e m ol e c ul a r i o n w a s o b s e r v e d at m / I 3 1 4 .
Eli mi n ati o n o f a m e t h yl

gr o u p a n d s u b s e q u e n t l o s s o f C O r e s ulte d i n i o n s at m / I 29 9 a n d 2 7 1 , r e sp e c ti v ely . T h e

i o n at m / z 2 4 3 a r o s e fr o m th e l o s s of a m e th yl g r o u p a n d t w o m ol e c ul e s o f C O , a n d this

i o n d e c o m p o s e d b y f u rth e r eli m i n a ti o n of C O le a di n g t o a M ＋ - 99 s p e ci e s a t m / z 2 1 5 ･ A

f r a g m e n t i o n a t m / I 2 0 3 w a s d u e t o th e r up t u r e of th e C - 1
'

- C - 2
.

a n d C - 5
-

- C - 6
'

b o n d s
,

a n d a n i n t e n s e p e ak
,

c h a r a c t e ri s ti c of m e th o x y b e n z o q u l n O n e S
,

a p pe a r e d at m / z 69
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( c 3 H O 2
.
) . R D A f r ag m e n t ad o n of th e m ol e c u l e a n d s u b s eq u e n t eli m i n atio n of C O le d t o

th e i o n s a t m / z 15 2 a n d m / z 1 2 4 .

I n t h e r el ati v ely si m ple
l = -

n m r sp e c 加 m a Si n gl et at 8 ･3 6 p p m w a s a s s lg n ed t o

臥 2 ｡f a n i s ofl a v o n e w i th th e r e s o n a n c e占fo r t h e h yd r o x yl g r o u p s a t C - 5 a n d C - 7

ap pe e a n n g a t 1 2 ･
4 6 a n d 1 l ･0 6 p p m , r e sp e c ti v ely . T w o o n e

-

p r o t o n s l n gl et s f o r H - 3
1

a n d

H -6
-

w e r e o b s e r v e d at 6 . 2 6 n d 7 ･ 05 p p m
,
r e sp e c ti v ely ･

A s sig n m e n t of t h e
1 3 c - n m r

s p e c t ru m of 7 9 w a s a c hie v e d t h r o u g h c o m p a ri s o n w ith lit e r a t u r e d at a (27 0 ,
2 7 1) ･

w ith

th e d at a f o r cl a u s s e q ui n o n e 7 8 , a n d b y th e att a c h ed p r ot o n te st ( A P T) sp e ct ru m ･ B a s ed

o n t his sp e c t r o s c o p I C i n f o r m ati o n c o m p o u n d 7 9 h a s b e e n id e n tifi e d A s 5 -

h y d r o x y b o w dic hio n e , d i e S e c o n d is o fl a v o n e q ui n o n e t o b e d e s c ri b e d (2 7 2) ･

(R)
-

(
-

)
- C l a u s s e q u阜n o n e [78] .

- M p 19 3 - 19 6 0 d e c o m p ･ [1it ･ ( 2 6 7) m p 18 9 - 19 4 0

d e c o m p .]; [ a] D , u v ,
ir

,
e i m s : s e e lit . (3 6 2);

1 H n m r (3 6 0 M H z
,
D M S O - d 6) 8 2 ･7 2 (1 H ,

d d ,

'

J = 15 .5 , 9 .0 H z
,
4 - H a 又) ,

2 .8 0 (1 H
,
d d , J = 1 5 ･ 5 , 5 ･ 7 H z ,

4 - H e q) , 3 ･ 2 1 (1 H
,

m
,
3 -

H a x) , 3 . 7 8 (1 H
,

s
,
4

'
- O C H 3) ,

3 .9 2 (1 H , d d , J = 1 0 .5 , 8 ･
4 H z

,
2 - H a 又) ,

4 ･ 1 6 (1 H
,
d d

,

J = 1 0 ･ 4
,
1 ･ 9 H z

,
2 - H e q) , 6 ･ 1 7 (1 H , s , 3

'
- H ) , 6 ･1 8 (1 H

,
d

,
J - 2 ･5 H z , 8 - H ) , 6 ･3 0 (1 H

,

d d
,
j - 8 .3 , 2 .3 H z , 6 - 刀) , 6 . 5 4 (1 H ,

s
,
6

-
- H ) ,

6 .8 6 (1 H
,
d , J = 8 .3 H z ,

H - 5) , 9 .
25 (1 H

,

b s
,
7 - O B);

1 3 c n m r (90 . 8 M H z , D M S O - d 6) 8 2 8 . 8 ( C - 4) , 3 0 ･ 6 ( C -3) ,
5 6 ･4 (4

7
- O C H 3) ,

6 7 . 9 ( C -2) , 1 0 2 . 5 ( C - 8) , 1 0 7 . 9 ( C - 6) ,
1 0 8 . 4 ( C - 3

7

) ,
I l l .3 ( C - 4 a) ,

1 3 0 .0 ( C -5) , 1 3 0 14

( C - 6
'

) , 1 4 8 .
4 (C

- I
-

) ,
1 5 4 . 2 ( C - 8 a) ,

15 6 . 6( C - 7) ,
1 5 8 .3 ( C - 4

'

) ,
1 8 l .7 ( C - 5

'

) ,
18 6 ･5 ( C -

2
7

) .

5 - H y d r o x yb o w d ic h i o n e [7 9 ] .

- - Y ello w c r y st al s , m p 2 4 l - 2 45
o

d e c o m p ･

(C H C ld M e O H ); u v 九 m a x ( M e O H ) 3 18 sh
,
2 79

,
2 6 2

,
a nd 2 23 n m s h , ( ＋ N a O M e) 3 3 4

,

2 9 2 ,
2 4 0 n m s b; (＋N a O A c) 3 2 8

,
2 7 1 n m ; (＋A I C13) 3 7 2

,
3 0 8 , 26 9 n m , n o alt e r ati o n o n

a d diti o n of H Cl; ir 1) m a x ( K B r) 3 4 80 , 3 4 40 , 1 66 0 , 1 64 7 , 1 6 3 0 , 1 6 2 1 ,
1 5 9 8 ,

1 5 8 5
,

1 2 3 3 ,
1 2 0 5 ,

1 19 0 ,
1 1 7 0 ,

l l h
, 8 3 0 , 8 2 5 c m

- 1
;
1 H n m r (3 0 0 M H z

,
D M S O - d 6) 8 3 . 8 3

(3 H
,

1

s ,
4

T
- O C H 3) ,

6 . 26 (1 H
,

s
,
3

-
- H ) ,

6 .2 7 (1 H ,
d

,
J = 1 .5 H z

,
8 - H ) ,

6 . 4 4 (1 H , d ,

J = 1 .5 H z , 6 - H ) , 7 .0 5 (1 H
,

s
,
6

'
一日) ,

8 . 36 (1 H
,

s
,
2 - H) ,

l l . 06 (1 H , s , 7 - 0 Ⅲ) , 1 2 . 46

(1 H , s , 5 - O H);
1 3 c n m r (7 5 .4 4 M H z

,
D M S O - d 6) 8 5 6 .3 (4

-
- O C H 3) ,

9 4 . 1 ( C - 8) , 9 9 .5

( C -6) , 1 0 4 .0 ( C - 4 a) , 10 7 .9 (C -3
'

) ,
1 15 . 5 (C - 3) ,

13 3 .2 ( C -6
'

) ,
1 3 7 .9 (C - r) ,

15 7 .1 (C
-

8 a) , 15 7 .5 (C - 2) ,
15 8 . 4 ( C - 4

'

) ,
1 6 1 .6 ( C -5) ,

16 4 . 7 (C - 7) ,
1 7 8 . 8 (C - 4) ,

18 1 .4 ( C - 5
1

) ,

18 5 .0 (C
- 2

'

); m s (2 0 e V ) m / I ( rel . i n t .) 3 1 4 (1 0 0 0) , 2 9 9 (1 7) , 2 7 1 (9 9) , 2 5 5 (3) , 2 4 3

(3) , 2 2 9 (6) , 2 1 5 (7) , 2 0 3 (1 4) , 15 3 (7) ,
1 5 2 (6) ,

1 2 4 (6) ,
6 9 (3 7) .
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i v .
耶 I G H T 2 A T O M E N T O S A (2 7 3)

W rig htia t o m e n t o s a R o e m . & S c h ult . (A p o c y n a c e a e) h a s b e e n u s e d i n A y u rv e dic

m e dici n e f o r m a n y y e ar s f o r th e tr e a t m e n t o f m e n s t ru al dis o rd e r s ,
r e n al c o m pl ai nts a n d

a m o e bic d y s e n t e ry [2 7 4] . I n T h ail a nd , th e d ri e d b a rk of t his sp e ci e s i s u s ed a s a n

a ntip y r etic [275】･ Ⅰn th e c o u r s e of a n e v al u ati o n of n a t u r al p r o d u c t s a s i n hibit o r s of

h u m a n i m m u n o d e ficie n c y vi r u s t yp e I (H I V - 1) r e v e r s e t r a n s c ript a s e , t h e m e th a n ol

e xtr a c t o f t h e d ri ed le a v e s a n d ste m s of this pla nt sh o w e d w e ak a cti vit y (1 0 % i n hibiti o n)

a g ai n st H I V - 1 r e v e r s e t r a n s c ri p t a s e [2 7 6] ･ P r e vi o u s p h yt o c h e m i c al st u die s o n th is pl a nt

h a v e r e v e al e d th e p r e s e n c e of u n s a tu r a te d st e r ol s ,
t ri t e rp e n e s

,
fl a v o n oid s

, p h e n olic a cid s

a n d alk al oid s [2 7 7 ,
2 7 8] . H o w e v e r

,
d e t aile d i n f o r m a ti o n ab o u t t h e s e i s ol at e s w a s

l a c ki n g . I n this i n v e s tig ati o n , w e r ep o rt th e is ol ati o n a n d st r

'

u c t u r e d e t e r mi n ati o n o f a n

i s o fl a v o n e w it h a n e w sk el et o n & o m th e b ar k of ” . t o m e n t o s a .

T b e
l H N M R sp e ctr u m o f w rig hti a di o n e s h o w e d ei g ht a r o m a ti c p r o t o n

r e s o n a n c e s a t 8 8 .6 0 , 8 .4 1 , 8 .0 1 , 7 .8 9 , 7 .8 3 , 7 .7 7 , 7 . 6 5 a n d 7 .
4 1 . T h e s c al a r

c o upli n g s ob s e r v e d a m o n g 8 8 .6 0
,
7 .7 7 , 7 .

4 1 a n d 7 .8 9 a n d a m o n g 8 8 ･ 4 1
, 7 ･

65
,
7 ･8 3

a nd 8 .0 1 i n th e C O S Y sp e c tr u m cl e a rly r e v e al ed t h at t h e y b el o n g e d t w o i s ol at e d sp l n

sy ste m s ･ T o d et e rm i n e t h e c ar b o n f r a m e w o rk of 8 0 , a s e ri e s o f 1 3 c N M R e x p e ri m e n ts
,

i n cl u d in g B B
,

A P T
,

H E T C O R a n d s el e c ti v e I N E P T [2 8 0 ,
2 8 1] w a s p e rf o rm ed ･

H o w e v e r , ip th e c o u r s e of p r o t o n b r o ad - b a nd d e c o upli n g e x p e ri m e n t s u s i n g a n OP tl m u m

p ul s e a n gle 申 rn st a n gl e) a n d a n u m b e r o f di ff e r e nt p o s トa c q ui siti o n d el ay s (5 , 1 0 , 2 0 a n d

3 0 s e c) t o a v oid th e s a t u r ati o n o f N M R sig n al s
,

o nly 1 5 of th e a n ti cip at e d 1 6 1 3 c

r e s o n a n c e s w e r e c o n si s t e n tly o b s e Ⅳ e d . T h e s e d at a w e r e i n c o n si ste n t w i th th o s e

o b t ai n e d f r o m th e I R s p e c t r u m w hic h sh o w e d t w o dis ti n c t c a rb o n yl fr e q u e n ci e s (℃ m a x

1 7 26 a n d 16 8 6 c m
- 1
) a n d t h e H R M S ( o b sd 24 8 .0 4 7 2) ,

w hic h i n dic ate d a m ol e c ul ar

fo rm ul a C 1 6 H 8 0 3 , a n d s u gg e s t e d th a t o n e of th e c ar b o n yl c a rb o n r e s o n a rlC e S W a s a b s e n t

fr o m th e
1 3 c N M R s pe ct ru m ･

A ll eff o rt s t o l o c a t e this c a rb o n yl c a rb o n i n t h e sp e c t r u m

h a v e th u s f a r f aile d .

B a s e d o n th e N M R a n d m a s s s p e c tr al d a t a , s e v e r al p o s sibl e st ru c t u r e s w e r e

p o s sible ･ C o m p a ri s o h of th e
1 3 c c h e m i c al shift s o f w ri g hti a dio n e 8 0 w ith t h o s e of

c h r o m o n e ,
x a n th o n e

,
fl a v o n e a n d q ui n o n e d e ri v a ti v e s [2 8 2] i m m e di ately r ul e d o u t

s e v e r al alt e r n ad v e s a n d s u g g e ste d th a t i t m igl-t b e a 鮎 v o n e o r i s o n a v o n e ･ T h e p r e s e n c e

of t w o a b s o rpti o n m a xi m a a t 259 (b a n d Ⅱ) a n d 3 1 3 n m (b a n d I
,
sh d uld e r) i n th e U V

sp e ct ru m , c h ar a c t e ri s ti c of is o fl a v o n e s
,
f u rt h e r s u g g e st e d th at this c o m p o u n d is 8 0 ･

T h e c a r b o n yl c a rb o n r e s o n a n c e of C - 7
'

w hi c h w a s e x p e c t ed t o ap p e a r i n th e

r an g e 8 19 0 - 2 1 0 【2 8 2] w a s n o t o b s e r v ed ; c o n s e q u e n tly ,
th e s el e c ti v e I N E P T te c h niq u e

c o uld n o t b e u s e d t o pl a c e this c a rb o n yl f u n c ti o n ･ H o w e v e r
, s el e c ti v e I N E P T

1 2 9



e x pe ri m e n t s did p r o vid e v e ry u s ef ul i n f o r m a ti o n f o r th e u n a m big u o u s a s s lg ntT l e n t Of th e

r e m ai ni n g c a rb o n r e s o n a n c e s ･ I rr a di ati o n of H -5 a t 8 7 18 9 u si n g a p ul s e d el a y

c o r r e s p o n din g t o J = 8 H z r e s ulted i n th e e nh a n c e m e n t
l

O f C - 4 (8 18 2 ･5) , C - 7 (8 1 3 8 3) ,

a n d C -9 (8 1 4 6 .3) (Fig . 15) . H o w e v e r , e n h a n c e m e n t of th e C - 4 r e s o n a n c e w a s n o t a s

s ig nific a n t a s th at o f C - 7 a n d C -9
,
d u e t o th e dif 托r e nt d ih e d r al a n gle s e x i sti n g b et w e e n

H - 5 a n d C -4
,
a n d b e t w e e n H -5 a n d C -7/ C - 9 . W h e n th e p ul s e d el a y w a s i n c r e a s ed (J = 5

H z) ,
th e C - 4 r e s o n a n c e w a s sig nifi c a n tly e n h a n c e d r e v e ali n g th a t o n e o f t h e c ar b o n yl

g o up s w a s l o c a t e d a t C - 4 . I rr adiati o r ” f H -6 at 8 7 ･ 4 1 si g nific a n tly e n h a n c ed C -8 (8

1 1 7 . 9) a nd C - 1 0 (8 1 2 1 .9) , h t C - 5 (8 1 25 . 4) w a s o nly w e akly e n h a n c e d i n di c ati n g

th r e e - b o n d a n d t w o - b o n d c o upli n g w ith ‡i 1 6
,
r e sp e c ti v ely ･ I r r adiati o n of H -7 a t 8 7 ･7 7

e n h a n c e d th e c ar b o n r e s o n a n c e s a t 8 12 5 .4 a n d 1 46 . 3 , f u rth e r c o n fir m i n g th e a s sig n m e n t

of C - 5 a n d C - 9 . F u r th e r m o r e , th e u n a m big u o u s a s si g n m e n t Of th e A - ri n g c ar b o n s ,
a n d

s o m e o f th e C -

ri n g c a r b oh s . w a s a c hie v ed b y ir r adi a t l n g H - 8 at 8 8 .6 0 u s l n g a P ul s e

d el a y c o r r e sp o ndi n g t o J = 1 H z ･ It w a s f o u n d th a t th e C - 4 a n d C - 5 r e s o n a n c e s
,

w hi ch

w e r占f o u r - b o n d c o u pl ed t o H -8
,

w e re s ig nifi c a n tly e n h a n c e d ･ Si mi la rly , I r r adia ti o n of

H - 3
'

a t 8 8 . 0 1 u si n g

'

th e s a m e p ul s e d el a y a s th a t f o r H - 8 (i . e . f o r J = 1 H z) r e s u lte d i n

th e e n h ? n c e m e n t of fi v e c a r b o n r e s o n a n c e s .
A m o n g th e m , C - 2 (8 1 4 4

. 3) , C - 3 (8

1 5 8 .0) , a n d C - 6
'

(8 1 2 7 . 5) w e r e f o u r - b o n d c o u ple d t o H 1 3
-

. T h e c o m ple t e a sig n m e n t of

th e Cn ) ri n g s th u s c o uld b e m ad e . R e s p e c ti v e i r r a di ati o n of H - 4
'

(8 7 . 8 3) 汁 5
1

(8 7 .6 5)

a n d 冗 - 6
●

(8 8 . 4 1) , u si n g a p u l s e d el a y c o r r e sp o n di n g t o J
■

- 8 H z , r e s ult e d i n th e

e n h a n c e m e n t o f th e c a r b o n r e s o n a n c e s w hi c h w e r e th r e e
- b o n d c o u pl e d t o t h e

c o rr e s p o n di n g p r ot o n
,
f u rth e r pe r r n lt t l n g th e u n e q u i v o c al a s s ig n m e n t Of t h e n n g B

c a r b o n s . T o fir m ly e s t a blis h it s s tr u c t u r e
,

a n X - r a y a n aly s is W a S pe rf o r m ed
,

w hi c h

d e m o n s t r a te d th at w righti adi o n e h a s th e st ru c tu r e 8 0 (Fig . 1 4)
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S t r u c t u r a u y , w ri g hti adi o n e m a y b e c o n si d e r e d t o b e a n o xi di 21e d c y clic 2 -

m et hylis o n a v o n e ･ It h a s b e e n r ep o rt ed th at s o m e 2 - m e th ylis o n a v o n e s , al s o l a c ki n g a ny

B - ri n g s u b stit uti o n , h a v e b e e n i s ol ate d fr o m G ly cy r r hiz a gl ab r a r o o ts [2 83] . W h eth e r o r

n o t t h e s e c o m p o u n d s a r e t r u e i s ofl a v o n oid s , i . e . d e ri v e d f r o m c h al c o n e - fl a v a n o n e

p r e c u r s o r s a n d i n v ol vi n g a n a ryl m ig r ati o n
, r e m ai n s t o b e e s t ablis h ed ･

T h e p r e s e n c e of

w ri g h d a di o n e m ay h elp t o a n s w e r this q u e s ti o n
.
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Fi g . 15 S el e c ti v e I N E F r s pe ct r a o f w ri g h tia di o n e (8 0) th e I v al u e u s e d i n

th e s e e x p e ri m e n ts w a s 8 H z
,
u nl e s s o th e r w i s e s p e cifi e d .
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W ri gti adio n e e x hibit ed th e f on o w l n g P h y si c al a n d s pe ctr o s c o p I C P r o p e rti e s : m p

●

2 2 8 - 23 0 0
; [ α] D 0 0

( C ‡i C13 ; 0 . 1); U V 九 m a x ( C B C 13) n m (l o g e) : 2 5 9 (4 .6 8) , 27 2

(1 .9 8) ,
2 8 2 (I .8 8) ,

30 6 (2 .0 2),
3 13 (2 ･0 5) , 3 3 6 (1i9 1) , 35 4 (1 ･6 8) , 3 9 8 (1 ･6 8); IR

℃ m a x c m
- 1 : 2 93 0

,
2 8 6 5 , 1 7 2 6 , 1 68 6 , 1 5 9 5 , 14 6 0 ,

13 5 4 ,
1 3 1 4 ,

1 19 0 ,
1 1 17 ,

1 04 0 , 7 5 6;

1 H N M R (3 6 0 . 1 M H z , C D C13) 8 8 .6 0 (1 H , d d , J = 8 . 1
,
1 . 4 H z

,
H - 8) , 8 . 4 1 (1 H , d d

,

J = 7 .9
,
1 .6 H z , H - 6

'

) , 8 .0 1 (1 H , d d , J = 8 .0 ,
1 . 2 日z

,
H - 3

.

) ,
7 . 8 9 (1 H

,
d d

,
J = 7 .6 , 1 .4

H z
,
H - 5) ,

7 .8 3 (1 H ; d d d
,
J = 8 .0 , 7 . 7 , 1 . 6 H z

,
班 - 4

'

) ,
7 . 7 7 (1 H , d d d

,
J - 8 . 1

,
7 .9

,
1 . 4

H z
,
H - 7) ,

7 . 6 5 (1 H
,
d d d , J = 7 . 9 , 7 . 7 , 1 . 2 H z , a - 5

'

) , 7 . 4 1 (1 H , d d d , J - 7 .9 , 7 .6
, 0 .9

H z , H - 6);
1 3 c N M R (90 . 8 M H z , C D C 13) C - 7

-

n o t o b s e Ⅳ ed ,

■
1 8 2 .5 ( s , C - 4) ,

15 8 .0 (s ,

C - 3) , 1 4 6 .5 ( s , C - 2
'

) , 1 46 . 3 (s , C - 9) , 1 4 4 .3 ( s , C - 2) , 1 3 8 . 3 ( d , C - 7) , 1 3 5 .1 (d ,
C -

･4
f

) ,

1 3 0 .7 (d , C - 3
T

) ,
1 3 0 . 2 (d ,

C 1 5
'

) ,
1 2 7 . 5 (d , C - 6

.

) , 1 2 7 . 2 (d , C - 6) , 1 2 5 . 4 (d ,
C - 5) ,

1 2 3 ･7 (s
,
C - 1

'

) ,
1 2 1 ･9 (s ,

C - 1 0) ,
1 17 .9 (d , C - 8); EI M S 7 0 e V (p r o b e) m /I (r el . i n t .) 24 8

【M ]
＋
(1 00) , 22 0 (4 1) ,

1 9 2 (1 7) , 14 4 (6) ,
1 2 8 (1 2) ,

1 1 5 (1 0) ,
1 0 2 (1 3) , 9 9 (l l) ,

9 1

(1 5) , 90 (1 0) , 7 7 (1 0) , 7 6 (l l) , 5 7 (15) ,
5 5 (1 0) ,

5 0 (7); H R M S fわu n d :【M 】
＋ 2 48 .0 4 7 2;

C 1 6 H 8 0 3 r eq u l r e S 2 48 .0 4 7 3 .

X - R ay c ry st all o gr ap hic d at a of w d g hti adi o n e ･ S l o w e v 叩 n Of a n M e2 C O s ol n of

w ri gh tia dio n e yi eld e d y ello w tr a n s p ar e nt c ry st al s a s p n s m s of si z e 1 . 0 x 0 .0 8 x 0 .0 4

m m ･ C ry st al d a t a ･

'

m o n o cli ni c sp a c e g r o u p P 2(1)/ n , a = 7 .3 9 2(2) A
o

, b = 7 . 59 2(2) A
o

,

c - 1 9 ･ 48 1(4) A
o

, Z = 4 , d = 1 ･ 5 0 9 g c m
- 3
; o n a sie m e n s R 3 m dif fr a c t o m e t e r , 1 3 6 4 u niq u e

r e fl e cti o n s w e r e m e a s u r ed w it h N ifilt e r e d C u K α r adi a ti o n
,
1 1 0 9 o b s e r v e d w it h

F > 4 cf 肝) I
A b s o rp ti o n c o rr e c ti o n w a s ap pli e d . T h e str u c t u r e w a s s ol v e d b y dir e c t

m e th o d s u si n g S H E L X L (2 8 4) ･ T h e h y d r o g e n at o m s w e r e c al c ul at ed fr o m th e p o sitio n s

o f th e c a rb o n s t o w hich th ey a r e b o u n d ･ A ni s o t r o p I C r efi n e m e n t c y cl e s c o n v e r g e d at

w R = 6 ･9 2 % ( w ith u nit w ei gh ts) . T h e a t o m i c c o o rdin at e s a s w ell a s th e b o nd dist a n c e s

a n d a n gle s a r e d ep o sit e d at th e C a m b ri d g e C ry st allo g r ap hi c D at a C e n tr e . A t o m i c

c o o rdi Ll at e S Of n o n
- h y dr og e n a t o m s a r e gl V e n i n T able 2

.

8 .
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T a b且e 2 S A t o m i c c o o rdin at e s ( Ⅹ1 04) an d eq ui v al e n t i s o tr o pic di spl a c e m e n t c o efficie nts

( A
2

Ⅹ 1 0 3)

A to m X y Z U
*

e d

0(1) 3 4 9 2 (6) 7 6 03 (6) 5 0 6 8 ( 2) 6 8 (2)
C(2) 2 8 8 9 (7) 6 1 8 5 (7) 5 3 7 2 (3) 4 0 (2)
C(3) 23 2 4 (5) 4 6 81 (5) 5 05 9 ( 2) 1 7 (1)
C(4) 2 2 8 5 (7) 4 4 93 (7) 4 3 53 (3) 4 0 (2)
0(4) 1 6 7 4 (5) 3 1 82 (5) 4 0 8 0 (2) 56 (i)
C(5) 3 1 3 2 (7) 6 0 30 (7) 3 2 64 (3) 4 5 (2)
C(6) 3 7 6 6 (7) 7 4 9 7 (8) _

2 9 1 7 (3) 52 (2)
C(7) 4 2 55 (7) 8 99 2 (8) 3 2 7 6 (3) 53 (2)
C(8) 4 18 1 (7) 9 0 34 (7) 3 9 8 6 9 3) 4 7 (2)
C(9) 3 5 6 2 (7) 7 5 3 8 (7) 4 3 41 (2) 3 8 (2)
C(1 0) 3 ∝)6 (7) 6 0 30 (7) 3 9 8 3 (3) 3 8 (2)
C(1

'

) 1 8 1 2 (6) 3 4 22 (7) 5 5 66 (3) 3 8 (2)
C(2

t

) 2 0 3 3 (7) 4 1 56 (7) 6 2 2 2 (3) 3 9 (2)
C(3

'

) 1 6 3 4 (7) 3 1 87 (8) 6 8i o (3) 4 7 (2)
C(4

■

) 9 9 7 (7) 1 4 7 2 (8) 6 73 6 (3) 5 1 (2)
C(5

'

) 7 8 7 (7) 7 5 9 (8) 6 0 86 (3) 5 1 (2)
C(6

'

) 1 2 0 1 (7) 1 70 8 (7) 54 88 (3) 4 4 (2)
C(7

-

) 2 7 3 3 ( 7) 5 93 9 (7) 6 14 4 (3) 44 (2)
C (7

1

) 3 1 2 9 (6) 7 03 2 (5) 6 5 70 (2) 6 3 (2)
* E q ui v al e n t is ot r o pi c U is d efi n e d a s o n e -third of th e tr a c e of th e o r dl O g O n ali z ed U ij t e n S O r

･

v . C L I T O R E A M A C R O P H Y L L A (28 5)

C lit o ri a m a c r o p h yll a is tr a diti o n ally u s ed i n T h aila n d fo r th e tr e at m e n t of skin

dis e a s e s an d f o r pe st c o n t r ol i n h o rtic ult u r e a nd a ni m al h u sb a n d ry ･ E a rlie r p h yt o c h e mi c al

i n v e stlg atio n r e s ult ed i n th e i s ol atio n o f t w o r o t e n oid s , clit o ri a c e t al a n d st e m o n a c e t al
,

fr o m a c hl o r of o r m e x tr a c t o f t his pl a nt (2 8 6) . It w a s r e p o rt ed th at t h e m aj o r c o m p o n e n t
,

clit o ri a c et al , p o s s e s s ed r e m ar k a bl e a n tii n fl a m m a t o r y a n d a mi p y r e ti c
-
a c ti vitie s (2 8 7) ･ I n

this in v e s tig atio n
,

w e r e p o rt t h e is ol ati o n o f a n e w r o t e n oid , 6 - d e o x y clit o ri a c e t al (8 1) ,

fr o m th e r o o t s of C . m a c r op hylla .

C o m p o u n d 8 1 w a s o b t ai n e d a s w hit e r o s e tt e c ry st al s ･ T h e
l H N M R s p e ctr u m

sh o w e d a H - b o n d ed h y d r o x yl sig n al at 8 l l .5 2
,
t w o ar o m a ti c si n glet s at 8 6 ･ 65 a n d 8

6 ･ 4 1 , t w o m e t a - c o u ple d p r o t o n sig n al s

-

a t 8 5 ･9 4 a n d 5 18 7
,

a p ai r of n o n e q ui v al e n t

m et h yle n e p r o t o n sig n al s a t 8 4 ･5 1 a n d 4 ･3 9 , a m et hi n e p r o t o n d o u blet at 8 4 ･4 9
,

a n d

th r e e m e th o x y s i n glet s a t 8 3 ･ 7 3 , 3 ･6 6 a nd 3 ･6 5 ･ C o m p a ri s o n of th e
l H N M R s pe ctr al

d at a o f 8 1 w ith th o s e o f clit o ri a c e t al (2 8 6) r e v e al e d th e cl o s e si m il ar it y i n str u c t u r e

b et w e e n th e s e t w o c o m p o u n d s . T h e m a s s sp e c t ru m of 8 1 e x hi bit e d a [ M ] ＋
at m / I 3 7 4

,

16 m u l e s s th a n th at o f clit o d a c e t al
,
s t r o n gly s u g g e stl n g th at 8 1 is th e d e o x y d e d v ati v e

of clit o ri a c et al .
C o nfi rm ati o n o f this ob s e r v ati o n w a s s u p p o rt ed b y th e H R m a s s

s pe ct ru m w hic h i n di c at ed a m ol e c ul a r f o rm ul a C 1 9 H 18 0 8 . T h e p r e s e n c e of a m e th yle n e

c ar b o n r e s o n a n c e at 8 6 3 . 5 i n th e
1 3 c N M R sp e ct ru m of 8 1 d e m o n str at e d th at 8 1 is th e

6 - d e o x y d e d v ati v e of clit o d a c e tal ･
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c o m p o u n d 8 1 w a s d ed u c e d t o b e a 1 2 a - h y d r o x y r o t e n oid o n th e b a si s of b o th th e

N M R a n d m a s s s p e c tr al d a t a ･ T w o p r o m i n e n t f r a g m e n t i o n p e a k s a t m / I 1 67 a nd 2 08 ,

d u e t o cl e a v a g e b et w e e n th e B/ C ri n g s
,

r e v e al e d t h at ri n g D p o s s e s s e d m e tb o x y a n d

h y d r o x y g r o u p s ( m / I 1 67) ,
a n d ri n g s A a n d B h a d t w o m e th o x y a n d o n e h y d r o x y g r o u p s

( m /I 2 0 8) . T h e o b s e r v a ti o n o f a n A B q u a r t e t a t 8 4 ･ 5 1 (J = 1 1 ･ 0 , 2 ･ 5 H z) a n d 4 ･ 3 9

(J = 1 2 . 0
,
2 . 0 li z) , a tt rib ut e d t o H - 6 , a n d a s m all d o u blet at 8 4 ･ 49 (J = 2

･5 H z) ,
a s sig n e d

t o H -6 a ,
l e d t o l o c a ti o n of th e h y dr o x y g r o u p at C - 1 2 a . B a s ed o n th e H - 1 c h e m i c al s hift

v al u e (8 6 .6 5) th e B / C ri n g j u n cti o n i n 8 1 w a s d et e r m i n e d t o b e ci∫ (2 8 8) ･ T h e

u n a m big u o u s a s s lg n m e n t S Of th e q u at e rn a ry c a rb o n s a n d th e l o c a ti o n of th e m e th o x y a n d

h y d r o x y g r o u p s w e r e e s t a blish e d b y C O L O C (
IrJ c H

- 8 H z) 【2 89] a n d N O E diff e r e n c e

e xp e ri m e n t s .

I n th e N O E diffe r e n c e e x pe ri m e n ts , s e p a r a t e s a t u r a ti o n o f th e m e th o x y s l g n al s a t

8 3 .7 3 , 3 . 6 6 a n d 3 . 65 r e s ul t e d i n th e e n h a n c e m e n ts of H - 4 (8 6 .4 1) ,
H - 8 (8 5 .8 7)/ a

- 1 0

(8 5 .9 4) a n d H - 1 (8 6 .6 5) ,
r e s pe c ti v ely ,

i n dic ati n g th at th e s e m e th o xy g r o u p s w e r e a t C -

3 ,
C 19 a n d C - 2

,
r e s pe cti v ely . T h e c o r r el ati o n p e ak s b et w e e n e a c h m et h o x y p r o t o n

s i g n al
, a n d it s c o r r e sp o n di n g q u a t e r n ar y c a r b o n r e s o n a n c e i n t h e C O L O C sp e ct ru m ,

all o w e d th e c a rt) o n r e s o n a n c e s at 8 1 4 3 .8 , 15 1 .
2 a n d 16 8 .8 t o b e a s si g n e d t o C - 2

,
C -3

a n d C - 9 , r e s pe c ti v ely (Fig . 1 6) . F u r th e r m o r e , th e c o r r el ati o n p e a k s b et w e e n H - 4 a n d C -

2
, H - 1 a n d C - 3 , a n d H - 8 a n d C - 9 c o n fir m e d th e s e a s s ig n m e n ts . T h e c a r b o n r e s o n a n c e

a t 8 1 08 . 1
, sh o w i n g t w o c o 汀el ati o n p e ak s w ith H - 4 a n d H - 6 a

,
c o uld b e u n a m big u o u sly

a s si g n ed t o C - 1 a
,

w h e re a s th e r e s o n a n c e a t 8 1 4 8 .2
,
s h o w i n g c o r r el a ti o n w i th H - 1 , H - 4

a n d H - 6 , w a s a s sig n e d t o C - 4 a . F o u r c a rb o n r e s o n a n c e s
,

a t 8 9 5 . 3 (C
- 1 0) , 10 0 .0 ,

1 6 1 .4 a n d 1 6 8 .8 ( C - 9) , sh o w e d c o rr el
‾
ati o n w ith H - 8 i n dic a ti n g th at th e y w e r e eit h e r

t w o
-b o nd o r th r e e

- b o nd c o u pl e d t o ロ ー8 . T h e c a rb o n r e s o n a n c e s a t 8 10 0 ･O a n d 1 6 1 ･
4

th u s c o uld b e t e n t a ti v ely a s s l g n ed t o C - l l a a n d C - 7 a , r e sp e c ti v ely . B a s e d o n t h e

c o r r el ati o n s b et w e e n th e- O H - 1 1 p r o t o n sig n al (8 1 1 .5 2) a n d th e c a rb o n r e s o n a n c e s at 8

9 5 .3 , 1 0 0 .0 a n d 1 6 4 .2
,
it b e c a m e e vid e n t th at tll e C a rb o n r e s o ll a n C e a t 8 16 4 . 2 sh o uld b e
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a sig n e d t o C - ll a n d th e o n e a t 8 1 0 0 ･O a t tri b u t e d t o 仁 1 1 a ･
T h e r ef o r e

,
t h e c a r b o n

r e s o n a n c e a t 8 16 1 .4 c o ul d b e a s sig n e d t o C - 7 a . A c o r r el atio n pe a k o b s e r v e d b et w e e n

H -6 a (8 4 .4 9) a n d th e c ar b o n yl r e s o n a n c e a t 8 1 9 5 .0 f u rth e r r e v e al e d th at t h e c a r b o n yl

fu n c ti o n w a s l o c a te d at C - 1 2
. C o m p a ri s o n of th e o p tic al r o t a ti o n of 8 且 w ith th o s e of

lュa
- h y 血o x y r o t e n oid s (2 9 0) i n di c a t ed th at th e a b s ol u t e d c o n fig u r a ti o n s a t C - 6 a a n d C -

1 2 a w e r e R
,
R

,
re sp e c ti v ely . T h e st r u c t u r e of 8 l w a s th u s d et e r mi n e d t o b e ( ＋) -(6 a R

,

1 2 a R) - 11
,
1 2 a - dih yd r o x y

- 2
,
3

,
9 一 打i m eth o x y r o t e n oid (6 - d e o x y clit o ri a c e t al) .

6 - D e o x y clit o ri a c e t al (1 9 0 m g , 0 .0 63 % ) , m p 13 0 - 1 3 l O C , 【α】D ＋23 3 0 ( C H C 13 ;

co .
1) . U V 九m ｡ x

M e O H
n m (l o g E) : 2 9 3 (4 .5 6) . I R 1) m ｡ x

K B r
c m

l l
: 3 4 6 0

,
3 0 0 3

,
2 9 3 6

,

28 5 1 , 1 6 4 2
, 1 5 7 7 , 15 13 , 14 5 8 , 1 3 6 1 , 1 27 1 , 1 2 0 5 , 1 1 6 1 , 1 1 08 , 1 0 4 1 , 10 1 8 , 8 2 8 , 7 6 0 .

1fI N M R (3 0 0 M H z
, C D C 13) 8 l l . 5 2 (1 H , s , O H - l l) , 6 .6 5 (1 H , s , H -I) , 6 .4 1 (1 H , s ,

H - 4) , 5 .9 4 (1 H , d ,
J = 2

.3 H z
,
H - 10) , 5 .8 7 (1 H , a , J = 2

. 3 H z
, ” - 8) ,

4
. 5 1 ( 1 H

, d d ,

J = 1 1 . 0
,
2 .5 H z , H - 6) ,

4
.
4 9 (1 H ,

■
d , J = 2 . 5 H z , H - 6 a) , 4 .3 9 (1 H , d d , J = 1 2

. 0 ,
2

.0 H z
,

H -6) , 3 . 7 3 (3 H , s , O M e
-3) , 3 .6 6 (3 日, s , O M e

-9) , 3 . 65 (3 H
, s , O M e

- 2) 1 3 c N M R

(75 .4 M H z , C D C 13) 8 19 5 .0 (s , C - 1 2) , 1 6 8 .8 (s , C 19) , 16 4
.
2 (s , C - l l) ,

1 6 1
.
4 (s , C -

7 a) ,
1 5 1 . 2 (s , C - 3) , 1 48 . 2 (s , C - 4 a) , 1 4 3 .8 (s , C - 2) , 10 9 . 5 , (d , C - 1) , 1 08 . 1 (s , C - 1 a) ,

1 01 .0 (d , C - 4) , 9 5 . 3 ( d , C - 1 0) , 9 4 .3 (d , C -8) , 7 5 .4 (d , C - 6 a) , 6 6 .9 (s , C - 1 2 a) , 6 3 .5 (t ,

C -6) , 5 6
.
2 (q ,

O M e - 2) ,
55 .

5 (q ,
O M e -3) ,

5 5 .5 (q ,
O M e -9) ,

R I M S 7 0 e V (p r o b e) m / I

( r el .
i n t .) : 3 7 4 [ M ]

＋
(13) ,

3 5 6 (2) ,
2 0 8 (1 00) ,

2 0 7 (4 1) ,
1 93 (1 0) ,

1 6 7 (1 6) ,
1 0 9 (1 3) ,

97 (1 3) ,
8 5 (19) ,

7 9 (1 7) , 6 9 (5 0)
･

, H R M S fo u n d : [ M ]
＋ 3 7 4 .

1 0 0 0; C 1 9 H 1 8 0 8 r eq ui r e s

37 4 . 1 0 0 2 .

4
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2 . 1 .5 C o u m a ri n s

D u ri n g th e p a s t t w o d e c a d e s th e r e h a s b e e n a n o t a bl e r e a w ak e ni n g o f int e r e s t i n

n a t u r al c o u m ar i n s . T his h a s l ed t o t h eir dis c o v e ry ih h u n d r e d s o f pla nt sp e ci e s a nd t o th e

el u cid ati o n o f m a n y n o v el st ru c t u r e s ･ I n p a r t
･
th i s p r o g r e s s h a s s t e m m e d fr o m th e

d e v el o p m e n t of m u c h i m p r o v e d m e th o d f o r th eir i s ol ati o n c o m bi n e d w ith a v a ri ety of

p o w e rf ul m o d e r n t e c h n iq u e s f o r th eir s tr u c t u r al id e mi fic ati o n ･ H o w e v e r
,

m u c h i nte r e st

h a s al s o e m a n a te d 丘
･

o m th e w id e r a n g e of p h y si ol o gi c al a c ti vity ⅠⅥa n y dis pl ay a nd 丘
･

o m

th e ch ar a c t eri s d c fl u o r e s c e n c e of m o s t c o u m ar i n s o n ul tr a vi ol et ( U V) ir r adia ti o n ･

i . M I C R O M E L U M M I N U T U M (29 1)

p re vi o u s s t u di e s o f M i c r o m e l u m sp e ci e s ,
f a m il y R u t a c e a e , (2 9 2 - 2 95) h a v e

r e v e al e d a n u m b e r of u niq u e c o u m a ri n s , e . g .

,
m i c r o m eli n (8 3 , i n w hic h a n α

,β-

u n s at u r a te d ナ1a ct o n e is b o u n d t o a c o u m a ri n n u cl e u s ･ C a s s ad y et al 一(29 4) h a v e r e c e n tly

r e p o rte d th at 8 3 display s in vi v o a c tl V lty l n th e P 3 8 8 1y m p h o c y ti c l e u k e m i a t e s t s y st e m
･

( 29 6)

T h e p r e s e n t s t u d y is c o n c e rn e d w i th th e i s ol ati o n a n d st ru c t u r e el u cid ati o n of

m i c r o m i n u ti n (8 4) , a n o v el c yt ot o xi c c o u m a ri n fr o m th e l e a v e s of M ･ m i n u t u m (F o rs t ･

f .) S e e m
L

. ( s y n . M i c r o m el u m p u b e s c e n s B lu m e) , c oll e ct e d i n T h ail a n d ･
T h e

p y r a n o q ui n oli n e alk aloid fli n d e r si n e 8 5 w a s al s o i s ol at ed i n th e c o u r s e o f th e s e s t u die s ･

M i c r o m i n u ti n (8 4) w a s i s ol at ed i n al m o st l % yi eld fr o m th e pl a nt , a n d it s s t ru c t u r e w a s

d ete r m i n e d fr o m th e f oll o w i n g SP e C t r O S C O P IC S t u di e s ･

T h e m ol e c ul a r f o r m ul a C 1 5 H 1 2 0 6 i n di c at e d f o r th e i s ol at e w a s e st ab li sh e d b y

hig h
-

r e s ol uti o n m a s s sp e ct r o m e t ry ･
T h e i nf r a r e d sp e c t ru m sh o w e d a v e ry str o n g , w id e

c a rb o n yl b a n d at 17 4 0 c m
- 1

a n d s u g g e st e d th e p r e s e n c e of t w o u n s at u r a te d la ct o n e s o r of

o n e u n s at Ⅵr alt ed l a ct o n e a n d o n e s a t u r a te d e ste r g r o u p ,
a n a m big u lty th a t w a s r e s ol v ed b y

N M R a n aly sis ･ T h e I R sp e c tr u m did ,
h o w e v e r ,

i n dic ate a n a b s e n c e of h y d r o x yl gr o u p s ･

F r o m p r e vi o u s s t u di e s (2 9 2 - 2 9 5) a c o u m a ri n n u cl e u s w a s s u sp e c t e d f o r

m i c r o m i n u ti n . T his a n d th e l o c a ti o n a nd n a t u r e of th e s u b stit u e n t s o n th e n u cl e u s w e r e

d e d u c e d b y a c o m bin atio n of l H a n d 1 3 c N M R sp e ct r o s c o p y ･

T b e p r o t o n n oi s e d e c o u ple d (P N D )
1 3 c sp e c 加 m of m ic r o m i n u ti n a s w ell a s th e

c o upl ed 1 3 c sp e c t m m (Fig u r e 1 7) e x hibit r e s o n a n c e s of 8 16 0 . 4 a s a d o u blet of d o u blets

(J = 4 . 6 ,
l l .4 H z) , 8 1

r
1 3 . 2

1

a s a d o u bl e( (J = 17 2 . 6 H z) , a n d 8 1 4 3 .6 a s a d o u blet o f
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d o u blet s (J = 4 ･9
,
1 63 ･ O H z) ･ T h e s e th r e e r e s o n a n c e p a tt e m s a r e c h a r a c t e ri stic (2 97) of

C
-2 ,

C - 3
,
a nd C - 4

,
r e sp e c ti v ely ,

of th e c o u m a ri n n u cl e u s .

il .

.
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～ i;ユ
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!lt
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]

F ig .
1 7 C a rb o n

- 1 3 N M R sp e ctr u m (25 .0 5 M H z) of m ic r o mi n u ti n (84) :

(a) p r ot o n n oi s e d e c o u pl ed (P N D); (b) c o uple d s pe ct r u m .

T h e a r o m a ti c r e g i o n Of th e
l H N M R sp e c t u m o f m i c r o m i n u ti n a t 36 0 M n z

c o n t ai n s o n ly f o u r re s o n a n c e p att e rn s , all of w hic h a r e d o u bl e t s .

■A p ai r of d o u ble t s (9 .5

H 7) at 8 6 ･ 25 a n d 7 ･6 8 a r e c h a r a c te ri s ti c of H - 3 a n d H - 4 i n a c o u m a ri n n u cl e u s ･ (2 9 8)

Irr a di ati o n of th e H - 4 d o u bl et at 8 7 .6 8 p r o d u c e s a p o si ti v e n u cl e a r O v e r h a u s e r effe ct

( N O B) i n th e d o u blet (J - 8
.
8 H z) at 8 7 .5 0

,
w hi c h c a n th e r ef o r e b e a s sig n ed t o H - 5

,

le a vi n g th e d o u blet at 8 6 .9 3 a s 冗 -6 . T h e a b s e n c e of a n y o th e r
l H sig n al s i rl t h e a r o m atic

r e g i o n Cl e a rly in dic ate s th at p o siti o n s C - 7 a nd C - 8 a r e s u b stit ute d a n d fu rt h e r m o r e th at

th eir s ub stit u e nt s d o n o t p o s s e s s a n y a r o m a d c o r ol efi nic pr o t o n s .

T h e th r e e
-

p r o t o n si n gl et at 8 3 .9 0 m ay b e a s sig n e d t o ei th e r a r o m a ti c m e th o x y

(O M e) o r c a rb o m e th o x y ( C O O M e) p r ot o n s ,
a n d this a m big uity c o uld als o b e re s ol v e d b y

p e rfb m l n g a d o u bl e r e s o n a n c e e xp e ri m e n t .
I rr a di ati o n a t tll e f r e q し1e II C y Of this s lg 凸al

sh o w s a str o n g , p o siti v e (23 . 4 % ) N O E i n th e H - 6 d o ub let a t
.

8 6 .9 3 .
T his e x p e ri m e n t

s u g g e sts t h at th e r e s o n a n c e a t 8 3 .9 0 s h o uld b e th e p r o t o n s or a m e th o x y g r o u p l o c a t ed a t

C - 7 . Si m il a r ir r adiati o n o f a r e s o n a n c e fr o m th e p r o t o n s of eith e r a C O O M e gr o u p at C - 7

o r a m e th o x y gr o u p at C -8 w o uld n ot b e e x p e c t e d t o p r ∝lu c e th e a b o v e effe ct ･

W ith th e c o u m a ri n n u cl e u s a n d its s u b stittlti o n p att e r n fi m ly e sta blis h e d ,

a tt e n ti o n w a s t u r n e d t o th e m c '1 e c ul ar a r r a y atta c h e d a t C - 8 i n m i c r o m i n lti n
.

F r o m th e

hi gh
-

r e s ol u ti o n m a s s s p e c t r u m thi s f r a g m e n t sh o uld h a v e th e m ol e c ul a r f o r m ul a C 5 H 5 0 2
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a n d th e n a t u r e of this m oi e ty w a s d e d u c e d th r o u g h t o t al a s s ig n m e n t Of th e
1 3 c a n d l

H

N M R sp e ctr a l A s a n i nitial s t ep , th e c a rb o n r e s o n a n c e s r e P r e S e n tl n g th e c o u m ar i n

n u cl e u s a n d th e C - 7 m e th o x y g r o u p w e r e a s s lg n e

L

d b y c o m p ar i s o n of th e
1 3 c s pe ct r a of

m i c r . m i n u ti n w ith t h o s e o f c o u m a ri n (8 6) , 7 - m e th o x y
-

c o u m a ri n (8 7) , a n d m ic r o m elin

(8 3) . (29 4
,
2 99 ,

30 0) T h u s t h e r e s o n a n c e

'

s at 8 10 7 ･0 ･
10 8 ･ 0

,
1 1 3 ･0 ,

1 1 3 ･ 2
,
1 29 ･8 ･

1 4 3 .6
,
15 2 .9 ,

16 0 ･ 4
,

a n d 16 0 ･7 r e p r e s e n t C - 8
,
C - 6

,
C - 4 a , C - 3

,
C -5 , C - 4 , C - 8 a

, C - 2 ,

a nd C - 7 , r e sp e c ti v ely (Fig u r e 1 7 a n d T a ble 29) ･
T h e fi v e r e m ai ni n g

13 c r e s o n a n c e s i n

th e m i c r o m i n u ti n sp e c t r u m m u s t c o r r e sp o n d t o th e c a rb o n a t o m s o c c u m n g l n th e C -8

s u b stit u e n t .
A c o r r el a ti o n o f th e s e r e s o n a n c e s i n t h e P ND a n d th e s i n gl e -f r e q u e n c y

- o ff -

, e s o n a n c e
- d e c o uple d (S F O R D ) sp e ct r a p r o vid e th e f oll o w i n g st ru c t u r al a s sig n m e n t s : 8

1 7 2 .2 si n gl et i n P N D ,
r e m ai n s

.

si n gl et i n S F O R D ( - O C (0 )
-

); 8 11 9 ･
2 a n d 16 0 ･9 si n glets

i n P ND
,
r e m ai n si n gl e ts i n S F O R D ( > C = C H C ( 0) -); 8 7 3 ･ 1 si n glet i n P N D , b e c o m e s

tri plet in S F O R D ( - C H 2 0 C( 0)
-

); 8 1 3 ･7 si n gle t i n P N D , b e c o m e s q u ar t e t i n S F O R D (
-

c ( c H 3) = C <) . C o n str u c ti o n of th e a b o v e s t ru c t u r al fr a g m e n t s i nt o a ri n g fr a m e w o rk

s u g g e st s a γb u t e n olid e m oi et y a s t h e C - 8 s ub stit u e n t o n th e c o u m a ri n n u cl e u s ･

A d diti o n al st ru c t u r al inf o r m a ti o n c o uld b e d ed u c e d fr o m a c o n sid e r a ti o n of th e p r o t o n

N M R sp e ctr al d a t a ･ T h e b r o a d e n e d 2 H sig n al ( 10 0 o r 2 0 0 M H z) c e n t e r e d at 8 4 ･8 8 is

c h ar a c t e ri s ti c of th e p r ot o n s of a m e th yl e n e g r o u p fl a n k ed b y a l a ct o n e o x y g e n a n d a n

ol efi n i c c ar b o n at o m
, a n d th e sli gh tly b r o ad e n e d 3 H si n glet (1 0 0 o r 2 0 0 M R z) at 8 2 ･ 02

is ty pic al of a vi n yl m e th yl ･ A t 3 6 0 M H z , h o w e v e r
,
t h e m e th yl e n e p r o t o n s (8 4 ･8 7 a nd

4 . 9 5) w e r e e a ch o b s e r v e d a s q u a rt e ts of d o u ble t s d u e t o m ol e c ul a r dis sy m e 打y Sh o w i ng

2 J = 17 .
4 a n d 4

J = 0 .8 H z (Fig u r e 18) . T h e o nly r e m ai ni n g a m big uity i n th e st ru c t u r e of

m i c r o m i n u ti n i s tb e r efb r e th e r el ati v e l o c a ti o n o f th e v l n yl m e th yl a n d t h e c a r b o n yl

f u n c ti o n i n th e γb ut e n olid e m oi e ty ･ T w o alt e r n ati v e s t r u c t u r e s , 8 4 a n d 8 8 w e r e

th e r ef o r e c o n sid e r ed f o r m i c r o m i n u 血 .
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T a b丑e 2 9 1 3 c -
1‡i C o u li n C o n st a n t s f o r M ic r o m i n u ti n (84)

c o u pli n g c o u plin g

C m ulti lici【 a
c o n st

,
rr z a s si m m e n 【

2 d1

3 d

4 d1

4 a lt

5 d iI

6

7

8

8 a

2
.

3
-

4
'

5
'

5

6

5･

5

4

6

6

C

l l .6 H 4

4 .9 H 3

1 7 2 .7 H 3

1 6 3 .8 rⅠ4

4 .9 H <

7 .9

1
.8

1 6 4
.
2

4 . 3

1 . 8

1 6 3 .6

m

H

H

H

”

H

H

O ･

口3

H 4

H 3

m

m

m

m

6 .7 C Fr3
b

4 ･3 C = 2
b

1 5 1 .8 H 3 ,

5 .1 C H 3

a d d = d o u bl et of d o ub let s , d = d o u blet
,
d d d = d o u bl et of d o ubl et s o f d o ub le ts ,

LL = tri plet o f t ripl et s
,
t = tripl et

, q
=

q u a rt et
,

∩- = u n r es ol v e d m ullipl e L
b o b tai n e d

fr o m lo w -

p o w er sin gl e fr e q u e n cy s ele c tiv e d e c o u pli n g ( L P S F S D) e xrx5 ri m e n ts .

C ･4
'

M e

8 斗2 .0 2

4
J 1 0 . 8[セ

8
A

壬 4 195

8
B

暮 4 .8 7

2

J
A 8

り 7
･4 H2

八 〟 ,旦
r I -

1L †' .' 1
1

I
T

Ll . りn l

.
r l b

y I ヽ
'

T- ｢ 7
1

1

1 .
1 H 4

l､
q ノ

I
-

･ 一′
ー

' 'ー1
▼ ｢ r■■

｢
'

●
ー

-■'11
1去』,

.

L

l q O 1 a l l 1

,
tl F I

LI

,
rl l 1 7r J

rl

ー J
,

1 - - I - ._

l▼†
‾

'
●

｢ ー1‾｢' ▼
｢

～

｡
0 ' I ? ( l J

J I . 0 0

Fi g . 1 8 M e th yle n e a Jld ol efirli c m e th yl r egi o n s i n th e p r o t o n N M R sp e ctr u m (36 0

M Ⅰi z) of m ic r o m i n u ti n (8 4) .
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D istin cti ｡ n b et w e e n s tr u c t u r e s 8 4 a n d 8 8 w a s a c hi e v ed in d e白e n d e n tly b y (i)

ap plic ati o n of i n tr a m ol e c ul a r n u cl e ar O v e rh a u s e r diff e r e n c e sp e c tr o s c o p y a n d (ii) si n gle

fr e q u e n c y s els c ti v ely d e c o u pli n g of th e
1 3 c N M R s p e c t r u m of m i c r o mi n u ti n ･ T h u s

,

ir , a di atio n of th e m e th yl at 8 2 ･0 2 (3 6 0 M H z) u si ng t h e N O E diff e r e n c e te c h niq u e (3 0 ト

3 1 2) le ad s t o a 2 .5 % N O E f o r th e p a tt e r n dJ e t o t h e m e th yl e n e p r o t o n s ･
N o a p p r e ci able

N O B w a s o b s e rv e d w h e n th e m e th o x yl p r ot o n s (8 3 .9 0) w e r e si m il ar ly i r r adia te d ･ T h e

N O B o b s e rv ed fo r th e m e th yle n e p r o t o n s i s m u c h s m alle r t h a n th at o b s e r v e d f o r t h e

a r o m ati c C H b e c a u s e til e d o m i n a n t r el a x a ti o n of e a ch m e th yle n e p r o t o n i s tl- r o u g h it s

g e m i n al n ei gh b o r
･ N e v e r th el e s s th e r e a r e

.
s o m e c o n tri b uti o n s f r o m th e n eig h b o ri n g C -

c H 3 p r o t o n s t h a t w o u ld o nly
. o c c u r i n s 加 Ct u r e 8 4 ･

. d , 山 +艦1 ,l
l
v
.u

( c I しJ
]t

I

/ へ} し

.b , + 帆

･

#
J

:
y

＋
{o ,

, 山 九胤

I,, Qd tQ 1 . 8 4 .9 0

( c
-

5
/

=
之-

1., od i c t ｡ 8 3 . O B

( C
-

T O 仙 )

t m d lq I ● 8 之.0 9

( c
-

4
'

M 4 )

C o 叩 I●d

C cr b c rI
-

1 3

S 叩 CI( u n

c 一 之
′ C - 4

J

c
-7 C

- a

F i g . 1 9 L o w -

p o w er si n gle f r eq u e n c y s el e c ti v e d e c o u pli n g
1 3 c (

1 H ) s p e ctr a of

m i c r o m i n u t in (8 4) , ob s e r v a ti o n of l o w -fi eld s p e ctr al r e gi o n
･

L o w
-

p o w e r si n gl e fr e q u e n c y s el e c ti v e d e c o u pli n g ( L P S - F S D ) o f th e
1 3 c

s p e c t ru m (25 . 05 M H z
,
50 0 C) g a v e c o m pli m e n t ar y r e s ul t s (Fi g u r e 1 9) ･ T h u s i rr a dia ti o n

of th占 c - c H 3 P r ot o n s C a u s e d th e m ultiple ‡ at 8 16 2
･ 9 o b s e r v e d i n th e c o u pl ed

1 3 c

sp e c b
･

u m t o c o u a p S e t O a tripl e t(
3 J c ll

= 4 .3 H z) ･ C o n v e r s ely ,
i r r a di a ti o n of th e m e th yle n e

p r o t o n sig n al c e n te r ed at 8 4 .9 0 (100 M H z ,

1 H ) c a u s ed th e sig n al at 8 16 2 ･9 t o c oll ap s e

t o a q u a rt e t (3 J c H = 6 .7 H z) . T h e o b s e r v a ti o n th at o nly o n e c a rb o n sig n al is affe ct e d i n

t h e s e L P S F S D e x p e ri m e n ts a r g u e s i n f a v o r of b oth th e m e th yl a n d th e m e th yl e n e g r o u p s

b ei n g atta c h ed t o th e s a m e sp
2

c a rb o n a t o m ; i
･
e ･

,
m i c r o mi n u ti n h a s th e st ru c t u r e 8 4 ･

M i c r o m i rl u 血 (8 4) is th e fir s t m e m b e r of a n e w s e ri e s o f p r e n yla t e d c o u m ari n s i n

w hic h n eith e r th e
t'

h e a d
‖

n o r
‥

t ail
”

of th e i s o p r e n e u ni t i s a tt a c h e d eith e r t o a h et e r o - a t o m

o r th e c o u m ar i n n u cl e tl S , b u t r a th e r a n a dj a c e n t c ar b o n f o r m s th e c r u ci al b o n d ･
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､
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ク
′
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i

A

M e
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､

句モ

0

11 3 . 2
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0

1 1 3 .2

1 6 0 .4

0

( c D C 1
3)

8 5 8 8

M ic r o m i n u ti n (8 4
,6 . 3 5 g , 0 .9 8 % ) : m p 1 5 4 - 1 5 5 0 C ; I R ( K B r) ℃ m a x 17 4 0 ( v s) ,

16 75 ( m ) ,
16 00 ( s) , 15 60 ( m ) , 1 4 9 5 ( m ) , 14 4 0 ( m ) , 1 39 5 ( m ) ,

1 2 8 5 (s) ,
1 2 4 7 (s) ,

1 14 2

(s) ,
1 10 8 ( s) , 1 0 9 0 (s) , 10 7 5 ( m ) , 1 06 0 ( m ) , 1 03 3 (s) ,

10 03 ( m ) ,
9 28 ( w ) ,

89 0 ( m ) , 8 3 0

(s) , 76 0 ( m) , 7 2 0 ( w) ,
6 40 ( w) ,

6 10 ( w) ,
46 0 ( w) ,

3 9 0 ( w) c m
-1
; u v (E tO H ) 九m ｡ x (lo g

e) 26 8 n m (3 .59) ,
3 2 1 (4 .23 );

1 H N M R (36 0 M H z
, C D q13) 8 2

.0 2 (t , J去o . 8 H z , 3 H
,

C 4
･ - C H 3) ,

3 . 88 (s
,
3 H

,
C 7

- O C H 3) ,
4 .8 7 (q d ,

J = 0 .8
,
17 . 4 H z

,
1 H

,
C 5

し H ) ,
4

. 9 5 (q d ,

J = 0 .8
,
1 7 . 4 H z

,
1 H

, C 5
し H ) ,

6 . 25 (d ,
J = 9 .5 H z

,
1 H

, C 3
- H) , 6 . 9 3 (d , J = 8 . 8 H z , 1 H

,

c 6
- H ) , 7 .5 0 (d , J = 8 . 8 H z

,
1 H

, C 5
- H ) ,

7
.
68 (d ,

J = 9 . 5 一i z
,
1fi

, C 4
- H );

1 3 c N M R

(2 5 . 0 5 M H z
,
C D C13) ,

S e e S tr u c t u r e 8 4 ; M S m / z 27 2 ( M ＋
,
7) ,

2 5 7 (5 7) ,
2 4 3 (1 2) ,

2 27

(4 2) , 2 1 6 (15) ,
2 15 (1 0 0) ,

2 1 3 (2 7) ,
1 9 9 (25) ,

1 8 7 (16)千
1 8 5 (1 4) ,

1 7 2 (1 6) ,
1 7 1 (1 6) ,

1 5 9 (16) , 1 2 8 (2 2) . M a s s m e a s u r e m e n t : o b s d
,
27 2 . 0 5 99 ; c al c d f o r C 1 5 FI 1 2 0 5 ,

2 7 2 .0 6 8 5 .
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ii . A L Y K EA R E I N 阿 A R D T I (3 1 3)

A ly xi a r ei n w a rd ti Bl ･ v ar ･ l u c L
'

d a M a rkj o r ･ (A p o c y n a c e a e) ,
a t r ad iti o n al T h ai

m e dici n al pl a nt , i s w id ely u s ed i n T h aila nd f o r m a ki n g p e rf u m e ,
t o b a c c o p r d u cts a n d is

a c o n stit u e n t of s e v e r al t h e r ap e u ti c r e m edie s ･
P r e vi o u s i n v e sti g ati o n of th e l e a v e s of th is

sp e ci e s r e s ult ed i n t h e i s ol ati o n o f t w o i rid ol a c t o n e s
,

aly x i al a c t o n e a n d 4 - e p l -

a ly xi al a c t o n e (3 1 4) ･
T h r e e m o n o b y d r o x y c o u m a ri n s

,
3 - b y d r o x y c o u m a ri n

, 5 -

h y d r o x y c o u m a ri n a nd 8 - h y d r o x y c o u m a ri n
,
h a v e b e e n i s ol at e d fr o m t h e st e m o f A

･

l u cid a
,
a cl o s ely r el at e d sp e ci e s t o A ･

r e i n w a rdti (3 1 5) ･
W e r e p o rt h e r e th e is ol ati o n of

t w o n o v el 3 - h y d r o x y c o u m a ri n gl y c o si e s
,
8 9 a n d 9 0

,
f r o m th e i n n e r b a r k of A ･

r ei n w a rd ti v a t . l u ctd a
,

w h o
･
s e s t ru c t u r e s w e r e e st a blish e d b y sp e ctr o s c o p I C m e th o d s ･

T h e
l H N M R s p e ct r u m o f 8 9 ( T abl e 3 0) s h o w e d ei gh t a r o m a ti c p r o t o n

r e s o n a n c e s i n th e r e gi o n 8 6 .7 6 - 7 .5 0 , t w o tr a m s - c o upl ed ol efi ni c
l

p r o t o n r e s o n a n c e s at 8

6 . 2 8 (′= 1 5 .8 H z) a n d 7 . 5 5 , o n e
･ m e t h o x yl sin gle t a t 8 3 ･ 8 2 ,

a n d 1 3 s u g a r p r o t o n

r e s o n a n c e s i n t h e r e gi o n 8 3 ･3 6 - 5 ･ 00 ,
i n cl u din g t w o a n o m e ri c p r o t o n r e s o n a n c e s a t 8

A .9 5 (J = 7 .4 H z) a n d 5 . 0 0 (J = 2 ･ 5 H z) I T h e s e d at a s u g g e st e d t h at 8 9 w a s a

p b e n ylp r op a n oid digly c o sid e ･ I n v e s tig a ti o n of t h e C O S Y s p e c t r u m (T able 3 1) r e v e al e d

a n A B X s pi n s y s t e m a t 8 6 ･ 7 6 , 6 ･9 7 a n d 7 ･0 6 b elo n g l n g t O O n e O f t h e t w o

p h e n ylp r o p a n oid m oi etie s a n d a n A M M
r

X s pi n sy st e m at 8 7 ･5 0 ･ 7 ･2 3
,
7 ･3 6 a n d 7 ･ 2 0

b el o n g l n g t O t h e o th e r ･ H o w e v e r ,
b a s ed o n th e s e d a t a ,

it w a s n o t p o s sible t o a s s ig n th e

r e m ai ni n g ol efi nic p r o t o n r e s o n a n c e s a t 8 6 ･ 28 (d) , 7 ･ 5 5 (d) a n d 7 ･ 39 (s) t o a sp e cific

p h e nylp r o p a n oid u nit ･
T h e ob s e r v ati o n of a b a s e pe ak at m / I 17 7 i n t h e p o siti v e F A B M S

f u rth e r r e v e al e d th e p r e s e n c e of a f e ru 1yl m oi et y ' C 1 0 H 9 0 3 ,
W hic h n o r m ally sh o w s a

c h ar a c t e ri stic A B X spi n s yt e m i n th e
l H N M R sp e ctr u m (3 1 6) I F u r th e rm o r e , th e l o n g

-

r a n g e c o u plin g s o b s e r v e d b et w e e n 8 7 . 0 6 (冗
- 2

T

) a n d 7 ･5 5 (H - 7
'

) ,
a n d b et w e e n 8 6 ･9 7

( H - 6
f

) a nd 7 . 5 5 i n t h e d el a y e d ( 2 5 0 m s e c) C O S Y sp e ct ru m c o n fi r m e d th is str u c t u r al

u nit ･ T h e o th e r p h e n ylp r op ,

a n oid m oi ety w a s d e d u c e d t o b e a 3 - h y dr o x y c o u m ar i n b a s ed

o n t h e lit e r a t u r e d at a
,
i n p a rti c ul ar , t h e

1 3 c N M R d at a r ep o rt e d f o r 3 - h y dr o x y c o u m a ri n

(3 15 ,3 1 7) .

■
c o n si st e n t e vid e n c e fわr this m oi et y w a s al s o p r e s e n t i n th e F A B m a s s

sp e c tr a w hi c h sh o w e d a p r o m i n e n t f r a g m e n t i o n p e ak at m / I 47 1 [ M ' - C 9 H 5 0 3]
' i n th e

p o siti v e F A B a n d 4 70 [ M ＋ 11 - C 9 H 5 0 3]
' in th e n e g a ti v e F A B ･ T h e hig h r e s ol uti o n m a s s

i n dic at ed a m ol e c u l a r f o r m ul a C 3 0 H 3 2 0 1 5 S u g g e sti n g th at t h e t w o s u g ar r e sid u e s w e r e a

p e n t o s e a n d a h e x o s e . C o m p a ri s o n o f th e l H a n d 1 3 c N M R d a t a of 8 9 ( T able s 3 0
,
3 2)

w ith th o s e r ep o r te d i n t h e lit e r at u r e (3 1 8 ,
3 19) r e v e al e d t h e p r e s e n c e o f gl u c o s e a nd

a pl O S e ･ I n o rd e r t o e s t ablish t h e li n e a r c o n n e c ti vitie s b et w e e n th e diffe r e n t u nit s a nd t o

a s s lg n th e str u c t u r
.
e u n a m big u o u sly ,

a s e ri e s o f N M R e x p e ri m e n ts i n cl u di n g C O S Y ,

H O H A H A
,
R O E S Y

,
H M Q C

,
H M B C a nd s el e c ti v e I N E P T w a s p e rf o r m e d ･
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T h e o b s e rv a tip n o f a n A ” M
-

X s p i n Sy s t e m i n th e
l H N M R sp e c t ru m o f 8 9

i n dic ate d th at q u ite u n u s u ally n o s u b stit uti o n w a s p r e s e n t a t C -5 , C -6 , C - 7 a n d C -8 o f th e

c o u m a ri n n u cl e u s . A si n gl et at 8 7 .3 9 s u g g e st e d th at a s u b stit u e n t m igh t b e at C -3 o r C -

4 ･
A l o n g

- r a n g e c o u pli n g o b s e r v e d b e t w e e n 8 7 .3 9 ( ” - 4) a n d 7 .2 0 (H - 8) i n t h e d ela y ed

C O S Y sp e ctr u m c o nfi rm ed th a t th e s u b stit u e n t w a s a t C - 3 . I rr a di ati o n of th e a n o m e ri c

p r o t o n a t 8 4 . 95 e n h a n c ed a c ar b o n r e s o n a n c e at 8 1 4 2 . 9 ( C - 3) i n th e s el e c ti v e I N E P T

sp e ct r a (Fi g ･ 2 0) r e v e ali n g th e li n k a g e b e t w e e n th e c o u m a ri n a n d gl u c o s e m oi e ti e s . A

l o n g
- r a n g e c o r r el atio n c o n t o u r b e t w e e n th e gl u c o s e ” - 1 (8 4 . 95)､ a n d C -3 i n t h e H M B C

sp e ct r u m c o nfir m e d this c o n n e c t l V l ty ･ F u rth e r m o r e
,
t h e o b s e r v a ti o n of a p r o m i n e n t

● ●

fr a g m e n t i o n p e a k a t m / I 3 0 9 [ M ＋
- C 9 H 5 0 3

- C 6 H I O O 5]
＋

, d u e t o s u c c e s si v e l o s s e s o f

c o u m a ri n a n d glu c o s e , i n th e p o siti v e F A B sp e ct ru m
, p r o vid e d a d diti o n al e vid e n c e f o r

this c o n n e c tl V lt y ･ T h e s el e c ti v e IN E P T e x p e ri m e n ts sI 1 0 W e d th at i 汀a di a ti o I1 0f ” - 4

e n h a n c e d t w o c a rb o n r e s o n a n c e s a t 8 1 5 9 . 8 a n d 1 4 2 .9 ( C - 3) all o w i n g t h e c a r b o n

r e s o n a n c e a t 8 1 59 ･8 t o b e a s s ig n e d t o C - 2 ･ I n th e H M B C s p e ctr u m
,
H - 4 s h o w e d

c o r r el a ti o n s w it h th r e e c a r b o n r e s o n a n c e s a t 8 15 9 . 8
,
1 5 1 . 3 a n d 1 4 2 . 9 n o t o nly

c o nfir m i n g th e a s s ig n m e n t Of C - 2 a n d C -3 , b u t al s o allo w i n g th e c a rb o n r e s o n a n c e a t 8

15 1 ･3 t o b e a s s lg n e d t o C -9 ･
I r r a di ati o n of H -5 a t 8 7 . 50 si g nific a n tly e n h a n c e d th e

c ar b o n r e s o n a n c e s a t 8 1 5 1 ･ 3 ,
1 3 0 .5 ( C - 7) , 12 0 .8 ( C - 4) a n d c o n fi r m e d th e a s sig n m e n t

of C - 9 . I r r adi ati o n of H - 6 at 8 7 .
23 r e s ult e d i n th e e n h a n c e m e n t o f t h e c a rb o n

r e s o n a n c e s a t 8 15 1 ･3 ( C -9) , 1 2 0 .9 a n d 1 1 7 .0 ( C - 8) p e r mi tti n g th e q u at e r n a r y c ar b o n

r e s o n a n c e a t 8 1 20 ･9 t o b e a s sig n ed t o C - 10 . C o n fi r m a ti o n of thi s a s sig n m e n t w a s

a c hi e v e d b y i rr adiati n g a -8 a t 8 7 . 20 w hic h r e s ult e d i n th e e n h a n c e m e n t of C - 9
,
C - 6 a ri d

C - 10 at 8 1 5 1 ･ 3
,
1 26

･
2 a n d 1 2 0 ･9 , r e sp e c ti v ely ･ T h e a s sig n m e n t of th e c o u m a ri n m oi et y

w a s th u s c o m plete .
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1
'

2
●
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7
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T a b! e 30 1 H - N M R d at a of 8 9 a n d 9 0 (5 00 .
1 M H z , C D 3 0 D)

__ _ー___..___....._..
▲

..】__.__
_ _ _ _ _ _ _ - _ _ _ ._ ■■ ■一 ■ ■ ■■ ■ ■■ ■■ ■ ■■ ■ ■d ■ ●

-

9 0
_ _ _ _ - I - 一 叫 ■

7 .
4 0 (∫)

7 .5 0 (d , J =

7 ･ 9 ,
1

･5 H z)

7 . 23 (d d d ,
J - 7 . 5

,
7 . 7 , 1 ･5 H z)

7 .3 6 ( d d d , J
= 7 .8

,
7 . 8

,
1 .5 H z)

7 .2 0 (d d , J = 8 . 1
,
I . 5 H z)

6 .7 8 (∫)

8 9虹

H - 4 7 . 3 9 (∫)

H - 5 7 . 5 0 (d d ,
J = 7 . 8 , 1 . 5 fi∑

H - 6 7 . 2 3 (d d d ,
J = 7 . 8

,
7 . 9 , 1 ･

2 H z)

H - 7 7 . 3 6 ( d d d ,
J = 8 . 0

,
8 . 0 , 1 ･5 H z)

班- 8 7 . 2O (d d ,
J = 7 .9

,
l .2 日z)

H - 2
'

7 . 06 (d ,
J = l .7 H z)

H - 5
'

6 .7 6 (d ,
J = 8 . 4 H z)

H - 6
'

6 .9 7 (d d , J : =8 . 6 ,
1

.7 H z)

H - 7
1

7 .5 5 (d , J = 1 5 .8 H 21)

H - 8
'

6 .2 8 (a ,
J = 1 6 .0 H 2:)

I

3
-

- O M e 3 .8 2 (∫)

･･

.

1 1

5
'

- O M e

G : H - 1 4 .9 5 (d , J = 7 .4 H z)

G : H - 2 3 .5 1 (d d , J = 9 .
1

, 7 .4 H z)

G : H - 3 3 .
4 9 (d d ,

J = 9 . 1
,
9 . 1 H z)

G : H - 4 3 .3 6 (d d ,
J - 9 .6

,
9 . 6 H z)

G : a - 5 3 .6 9 ( m )

G : H - 6 4 . 09 (d d ,
J = 1 0 .9

,
1 .7 H z)

G : H - 6 3 . 6 2 (d d
,
J - ll .0 , 6 .9 H z)

A : H - 1 5 .0 0 (d , J = 2 .5 H z)

A : H - 2 3 .9 5 (d , J = 2
.
2 H z)

A : H - 4 4
.0 4 ( d

, J = 9 .9 H z)

A : H - 4 3 .8 4 (d , J = 9 .9 H z)

A : H - 5 4 . 25 (A B u ar t e t
,
I - l l . 5 H z)

6 .7 8 (∫)

7 .5 3 (d , J = 6 .
0 H z)

6 .
2 9 (d , J = 1 5 .8 H z)

3 . 8 1 (∫)

3 . 8 1 (∫)

4 .9 5 (d , J = 7 .4 H z)

3 ･ 5 1
.
(d d , J = 9 ･ 1 , 7 ･

4 H z)

3 . 49 (d d , J - 9 . I
, 9 .

1 H z)

3 . 36 (d d , J - 9 .
1

, 9 .1 H z)

3 .7 0 ( m )

4 .09 (d d ,
J = 1 0 .9 , 1 . 7 H z)

3 . 6 3 (d d , J = 1 1
. 0 , 6 .8 H z)

5 . 0 0 (d , J = 2 .2 H z)

3 . 9 5 (d , J = 2
.
2 H z)

4 .0 5 (d ,
J = 9 .6 H z)

3 .8 4 (d ,
J = 9 .9 H z)

4 . 2 6 (A t‡ u a rt et
,
∫= 1 1 .5 日z)

1 4 4



甘a 払且e 3 且 S u m m a ry of 2 D N M R sp e c tr al d a t a of 8 9 .

C O S Y H O 托A H A R O E S Y
■ l ● … ■■■

G - 1

H - 6 , H - 7

H -5 , a - 7

H - 5 , H - 6 , a - 8

H - 6 , 班 - 7

G - 2

G - 2
, ら - 3

G - 2
,
G -4

G - 3 , G - 5

G - 5 , G -6 b

G - 5 , G - 6 b

O - 5
,
G -6 a

A -2

A -1

A - 4b

A -4 a

H - 6
'

B - 6
-

H - 2
'

, H - 5
t

H - 8
'

H -7
I

P r o t o n
■■ ■ }■ ■

- 一 ■ ■■ ▲ ■ ■ ■ ■{ ■ ■

fI - 4

H -5

H -6

H - 7

H -8

G - 1

G - 2

G - 3

G - 4

G - 5

G - 6 a

G -6 b

A -1

A -2

A -4 a

A - 4b

A -5

B - 2
'

H - 5
-

B 1 6
-

H - 7
.

fI - 8
-

3
-

- O M e

H -6
,
H -7

,
H - 8

H -5
,
刀 -7

,
H - 8

H - 5 , a - 6
,
班 - 8

H -5
,
H -6

,
H -7

G - 2 , G -3 , G -4 , G - 5

G - 1
, G - 3 , G - 4 , G 5

G - 1
,
G - 2

,
G - 4

,
G -5

G - I
,
G - 2

,
G -3

,
G - 5

,
G - 6b

G - 2 , G - 3
,
G - 4 , G -6 a , G - 6 b

G - 4 , G - 5 , G - 6 b

G - 4
,
G - 5

,
G - 6 a

A - 2

A - 1

A -4 b

A - 4 a

冗 - 5
'

, H - 6
■

H - 2
'

,
H -6

'

H - 2
.

,
H - 5

.

H - 8
-

H - 7
-

班 - 4 , G - 3 , G - 5

G - 1
, G - 5

G -1
,
G - 6 b

G - 6 b ,
A - 1

G - 5 ,
G - 6 a

,
A - 1

G - 6 a
,
G -6 b

,
A - 2

A - 1
,
A - 5

A - 4b

A - 4 a , A -5

A - 2 , A - 4 b

H - 7
'

, H - 8
'

, 3
-

- O M e

H - 8
7

H - 2
'

a - 2
.

,
H -6

'

H - 2
-

1 4 5



甘a b ‡e 3 2 1 3 c N M R d at a o f $ 9 a nd 90 (1 2 5 . 8 M H z
, C D 3 0 D )

c a rb o n . 8 9 9 0

C - 2 1 59 .8 (∫)

C 13 1 4 2 .9 (s)

C A 1 20 .8 (d)

C - 5 1 2 8 .6 (d)

C - 6 1 2 6 .2 (d)

C - 7 1 3 0 .5 (♂)

C -8 1 17 .0 (d)

C - 9 1 5 1 .3 (∫)

C - 1 0 1 2 0 . 9 (s)

G : C - 1 1 0 2 . 4 (d)

G .

I

C - 2 7 4 .5 (d)

G : C - 3 7 7 .4 (d)

G .

･

C 1 4 7 1 .4 (d)

G : C - 5 7 7 . 2 (d)

G : C -6 6 8 .5 (∫)

A : C - 1 1 1 0 . 5 (d)

A : C - 2 7 8 . 3 (d)

A : C -3 7 8 .9 (s)

A : C -4 7 5 .0 (∫)

A : C - 5 6 7 .3 (∫)

C - 1
'

1 2 7 .5 (∫)

C -r2
'

1 ll .7 (d)

C - 3
-

1 4 9 .3 (∫)

C - 4
'

1 5 0 .7 (s)

C - 5
'

1 16 .5 (♂)

C -6
'

1 24 . 2 (d)

C - 7
'

1 4 7 3 (d)

C - 8
'

1 15 . 0 (d)

C - 9
'

16 8 . 8 .(s)

3
f

- O M e 5 6 .
4 (q)

5
'

- O M e

1 5 9 .9 (∫)

15 3 . 1 (∫)

1 2 0 .9 (d)

1 28 . 8 (d)

1 26 . 4 (d)

1 3 0 .7 (d)

1 1 7 .
2 (d)

1 5 1 .5 (∫)

1 2 1 .0 (∫)

1 0 2 .6 (d)

7 4 .6 (d)

7 7 .5 (d)

7 1 . 6 (d)

7 7 . 4 (d)

6 8 .6 (∫)

1 10 .7 (d)

7 8 . 7 (d)

7 9 .1 (∫)

75 .2 (i)

6 7 .5 (t)

1 2 6 .6 (∫)

1 0 7 . 1 (d)

1 4 9 . 6 (∫)

1 39 .8 (∫)

1 4 9 .6 (∫)

1 0 7 .1 (d)

1 4 7 .7 (d)

1 1 5 .6 (d)

1 6 8 .9 (∫)

5 7 .0 (q)

5 7 .0 ( )

1 4 6



E x a mi n a ti o n of t h e
1 3 c N M R (T a bl e 3 2) s p e c 打u m i n th e s u g a r c ar b o n r e gi o n

sh o w e d th at t h e gl u c o s e C 1 6 r e s o n a t e d at 8 6 8 .5 , w hi c h i s m o r e d o w n -fi eld th a n th e

c o rr e sp o n di n g fr e e al c o h ol , s u g g e sti n g th e p r e s e n c e o f a s u b stit u e n t at C - 6 . i r r a di ati o n

of th e a n o m e ri c p r o t o n o f a pi o s e at 8 5 . 0 0 e n h a n c e d t h r e e c a rb o n r e s o n a n c e s
,
a t 8 68 . 5

( G - 6) ,
7 5 ･0 ( A - 4) a n d 7 8 ･9 ( A - 3) all o wi n g t h e li n k a g e b e t w e e n th e apio s e a n d gl u c o s e

m oi eti e s t o b e m a d e ･
T h e u n a m big u o u s a s s ig n m e n t Of th e p r o t o n r e s o n a n c e s i n th e

glu c o s e m oi et y w a s m a d e p o sibl e b y p e rf o rm i n g a S e ri e s o f 2 D N M R e x p e ri m e n t s

i n cl u di n g C O S Y
,
H O Ⅰi A H A a nd R O E S Y ･ T h e H O H A H A sp e ct ru m ( T able 3 1) s h o w e d

th at t h e gl u c o s e H - 1 e x hibit e d f o u r
-

st ep r el ay ed c o n n e c tl V lty t O gl u c o s e H 1 5 a n d th a t H - 4

h ad c o n n e c ti vitie s w it h glu c o s e 班 - 1 , H - 2 , H -3
,
a - 5 a n d H - 6 ･ A sig nific a n t N O B

ob s e r v ed b et w e e n gl u c o s e H - 1 a n d th e c o u m a ri n H 1 4 i n th e R O E S Y sp e c t ru m ( T a bl e 4 2)

re v e al e d t h e cl o s e p r o x i m l ty O f th e s e t w o m oi etie s ･ I n a d diti o n
,
t h e gltlC O S e H - I

,

s h o w i n g a N O E w i th th e gl u c o s e H -3 a n d H - 5
,
f u rth e r c o n fi rm ed th e c o n fig u r ati o n o f

th e s e O H g r o u p s .

A s tr o n g c o r r el ati o n w a s o b s e rv e d b et w e e n th e a pio s e H - 5 ( 8 4
.
2 5) a n d C - 9

'

(8

16 8 ･ 8) i n th e H M B C sp e ct r u m r e v e ali n g th e c o n n e c ti o n b e t w e e n t h e api o s e a n d th e

fe r ul yl m oi etie s ･ H o w e v e r
,
th e s el e c ti v e I N E P T e x pe ri m e n t o n i r r a di ati n g th e a p l O S e H - 5

a t 8 4
･
2 5 r e s ult e d i n t h e e n h a n c e m e n t of o nly th e api o s e C - 4 a t 8 7 5 ･ O I

T his m ig h t b e

d u e t o th e diffe r e n t J V al u e s u s ed i n th e s e t w o e x p e ri m e n ts . O w i n g t o th e i ntr d u c ti o n of

a n el e c tr o n w itb 血a w i n g g r o u p in t o th e ap io s e C -5
,
th e

1 3 c c h e m i c al shift of C - 5 ( 8

6 7 ･ 3) w a s s hift e d d o w n -fi eld a n d C - 3 shift ed up
-fi eld

,
a s c o m p ar e d t o th e c o r r e s p o n di n g

fr e e s u g ar (3 18) .
T h e N O E s ob s e r v e d b et w e e n a pi o s e H - 1 a n d H - 2

,
a n d b et w e e n H - 4

a n d H - 5 i n t h e R O E S Y s p e ct ru m c o nfir m e d th e c o n fig u r a ti o n of th e O B gr o u p s i n

■

a p 1 0 S e ･ F u r th e r m o r e , th e N O E b e t w e e n th e a p l O S e H - 1 a n d th e gl u c o s e H - 6

d e m o n s t r at e d th e sp atial r el ati o n ship b et w e e n th e s e t w o s u g ar m oi eti e s ･ C o m p ar i s o n of

th e c h e m i c al shifts a n d c o u pli n g c o n s t a n ts of th e a n o m e d c p r o t o n s i n a p l O S e a nd glu c o s e

m oi eti e s w ith t h o s e r ep o r te d i n t h e lite r a t u r e (3 1 8) l e d t o th e c o n cl u si o n th at b oth s u g a r s

w e r e i n th e P - D - c o nfig u r a ti o n .

I n th e f e r ulyl m oi ety , th e o b s e r v a ti o n of a N O E b et w e e n th e 3
.

- O M e a nd H - 2
'

(8

7 ･0 6) c o nfir m e d th at th e m e th o x yl g r o up w a s at C -3
'

･ A c
?

rr el ati o n p e ak o b s e r v e d

b et w e e n t h e 3
f

- O M e p r o t o n s (8 3 .8 2) a n d a c a rb o n at 8 1 49 .3 i n th e H M B C s p e ct r u m

allo w ed this c ar b o n r e s o n a n c e t o b e a s s i g n e d t o C -3
7

. T h e c o r r el ati o n of C - 3
'

w ith t w o

o th e r p r o t o n s , H - 2
'

a n d H - 5
'

,
f u r th e r s u p p o rt e d this a s s l g n m e n t . T h r e e p r o t o n

r e s o n a n c e s , H - 2
-

,
臥 5

'

a n d H -6
-

, s h o w e d c o rr el ati o n w ith th e s a m e
.

c a rb o n r e s o n a n c e at

8 15 0 . 7 p e rm itti n g t his c ar b o n r e s o n a n c e t o b e a s sig n e d t o C - 4
T

. T h e c a r b o n r e s o n a n c e

a t 8 1 2 7 .5 w a s attri b u t e d t o C - 1
'

, d u e t o th e o b s e r v a ti o n of a c o r r el a ti o n of t his c a r b o n

1 4 7
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●

G 3 G 5

獅 ｢ で
M e

. 1

8 0 6 0

F ig . 2 0 S ele cti v e I N E P T sp e c t r a of 8 9

w ith H - 5
'

a n d H - 8
T

. T h e c ar b o n yl r e s o n a n c e a t 8 16 8 .8 , s h o w l n g C O rr el a ti o n s w ith th r e e
●

p r o t o n r e s o n a n c e s
,
H -7

-

,
H - 8

-

a n d th e a p 1 0 S e H - 5
,

n o t o nly r e v e al e d th e c o n n e c ti v lty

b e t w e e n th e f e r ulyl m oi e ty a n d th e a p l O S e r e sid u e
,
b u t al s o c o nfir m e d th e a s s i g n m e n t Of

th e s e p r o t o n s ･ C o m p a r able r e s ults w e r e al s o o bt ai n e d fr o m s el e c ti v e I N E P T e x p e ri m e n ts

(Fig . 2 0) . T h e s t ru ct u r e of 8 9 th u s c o uld b e d et e r m i n e d a n d it s s t r u c t u r al a s sig n m e n t

w a s e s t ab li sh ed a s t h e fir st m e m b e r of a n e w cl a s s o f n a t u r al p r ∝1u cts .

1 4 8



甘a b 且e 3 3 S u m m ar y of 2 D N M R s p e ctr al d at a of 9 0

C O S Yp r ot o n
■ ■ ■

■ l ■■ ■ ■} 中■ ■ 1 -

H - 4

班 - 5

班 - 6

H - 7

H - 8

G - 1

G - 2

G - 3

G - 4

円O H A H A R O E S Y
仙

G - 1

H -6
,
” - 7

H - 5
,
H - 7

” - 5 , Ⅲ - 6
,
H - 8

臥 6 , H - 7

G - 2

G - 1
, G - 3

G - 2
,
G - 4

G -3
,
G - 5

G -5 G - 4
,
G -6 a

,
G -6 b

G -6 a ら -5
,
G -6 b

0 -6 b G -5
,
G - 6 a

A - 1 A - 2

A - 2 A - 1

A - 4 a A - 4b

A - 4 b A - 4 a

A - 5

H - 2
-

H - 6
'

H - 7
'

fI - 8
-

H - 8
-

H - 7
-

3
-

- O M e

5
-

- O M e

H -6
,
H -7

,
H - 8

H - 5
,
H -7

,
H - 8

H - 5 , H - 6
,
H - 8

H -5 , 冗 - 6
,
H - 7

G - 2
, G - 3 , G - 4 , G - 5

G - 1
,
G - 3

, G - 4
, G 5

G - 1 , G - 2
,
G - 4

, G - 5

G - 1
, G - 2 , G - 3

,
G 1 5

,
G - 6 b

G - 2
, G - 3 , G - 4 , G - 6 a , G - 6b

G - 4
, G -5 , G - 6 b

G - 4
, G - 5 , G -6 a

A - 2

A - 1

A - 4 b

A - 4 a

B - 8
'

H - 7
'

H - 4
,
G - 3

,
G - 5

G - 1
,
G - 5

G -1
, G - 6b

G -6 t) ,
A - 1

G - 5
, G - 6 a ,

A - 1

G - 6 a
,
G -6 b

,
A - 2

A - 1
,
A - 5

A - 4b

A - 4 a
,
A - 5

A - 2 , A - 4 b

H -8
●

, 3
-

- O M e

H -7
'

- 5
-

- O M e

H - 6
'

H - 2
f

H - 2
'

H - 6
'

C o m p o u n d 9 0 displ ay ed a m ol e c ul ar i o n p e a k at m / I 66 3 in th e p o siti v e F A B a n d

m / I 6 6 1 in th e n e g a ti v e F A B sp e ctr a r e v e alin g th at this is ol at e c o n t ai n e d 3 0 a . m . u .
m o r e

th a n 8 9 ･ T h e B R M S in dic at ed a m ol e c ul ar f o r m ul a C 3 1 H 3 4 0 6 f u rth e r s u g g e sti n g th e

pr e s e n c e of an a d diti o n al m e th o x yl gr o u p . H o w e v e r , d u e t o th e sy m m e tri c al n a t u r e of

th e p h e n ylp r op a n oid m oi et y , o nly o n e m e th o x yl re s o n a n c e w a s o b s e r v e d i n
l H a n d 1 3 c

N M R sp e ctr a of 9 0 ･

･C o m p a ri s o n o f th e
l H N M R sp e ctr al d at a of 9 0 w ith th o s e o f 8 9

(T ab le 3 0) i n di c at ed th at th e o nly diffe r e n c e w a s i n th e p h e n ylp r o p a n oid m oi ety w hi ch

sh o w e d a si n gl et w i th a n i nt e g r ati o n f o r t w o p r o t o n s a t 8 6 .7 8 in 90 . B a s e d o n th e s e

ob s e rv a ti o n s it w a s d ed u c e d t h at si n ap yl m oi et y w a s p r e s e n t i n 90 ' C o n si st e n t w ith th is

丘n di n g w a s th e
1 3 c N M R d at a w hic h sh o w ed fわu r , i n st e ad o f si x

,
a r o m a ti c c a rb o n

r e s o n a n c e s f o r this g r o up (T a ble 3 2) .
A b a s e p e ak a t m / I 2 0 7 (C l l H 1 1 0 4) p r e s e n t i n th e

1 4 9



p o siti v e F A B a n d a p r o m i n e n t f r a g m e n t i o n p e ak at m / z 2 23 (C l lⅠill O 5) o b s e rv e d i n t he

n e g ati v e F A B f u r th e r s u p p o rte d this sp e c u l ati o n ･

T h e s el e c ti v e I N E P T e x p e ri m e n ts p e rf o r m e d o n 90 n o t o nly c o nfi rm e d th e

c o n n e c ti v lty b e t w e e n diffe r e n t m oi eti e s t o b e t h e s a m e a s $ 9 , b ut al s o p e rm itt e d th e

u n a m big u o u s a s sig n m e n t o f th e si n ap yl m oi ety ･ I r r adi atio n of H -7
'

at 8 7 ･ 53 r e s ulte d in

th e e n h a n c e m e n t of t w o c a rb o n r e s o n a n c e s a t 8 16 8 .9 a n d 10 7 .1 all o w i n g t h e s e t w o

r e s o n a n c e s t o b e r e adily a s sig n ed t o C -9
'

a n d C - 2
f

/ C - 6
'

,
r e sp e cti v ely ･ T w o c a rb o n

r e s o n an c e s a t 8 16 8 .9 a n d 1 2 6 . 6 w e r e e n h a n c e d a s a r e s ult of th e ir r adi atio n of H - 8
'

a t

8 6 .
2 9 r e v e alin g th at th e q u at e rn ar y c ? rb o n r e s o n ah c e a t 8 1 2 6 16 w a s C - 1

t

. A sig nific an t

N O E o b s e rv ed b et w e e n H - 2
一

冊 - 6
-

a占d th e m eth o x yl p r ot o n r e s o n a n c e a t 8 3 .8 1 i n th e

R O E S Y sp e c t ru m i n di c at e d th at th e l o c a ti o n s of th e s e m e th o x yl g r o u p s w e r e at C -3
'

/C -

5
t

. Ir r a di a ti o n of t h e 3
'

- O M e/5
'

-

.

O M e p r o t o n s e n h a n c ed th e c a r b o n r e s o n a n c e a t 8 14 9 ･6
,

p e m ittin g this r e s o n a n c e t o b e a s sig n ed t o C - 3 ソC -5
'

･ T h e e n h a n c e m e n t of t h r e e c a rb o n

r e s o n an c e s a t 8 1 49 .6
,
1 4 7 ｡ 7 a n d 1 3 9 .8 o n i r r adi ati o n of H - 2

一

作i - 6
'

f u rt h e r allo w e d th e

c a rb o n r e s o n a n c e a t 8 13 9 .8 t o b e a s sig n ed t o C - 4
'

. T h e a s si g n m e n t of t h e si n apic a cid

r e sid u e th u s c o uld b e m ad e u n a m big u o u sly .

T h e 2 D N M R d at ? o f 9 0 ( T a ble 3 3) s h o w e d cl o s e r e s e m bl a n c e t o t h o s e of 8 9
,

c o n fir m i n g th e id e nti c al st e r e o c h e m i stry a n d c o n n e c ti v i ti e s i n th e s e t w o i s ol at e s ･ B o th

c o m p o u nd s e x hibite d c o m p ar a ble o ptic al a c tl V lty ,
f u r th e r d e m o n str a tl n g th ei r si m ila rity l n

st e r e ∝ h e m i stry .

T h e i s ol ati o n of 3 - h yd r o x y c o u m ar i n gly c o sid e s f r o m A
.
r ei n w a rd ti v ar . l u cid a

i m pli ed th at t h e a gly c o n e , 3 - h y 血o x y c o u m a d n , sh o uld als o e xi st i n t his pl a nt . F u r th e r

i n v e s tlg atio n of th e l e s s p ol ar f r a c ti o n s of th e e x t r a c t m ay p r o vid e th e a n s w e r ･ It i s

i nt e r e sti n g t O n o te th at th r e e m o n o h y d r o x y c o u m a ri n s
,
i n cl u di n g 3 - h yd r o x y c o u m a ri n ,

h a v e b e e n i s ol at e d fr o m A . t u cid a (3 15) . T h e o c c u r r e n c e o f this v e r y u n u s u al c o u m ar i n

a n d it s gly c ogid e i n t w o diff e r e n t s p e ci e s s u g g e s t s a cl o s e t a x o n o m i c r el a ti o n s hip ･

C o m p o u n d s 89 a n d 90 w e r e n o t a c ti v e a g a i n s t C ult u r ed P - 3 8 8 1y m p h o c y ti c l e u k e m i a

c ells (E D 50 > 4LLg m l
- i
) .

C o m p o u n d 8 9 e x hibit ed th e f oll o w i n g P h y si c al a n d sp e c tr o s c o p I C P r op e rti e s :

[ α】D
- 1 1 1 ( M e O H ; c O ･ 1); U V 九m a x

( M e O H) n m (l o g e) : 2 3 2 (4 .2 6) 29 7 (4 .3 7) ,
3 1 5

(4 . 4 0); I R v m a x
( K B r) c m

-1
: 3 4 4 1 , 2 9 4 2

,
17 2 8

,
1 7 0 9

,
1 6 2 8 ,

1 6 0 5 ,
1 5 1 4

,
1 45 8 ,

1 4 3 1
,

1 2 9 4
,
1 2 7 3

,
1 1 6 1

,
10 6 5

,
1 0 28 ;

1 H a n d 1 3 c N M R
,
T abl e 3 0 a n d 3 2 r e s p e c ti v el y;

p o siti v e F A B M S
,

m / z (r el . i rlt
.) 6 33 ([ M ＋1]

＋
,
2 5) ,

5 5 4 (l l) ,
4 7 1 (1 7) , 3 0 9 (46) ,

29 1

(1 2) ,
1 9 4 ( 10) , 1 7 7 (l o o) ,

16 3 (2 0); n eg ati v e F A B M S
, m / z (r el

.
i n t .) 6 3 1 ([ M - 1]

＋
,

1 5 0



1 00) , 6 0 5 (2 1) ,
4 8 7 (l l) ,

4 7 1 (2 3) ,
4 7 0 (2 4) , 4 6 9 (5 6) , 4 4 3 (1 5) , 3 67 (24) , 3 4 3 (1 0) ,

3 25 (1 3) ,
3 1 1 (l l) ,

2 93 (1 2) ,
2 6 5 (l l); H R M S fo u n d : [ M ＋1] ＋ 6 3 3 .

1 8 2 2; C 3 0Ⅰi3 3 0 1 5

r e q u i r e s 6 3 3 ･1 8 1 9 ･

C o m p o u n d 90 e x hibite d th e f oll o w i n g P h y si c al a n d sp e c tr o s c o p I C P r o p e rti e s
.

I

[ α】D - 1 0 1
o

( M e O H ; c 0 . 1); U V 九m a x
( M e O H) n m (l o g E) : 2 25 (4 .

3 6) ,
29 1 (4 . 34) , 3 13

(4 .3 8); I R I) m a x
( K B r) c m

- 1
: 3 4 35

,
29 40 ,

17 2 7 ,
17 1 7 , 16 28 ,

1 6 07 ,
15 16 ,

1 4 58 ,
1 4 2 6

,

1 29 4 , 1 1 5 3 ,
11 1 3 , 1 0 6 7;

1 H a n d 1 3 c N M R
,
T a blet 3 0 a n d 3 2

,
r e s pe c tiv ely; p o siti v e

F A R M S , m / I (r el .
i n t .) 6 63 ([ M ＋1]

＋
, 1 7) , 5 0 1 (7) , 47 5 (2) ,

3 39 (3 7) , 3 2 1 (20) ,
20 7

( 10 0) ,
1 63 (1 7) ,

16 2 (6); n e g ati v e F A R M S , m / I (r el . i n t .) 66 1 ([ M - 1]
＋

, 10 0) , 5 0 0 (2 2) ,

49 9 (4 5) ,
3 6 7 (39) ,

3 5 5 (l l) ,
29 5 (1 3) ,

27 3 (2 5) ,
2 2 3 (6 0) ,

1 6 2 (1 0) ,
16 1 (7 2) ,

1 3 3 (7);

H R M S f o u n d :【M 十1]
＋ 6 6 3 . 19 2 5; C 1 3 H 3 5 0 1 6 r e q uir e s 63 3 .

19 25 .

2
.
1 .6 ‡s o c o u m a ri n s

l s o c o u m a ri n o r l H - 2 - b e n z op yr a n - 1 - o n e i s a n u n s a t u r a t ed l a ct o n e w hic h diffe r s

fr o m c o u m a ri n i n t h at th e ol efi n lin k a g e is n o t c o nj u g ate d w ith t h e c a r b o n yl g r o u p . I t

m ay b e r e g a rd e d a s a v l n yl e s t e r . I s o c o u m a ri n c o m p o u n d s c o uld f o u n d n o t o nly i n

hig h e r pl an t s b ut al s o i n f u n g l .

i . X Y R IS I N D I C A (3 2 0)

T h e g e n u s X y ri s G r o n o v . e x L . i n t h e X y ri d a c e a e f a m ily l S c o m p o s e d of

a pp r o xi m a t ely 2 5 0 sp e ci e s distri b ut ed p ri m a rily i n tr o pi c al a n d s u b t r o pic al r e gi o n (3 21) ･

X y ri s i n dic a L . ( T al l y ell o w - e y ed gr a s s) is o n e of t h e fi v e s p e ci e s f o u nd th r o u g h o ut

T h ail a n d a n d is k n o w n l o c ally a s
”

Ⅹr a thi n th u n g
''

(3 2 2) ･ It is a w e e d w bi c b is

w id e sp r e ad i n p ad d y fi eld s of P r a c hi n b u ri ･ I n B e n g al , th e pl a nt h a s b e e n u s e d i n

f olkl o r e m e di ci n e a s a c u r e f o r ri n g w o r m
,
it ch a n d l ep r o sy (3 2 3 ,3 2 4) . P h y t o c h e m ic al

st u d y of th e g e n u s X y ris h a s p r e vi o u sly l ed t o th e is ol ati o n of t w o a n tr a q u l n O n e S ;

ch ry s a zi n a n d 3 - m e th o x y ch ry s a zi n f r o m X yris s e m lf u s c a t a (3 25) ･ H e rei n w e r e p o r t th e

st r u c t u r e d et e r m i n a ti o n o f t w o n e w i s o c o u m a ri n s i s ol at e d fr o m a n o n
-

p ol a r

ch r o m at o g r ap hic 缶a cti o n o b t ai n ed fr o m th e n o w e n n g h e a d s of X ･ i n dic a ･

P mi fi c ati o n o f a c hl o r of o r m s ol u ble e xt r a c t of th e fl o w e n n g h e ad s of X y ris i n dic a

w ith silic a g el c ol u m n ch r o m a t o g r ap h y re s ult e d i n th e is ol ati o n o f t w o n e w i s o c o u m a ri n s

(9 1
･

a n d 9 2) .
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A
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.

c o m p o u n d 9 1 ,
m ･p ･ 67 - 6 8

o

C , w a s o b t ai n e d a s a p al e y ell o w J pl at e ･ T h e

m ol e c ul a r f o r r n ul a o f 9 1 w a s d e d u c ed t o b e C 13 H 1 2 0 4 ( C al c d . 2 3 2 ･0 7 3 2 a m u) fr o m its

m ol e c ul ar i o n at m / I 2 3 2 . 07 3 1 i n th e h r ei m s . T h e b e n z o p y r o n e st r u c t u r e w a s e vid e nt

fr o m it s U V ab s o rp ti o n s a t 3 3 4 a n d 2 8 2 n m (l o g e 3 ･6 5 a n d 3 ･ 7 7)(3 26) ,
a n d th e p y r o n e -

c a r b o n yl str e t c hi n g fr e q u e n cy w a s f o u n d i n th e r e g l O n 1 7 2 5 c m
- 1 f r o m I R sp e c t ru m

(3 2 7 ,3 2 8) . T h e p re s e n c e of a m e th yl e n e dio x y g r o u p at C -6 a n d C -7 w a s i n dic at e d fr o m

th e is ol ate d m e th yle n e p r o t oムsig n al at 8 6 .0 3 (s) a n d th e a r o m a ti c p r o t o n r e s o n a n c e s of

H -5 a t 8 6 . 6 6 (s) ,
H - 8 a t 8 7 .5 1 (s) a n d H - 4 a t 8 6 . 09 (s) in th e

l H - N M R s p e c t r u m ･

A n aly sis of th e
1 3 c - n m r a n d D E F T sp e ctr a o f 9 1 r e v e al e d t h e p r e s e n c e of 3 m eth yle n e

c ar b o n s ( 8 2 0 . 1 8 , 3 5 .1 6 a n d 10 2 .0 2) ,
3 ar o m a ti c m e thi n e c a r b o n s (8 1 0 2 ･9 6

,
1 0 3 ･5 0

a n d 1 07 . 19) , o n e m e thy l c a rb o n (8 13 .4 0) ,
a nd 6 q u at e r n a r y c a r b o n s (8 1 1 4 ･ 4 8

,
1 35 ･1 9 ,

1 47 .7 2 , 1 5 3 . 5 1 , 15 6 .9 9 a n d 16 2 .6 3)
L
i n cl u di

l
n g o n e c a r b o n yl c a rb o n

.
T h e n -

p r o p yl sid e

c h ai n c o uld b e a s sig rle d fr o m
l H - sig n al s at 8 0 .9 3 , 1 ･6 6 a n d 2

･
4 2 (t [J = 7 ･3 H z] ,

tq[ J =

7 .3 ,
7 .3 H z] a n d t 【J = 7 .3 H z])) . I t c o u ld b e i n f e r r ed f r o m th e ab o v e d at a th at th e r e ar e

a n u m b e r of alt e r n ati v e s s t ru c t u r e of 9 1 t o b e d ed u c e d : (a) a 3 - n -

p r o p yl o r 4 -

n
-

p r op yl
-

6 ,7
-( m e th yle n e di o x y

- 1 H - 2 - b e n z o p y r a n - 1 - o n e a n d (b) a 3 -

n
-

p r o p yl o r 4 - n -

p r o p yl
-6

,
7 -

( m e t h yle n e di o x y)
- 2ti - l l b e n z o p y r a n - 2 - o n e . I n o rd e r t o e v al u a t e t h e st r u c t u r e m o r e

e x pli citly ,
a d et ail e d e x a m i n a ti o n of th e H M B C of 9 1 w a s u n d e r t ak e n ･

T h e s ig nifi c a n t

l o n g r a n g e
l H -

13 c c o Ⅲ
･

el ati o n s c o n t o u r a r e i n di c at ed b y a 汀 O W S i n Fi g 21 ･ T h e

q u ate r n ar y c a rb o n at 8 15 6 .99 (C
- 3) is c o r r el a 鴫d w it h th e m e th yl e n e p r o t o n s a t 8 2 ･4 2

( H -1
.

) a n d 8 1 .6 6 (H
- 2

'

) a n d w ith th e ol efi ni c p r o t o n a t 8 6 . 09 ( H - 4) .
T h e c a r b o n yl

c a rb o n at 8 1 6 2 .6 3 (C
- 1) is c o r r el at e d wi th th e ol efi nic p r o t o n a t 8 7 . 5 1 ( H - 8) . T h e

q u at e rn ar y c af b o n a t 8 1 14 .4 8 ( C - 4 a) is c o rr el ate d w i th th e ol efi ni c p r o t o n s a t 8 6 ･0 9 (H
-

4) a n d 8 6 .6 6 ( H -5) .
T h e q u a te r n a ry c a rb o n a t 8 1 3 5 .

1 9 ( C - 8 a) is c o r r el a t e d w ith th e

ol efi nic p r o t o n a t 8 7 . 5 1 (H - 8) . T h e s e r e s ults s tr o n gly s u p p o r t th e p r o p o s ed str u c t u r e of

9 1 a s 3 -

n
-

p r o p y ト6 ,
7 -( m e th yl e n edi o x y)

- 1 H - 2 - b e n z o p y r a n
- 1 -

o n e , a n e w i s o c o u m a ri n

n a m e d X yridi n A .

C o m p o u n d 9 2
,

m . p . 1 9 8 - 1 9 9
o
C

,
w a s ob t ai n e d a s a c ol o rl e s s pla t e , p o s s e s s l n g

til e m ol e c ul a r f o m ul a C 1 3 H I O O 5 a S d e t e r m i n e d b y H R E I M S sp e ct r し- m ･ A v a ri e ty of

sp e c tr o s c o p I C te ch niq u e s w a s e m pl oy e d t o d e te r m i n e th e st r u c t ru e of 9 2 a n d i n di c at ed a

cl o s e s t ru c t u r al r el a ti o n ship w ith 9 1 a s all t w o e x hibit e d th e s a m e c a r b o n f r a m e w o rk ･ U V
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s pe c t ru m of 9 2 sh o w i n g ab s o rpti o n m a xi m a (l o g e) at 3 3 3(4 ･ 16) a n d 26 2(4 .5 7) n m ,

s u g g e st e d t h e fe a t u r e of b e n z o p yr o n e (3 2 6) . T h e t w o c ar b o n yl s t r e t c hin g fr eq u e n c y

w e r e f o u n d i n th e r e gi o n s 1 69 5 a n d 17 3 3 c m
- 1 i n ⅠR sp e ctr u m (3 2 7 ,3 2 8) .

1 H - N M R

sp e ctr u m o f 9 2 i n dic at e d t h e p r e s e n c e of th r e e a r o m ati c p r o t o n s at 8 7 . 2 4 (s) , 6 . 9 2 (s) ,

a n d 7 .6 2 (s) a rid t w o m e th yle n e p r o t o n s a t 8 6 . l l (s) a nd 2 . 92 (q) , s u g g e st e d a cl o s e

re s e n t)l a n c e t o 9 1 b a s e d o n th e 6 ,7 - m e th yle n e di o x y
- 1 H - 2 - b e n z o p y r a n ＋ o n e sk el et o n .

F u rth e r , th e t ri pl et a t 8 1 .
14 a n d q u a r t e t a t 8 2 . 92 (J = 7 . 3 H z) i n dic a t e d th e C H 3

- C H 2
-

sid e c h ai n ･ I n t h e
1 3 c - N M R a n d D E F T sp e ctr a

,
it w a s sh o w n th at 9 2 -c o n si st e d of 2

m eth yl e n e c a r b o n s (8 3 1 . 6 3 a n d 10 2 . 7 1) ,
3 m e thi n e c a rb o n s (8 1 0 6 . 3 2

,
1 08 .0 9 a nd

10 8 .5 2) ,
o n e m e th yl c ar b o n (8 7 .3 3) a n d 7 q u at e r n a ry c ar b o n s (8 1 18 .3 9

,
1 3 2 .5 7

,

1 4 8 .6 8
,
15 0 .3 4 , 1 5 3 . 86 , 1 60 . 4 2 a n d 1 9 4 .9 1 (i n cl tldi n g t w o c a r b o n yl c a rb o n s) . It i s

cl e ar ly s h o w n t h at 9 2 h a s a n a d diti o n al c a r b o n yl o n t h e p r o p yl sid e c h ai n of 9 1 a s a n

o x o p r o p yl g r o u p f r o m th e N M R a n d M S d at a . C o nfi r m ati o n b y C - H l o n g r a n g e

c o n n e c ti vit y o f 9 2 b y H M B C s p e ctr u m i n dic at e d th at th e c a rb o n yl c ar b o n ( C - l
'

) at 8

19 4 .9 1 of o x o p r o p yl sid e c h ai n i s c o r r el at ed w it h t h e ol efi nic p r ot o n a t 8 7 .
2 4 ( a - 4) ,

m e t h yl e n e p r o t o n at 8 2 .9 2 (H - 2
'

) a n d rn e th yl p r o t o n a t 8 1 . 1 4 (ロ ー3
'

) . T h e q u at e rn a ry

c a rb o n at 8 1 48 .6 8 (C - 3) is c o r r el at e d w ith th e ol efinic p r o t o n a t 8 7 . 2 4 (H
- 4) . T h e

c ar b o n yl c a rb o n at 8 16 0 .4 2 ( C - 1) i s c o r rel ate d w ith th e ol efi nic pr o t o n at 8 7 . 6 2 ( H - 8) .

T h e q u at e rn a ry c ar b o n at 8 1 1 8 . 3 9 ( C - 4 a) i s c o r r el at e d w it h th e ol efi ni c p r o t o n s a t 8 7 ･2 4

( H - 4) a n d 8 6 .9 2 田
- 5) .

T h e q u a t e r n a ry c ar b o n a t 8 13 2 .5 7 ( C - 8 a) is c o r r el at e d w it h th e

ol efi nic p r o t o n a t 8 7 .6 2 (fl - 8) .
T h e s t r u c ttlr e Of 9 2 w a s th u s d e te rm i n ed t o b e 3 -

(1
'

-

o x op r o p yl)
- 6

,
7 -( m e th yle n edi o x y)

- 1 H - 2 - b e n z o p y r a n
- トo n e u n a m big u o u sly a n d n a m e d

X y ridin 臥

F r o m a bi o g e n e tic p oi nt of vie w , th e r e s e e m s t o t) e n o d o ubt th at x y ri di n A (9 1)

a n d x y ri di n B (92) a ri s e f r o m th e a c e t a t e
-

m a l o n a te p a th w a y th r o u gh c y cli z a ti o n r e a c ti o n s

of a C 1 2 -

p oly k eti d e c h ai n ･ T his s e c o n d a ry m e t ab olic r o ut e ap p e ar s t o b e r e sp o n sible fo r

th e o th e r c o n s dt u e n ts w hich h a v e s o f ar b e e n is ol at e d fr o m X y ris sp (3 2 5) .

C o m p o u n d 9 1 e xhibit ed t h e foll o w i n g P hy si c al a n d sp e c tr o s c o p I C P r o p e rti e s
･

･ m p

6 7 - 6 8
o

C ; U V 九m a x ( M e O H ) n m (l o g e) : 2 0 3 (4 .2 6) ,
23 9 (4 ･ 60) ,

28 2 (3 ･7 7) ,
3 3 4

(3 .6 5); I R I) m a x c m
- 1 3 0 9 0

,
29 6 0

,
29 25

,
28 6 5 , 1 7 25 , 16 6 2 , 1 595 ,

1 5 0 3 ,
1 4 8 4

,
1 4 1 2

,

1 3 5 8 , 1 2 6 1 , 1 1 1 0 , 10 3 1
,
10 1 5

,
9 8 1

,
9 2 0

,
8 48 ;

1 H a n d
1 3 c N M R

,
T a ble s 3 4 a n d 3 5

,

r e sp e c ti v ely ; E I M S 7 0 e V (p r o b e) m / z (r el ･ i n t ･) 2 3 2 [ M ]
＋
(10 0)

`

,
20 4 (14) ,

2 0 3 (7 7) ,

1 7 5 (7 6) , 1 6 2 (2 3) ,
16 1 (1 2) ,

1 33 (3 7) , 7 5 (1 2) ; H R EI M S f o u n d : [ M ]
＋ 2 3 2 ･ 0 7 3 1 ;

C 1 3 H 1 2 0 4 r e q u l r e S 2 3 2 . 0 73 2

C o m p o u n d 9 2 e x hi bit e d th e f oll o w i n g P hy sic al a n d sp e c t r o s c o p I C P r o p e r ti e s :

m p 1 98 - 1 9 9
o

C ; U V 九m a x ( M e O H ) n m (l o g s) : 2 2 7 (4 ･0 9) ,
2 6 2 (4 ･5 7) , 3 3 3 (4 ･ 1 6) ; I R

1 5 3



℃ m a x c m
- 1 3 08 0 , 3 0 5 5 ,

2 9 8 0 , 2 9 2 5 ,
1 7 3 3

,
1 6 9 5 , 1 63 2 ,

1 6 1 3
,
1 5 0 5

,
1 4 9 0 , 1 4 12

,

1 3 4 6 , 1 27 5 ,
1 2 4 3

,
1 1 9 2

,
1 0 4 8 ,

10 15
,
9 4 3 , 9 0 8 , ;

1Ⅰi a n d 1 3 c N M R T a ble s 3 4 a n d 35

r e sp e c ti v ely ; EI M S 7 0 e V (p r o b e) m / z (r el ･ i n t ･) 2 46 [ M ]
'
(80) ,

18 9 (1 6) , 16 2 ( 2) , 1 61

(16) ,
1 3 3 (1 0 0) ,

7 5 (3) ; H R E I M S f o u n d :[ M ]
' 24 6 ･ 05 3 4; r e q uir e s 2 4 6 ･0 5 2 5

甘a b! e 3 4 1王i N M R s e c tr al d at a f o r c o m o u nd s 9 1 a n d 9 2 ( C D C 13 ; 5 0 0 M H z ; T M S)

H 9 1 9 2

7 . 2 4 s

6 .9 2 s

7 .6 2 s

6 . 1 1 s

2 .9 2 q (7 . 3)
1 .1 4 t (7 . 3)

4 6 . 09 s

5 6 .6 6 s

8 7 .5 1 s

- 0 - C H 2
- 0 - 6 .0 3 s

l
t

2 . 4 2 t (7 . 3)
2

-

1 .6 6 tq (7 .3
,
7 . 3)

3
t

0 .9 3 t (7 .3)

8 (pp m ) . C o upli n g c o n s t a n t畠(J i n H z) in p ar e n th e s e s ･

T a b l e 3 5 1 3 c N M R s pe ct r al d at a f o r c o m p o u n d s 9 1 a n d 9 2 ( C D C 13 ; 1 2 5 ･6 5

M H zまT M S)

9 1 9 2C

1

3

4

4 a

5

6

7

8

8 a

- 0 - C E 2
- 0

1
'

2
-

3
-

1 6 2 . 63

1 5 6 .9 9

1 0 2 .9 6

1 1 4 .4 8

1 0 3 . 50

1 4 7 .7 2

1 5 3 .5 1

1 0 7 . 19

1 3 5 . 19

1 0 2 .0 2

3 5 . 1 6

2 0 . 1 8

1 3 . 4 0

1 6 0 .
4 2

1 4 8 .6 8

10 8 .5 2

1 1 8 . 39

1 0 6 . 3 2

1 5 0 . 3 4

1 5 3 .8 6

1 0 8 . 0 9

13 2 . 5 7

1 0 2 .7 1

19 4 .9 1

3 1 .6 3

7 . 3 3

8 (p p m ) . A ll c ar b o n s w e r e a s sig n ed w i th th e aid of
1 3 c -

1
H a n d 1 3 c -

1 B l o n g r a n g e

C O S Y
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2 . 1 . 7 Ⅹa n th o n e s

x a n t h o n oid c o m p o u n d s a r e r e g a r d e d a s di b e n z o p y r o n e w it h o r w it h o ut

p r e n ylat ed f u n c d o n aliti e s ･
D i stri b utio n of x a n th o n oid s i n high e r pla nt s i s s ig nific a n t i n

c h e m o t a x o n o m i c c o n sid e r a ti o n . It o c c u r s i n t h e
･f a m ilie s G u ttif e r a e , G e n ti a n a c e a e

,

M o r a c e a e a s w ell a s i n fu ngi . S o m e of w hi ch ar e m a rk ed biol o gi c al i nt e r e st s ･

i . G A R C I N I A E A N B U R Y I (3 29)

T h e pig m e n t g a m b o g e i s th e l ate x e x u d ed fr o m v a ri o u s G a r ci ni a ( G uttif e r a e)

s pe ci e s
,
i n cl u din g G a r ci ni a h a n b u Tyi H o o k ･f ･ a n d G ･ m o r ell a D e s r ･

I n T h ail a n d , G ･

h a n b u T7 i is k n o w n a s
'

R o n g th o n g
-

(g old r e si n) a n d is u s e d i nt e r n ally a s a d r a s ti c

p u rg a ti v e , a n e m e ti c a n d a v er m 血 g e t o tr e a t t ap e w o r m ･ F o r e x t e r n al u s e , th e r e si n ,

m i x e d w ith c o c o n u t m ilk
,
i s a p plie d fo r th e tr e a t m e n t o f c h r o ni c d e rm atitis (3 30 ,3 3 1) ･

F r o m th e r e si n
, g a m b o gic a cid h a s b e e n i s ol at e d a n d cl ai m e d t o b e th e m aj o r a c ti v e

p ri n ciple (3 3 2) . O w i n g t o t h e c o m ple x ity of this t y p e o f x a n th o n e d e ri v ati v e
,
c h e m i c al

st udie s h aァe b e e n c a mi ed o ut o n g a m b o gic a cid a n d a r el a t e d c o m p o u n d
,

m o r elli n (3 33 -

3 3 6) . T h e s t ru c t u r e of m o r elli n h a s b e e n e s ta blish e d b y X - r a y c ry st allo gr ap hic st u d y of

it s p
- b r o m o b e n z e n e s ulf o n yl e st e r

, (3 3 5) a nd th e str u c t u r e of g a m b o gi c a cid d e d u c e d

i n f e r e n ti ally (3 3 4) .
N o

1 3 c N M R
-

d a t a h a v e b e e n re p o rt e d i n s u p p o rt of th e str u c t u r e s of

this cl a s s of c o m p o u n d s
,

a n d th e e x i st i n g
l H N M R a s s i g n m e n t s W e r e al s o f o u n d t o b e

i n c o m pl ete . W ith th e a v ail a bility of hig h
一色eld N M R i n st r u m e n t a ti o n a n d th e v a ri o u s

n e w ly d e v el o p e d N M R t e c h niq u e s ,
it b e c a m e p o s sibl e t o r e a 琉 m th e p r o p o s e d s r u c t u r e

a n d a s s lg n C O m plet ely t h e sp e c tr a of g a m b o g l C a cid a n d its r el at e d d e d v ati v e s a n d t o

e v a h ate th eir biol o gi c al a ctl V lty .

P r e vi o u s p h yt o c h e m i c al i n v e s tlg ati o n s of G . m o r ell a ･h a v e r e s ult e d in t h e is ol atio n

o f s e v e n cl o s ely r el at e d c o m p o u nd s , all of w hic h c o n t ai n a x a n th o n e m oi ety (C 1 3) w ith

f o u r i s o p r e n e
'

u nits , i ･ e ･ m o r elli n
, (3 3 5) is o m o r elli n

, (3 3 7) d e s o x y m o r elli n
,
dih y d r oi s o

-

m o r elli n
, (3 3 8) m o r elli c a cid

,
i s o m o r elli c a cid (3 3 9) a n d m o r elli n ol (3 4 1) .

H o w e v e r
,

o nly t w o r el ate d d e ri v a ti v e s
,

w hi ch c o n si st o f o n e x a n th o n e m oi ety w ith fiv e i s op r e n e

u nit s ,
h a v e b e e n r ep o r t e d fr o m G . h a n b u T7i ,

vi z . g a m b o gi c a cid (9 3) (3 3 2
,
3 3 4 ,3 3 9)

a n d n e o g a m b o gi c a cid (3 4 1) . I n th e c u r re n t i n v e s tig a ti o n
,
t h e l at e x of G . h a nb u TTi

c olle c t e d i rl T h ail a n d yi eld ed t w o n e w d e ri v a ti v e s
,
i s o g a m b o gi c a cid (9 4) a n d

is o m o r elli n ol (9 5) .
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El e ctr o n i m pa ct m a s s sp e c tr o m e try (E ⅠM S) o f g a m b o gic a cid (9 3) s h o w e d a

m ol e c ul ar i o n p e ak at m / z 6 28 s u g g e sti n g a m ol e c ul a r f o r m ul a C 38 H 4 4 0 8 ･ I n v e s tig ati o n

of th e b r o ad b a n d d e c o u pl e d 13 c N M R a ll d A P T s p e c-r a c o nfi n Ⅵ e d tl- ら p r e s e n c e o f 3 8

c a rb o n s . C o m p a ri s o n of th e
l H N M R d at a ( T a bl e 3 6) w ith th o s e r e p o rte d (3 3 4) f o r

●
●

g a m b o g l C a cid i n dic at ed cl o s e id e n tl ty ･ alth o u g h s o m e a m bi g u ltl e S i n th e str u c t u r e

r e m ai n e d t o b e cl ari fie d . I n o rd e r t o el u cid ate its s t r u c t u r e , a s e ri e s of N M R e x p e ri m e n t s

i n cl u di n g C O S Y ,
R O E S Y

, (3 4 2) sel e c ti v e I N E P T
, (3 3 7) H M Q C a n d H M B C w e r e

p e rf o rm e d .



I n th e C O S Y sp e c tr u m of g a m b o gi c a cid (9 3) , a p r o t o n r e s o n a n c e a t 8 3 ･4 6 (a -

l l) sh o w e d s c al ar c o u pli n g s w ith t w o r e s o n a n c e s a t 8 7 ･
5 3 ( H - 1 0) a n d 2 ･2 9 ･ T h e l a tte r

r e s o n a n c e s h o w e d f u rth e r c o u pli n g s t o a r e s o n a n c e
-
at 8 2 ･ 49 s u g g e sti n g th at th e

r e s . n a n c e a t 8 2
.
29 w a s o n e of t w o H - 2 1 m e th yl e n e p r o t o n s ･ T h e c ar b o n r e s o n a n c e a t 8

2 5 . 09 (T a bl e 3 7) s h o w e d c o r r el ati o h s w ith t w o p r o t o n r e s o n a n c e s a t 8 1
･
2 7 a n d 2

･ 29
,

a n d th e c a rb o n r e s o n a n c e a t 8 4 8 .9 2 sh o w e d a c o r r el ati o n w i th t h e p r o t o n r e s o n a n c e a t 8

2 .4 9 i n th e H M Q C s pe ct ru m , cl e a rly r e v e ali n g t h at th e p r ot o n r e s o n a n c e s a t 8 2 ･ 29 a n d

2 . 4 9 w e r e H - 2 1 a n d H - 2 2 , r e sp e c ti v ely . T h e p r e vi o u s a s sig n m e n t ( 33 4) f o r th e s e t w o

p r o t o n s th u s h a s t o b e r e v e r s e d ･
T h e c r o s s p e ak s p r e s e n t i n th e C O S Y sp e ctr u m al s o

all o w ed th e pr o t o n r e s o n a n c e s of B - 26 (8 2 ･9 8) ,
H - 2 7 (8 6 ･1 1) , H -3 1 (8 3 ･

13/3 ･27) , B -

3 2 (8 5 .0 4) , H - 3 6 (8 2 ･
.0 3) , a n d H 1 3 7 (8 5 ･0 7) t o b e u n eq u i v o c ally a s sig n e d ･ T h r o u gh

c o r r el ati v e i n t e rp r e t ati o n of th e N M R sp e c tr al d at a o b t ai n e d f r o m s el e c ti v e I N E P T
,

H M Q C a n d H M B C e x p e ri m e n t s i t b e c a m e p o s sib le t o a s si g n t h e s e r e s o n a n c e s

Ⅵn a m big u o u sly .

I n th e s el e c ti v e I N E P T sp e ctr a (Fig . 2 2) it w a s o b s e r v e d th at ir r adi ati o n of 6 - O H

at 8 1 2 .7 4 e n h a n c ed th r e e c a rb o n r e s o n a n c e s a t 8 1 5 7 .5 0 ( C - 6) ,
1 0 2 . 7 5/1 0 2 .5 7 ( C - 5)

a n d 1 00 . 4 0/l oo . 3 3 ( C - 7) . T h r e e c a rb o n r e s o n a n c e s , C - 5 , C - 6
l
a n d C 7

,
sh o w e d th e

s am e c o r r el ati o n w ith 6 - O H i n t h e H M B C s p e ct r u m (F ig ･ 23) ,
th e r e b y c o n fir m i n g th is

fin din g ･ I r r adiati o n of H - 3 at 8 5 ･4 0 e n h a n c e d th e c ar b o n r e s o n a n c e s at 8 10 2 ･ 7 5/1 0 2 ･5 7

a n d 8 1 . 1 4/8 0 . 9 9 ( C - 2) , c o nfi rm i n g th e a s sig n m e n t of C - 5 . I n th e H M B C s p e ct r u m ,

c o r r el ati o n o f b ot h C -2 a n d C - 5 w ith H - 3 w a s al s o o b s e rv ed . I r r adi a ti o n o f H - 4 a t 8

6 .5 5 r e s ult e d i n t h e e n h a n c e m e n t of f o u r c a r b o n r e s o n a n c e s a t 8 1 6 1 . 3 4 ,
1 5 7 .5 0

,

1 0 2 . 7 5/1 0 2 . 5 7
,

a n d 8 1 . 1 4/ 8 0 .99
,

all o w i n g t h e c a rb o n r e s o n a n c e at 8 16 1 .3 4 t o b e

a s s ig n ed t o C - 18 . T h e a s s ig n m e n ts Of C -2
,
C - 5 a nd C - 6 w e r e th u s f u r th e r c o nfir m e d b y

this ir r a di ati o n ･ T h e c o r r el atio n p e ak s b et w e e n H - 4 a n d C - 2 , a n d b et w e e n H - 4 a n d C -6
,

w e r e o b s e r v e d i n this H M B C s pe ct r u m . Ir r adi ati o n of H - 1 0 at 8 7 .5 3 e n h a n c ed f o u r

c a rb o n r e s o n a n c e s at 8 2 0 3 . 26 , 17 8 . 7 9 , 9 0 .9 8/9 0 .8 7 a n d 4 6 .7 0 , w hi ch c o uld b e a s sig n e d

t o C - 1 2 , C - 8 , C - 1 4 a nd C - 1 1 , r e sp e c ti v ely ･ C o n fi m ati o n of th i s a s s l g n m e n t W a s b a s e d

o n th e o b s e r v ati o n th a t th e s e c ar b o n r e s o n a n c e s sh o w e d th e s a m e c o rr el ati o n w i th H - 1 0

i n th e H M B C sp e ctr u m .
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T a b ie 3 6
1
H N M R. d at a f o r g a m b o gic a cid (9 3) , i s o g a m b o gic a cid (9 4) a n d

is o m o r elli n ol (9 5)
a

Is o m o r elli n ol (9 S)

5 . 5 3 (d , 10 . 0)

6 .6 4 (d ,
10 .0)

7 . 4 6 (d ,
7 . 0)

3 .5 3 ( m )

1 . 4 5 (s)

1 . 4 5 (s)

聖 地

5 .4 0 (d , 1 0 .0)

6 .5 5 (d , 1 0 .0)

7 .5 3 (a , 6 .5)

3 .
46 ( m )

1 . 34/1 . 3 1 ( s)

1 .6 8 ( 孤)

1 . 78 ( m )

2 .29 (d ,
1 3 .0)

1 . 2 7 ( m )

2 . 49 (d d ,
3 .0

,
9 .0)

1 . 2 7 (s)

1 .6 9/I .6 7 ( s)

2 .9 8 (a , 7 .0)

2 .9 8 (a , 7 .0)

6 .
l l (d , 7 . 0)

1 .7 3/1 .7 2 (s)

3 . 27 ( m )

3 .
13 ( m )

5 .0 4 ( m )

1 . 7 1/ 1 .7 0 (s)

1 . 6 2/1 .6 0 (s)

H
～

班 - 3

班 - 4

班 - 1 0

a - l l

H - 19

班 - 2 0

H - 2 0

H - 2 1

日 - 2 1

H - 2 2

H - 2 4

H - 25

H - 2 6

班 - 2 6

H - 2 7

H - 2 9

H - 3 0

班 -3 0

H -3 1

H -3 1

冗 -3 2

H - 3 4

H - 3 5

a -3 6 2
. 0 3 ( m )

班 - 3 6 2
.0 3 ( m )

B -3 7 5 .0 7 ( m )

H -3 9 1 .6 6/1 .6 4 (s)

H - 4 0 1 . 56/1 .5 2 (s)

6 - O H 1 2 . 7 4 (s)

班

5 . 45/5 .4 3 (d , 1 0 . 0)

6 . 6 7 (d , 1 0 . 0)

7 .5 5/7 .5 4 (d , 1 0 .

･0)

3 . 50 ( 孤)

1 .3 9/1 .3 8 (s)

1 . 6 8 ( m )

1 .8 4 ( 孤)

2 .33 (d d , 4 . 5 , 13 .0)

1 . 4 5

2 . 5 3 ( m )

1 .29 (s)

1 .7 1 (s)

2 . 6 2 ( m )

2 .6 3/2 .5 3 ( m )

6 . 67/6 . 5 4 (t , 7 .0)

1 . 29 (s)

3 . 28 ( m )

3 . 2 4 ( m )

5 .l l ( m )

1 . 74/1 .7 2 (s)

1 .6 4 (s)

2 .0 5 ( m )

2 .0 5 ( m )

5 .0 6 ( m )

1 . 6 5 (s)

1 .3 6 (d d , 5 .0 , 1 3 .5)

1 . 3 5 (d d , 9 .5 , 13 .5)

2 .5 1 (d , 9 . 5)

1 . 3 0 (s)

1
.
7 2 (s)

2 . 6 4 (d , 7 .0)

2 . 6 4 (d , 7 .0)

4
.78 (t ,

7 .0)

1 .0 6 (s)

3 .6 5 (q ,
l l .0)

3 .6 5 (q ,
l l .0)

3 .3 5 (dd ,
6 . 1

,
7 .5)

3 .3 0 (dd ,
6 . 1

,
7 .5)

5 .
2 4 (t , 7 .5)

1 .7 8 (s)

1 . 6 8 (s)

1 .5 4/1 .5 2 (s)

1 2 . 76/1 2 .7 5 (s) 12 .7 2 (s)

a R e c o rd e d i n C D C13 ; C h e m i c al shifts a r e r e p o r te d a s 8 v al u e s (p p m ) fr o m T M S

at 50 0 . 1 M H z; sig n al m uld pli city a n d c o u pli n g c o n s t a n t s ( H z) a r e gi v e n i n p a r e n th e s e s ･
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T a bl e 3 7 13 c N M R d a t a f o r g a m b o gi c a cid (9 3) , i s o g a m b o gi c a cid (9 4) a n d

i s o m o r elli n ol(9 5) (5 0 0 M H z
,
C D C 13)

Is o m o r elli n ol (9 5)
7 官 珊
1 26 . 3 5 ,

1 2 6 .
2 5 (d)

1 15 .4 4
,
1 1 5 .3 6 (d)

10 3 .l l
,
10 3 .05 (s)

.Ts o g a m b o gi c a cid ( 9 4)也
81 . 14

,
8 0 .9 9 (s)

1 2 4 . 6 2
,
1 2 4 .3 2 (d)

1 1 5 . 8 1
,
1 15 . 3 2 (d)

1 0 2 . 75 , 1 0 2 .5 7 (s)
1 5 7 .5 0 (s)
1 0 0 . 4 0 , 1 00 . 3 3

1 7 8 . 79 (s)
1 3 3 . 26 ,

1 3 3 . 1 3
1 3 5 . 4 8

,
1 3 5 . 2 5

(s)

(s)
(d)

4 6 . 7 0 (a)
2 0 3 . 2 6 ( s)
8 3 .6 9 , 83 .5 4 (s)

-

9 0 .9 8 , 9 0 .8 7 (s)
1 5 7 .4 5 ,

15 7 .2 2 (s)
1 0 7 .6 3 , 1 0 7 .4 5 (s)
16 1 . 3 4 (s)
2 7 .56 , 26 .8 2 (q)
4 1 . 8 7 , 4 1 . 5 9 (t)
2 5 .09 (t)
4 8 .9 2 (d)
8 3 .6 9 , 8 3 .5 4 (s)
2 8 .7 6 (q)
2 9 .8 1 (q)
29 .1 7 (t)
1 3 8 .39 (a)
1 27 .3 6 ( s)
2 0 .6 1 (q) I

1 7 1 .7 9 , 1 7 1 . 5 8 ( s)
2 1 .5 1 (t)
1 2 2 .2 0 (d)
1 3 1 . 2 7 (d)
1 8 .0 9 , 1 7 .9 6

2 5 . 6 2
,
2 5 .5 5

(q)
(q)

2 2 .66 (t)
1 2 3 .7 8 (d)
1 3 1 . 62 (s)
2 5 .6 2

, 2 5 .5 5 (q)
1 7 .5 0 (q)

壁
C -二

C -:

C - 一

C -:

C -1

C -

∫

C -】

C -!

C -

C -

C -

C -

C -

C ＋

C -こ

C -:

C -二

C -:

C -二

C -:

C -二

C -:

C -:

C -二

C -二

C -二

C -二

C -:

C -:

C 一:

C -:

C -:

C -:

C -:

C -:

C -:

C -:

C - i

rb o I一

2

-3

-4

-5
- 6
- 7
- 8
-9
- 10
- l l

- 1 2
- 1 3
- 1 4

- 1 6

- 17
- 18
-1 9
- 20
- 2 1
- 2 2

- 2 3
- 2 4

- 2 5
- 2 6

ー 2 7
- 2 8
- 2 9
- 30
- 3 1

- 32
-3 3
-3 4

- 3 5
- 3 6
-3 7

-3 8
- 3 9

- 40

8 l . 29 , 8 1
.
2 4 (s)

1 24
.7 5 (d)

1 1 5 .9 4 (d)
1 0 2 .8 8 , 1 0 2 .7 5

1 5 7 .5 8 (s)
1 00 .

4 3
,
1 0 0 . 3 3

( s)

(s)
1 7 8 .8 4 (s)
1 33 .29 (s)
1 3 5 .3 3 (d)
4 6 .9 1 , 46 .8 3 (d)
2 0 3 .0 6 , 2 0 2 . 9 8 (s)
8 3 .6 4

, 8 3 .5 7 (s)
9 0 .6 7

,
9 0 . 5 7 (s)

1 5 7 . 3 3 (s)
1 0 7 .8 6 (s)
1 6 1 .4 1 , 1 6 1 . 2 9 (s)
2 7 . 46 , 27 . 3 1 ( q)
4 1 .8 5

25 .2 7

4 8 .9 8

8 3 . 7 2

2 8 .9 2

2 9 . 9 7
,

(t)
(t)
(d)
(s)
(q)
2 9 .8 9 (q)

2 8 . 9 5 (t)
1 3 7 . 09

,
1 3 6 .8 6

1 28 .8 9
,
1 2 8 . 5 3

l l . 3 2 (q)
1 7 2 .25 , 1 7 2 . 0 9

2 1 . 5 9 (t)
1 2 2 . 1 2 (d)
1 3 1 . 7 3 ( s)

(d)
(s)

(s)

1 8 . l l
,
18 . 0 4 (q)

25 . 6 2
,
25 . 4 2 (q)

22 .7 1 (t)
1 2 3 .8 1

,
1 2 3 . 73 (d)

1 3 1 .8 8
,
1 3 1 .7 8 (s)

2 5 ･ 6 2
,
25 . 4 2 (q)

1 7 . 5 8 (q)

(S
.

q)
q)
t)
d)
s)

q)
3 0

(s)
(s)
(s)
(s)
(d)
d)
(s)
s)
s)
(s)
(s)
(s)

15 7 .3 1

1 0 0 .6 6

18 0 .2 2

1 3 3 .7 9

1 3 4 .3 1

4 7 . 0 0 (
2 0 3 .1 8

8 4 .
4 8

9 0

15

1 0

1 6

4

7

8

0

2

6

3

9

2 8 . 3 0

2 8 . 2 6

2 5 . 35

4 9 .0 9

8 3 .
4 0

2 9 .0 3

(
(
6

8

4

(
(･

(
(
(
(

3 0 .2 3
,

1 4 (q)
29 .

7 1 (t)
1 1 8 .2 8

,
1 1 7 .9 2 (d)

1 3 8 . 28
,
1 3 7 .9 2 (s)

1 2 .5 8

6 7 .9 7

2 1 6 2

1 2 1 .8

1 3 1 .9
18 .

2 3

2 5 . 8 0

( .

(｢

(1

7 ,

6 ,

(I

(I

q)
t)
t)
12 1

. 7 5

1 3 1 .8 3

q)
q)

(d)
(s)

W h e n 汁 11 (8 3 .4 6) w a s i r r a di ate d
,
fi v e c ar b o n r e s o n a n c e s a t 8 2 0 3 . 2 6 ( C - 1 2) ,

1 3 5 .4 8/ 1 3 5 .2 5 ( C - 10) , 1 3 3 . 26/1 3 3 . 13 , 8 3 . 6 9/8 3 .5 4 a n d 4 8 .9 2 (C - 2 2) w e r e e n･h a n c e d .
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●

T h e r e s ult n o t o nly c o nfi rm e d th e a s s lg n m e nt Of C - 1 2 , C - 1 0 a n d C - 2 2 , b u t al s o p e r m itte d

th e a s sig n m e n t of t h e c a r b o n r e s o n a n c e s at 8 1 33 . 2 6/1 3 3 .13 a n d 8 3 . 6 9/8 3 .5 4 a s C - 9 a n d

C - 13 ,
r e sp e c ti v ely ･ H o w e v e r , i n th e H M B C sp e ctr u m o nly C -9 , C - 1 2 a nd C - 2 2 s h o w e d

c o r r el ati o n w it h H - l l; t h e l e s s i nt e n s e r e s o n a n c e s , C - 1 0 a n d C - 13 , e n h a n c e d i n t h e

s el e cti v e I N E P T s pe c tr u m w e r e n o t o b s e rv ed . h a di a ti o n o f H - 2 7 at 8 6 .
1 1 r e s u lte d i n

th e e n h a n c e m e n t of th r e e c a rb o n r e s o n a n c e s at 8 17 1 . 79/ 17 1
.5 8 , 8 3 .6 9/8 3 .5 4 ( C - 1 3)

a n d 2 0 ･6 1 allo w i n g th e c a rb o n r e s o n a n c e s a t 8 20 . 6 1 a n d 1 7 1 . 79/1 7 1 .5 8 t o b e a s sig rl e d

t o C - 29 a n d C - 30 ,
r e sp e c ti v ely . O w i n g t o th e o v e rl ap of H - 3 2 a n d H -3 7 r e s o n a n c e s

,

i r r adi ati o n of th e s e r e s o n a n c e s at 8 5 .0 6 r e s ult e d i n th e e n h a n c e m e n t of C - 3 5/ C - 3 9 (8

25 . 6 2/2 5 . 5 5) , C - 3 6 (8 2 2 . 6 6) ,
C - 3 1 (8 2 1 . 5 1) ,

C - 3 4 (8 1 8 .0 3/ 17 . 9 6) a n d C - 4 0 (8

1 7 . 5 0) . I r r a di ati o n of H -3 1 at 8 3 . 26 a n d 3 . l l e n h a n c e d t h e s a m e a n d ot h e r c a r b o n

r e s o n a n c e s a t 8 1 61 . 3 4 ( C - 18) , 1 5 7 .4 5/15 7 . 2 2 ( C - 1 6) , 1 3 7 .2 7 ( C - ”) , 12 2 .2 0 ( C -3 2)

a n d 1 0 7 .6 3/10 7 .4 5 ( C - 1 7) ,
alb eit w ith slig htly diffe r e n t i nt e n siti e s . Ir r a di atio n o f H - 2 6

at 8 2 . 9 8 e n h a n c e m e n t fi v e c a rb o n r e s o n a n c e s a t 8 2 0 3 . 2 6 ( C - 1 2) ,
1 38 .3 9 ( C - 2 7) ,

1 2 7 .3 6 (C - 28) , 9 0 .9 8/9 0 .8 7 ( C - 14) a n d 8 3 .6 9/8 3 . 5 4 ( C - 1 3) . T h e c o r r el ati o n of t h e s e

c ar b o n s w it h H - 2 6 w a s al s o o b s e r v e d i n th e H M B C sp e ctr u m . B y ir r a di a ti o n H - 2 2 at

8 2 . 49
,
it w a s f o u n d th at fo u r c a rb o n r e s o n a n c e s a t 8 9 0 . 9 8/9 0 . 8 7

,
83 .6 9/8 3 . 5 4

,
4 6 .7 0

a n d 29 .8 1 ( C - 25) w e r e e nh a n c e d
,
all o w i ng th e a s sig n m e n t of C - 2 5

･

t o b e m ad e . Id e n d c al

i nfo rm a ti o n w a s al s o o bt ai n e d fr o m th e H M B C s p e ct ru m , w hi c h sh o w e d fo u r c o r r el ati o n

p e ak s o f th e s e c ar bd n s w ith 払 2 2 . I r r adi ati o n o f H - 2 1t a t 8 2
.
29 e n h a n c e d fi v e c a rb o n

r e s o n a n c e s at 1 3 5 .
4 8/13 5 .

2 5 , 9 0 .9 8/9 0 .8 7 ( C - 1 4) ,
8 3 .6 9/8 3 .5 4 ( C - 2 3) ,

4 8 . 9 2 a n d

46 .7 0 .
I n th e H M B C sp e ct r u m

,
h o w e v e r

,
o nly t w o c a rb o n r e s o n a n c e s , C - 1 4 a n d C -2 3

,

sh o w ed c o r r el atio n w ith H - 2 1 . I r r adi ati o n of H - 3 6 at 8 2 .0 3 e n h a n c ed th r e e c a rb o n

r e s o n a n c e s at 8 13 1 .6 2
,
1 2 3 .7 8 a n d 8 l . 1 4/8 0 . 9 9

,
all o w i n g t h e s e r e s o n a n c e s t o b e

a s s lg n e d t o C -3 8 , C - 3 7 a nd C - 2
,
r e s p e cti v ely . T h e c o r r el atio n of th e s e c a rb o n s w i th H -

3 6 w a s als o o b s e r v e d in t h e H M B C s pe ct ru m
,

w h e n th e c o n t o u r l e v el w a s i n c r e a s ed .

I n th e H M B C sp e ct ru m , b o th C -2 a n d C - 20 sh o w ed a c o r r el atio n w ith th e m e th yl

r e s o n a n c e a t 8 1 .3 4/ 1 . 3 1 , i n dic a ti n g t his m e th yl g r o u p sh o uld b e H - 1 9 ･ T h e m e th yl

r e s o n a n c e at 8 1 .7 3/1 .7 2 s h o w e d c o r r el a ti o n w ith b o th C - 2 7 a n d C -2 8 , r e v e ali n g th a t this

m e th yl g r o u p w a s H 3
- 29 .

T h e re v e r s e c o r r el ati o n o b s e r v e d b e t w e e n H - 27 a n d C - 2 9

c o n fi rm ed th is a s s lg n m e n t ･
T h r o u g h t w o a n d th r e e - b o n d 1 3 c J H c o r r el ati o n s th e

l o c ati o n of e a ch g e m
- di m e th yl g r o u p c o uld b e d et e r m i n e d u n a m big u o u sly . B o th C - 22

a n d C - 2 3 sh o w e d c o r r el ati o n s w ith t w o m et h yl r e s o n a n c e s a t 8 1 . 2 7 a n d 1 . 69/1 .6 7 ,

i n dic ati n g th e s e t w o m eth yl g r o up s w e r e H 3
- 24 a nd H 3

- 25
,
r e sp e c ti v el y ･ T h e c o r r el ati o n

p e ak s o b s e rv e d b et w e e n H 3
- 2 4 a n d C - 2 5 , a n d b et w e e n C - 2 4 a rid H 3

-2 5 p r o vid ed fu rth e r

1 6 1
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Fi g . 2 2 S ele c ti v e I N E P T s p e c tr a of g a m b o gi c a cid (9 3) .

e vid e n c e t o s u p p o rt th e s e a s s lg n m e n t S . Si m ila rly , C - 3 2 a n d C - 3 3 s h o w e d c o I T el atio n s

益ith b oth H 3
-3 4 (8 1 .7 1/1 .7 0) a n d H 3

- 3 5 (8 1 .6 2/ 1 .6 0) a n d C -3 7 a n d C - 3 8 h ad

c o r r el ati o n s w ith rb oth H 3
-3 9 (8 1 .6 6/ 1 .6 4) a nd H 3

- 40 (8 1 .5 6/ 1 .5 2) , p e r m itti n g th e

a s s lg n m e n t Of t h e s e 甲 eth yl r e s o n a n c e s t o b e m a d e u n eq u i v o c ally .
T h e r e v e r s e

c o rr el a ti o n b e t w e e n e a c h p a i r Of g e m - di m e thyl g r o u p s w a s al s o o b s e rv ed .

I n a R O E S Y e x p e ri m e n t , th占 c o n t o u r o b s e r v e d b e t w e e n H - 2 7 a n d H 3
- 2 9

c o nfi rm ed th e E r a n S
-

･

C O n fig u r a ti o n b et w ? e n

-

H - 2 7 a n d th e c a r b o x yl g r o u p (Fig ･ 2 4) , a s

托 p O rt ed p r e v i o u sly (3 3 4) . T h e s t m c t u r e of g a n l b o gi c a cid w a s tll u S d et e m ill e d (Fig ･

2 2) , its N M R sp e ctr al a s sig n m e n t w a s c o m pl e t e a n d th e gr o u n d w o rk l aid fo r t h e

s 加 ct u r e d et e m i n ati o n of th e t w o n? w is ol at e s ･

I s o g a m b o gic a cid (9 4) h a s t h e s a m e m ol e c ul a r f o r n l ul a C 3 8 H 4 4 0 8 【b y hi g h
-

r e s ol u ti o n m a s s sp e c tr o m e t ry (H R M S)] a s th a t o f g a m b o gic a cid (9 3) ,
a n d al s o sh o w e d

v e r y si m il a r U V , IR ,
M S

,

1
H a n d 1 3 c M R d a t a t o th o s e of 9 3

,
r e v e ali n g th a t 9 4 sh o uld

b e a n i s o m e r of 9 3 . A sig nifi c a n t d o w nfi eld shift f o r H - 2 7 (8 6 . 6 7/6 .5 4
,

A 8 =

1 6 2



0 .56/0 . 4 3) a n d u pfield shifts f o r rI - 26 (8 2 .6 3/2 .5 3 ,
A 8 = - 0 . 35/ - 0 .4 5) a n d H 3

- 29 (8

1 .
2 9 ,

A 8 = - 0 .4 4/ - 0 .4 3) , a s c o m p ar e d w ith th e c o rr e s p o n di n g sig n al s of g a m b o gic a ci d
,

s tr o n gl y s u g g e st ed th at th e diffe r e n c e w a s i n th e sid e
-

c h ai n b e a ri n g th e c a rb o x yl g r o u p .

T h e o b s e r v ati o n of a sig nific a n t u pfield s hift of th e C - 29 r e s o n a n c e (8 l l
.3 2

, A 8 =

-9 . 29) ,
d u e t o n o n - b o n di n g st e ri c i n t e r a c ti o n (†eff e c t) (45 6) w ith th e m e th yl e rle g r O tlP a t

C -2 6
,
f u rth e r d eli n e a t e d a ci s c o n fig u r a ti o n b et w e e n ” - 2 7 a n d th e C - 3 0 c a rb o x yl g r o u p .

T h e p r e s e n c e of a c o n t o u r b e t w e e n ロ ー2 6 a n d H 3
- 2 9 i n th e R O E S Y sp e ctr u m c o nfi m - e d

th e s t e r e o c h e m i s 打y Of th e C 1 2 7/ C - 28 d o u bl e b o nd a s cis .

2Y 2 4

1 0

4
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Fig . 2 3 H M B C s p e c tr u m of g a m b o gic a cid (9 3) ･

1 6 3

1 3 0

1 5e

1 r p m



T h e c o m ple t e
l H a n d 1 3 c N M R a s sig n m e n ts of is o g a m b o gic a cid (9 4) w e r e

m ad e b y C O S Y , s el e c ti v e IN E P T , H M Q C a n d H M B C e x p e ri m e n t s , a n d ar e s h o w n i n

T abl e s 36 a n d 37
,
r e sp e c ti v ely . Si mi l a rly t o th e sit u a ti o n w ith g a m b o gi c a cid (9 3) , m o r e

t h a n th e eig h t e x p e c t ed m e th yl p r o t o n r e s o n a n c e s w e r e o b s e r v ed i n t h e
l H N M R

s pe ct ru m o f 9 4 o w l n g t O t h e e xi st e n c e o f t w o

L

c o n f o r m e r s , o r st e r e oi s o m e r s ･ F u r th e r ,

m a n y of th e c ar b o n c h e mi c al shift s ap p e ar ed a s t w o cl o s e s m all p e ak s i n s t e a d of o n e

l a rg e p e a k in th eir 1 3 c sp e ctr a f o r th e s a m e r e a s o n , a nd s o m e p r o t o n s s h o w ed t w o v e ry

disti n ct ch e m i c al s hifts s u c h a s H - 2 7 (8 6 .67 , 6 .5 4) ,
H 3

-3 4 (8 1 .7 4
,
1 ･7 2) a n d H 3

- 40 (8

1
.5 4

,
1 ･5 2) ･ T h e

lli N M R sp e ct ru m of 9 4 w早s t ak e n a t diffe r e n t t e m p e r a t u r e s (25 ,
35

,

4 5 a n d 5 5 0 C); th e sp e c tr a w e re n e ar ly id e ntic al a n d sh o w e d t w o al m o st e q u al p e a k s e ts
,

s u p p o rti n g th e e xi ste n c e of t w o st e re oi s o m e rs i n th e r a ti o 1 :1 ･ As c o m p ar ed t o th e N M R

s pe ctr a 9 3 a n d 9 4 , t h e
l H a n d 1 3 c N M R sp e ct r a of i s o m o r elli n ol (9 5) did n o t s h o w

t w o p e ak s e t s o r t w o cl o s e p e ak s f o r a p r o t o n o r c ar b o n s lg n al ･

c o m p ar i s o n of t h e
l H N M R sp e ctr al d at a o f is o m o r ellin ol (9 5) w ith th o s e of

g a m b o gi c a cid (9 3) a n d is o
?

a m b o gic (9 4) sh o w ed th at t w o c h a r a c t e ri sti c p r o t o n

r e s o n a n c e s
,
H - 3 6 a n d H - 3 7

, p r e s e n t i n th e sp e c tr a of g a m b o gl C a cid a nd it s is o m e r w e r e

m i s s i n g in th is is ol at e ･ I n ad diti o n , o nly s e v e n m et h yl r e s o n a n c e s w e r e o b s e r v ed i n th e

N M R sp e ctr a of is o m o r elli n ol , s u g g e stl n g th e ab s e n c e o f t h e is o p r e n e u nit att a c h e d t o C -

2 0 . T h e sig nifi c a n t u p field shift o f H - 2 7 (8 4 ･7 8) , w h e n c o m p a r e d w i th th o s e of

g a m b o gic a cid a n d it s i s o m e r
,

a n d th e p r e s e n c e o f a n A B p att e r n a t 8 3 ･6 5 ･ f u r th e r

i m plied t h at a p n m a r y al c o h ol h ad r epl a c e d t h e c ar b o x y g r o u p at C - 3 0 ･ I n th e
1 3 c N M R

sp e ct m m o nly 3 3 c a rb o n r e s o n a n c e s w e r e o b s e r v e d ,
i n di c a tl n g th e c o m p o u n d t o h a v e

fi v e c ar b o n s l e s s t h a n g a m b o gl C a cid a n d it s i s o m e r ･ F u rt h e r , th e m e th yl e n e c ar b o n

r e s o n a n c e ob s e rv e d at 8 6 7 .9 7 s u g g e st e d th e p r e s e n c e of a p ri m ar y O H g r o up l n th e

m ol e c ul e ･
I n s u p p o rt of t his

,
th e I R s p e c tr u m sh o w e d a n a b s o rp tl O n b a n d at 3 46 6 c m

- 1

a n d th e ab s e n c e of a n
,

α
,β- u n s a t u r at ed c a rb o n yl ab s 叩 ti o n

.

at 16 9 0 c m
-1

･ E I M S g a v e a

m ol e c ul ar i o n pe a k at m / I 5 4 6 a n d H R E I M S e sta blish ed a m ol e c ul ar f o r m ul a C 3 3 H 3 8 0 8 ,

s u p p o rtl n g th e p r o p o s ed g e n e r al str u c t u r e .

I n o rd e r t o a s s i g n C O m Ple t ely th e s t ru c t u r e of i s o m o r elli n ol , a s e ri e s of 2 D N M R

e x p e ri m e n t s , i n cl u di n g C O S Y
,
R O E S Y

,
H M Q C a n d H M B C ,

w a s p e rf o r m e d ･ T h e

H M Q C sp e ctr u m sh o w ed th at th e m o st u pfield m et h yl p r ot o n r e s o n a n c e ( H 3
1 29) w a s

c o r r el ate d w i th th e c ar b o n r e s o n a n c e a t 8 12 .5 8 ( C - 2 9) . T h e ch e m i c al s hift o f C - 29 i n

is o m o r elli n ol is th u s c o m p a r abl e t o th at of is o g a m b o gic a cid (8 1 1 .3 2) aJld s u g g e st ed th at

t h e s e t w o c o m p o u n d s h a d t h e s a m e s t e r e o c h e m i str y l n th e C - 13 sid e
-

c h ai n ･ T h e

o b s e r v a ti o n of c o Ⅲ
･

el ati o n b et w e e n H - 27 ･ a n d H 2
- 3 0 a n d b et w e e n H 2

- 2 6 a n d H 3
- 2 9 in t h e

R O E S Y sp e ctr u m p r o v id e d s tr o n g e vid e n c e f o r th e ci s c o n fig u r a ti o n b et w e e n H - 2 7 a nd
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Fig . 2 4 R O E S Y sp e ctr u m of g a m b o gi c a cid (9 3) .

H 2
-3 0 . B a s ed o n c o r r el ati o n s sh o w n i n th e H M B C sp e c t ru m

,
all th e c a rb o n r e s o n a n c e s

c o uld b e a s s ig n e d u n a m big u o u sly . T h e ad diti o n al i nf o r m a ti o n p r o vid e d th r o u gh r e v e r s e

c o r r el ati o n w a s of p a rti c ul a r i m p o rt a n c e f o r th e a s s ig n m e n t Of th o s e m e th yl p r o t o n

r e s o n a n c e s i n c o n g e st ed r e g l O n S Of th e sp e c tr u m ･ F o r e x a m pl e
,
tl- e c o r r el ati o n b et w e e n

H 3
- 2 4 a n d C - 2 5 a n d b et w e e n C - 2 4 a n d H 3

- 2 5 p e r mi tte d th e t e c o g n ltl O n O f th e
⊂

s e t w o

g e m - di m e th yl g r o u p s , a n d th e c o r r el ati o n s of H 3
-2 4 a n d H 3

-2 5 w ith b o th C - 2 2 a nd C - 2 3

al s o all o w ed th e l o c a ti o n of th e s e g e m
- di m e th yl g r o u p s t o t) e d ete r m i n e d . I n t his w a y ,

th e c a rb o n n e t w o rk of is o m o r elli n ol (9 5) c o uld b e e st

-

a blis h e d a n d it s s t r u c t u r e

c o m pl et ely a s s ig n ed .
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A n i nt e r e st i n g fi n di n g l S t h a t t w o p a ir s O f t r a m s
-

c i s
-i s o m e r s

,

･

m o r elli n a nd

is o m e r elli n (3 3 5 ,
3 37) a n d m o r ellic a cid a n d is o m o r ellic a cid (3 3 6 ,

3 3 7) h a v e b e e n

i s ol ate d fr o m G . m o r ella . H o w e v e r
,
o nly th e tr a m s i s o m e r , m o r elli n ol

,
w a s i s ol at ed fr o m

t h e sp e ci e s (3 38) ･ A ll t h e s e bio sy nt h etic ally r el at ed c o m p o u n d s c o n t ai n fわur is o p r e n e

u nits . a c o n tr a s t
,
th e m aj o r C O m P O n e n tS f o u h d i n G ･ h a nb u yy l , S u c h a s g a m b o g l C a cid

(3 3 2 ,3 3 4 ,
3 3 7) a n d n e o g a m b o gi c a cid (3 3 9) ar e s t r u c t u r ally m o r e c o m plic at e d

,
i ･ e ･ th ey

h a v e o n e m o r e i s op r e n e u nit at C - 2 0 ･ T h e i s ol ati o n of is o g a m b o g l C a cid fr o m G ･

h a n b u TT l m a y S u g g e s t th a t a Gi s -tr a m s i s o m e r a s e i s al s o a c ti v e i n t hi s sp e ci e s ･ T h e
●

p r e s e n c e of is o m o r ellin ol in G ･ h a n d u TTi p r o vid ed f u r th e r e vid e n c e t o d e m o n str a t e th e

cl o s e n e s s o f th e s e t w o s p e ci e s , w hi c h m a y h a v e s o m e s lg m ifi c a n c e f r o m th e

c h e m o t a x o n o m i c p o l n t Of vi e w ･

G a m b o gic a cid ･( ”) e x hibit e d th e f oll o w i n g p h y si c al a n d s p e c tr o s c o pic

p r o pe rtie s : [ α] ,

2 0 -5 1 0 0
(c - 0 ･ 1

,
C H C 13); U V 九m a x ( M e O H ) (l o g e) 2 9 0 (4 ･2 4) , 3 60

(4 .1 8) n m ; I R I) m a x ( n e a t) 2 9 7 4
,
29 3 4 , 2 8 7 4 ,

1 7 3 8 ,
1 69 2

,
1 6 4 5

,
16 3 4 , 1 5 9 3 , 1 45 6 ,

1 4 3 5 , 1 4 0 2 ,
1 38 3

,
1 3 3 3

,
1 2 6 0

,
1 1 7 7

,
1 1 3 8 , 1 0 4 7 , 9 5 9

,
88 5 , 8 0 8 , 7 5 8 c m

-1
;
l H N M R

d at a , s e e T able 36 ;
1 3 c N M R d at a s e e T a bl e 3 7; E I M S

,
m / I (r el a ti v e i nt e n sity ,

% ) [ M ]
＋

6 2 8 (2 0) ,
6 00 (1 0) , 5 4 6 (3 4) 5 4 5 (1 0 0) ,

5 1 7 (23) ,
4 7 3 (1 2) , 38 9 (8) ,

3 4 7 (8) ,
2 4 5 (1 4) ,

2 1 5 (2 8) ,
1 8 9 (1 4) , 1 2 ･9 (1 2) ,

1 0 5 (1 5) ･

I s o g a m b o gi c a cid (9 4) e x hibit e d th e f oll o w i n g p h y si c al a n d sp e c tr o s c o pic

p r op e rti e s : [ α] ,

2 0
- 4 0 8 0

( c = 0 . 1 , C H C 13); U V 九m a x ( M e O H ) (l o g e) 2 9 0 (4 ･2 4) ,
35 9

(4 .1 8) n m ; I R t ) m a x ( n e a t) 2 96 9 ,
29 2 6 ,

2 8 8 8 ,
2 8 59

,
1 7 3 8 , 1 6 9 0 ,

16 4 5 ,
1 6 3 4

,
1 59 2 ,

1 4 56
,
1 4 3 5 , 1 40 2 , 1 3 8 5 ,

13 3 3 ,
1 2 6 4

,
1 1 7 5

,
1 1 3 8

,
10 4 9 , 9 5 9 , 8 8 4 , 8 5 5

,
8 1 0

,
75 8

c m
- 1
;
1 H N M R d at a , s e e T ab le 3 6;

1 3 c N M R d at a
,
s e e T a bl e 3 7; E I M S , m / I (r el ativ e

i nt e n sity ,
% ) [ M ]

＋ 6 2 8 (3 6) , 61 3 (5) , 6 0 0 (5) ,
5 4 6 (3 5) ,

5 1 7 (1 5) ,
4 7 3 (8) , 3 79 (9) ,

3 5 5 (6) , 3 4 7 (6) , 2 7 1 (4) ,
2 4 5 (8) ,

2 1 5 (15) ,
1 8 9 (6); H R E I M S , m / I [ M ] ＋ 6 2 8 ･ 3 0 4 2

(c alc ul at e d f o r C 3 8甘4 4 0 8 ,
6 2 8 .3 0 3 6) .

I s o m o r elli n ol (9 5) e x hibit ed
l
th e f ollo w i n g p h y si c al a n d sp e c t r o s c o pic p r op e rti e s

: [ α] ,

2 0 - 3 3 2
o

(c = 0 .1 2 5 , C H C 13) ; U V 九m a x ( M e O B )(lo g e) 2 3 2 (4 .2 1) ,
2 8 8 (4 .2 0) , 3 5 8

(4 .0 9) n m ; I R I) m a x ( n e a t) 3 4 66 , 2 9 76 , 29 2 8 ,
2 8 6 1 ,

1 7 3 8 ,
16 4 5

,
16 3 4 , 1 5 9 3 , 1 46 2

,

1 4 3 7 , 1 4 00 , 13 8 5 , 13 33 , 1 3 0 2 , 1 2 5 0 , 12 13 , 1 1 8 6 ,
1 1 6 5 ,

1 1 4 0
,
1 0 4 7 , 96 1 , 8 78 ,

8 12;

1 H N M R , s e e T abl e 3 6; 13 c N M R d at a , s e e T ab le 3 7; RI M S
,

m / I (r el ativ e i nt e n sity ,
% )

[ M ]
十 5 4 6 (1 00) , 5 3 1 (2 5) , 5 19 (20) , 5 1 8 (66) , 5 0 4 (2 3) ,

5 0 3 (6 6) ,
4 8 5 (1 6) ,

43 5 (19) ,

4 0 6 (3 4) ,
4 0 5 (5 3) , 3 8 9 (2 3) , 3 7 9 (19) , 3 6 3 (3 7) , 3 4 9 (2 9) ,

3 4 7 (2 0) , 3 0 7 (2 1) ,
28 7

(4 9) ,
28 5 (2 5) ,

2 6 3 (1L6) , 2 4 5 (2 0) , 2 3 1 (5 1) , 2 1 3 (2 0) ,
1 89 (1 4) ,

1 3 5 (1 7) , 1 05 (2 1)
'

,

H R E I M S
,

m / I [ M ]
＋ 5 4 6 . 2 6 2 6 (c alc ul at ed f o r C 33 H 3 8 0 7 ,

5 4 6 . 26 18) .
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2 . 1 . 8 A m 紬 r a q u 丑m O m e S

A n th r aq u l n O n e S i s a t n c y clic b e n z e n e n n g st ru c t ur e h a vi n g dik e t o n e at C - 9 a n d C -

10 p o sitio n (9 ,
10 - a n th r a c e n e dio n e) ･ T h e a n th r aq ui n o n e s ar e t h e l a rg e st g r o up of n a t u r al

q u l n O n e S ,
n e ar ly h alf o f w hi ch h a v e b e e n f o u n d i n hi gh e r pl a nts a n d a si m il ar m u m b e r i n

f u n g i a W ell a s i n lic h e n s ･

i .
X Y R I S I N Z)I C 沌 (3 43 )

T h e d ri ed n o w e r l n g h e a d s X . i ndi c a w a s e x t r a c t e d w ith c hlo r o f o rm a nd th e

c o m p o n e n t s w e r e s ep a r at e d b y c ol u m n c h r o m at og r ap b y a s d e s c rib ed i n th e E xp e ri m e n tal

s e c ti o n . T h e c o m p o u n d s w ill b e dis c u s s ed i n th e o r d e r i n w hic h t h ey w e r e el ut e d fr o m

t h e c ol u m n . T h e fir st a n d m aj o r C O m p O n e n t W a s S h o w n t o b e 1 , 8 - dib y d r o x y

a n th r a q ui n o n e ( c h ry s a zi n) 9 6 , b y c o m p a ri s o n of it s m . p . a n d sp e c t r al d at a w ith th e

v al u e s r ep o rt e d i n t h e lit e r a t u r e

■

(3 2 5) . W e r e p o rt th e 50 0 M H z
I H a n d 1 3 c N M R

sp e ct r a of 9 6 i n C D C 13 ･ T h e
1 3 c - N M R sp e ct r u m o f 9 6 e x hibit e d o nly eig ht li n e s a s

w o uld b e e x p e c t ed if th e c o m p o n e nt w a s sy m m et ry .

T h e s e c o n d c o
.
m p o n e n t

,
i s ol at e d i n a f air a m o u n t

,
w a s t h e 3 - m e th o x y 1 , 8 -

dih y d r o x y a n t h r a q ui n o n e (3 - m eth o x y c h r y s a zi n) 9 7
,

w hi c h dis pl a y e d th e e x p e c t e d

m e th o x y gr o up i n
l H - n m r sp e c t r u m ･ W e r e p o rt i n th e E x p e ri m e n tal th e 5 0 0 M H z

I H -

n m r sp e c t ru m of 98 i n C D C 13 C O m P ar e d w it h th o s e r ep o r t ed p r e vi o u sly i n C 6 D 6 ･ 3 -

M e t h o x y c h ry s a zi n w a s fi r s t i s ol a t ed f r o m X . s e m if u s c a t a a s a n e w c h r y s a zi n

d e d v a ti v e (3 2 5) .

T h e third a n d m i n o r c o m p o n e n t 9 8 g a v e p o siti v e B o r n t r ag e r t e s t
,
s u gg e s tl n g lt

w a s a n th r aq u l n O n e C O m P O u n d .
M a s s sp e c t r al a n aly s i s O f t h e c o m p o u n d s 9 6 1 9 8

i n di c at ed a cl o s e s tr u c t u r al r el ati o n s hip a s all t h r e e e x hibit e d - 1
,
8 - dih y d r o x y

a n tb r aq ui n o n e sk el et o n (Fig .
25) .

P r eli m i n ar y e x a m i n a ti o n of th e
､

s p e c tr u m i n c o m p a ri s o n w ith p ub li s h e d p r o t o n

N M R s p e c tr al d a t a of c o m p o u n d s i n this s e ri e s i n di c at e d th a t 9 8 w a s a
.

c h ry s a zi n

d e ri v ati v e (3 2 5) . Th e
l
H - N M R s pe c tr u m of 9 8 e x hibite d t w o h y d r o x yl p r ot o n s

ap p e ar ed a s t w o si n glet s at 8 12 ･0 3 a n d 1 2 ･0 7 p p m ･ T h e d o w nfield c h e m i c al shift of

fiv e a r o m a ti c m e th i n e p r ot o n w e r e o b s e r v e d at 8 7 ･ 7 4
,
7 ･6 5

,
7 ･ 33 , 7 ･1 1 , a n d 6 ･5 8 p p m

in dic at e d p r o t o n s a t H -6
,
H - 5 , H -7 , H

- 4 a n d H - 2 r e s p e c ti v ely ･ T h e e q u i v al e n t c o upli n g

c o n s t a n t i n dic at e d th at H -6 c o u ple d t o H -5 a nd H 17 (s e e t ab le 3 8) ･ T w o s e ts of d o u blet s

c e n t e r e d at 8 6 .5 8 a n d 7 .l l p p m r e p re s e n te d th e m e t a ar o rp a ti c p r o t o n s a t th e p o sitio n 2

a n d 4 of d n g C ･ T his al s o i n dic ate d th a t th e r e m ai n i n g a r o m ati c p r o t o n a t p o siti o n 3 w a s

s u b stit ut e d w i th h y 血o x yl g r o u p w hic h c o r r e sp o n d e d t o H R EI M S ･ T h e m oi st u r e of
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D M S O - d 6 a S S OI v e n t c a u s e d t h e di s ap p e a rl n g Of 3 - h y d r o x yl p r ot o n s lg n al ･ T h e
1 3 c -

N M R of 9 S p r o v id e d 1 4 li n e s of c ar b o n s ig n al s
,
al s o i n dic at ed t h at 9 8 h a s n o c ar b o n

s u b stit u e n t . F r o m th e D E P T sp e ctr u m
,
it w a s s h ot v n t h at 98 c o n si st ed o f 9 q u at e rn ar y

c a rb o n s (8 1 0 9 . 0 7
,
1 1 5 . 6 0 , 1 1 3 .

1 2
,
13 5 . 13

,
1 6 1 ･2 4 , 1 6 4

･5 3 ,
1 6 5 ･ 7 6 ,

18 1 ･ 29 a nd

1 9 0 . 0 7 p p m ) a n d 5 m e thi n e c a rb o n s (8 10 7:9 4 , 1 0 8 ･8 4 , 1 1 9 ･2 9 ,
12 4

･
4 7 , a n d 1 36 ･7 6

p p m ) . 9 8 w a s p r e v i o u sl y f o u n d t o p r o d u c e fr o m th e sy m bi o si s o f t h e b a c t e ri u m

X e n o rh a b d u s l u m i n e s c e n s a n d th e i n s e c t p a th o g e n n e m a t o d e H et e r o r h a b dit e s sp ･ b y

f e r m e n t ati o n (3 4 4) . T his i s th e fir st r ep o rte d of 9 8 o c c u r ri n g i n hig h e r pl a nt . T h e
l
H

a n d 1 3
c s pe ct r al d a t a o f 98 r ep o rt e d e a rlie r w e r e a m big u o u sly a s sig n e d (3 4 4) ･ I n this

p r e s e n t i n v e s tl g a ti o n ,

1 3 c - 1
･H a n d 1 3 c -

1
H l o n g r a n g e C O S Y w e r e u n d e rt ak e n t o

d et e rm i n e th e c o m plet e a s s lg n m e n t Of 9 8 . F r o m H M B C s p e ct ru m
,
th e s ig nific a n t l o ng

●

r a n g e
l H - 1 3 c c o r r el atio n s c o n t o u r w e r e i n dic at e d b y ar r o w s i n Fig ･ 26 ･ T h e a s sig n m e n t

of c ar b o n a n d p r o t o n s lg n al s w e r e s u m m a ri z e d i n T able 38 .
T h u s ,

it w a s c o n cl u d ed th e

st ru c t u r e 9 8 t o b e 1 , 3 , 8
-t ri h y d r o x y

- 9 , 10 -

a n t h r a c e n e di o n e .

1 , 8
- D ih y d r o x y a n th r aq ui n o n e ( c h r y s a z i n) 9 6 o b t ai n e d a s o r a n g e pl ate

,

孤 .p . 18 8 o
C [1it 19 1

0
C] ; U V

,

-I R a n d M S 血e s a m e a s th o s e r ep o 爪ed p r e vi o u sly (3 2 5);
1 B

N M k (5 0 0 M 申 ,
C D C 13 ) : 8 7 . 2 3 (2 H

,
d d

,
I - 1 . 3 , 7 . 8 H z

,
H - 2 a n d 臥 7) , 7 . 62 (2 H ,

d d
,
J = 1 .3 , 7 .8 H z

,
H - 3 a n d H -6) ,

7 .7 5 (2 H ,
d d

,
J ≡ 1 .3

,
7 .8 H z , H - 4 a n d H -5) a n d

l l . 9 (b s , 2 0 H ) ,

1 3 c N M R (1 2 . 65 M H z , C D C13 ) : 8 1 62 .5 (C
-1 , C - 8) , 1 2 4 .6 (C - 2

, C -

7) ,
1 3 7 .2 3 ( C - 3

, C - 6) ,
1 3 3 . 5 5 ( C - 8 a

, C - 9 a) ,
1 2 0 .0 1 (C - 4

, C - 5) a n d 1 1 5 . 8 1 (C - 4 a
,
C -

10 a)

3 - M e th o x y
- 1

,
8 - dih y dr o x y a n th r aq ui n o n e (3 -

m e th o x y c h ry s a zi n) 9 7 ob t ai n e d a s

o r a n g e cl u st e r , m p . 1 8 0
o

C [ lit 18 0 - 1 8 3
o

C ] ; U V
,
I R a n d M S t h e s a m e a s th o s e r ep o r te d

p r e vi o u sly (3 2 5) ;
1 H N M R (50 0 M H z

,
C D C 13 ) : 8 3 .8 7 (3 H

,
s

,

- O C H 3) ,
6 .6 1 (1 H

,
d

,

J = 2
.5 H z , H - 2) 7 . 2 1 (1 H , d d , I = 1 . 2

,
7 .3 B z

,
虹7) ,

7 . 3 0 (1 H ,
d

,
J = 2 .5 H z

,
H - 4) ,

7 .5 6 (1 H , dd , I - 1 . 2 , 7 .3 H z
,
H -6) ,

7 .7 3 (1 H ,
d d

,
J = 1 . 2

,
7 .3 H z

,
H - 5) ,

1 2 . l l (1 H ,

b s ,
トO 革) a n d 1 2 ･ 1 9 (1Ⅰもb s

,
8 - O H )

1
, 3 ,8 - T ri h y d r o x y a n th r aq ui n o n e (3 - h y d r o x y c h r y s a zi n) 9 8 o bt ai n e d a s o r a n g e

plat e ; m . p . 29 4 - 2 9 5
o

C ; U V 九 m a x ( M e O H ) n m (l o g e ) : 2 1 8 .4(4 . 4 6) , 2 4 4 .8 (4 . 2 1) ,

26 5 .6 (4 .2 2) ,
2 4 8 .5 (4 . 2 7) ; I R 1 ) m a x ( K B r) c m

- 1 3 39 2
,
16 7 1

,
1 6 1 1

,
15 7 8 , 1 4 76 ,

1 3 6 3
,
1 28 1

,
1 23 8 , 1 16 3 , 7 58 ;

1 H a n d 1 3 c : s e e t a ble 3 8; M S [ M ]
'
■
2 5 6 (1 0 0 % ) , 2 55

(2) , 23 9 (4) ,
2 29 (3) ,

2 28 (20) , 2 0 0 (1 4) , 1 7 1 (7) , 15 5 (2) , 1 5 4 (4) ,
1 2 6 (4) , 1 1 5 (6 0 ,

1 1 4 (4) , 6 9 (6) ,
6 3 (4) ,

5 7 (4)
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T a b且e 3 8 1 H a n d 1 3 c N M R a s sig n m e nt s of 9 8 ( D M S O - d 6 ; 5 0 0 a n d 1 2 5 .6 5 M H z ;

T M S)

A t o m
1 3 c I H

1 6 4 . 5 3 1 2 .0 3 b s ( O H )

1 0 7 . 9 4 6 .5 8 d (2 .5)

1 65 . 7 6

4 a

･8 a

1 08 .8 4

1 0 9 .0 7

1 19 . 29

1 3 6 . 7 6

1 2 4 . 4 7

16 1 . 2 4

1 15 . 6 0

19 0 . 0 1

9 a 1 3 5 .
1 3

1 0 1 8 1 .2 9

10 a 1 3 3 . 1 2

7 .l l a (2 .5)

7 .6 5 dd (8 .5 , 1 .2)

7 . 7 4 d d (8 . 5 , I .
2)

7 . 3 3 d d (8 . 5
,
1 .2)

1 2 .0 7 b s (0 日)

8(p p m ) C o upli n g c o n st a n ts (J i n H z) i n p ar e n th e s e s ･ A ll c ar b o n s w e r e a s sig n ed w ith th e

aid o f 1 3 c -
1 H a n d 1 3 c -

1 H l o n g r a n g e C o s y

1 6 9
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m . w . m / I

R = H 2 4 0 2 1 2

R = O C H
3

2 7 0 2 4 2

R = O H 2 5 6 2 2 8

Fi g . 2 5 M a s s fr a g m e n t a ti o n of 9 6
,
9 7 a n d 9 8 .

=

H

H

管
# 8

7 8 a

1 0 a

=

9 a

4 a u
H

0

1 0

○ uヾ

)1
H

l %
2 .

3

4 #

H

H

Fig ･ 2 6 T h e C - H c o r r el ati o n s ob s e r v e d i n H M B C sp e ctr u m o f 9 8 .
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P A 汲甘 m I

B I O L O G I C A L A C 甘I VⅠT ‡E S O F S O I覗E

瓦S O L A T E D C O M P O U N D S

A b o ut 3 0 y e ar s a g o m o d e r n c h e m i c al a n d bi ol o gi c al m e th o d s w e r e fir s t u s e d t o

i n v e s tlg ate t r aditi o n al m edi ci n e m a t e ri als i n T h ail a n d . W it h th e g r o w th in o u r 七n o w l e d g e

ab o u t c h e m i str y ,
bi o c h e m i st ry , p h y si ol o g y ,

a n d p b a m a c e u ti c s a n d p r o g r e s s m a d e i n

s ci e n tific in st ru m e n t ati o n
,
th e r e h a v e b e e n a n i n c r e a s i n g n u m b e r of s ci e n tifi c r e p o rt s

c b a r a c t e n z l n g th e bi ol o gic al a c ti vitie s of th e c h e m i c al c o n s tit u e n t s of T h ai m e dici n al

m a t e ri als . T h e p r e s e n t biol o gi c al e v al u a ti o n of th e i s ol a t e s fr o m T h ai m edici n al pla n ts

p r o vid e s i nf o r m a ti o n o n r e c e n t ad v a n c e s a n d p e r sp e c ti v e s f o r f u t u r e r e s e a r c h i n t o th ai

m e dici n al m at e ri als . T his in fo r m a ti o n m a y b e of v al u e f o r th e d e v el o p m e n t of n e w d ru g s

a n d m ay sti m ul at e f u rth e r i n v e s tig a ti o n s .

S o m e pl an t is ol at e s w e r e s u bj e cte d t o th e f oll o w l n g bi ol o g ic al i n v e stlg ad o n s ･

B I O L O G ‡C A L A C T I V I T Y

1 . C Y T O T O X I C A C T I V I T Y :

E v al u a ti o n o f 紬 e C yt ot o x i c P o t e n ti al o f C o m p o u n d s l s ol a t e d f r o m

C lit o ri a m a c T O P h y ll a ( 2 8 5)

£ 地 &

C o m p o u n d t est ed

鞄 蛙由旦凸

K B - V l

空i3B& K B - V L B ＋V L B

0 .0 31 3 0 1 9 6 .1

0 .0 11 0 .9 6 .9 3 . 8

6 - D e o xy clit o ri a c et al ( & 1) 0 .0 31

R ot e n o n e 8 2

E v al u a ti o n of th e C y t o t o xi c P o t e n ti al o f C o m p o u Tld s l s ol a t e d f r o m

G ムr cin i a h a n b u ryi ( 3 2 9)

C yt ot o xic A ctiy it y

E D 5 0 (u g/ m l)

K B - 3 K B - ⅤⅠ

G a m b o gi c a cid (9 3) 0
. 7 2 .3

Is o g a m b o gi c a cid (9 4) 0 . 9 3 .0

Is o m o r ellir1 01 (9 5) 2 3 3 .1

1 7 1



E v aⅠu ati o n of th e C y t ot o xi c P o t e n ti al of C o m p o u n d s Ⅰs o 蜘 e d f r o m C y cl e a

b a r b aE a . (1 1 4)

C yL O t O Xi c A c ti v ll y

E D 5 0 (LLg/ m l)

P - 3 8 8 K B -3 K B - ⅤⅠ

E xtr a ct 1 . 5 3 .6 1 2

T e 廿a n d ri n e (2 4) 0 .4 0 2
.
1 3 .7

Li m a cin e (2 5) 0 . 2 5 9 .
8 l l

T h al ru g o si n e (2 6) 0 . 3 6 3 .4 l l

H o m o a r o m ali n e (2 7) 0 3 1 3 .6 1 5

C y cl e a p ellin e (2 S) 0
,
5 7 2 .2 4 .4

C y t ot o 7(i c E v al u a ti o n o f ‡s o] a t e d C o n l p O u n d s 1
,
2

,8 ,9 ,8 0 ,8 4 ( 1
,3 1 ,

2 7 3
,
2 9 1)

C o m p o u n d t e st e d C e11 1i n e t e st e d ( E D 5 0 , u g/ m l)

F ru ll a n olid e( I)

P - 3 8 8 R B

■
1 . 1

0 .4

7 α - H y d r o x yf ru 1l a n olid e (2) 0 .3 5

P arth e n olid e (S) 0 .
4 5

B isp a rLh e n olidi n e (9)

W ri gh d a di o n e ($ 0)

0 .6

M i cr o m i n uti n (8 4) 3 . 7

之. A N T I M A L A R I A l ノ A C T I V I T Y

E v a一u ati o n o f th e A n ti m al a ri al A cti vit y o f th e Al k al oid E x t r a c t a n d

C o m p o u 71 d s i s o) a t e d f r o TTI C y cle a b a r b at a ( 1 1 4)
C o m p u n d A n Li m al ari al a cti vit y ,

E D
5 0 ( n g/ m l)

S L rai n D -6 St r ai n W - 2

A lk al oi d E x tr a cl 1 6 3 2 2 4

T et r an d ri n e [2 5】 1 7 9 1 6 0

L i m a cin e [2 6] 52 .
7 1 6 4

T h a h ユg O Si n e [ 2 7] 6 5 .1 7 8 .0

H o m o a r o m oli n e [2 8】 2 3 2 4 5 1

C y cl e a p elti n e [2 9] 2 9 .0 4 0 .6

Q ui ni n e 7 .6 3 0 .8

1 7 2



3 . A N T ‡M ⅠC R O B ⅠA L A C T I V I T Y
.

.

M i ni m a H m hi bit o r y C o n c e n t r ati o n ( M I C ト鳩/ m り o f c o m p o u n d s (9 6
,
9 7 a n d

98) 孟s o! at e d f r o m X y ri s i l草4i c q
_ー
畢豊9

_
蔓吐 ヱ畢中里聖旦 唾 ⊥

M i c r o o r a n 芸s m 9 6 9 7 9 8 M i c o n a z ol e

B a ciZZ u s s u b tL
'

lis A T T C C 6 6 3 3

St ap hyl o c o c c u s a u r e u s F D A 2 0 9 P

E s c h eTi chi a c o lt N I甘J

P s e ud b m o n a s a e r ug l n O S a N C r C 1 4 90

C a ndid a albic arLT A T C C 4 81 3 0

S a c cjz a r o m y c e s c e r e visL
'

a e A T C C 18 8 24

A sp e rgill u s n ig e r F 8 28

R hiz o p u s chi n e n si s I F O 4 7 4 7

T ric h op hy t o n m e n t a g r op hyE e s T I M M 1 1 8 9

T
.
r u b r u m TI M M 2 6 59

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

3 .
1 3

> 1 0 0

> 1 0 0

> 1 0 0

1
.5 6

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

1 2 .5

6 .
2 5

> 1 0 0

> 1 0 0

> 1 0 0

3 .1 3

> 1 0 0

> 1 0 0

0 . 7 8

0 .7 8

I
.5 6

i .5 6

5 0

5 0

< 0 .2

< 0 .2

1 .5 6

2 5

0 .
7 8

< 0 .2

A n ti m i c r o b i a l A c ti viti e s o f l s o n a v o n oi d s ‡s ol at e d f r o m D a t b e r g l a
●

c a n d e n a t c n si s ( 2 6 1)

M i cr o o r g a nis m

C o m p o u n d

m u Cr O - c h us s e - 5 - h y dr o xy
- fTo n TI O - v e sLiL Ol t e 打a - n y st aLi n

n ulat ol q ul n O n e

r7 8l

t x) w di chio e

r7 9l

n O n et l n cy clin e

S t ap hyt o c o c c LLS a u r e u S

A T C C 2 59 2 3

B a cilZ u s s u btili s

A T C C 6 6 3 3

E s ch e ric hi a c oZi

A T C C 2 59 2 2

C d 乃( 地 albi c a rzs

A T C C I O 2 59

P e n z
'

ciLEi u m e xp a n s u m

A T C C 7 8 61

A sp e rgitL u s rllg e r

A T C C 6 2 7 5

> 1 00 a 6 > 1 0 0 > 1 0 0 > 1 00 0 .6

1 .5

> 1 0 0 3 1 00 > 1 0 0 5 0 2 .5

5 0 6 5q 1 0 0 5 0 1
.
2

> 1 0 0 50 > 1 0

1

o > 1 0 0 > 1 0 0

> 1 00 > 1 0 0 > 1 0 0 5 0 > 1 0 0 6 .0

> 1 0 0 1 0 0 > 1 0 0 1 00 > 1 0 0 6 .0

T ri ch op hyt o n m e n t a g r o -

p h yt e s A T C C 9 5 3 3 2 5 2 5 10 0 > 1 0 0 2 5 3 . 0

a M i ni m u m i n hibit o ry c o n c e nt r ati o n (p g/ m l) ･

1 7 3



4
. A N T I -‡N F L A M M A T O R Y A C T ‡V I T Y :

B i o且o g量e a且 a cti vity of E n t a d a m id e ･ A (且7) a n d ･ B (18) (7 5 ,7 6)

E nt a d a m id e
- A (1 7) a n d - B (1 8) sh o w e d m a rk e d i n hibit o ry eff e ct s o n th e 5 -

1ip o x y g e n a s e a c ti v l ty O f R B し 1 c ells ･ T h e i nhibiti o n % v al u e s w e r e 2 5 ･ 1 a n d 5 3 ･ 5 % at

1 0
- 4

a n d 1 0
- 3

g/ m l of 1 8 a n d 2 1 ･5 a n d 1 4 ･5 % at 10
-4

a n d 1 0
- 3

g/ m l of 且7
,

r e s p e c ti v ely ･

T h e s e r e s ults i n dic ate d th at 1 8 w a s m o r e effe c ti v e th a n 1 7 a s a n i n hibit o r o n th e 5 -

1ip o x y g e n a s e a c ti vit y . T h e p r e s e n t fi n di n g s s u g g e st th at E n t ad a m id e - A (1 7) o ト B (且8)

c a n b e u s ed t o t r e a t th e in n a m m at o ry dis e a s e s s u c h a s a b r o n c hi al a sth m a ･

1 0 0

′
‾

ヽ

d P

一

己

○
･
lイ

↓J

･

J )

r 1
5 0

･
r t

.∫:

f:
H

○

□

/
ノ 十 ｡

1 0
- 5

1 0
- 4

1 0
- 3

C o n c e n t r a t i o n ( g / m 1 )

I三1l
-

e cl ･ u - ‖三= ti ul i1 1- -i (l e - A i = - しI E n t ad Lu -Tid e
- B 川 - 5 -1ip o x yg e l-とIS e ;l C ti viti e/ ･q ･

- ◎ - ㊨ -

ニ E ‖t a し]L 川 1id e
- A ,

- 口 - ロ ー : E n t ad il111i 〔I e -13
.

1 7 4



5 . S P A S M O L ¥ T ⅠC A C ‡T ‡V I T Y :

S p a s m o且y 色i c A cti v it y o f A n ci st r ot e c t o r量m e (3 7) I s ol a t e d f r o m

A n ci st r o cl a d u s t e c t o ri u s .

T h e v a ri o u s p h ar m a c ol o gic al eff e ct s i n m i c e
,

r a t
, g u l n e a -

P lg a n d r a b bit w e r e

s t u die d b oth in n o m al a n d a n e s th e d z ed a ni m al s a n d al s o i n i s ol ate d o rg a n p r ep a r ati o n s .

A n ci str o t e c t o ri n e l x l O
-5

t o 5 x lO
- 5

m ol a r r e d u c e d n o t o nl y sp o nt a n e o u s c o n tr a c ti o n b ut

al s o th e c o n tr a cti o n i n d u c ed b y a c e tylc h oli n e , hi st a m i n e , s e r o t o ni n , b a ri u m , p o t a s si u m

a n d c al ci u m chl o ri d e , al s o b y ele c t ri c al sti m ul a ti o n , i n r ab bit
'

s J eJ u n u m a nd g u i n e a
-

P l g
'

s

il e u m . R ed u c ti o n of b o th th e w h ol e i s ol at e d m i c e s to m a c h a n d r at - s t o m a ch st n p i n d u c ed

b y a c e tylc h oli n e
,

c a rb a c h ol
,

s e r o t o n i n
,
b a ri u m a n d c al ci u m chl o ri d e . I n t r a v e n o u s

ad m i nistr ati o n t o c o n s ci o u s m i c e (5 0 m gn <g) s up p r e s s e d th e p r op ul si v e m o v e m e n t of th e

s t o m a ch a nd s m all i nt e s ti n e a n d s h o w e d a n t ag o ni s m t o sp a s m o g e n i c a c tl V l ty Of c ar b a c h ol
● ▼

i n m i c e a n d al s o i n a n e s th eti z ed r a b bit s ( ト1
.5 m gn (g) .

T h e r e d u c ti o n of r at a n d g ui n e a -

p lg ut e ri n e c o n tr a c ti o n i n b oth sp o nt a n e o u s a n d c o n t r a c ti o n i n d u c ed b y o x yt o ci n w e r e

al s o o b s e r v e d . I n r a t v a s d ef e r e n s
,
a n ci st r o t e c t o ri n e r e d u c e d

,
i n d o s e -r el a t e d m a n n e r ,

b o th p h a si c a nd t o n i c c o n t r a c ti o n i n d u c e d b y v a ri o u s a g o ni st s a n d al s o b y el e c 由 c al

sti m ul atio n . A n ci str o t e ct o ri n e c o uld r el a x th e i s ol ate d r at th o r a ci c a o rti c strip in d u c e d

c o n t r a c ti o n b y c u m ul ati v e d o s e o f 1 -

p h e n yle p h ri n e a nd al s o sh o w e d d o s e
- d ep e n d e n t

i n hibitio n o f t h e c o n tr a c ti o n of r a b bit a o r【ic s 也 p e v o k ed b y c al ci u m c bl o d d e i n t h e big b

p ot a s si u m c hl o ri d e s ol utio n . A n ci st r o t e c t o ri n e sh o w ed l e s s i n hibitio n th e hist a m i n e

i n d u c e d c o n tr a c ti o n of g u l n e a
-

p ュg t r a c h e a . T h e r e s u lt s of th e p r e s e n t s t u d y cl e a rly

i n dic at e d th at A n ci str o t e c t o ri n e h a s a sp a s m olytic effe c t o n a w id e v a ri e ty of s m o o th

m u s cl e p r ep a r a d o n s 丘o m v a d o u s sp e ci e s ･ T h e s e n o n - s p e ci 丘c sp a s m olytic a c ti v itie s m ay

s u g g e st a p ap a v e ri n e - o r c al ci u m a n t ag o ni st -lik e a cti o n of A n ci str o t e c t o ri n e ･(3 5 2)

1 7 5



P A R T I V

E X P E R Ⅰ】ⅦE N T A L

S O U R C E O F P L A N T M A T E R 昔A L :

T h e pla nt m at e ri als w e r e c oll e c t e d fr o m v ar i o u s l o c aliti e s i n T h ai l a n d a n d p e ri od

of ti m e s a s th e f oll o w i n g :

Pl a n t P a rt P r o vi n c e D u r ati o n

G Tla ng e a m a d e J 叩 a ta 7 W

E 岬 a tO ri Lu n a d e f u ?P h o r 比〝l

P a r m n i ch elia b aillo 7 u
'

i

M .
T q a fu

'

a 7 W

Pl u ch e a i n dic a

E n t a d d p h a s e ol o id e s

Pip e r s a r m e n t o s u m

C y cle a b a rb a l a

P w a b a e n a s ag ltt a t a

A n cis tr o cl a d LL S te C t O n
'

u s

K op si a j a s m i n ljlo r a

M u r r ay a si a m e n si s

S op h o r a e x lg u a
I

B I w n e a b als a m lfe r a

D alb e rg l a C a r 恕おf W te fl Tis

W rig htia t o m e n t o s a

C lit o ri a m a n )p h ylla

M ic r o m el u m m i n u t u m

A ly xi a r ei n w a r tli

X y ris i n dic a

G a r ci ni a h a nb u 77 1

W . P . S u p h a n B u ri

W . P . C hi a n g M ai

S . B . C hia n g M ai

S . B . C hia n g M ai

W . P . N a kh o n F ath o m

S C hi a n g M ai

F r K a n c h a n a b u ri

R S u kh o th ai

L C hia n g M a主

L N akh o n R at ch a si m a

L C hia n g M a主

R S u kb o th ai

R N akh o n R at cb a si m a

i c hia n g M ai

W C hia n g M a主

S . B . N akh o n F at h o m

R R ay o n g

L S a r a b u ri

S . ち . N ak h o n P a th o m

FI P r a c hi n B u ri

L a C h a n th ab u ri

O ct ob e r , 1 9 8 6

M ay , 1 9 8 7

J uly , 19 8 5

A u g u s t
,
19 8 5

M a y ,
19 8 1

J u n e
,
1 9 8 3

F e b ru a ry , 19 8 6

M a r c h , 1 98 9

J u n e
,
1 98 3

O c t o b e r
,
1 9 8 2

D e c e m b e r , 1 9 8 5

O ct o b e r
,
1 98 8

J u n e ,
19 8 9

J uly ,
19 8 0

A p ril
,
19 8 4

S e pt e m b e r
,
19 9 0

M a y ,
1 9 9 1

M a y ,
1 9 8 0

S e pt e m b e r
,
19 90

N o v e m b e r
,
1 9 9 1

M a r c h , 1 9 90

W . P .
= w h ol e pl a nt

,
S .B .

≡ st e m b ar k
,
S = s e e d

,
F r = f ru it ,

T = l ub c r
,
L = l e a f

,
R = r o o t

,
W = w o o d ,

Fl = ロo w e r
,
L a = l at e x

A u th e n ti c a ti o n w a s a c hie v e d by c o m p a ri s o n w ith th e h e rb a ri a m sp e ci n l e n S a t

B o t a n y S e c ti o n , T e c h ni c al D i vi si o n , D e p a rt m e n t of A g ri c ul t u r e
,
M i ni stry of A gric ult u r e

a n d C o o p e r a ti v e , T h aila n d ･ ･T h e v o u c h e r sp e ci m e n of pl a n t m a t e ri al s h a v e b e e n

1 7 6



d e p o sit e d a t t h e F a c u lty o f P h a r m a c e u ti c al S ci e n c e s
, C h ul al o n g k o r n U ni v e r s it y ,

B a n g k o k
,
T h ail a n d .

ⅠN S T R U M E N T A T I O N : M elti n g p o l n t S W e r e d e t e r m i n e d o n a K ofle r h ot plat e o r a

Y a n a c o m el ti n g p o l nt ap p a ra t u s a n d a r e u n c o r r e c t e d ･ O p ti c al r o t a ti o n s w e r e m 甲S u r e d

w ith a P e rki n
- El m e r 2 4 1 p ola ri m ete r ･ U V sp e c t r a w e r e o bt ai n e d o n a B e c k m a n D U -7

sp e c b
･

o m e t e r o r a H it a c hi U - 3 4 0 0 s pe ctr o m e te r
,
a n d th e I R s p e c tr a w e r e m e a s u r e d o n a

N ic ol et M X - 1 F T -I R ( K B r) i nte rf e r o m e te r o r a H it a c hi 2 6 0 - 1 0 I R sp e ct r o m e t e r .

1 H -

N M R , b o m o n u cl e a r C O S Y
,

1 3 c - N M R
,
D E P T

, a n d = E T C O R sp e ctr a w e r e r e c o rd e d i n

C D C13 W ith T M S a s i n te r n al s t a n d a rd , e m pl o y i n g a V a ri a n X し3()0 i n s t r u m e n t o r a J E O L

alp h a F T n m r sp e c u
.

o m e t e r (5 0 0 M H z) .
T h e M S w e r e o b t ai n ed w ith a V ari a n M A T 1 12 S

in str u m e n t o r a H it a c hi M - 60 m a s s sp e c t r o m e te r ( u si n g a dir e c t i nl e t sy s t e m ) o p e r ati n g at

7 0 e V .

B ‡O A S S A Y :

A S S A Y S O F A N
r

m M A L A R I A L A C T ⅠV I T Y : - C ult u re s of P . f a lcip a r u m

(c hl o r o q ui n e
-

s e n si ti v e s tr ai n D - 6 d e ri v e d f r o m C D C Sie r r a L e o n e
,

a n d c hl o r o q ui n e
-

r e si st a n t s t r ai n W - 2 d e ri v e d f r o m C D C I n d o c hi n a III) w e r e m ai nt ai n e d i n h u m a n

e ryth r o c y t e s i n vi t r o a c c o rdi n g t o e st a blis h e d m e th o d s (3 45) . P a r a sit e s w e r e i n o c ul a t e d

i n t o ty p e A ＋ h u m a n e ry th r o c y t e s a t a h e m a t o c rit of 6 % i n R P M ト1 64 0 c ult u r e m edi u m

( G I B C O L a b o r a t

t

o ri e s , G r a n d I sla n d , N Y) s u p pl e m e n t e d w it h 3 2 m M N a H C O 3

( G I B C O ) ,
2 5 m M H E P E S ( N - 2 - h y d r o x y e th ylpip e r a zi n e

- N
'

- 2 -

e th a n e s ulf o ni c a ci d ,

Sig m a C h e m i c al C o l

,
S t ･ L o ui s

,
M O) ,

a n d l O % h e a トi n a c ti v a t ed h u m a n pla s m a ty p e A ＋
.

P a r a si t e m i a w a s m ai nt ai n e d b el o w 4 % u n d e r a h a t m o s p h e r e of 5 % 0 2 , 5 % C O 2 , a n d

9 0 % N 2 i n 25 -

c m
2

c tllttl r e fla s k s a t 3 7
o

.

T h e a n ti m al a ri al a c tl V lty Of t e s t c o m p o u n d s w a s a s s e s s e d w i th a n i n v i t r o

r adi ois o t o p e -i n c o rp o r a ti o n m e th o d (3 46 ,3 4 7) ･ I n b ri e f , a s u s pe n si o n (2 0 0 Lil) of

P
. f alclp a r u m - i nf e c t e d r e d bl o o d c ells (0 .5 - 1 .0 % ) p a r a site m i a , 1 .0 % c ell h e m a t o c rit)

w a s a d d ed t o w ells of a s t a n d a rd 9 6 -

w ell tis s u e c ult u r e pl ate c o n ta l n l n g 25 ト11 of d ru g t o

b e t e st e d ･ E a c h t e s t c o m p o u n d w a s a s s ay e d i n d u plic at e o v e r a c o n c e n tr a ti o n r a
.

n g e of

10 ,0 0 0 - 1 4 n g/ m l ･

I I n a d diti o n , th e k n o w n a n ti m al a ri al d rしI g S q tli ni n e
,

c hl o r o q ui n e ,

m e fl oq u l n e , a n d a rt e m i si ni n w e r e t e s te d in e a ch e x pe ri m e n t o v e r a r a n g e of 2 5 0 - 0 .3

n g/ m l . M i c r o tit e r pla t e s w e r e i n c u b a t e d f o r 2 4 h a t 3 7
o
i n a s e al e d c h a m b e r u n d e r a n

a t m o sp h e r e of 5 % C O 2 , 5 % 0 2 , a n d 9 0 % N 2 ･ A ft e r thi s i n c u b a ti o n p e ri od
,
0 .5 LI C i of

[
3 H (G)] h y p o x a n thi n e ( N e w E n gla n d N u cl e a r R e s e a r ch P r o d u c ts

,
B o st o n

,
M A ) w a s

ad d e d t o e a c h w ell (2 5 Lil of 2 0 トLC i/ m l) ,
a n d th e mi c r o tit e r pl at e w a s r e t u r n e d t o th e

s e al e d c h a m b e r a t 3 7
o

f o r a n ad diti o n al 1 8 h i n c u b a ti o n . T h e a s s a y w a s t e r mi n a t e d b y

h a r v e s tl n g th e c o rlt e n t S Of e a c h m i c r o ti t e r pl a t e o n t o a gl a s s fib e r filt e r u s i n g a S k a t r o n
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m o d el 11 0 2 1 s e m i - a u t o m a ti c c ell h ar v e s te r . Filt e rs w e r e d ri ed , a n d th e r adi o a c tl V lty fr o m

i ndi vid u al w e一ls w a s e x ci s ed f r o m th e filt e r a n d pl a c e d i n 4 - m l vi als w ith t ol u e n e - ba s e d

s ci ntill ati o n c o c k t ai l .
R adi o a c ti vity w a s d et e r m i n e d w i th a B e c k m a n L S 5 8 0 1 liq uid

s ci ntillati o n c o u n te r . C o n c e n tr a ti o n s o ‖) oth t e st c o m p o u n d s a n d p o si ti v e c o n tr ol s th at

i n hibite d p a r a site -

s p e cific in c o r p o r a ti o n of [
3 H] h y p o x a n thi n e b y 5 0 % (I C 5 0) w e r e

d et e r mi n e d b y n o n -li n e a r r e g r e s si o n a n al y s IS ･ Z e r o - d r u g c o n t r ol s d efi n e d l O O %

i n c o 叩 Or ati o n .

C E L L U N E S F O R C Y T O T O X I C I T Y A S S A Y S : - H u m a n b r e a st c a n c e r ( U IS O -

B C A - 1) ,
c ol o n c a n c e r (U IS O - C O し 1) ,

l u n g c a n c e r ( U IS O - L U C - 1) , a n d m el a n o m a

( U IS O - M E L 2) c ell li n e s w e re e s ta bli sh e d fr o m p ri m a ry h u m a n t u m o r s i n th e S p e ci ali z ed

C a n c e r C e nt e r
,
U n i v e r s lty O ‖11i n oi s C olle g e of M edici n e a t C hic a g o ･ E a c h of th e s e c ell

li n e s h a s b e e n sh o w n t o g r o w af t e r a s I nj e c ti o n of 1 - 4 x 1()6 c ul t u r e d c ell s i n m al e o r

f e m al e (b r e a s t c a n c e r o nly) a th ym ic m i c e
,
a n d dia g n o si s of th e o rigi n al p a ti e n t s p e ci m e n

w a s c o n si st e nt w ith a n aly sュs Of th e c ult u r e d c ells b y ele c tr o n mi c r o s c op y a n d a n aly s i s Of

n u d e m o u s e t u m o r s b y ligh t m i c r o s c o p y ･ E a c h c ell ty p e h a s al s o b e e n f o u n d t o c o n t ai n

h u m a n i s o z y m e s w h e n a n aly z e d u s i n g th e C o rn 1 n g A u th e nti c K it ele c tr o p h o r e si s s y st e m ･

I

Fib r o s a r cムh l a (H T - 1 0 8 0) c ell s w e r e p u r c h a s e d fr o m th e A m e ri c a n T y p e C ult u r e

C oll e cti o n (R o c k vill e ,
M D) ,

a s w e r e P -3 8 8 c ells . K B - 3 a n d a m ultid r u g
-

r e si st a n t c ell

li n e , K B - V l ,
w hi c h w a s e s t a bli sh ed b y t r e a t l n g K B - 3 c ell s w i th a c h r o ni c s u bleth al d o s e

of v i n bl a s ti n e
,

w e r e s u p plie d b y D r .
I

.
B

.
R o ni n s o n ( D ep a rt m e n t of G e n e ti c s

, U ni v e r sity

of illi n oi s C o n e g e of M e dici n e a t C hi c a g () ,
C hic a g o

,
I L) ,

a n d ん 4 3 1 (h u m a n s q u a m o u s

c ell c a r ci n o m a) ,
L N C a P (h u n l a n P r O St a ti c c a n c e r) ,

a n d Z R - 75 - 1 (h u m a n b r e a s t c a n c e r)

c ell li n e s w e r e s u p pli ed th r o u g h th e c o u rt e sy o f D r ･ R ･ M ･ T ai一, G l a x o G r o u p R e s e ar c h ,

G r e e n f o r d
,
U K . U I S O - B C A - 1 , a n d U IS O - C O L - 2 w e r e c ult u r e d in E a gl e

.

s m i ni m al

e

-
s s e n ti al m e di u m w it h E a gl e

t

s s alts ( M E M E) (G IB C O L a b o r a t o ri e s , G r a n d Isl a n d
,
N Y )

s
.
up ple m e n te d w ith 1 5Qo fec al b o v i n e s e r u m (F B S) (B i oflqid s

,
R o c k vill e

,
･ M D ) ,

10 0

u nit s/ m l p e ni cilli n G ,
1 0 0 トLg/ m l s tr e p t o m y ci n s ulfa t e

,
0 . 25 トLg/ m l a m p h o te ri ci n B

(F u n gi z o n e) (P S F) ( G I B C O ) ,
a n d l % n o n e s s e n ti al a m i n o a cid s ( N ÅA) ( si g m a); H T -

1 0 80 a n d U IS O - L U C - 1 w e r e m ai llt ai n e d i n
‾
M E M E (G I B C O) s u p pl e m e n t e d wi th lO %

F B S
,
P S F

,
a n d l % N A A ; K B -3 a n d A - 4 3 1 w e r e c ult u r e d i n D ulb e c c o

'

s m o difi ed

m i ni m u m e s s e n ti al m edi u m (D - M E M )( G I B C O) s u p pl e n l e n ted w ith lO % F B S a n d P S F ;

K B - V I w a s c ult u re d i u D I M E M ( G r B C O ) s u p ple m e n t e d w ith l O % F B S ,
P S F a n d 1

トg/ m l vi n bl a s ti n e (Sig m a); U I S O - M E し2 w a L6 g r o w n i n m i ni m al e s s e n ti al m e di u m w ith

H a n k s
'

s alt s ( M E M H) (G I B C O ) s u p pl e m e n t e d w ith l O % F B
,
S a n d P S T . Z R - 7 5 - 1 a n d

L N C a P w e r e g r o w n i n R P M I 1 6 4() m e di a (p h e n ol r e d - f r e e) s u ppl e m e n t ed w ith l o 啄

F B S (h o r m o n e
-f r e e) a n d P S F . T h e n l e di u m f o r Z R -7 5 - 1 c ells w a s f u rth e r s u p pl e m e n t e d

w ith 0 .1 n M e s tr adiol , a n d th e m e di u m f o r L N C aP c ells w a s al s o s u p pl e m e n t e d w i th 0 .
1
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n M t e s t o s te r o n e ･ P - 3 8 8 c ells w e r e c ult u r e d i n Fi sh e r m edit l m C O n tai n l n g l O % F B S la n d

P S F ･ A ll c ell li n e s w e r e c ul t u r e d at 37
o

i n l OO % h u mi dity w ith a 5
0
/a C O 2 at m o sp h e r e i n

air , e x c ept th e m el a n o m a c ell li n e , w hic h w a s k e p t at 3 7
o

i n cl o s e d tis s u e c ul t u r e m a sk s .

E V A L U A 耶 O N O F C Y T O T O X 甘C P O T E N 耶 A L : - C ell w e r e ty pic ally g r o w n t o

6 0 % - 7 0 % c o nflu e n c e ; th e m e di u m w a s th e n ch a n g e d a n d th e c ell s w e r e u s e d f o r t e st

p r o c e d u r e s o n e d a y lat e r ･ I n e a c h c a s e , 9 6 -

w ell tis s u e c ul t u r e pl ate s w e r e u s e d . T e st

s a m pl e s w e r e i niti ally dis s ol v ed i n D M S O a nd th e dil ute d 1 0 -f old w ith H 2 0 . S e ri al

dil uti o n s w e r e p e rf o r m e d u s i n g l O % a q u e o u s D M S O a s th e s ol v e n t
,
a n d l O トLI w e r e

a d d e d t o th e w ells ･
I n g e n e r al , fi v e c o n c e n tr a ti o n s w e r e r e s te d (i n triplic at e) ,

a n d

p r eli m i n a r y st u di e s w e r e c o n d u c t e d t o d et e r m i n e t e st c o n c e n 打ati o n s th at w e r e ab o v e a n d

b el o w th e E D 5 0 0f th e s a m ple s ･ C o n t r ol g r o u p s w e r e al s o ad d ed i n w hic h 10 Lil of lO %

D M S O w e re ad d e d t o w ells . A ft e r th e pla t e s w e r e p r e p ar e d
,
c ells w e r e re m o v e d f r o m th e

tis s u e c ult u r e fl a sk s b y t re a t m e n t w i th try p s l n , e n u m e r a t ed
,
a n d dil u t e d w i th f re s h m e di a

.

V a ri o u s q u a n titie s o f c ells (i n 1 9 0 トIl o f m edia) w e r e th e n a d d ed t o th e 9 6 -

w ell plate s
,
a n d

i n c u b ati o n s w e r e p e rf o r m e d f o r v a ri o u s pe ri o d s of ti m e , a s f oll o w s [c ell n u m b e r ;

i n c u b ati o n ti m e (d)] : U IS O - B C A - 1 (l o x 1 0
4

; 3) , U IS O - C O L l ( 6 .5 x 10 4
; 3) , U IS O -

L U C - 1 (5 x 1 0 4
; 3) , U IS O - M E し2 (l o x 1 04 ; 3) ,

H T - 10 8 0 (5 冗 1 0
4

; 3) , K B - 3 (5 x l O 4

; 3) ,
K B - V I (6 x 1 0 4

; 3) ,
A A 3 1 (6 x 1(沖; 3) ,

L N C aP (6 .5 x 1 0
4
; 3) , a n d Z R - 75 - 1 (7 x

1 0 4
; 3) . A ll i n c u b ati o n s w e r e p e rf o r m e d a t 3 7

O
i n a C O 2 i n c u b a t o r w ith th e pl at e s

c ap p e d i n th e n o r m al f a s hi o n , e x c e pt f o r U IS O - M E L - 2 , f o r w hi c h th e plate s w e r e s e al e d

w i th P a r a 丘1 m .

A f t e r th e i n c u b ati o n p e ri o d , c ell s w e r e fi x ed t o th e pl a s ti c s u b st r a t u m b y th e

ad diti o n of 5 0 トtl of c old 5 0 % a q u e o u s t ri chl o r o a c e tic a cid .
T h e pl a t e s w e r e i n c u b ate d at

4
o

f o r 1 h , w a sh e d w ith ta p H 2 0 (4 x) , a n d ai r - d ri e d .
T h e t ri c hlo r o a c e ti c

-

a cid -fi x e d c ells

w e r e st ai n e d b y t h e a dditi o n of 0 . 4 % s ulf o rh o d a m i n e B ( w/ v) di s s ol v e d i n l % H O A c (3 0

m i n) .
F r e e s ulf o rh o d a mi n e B s ol u ti o n w a s th e n re m o v e d b y w a shi n g w ith l % aq u e o u s

H O A c (4 x) . T h e pl a t e s w e r e th e n ai r - d ri e d , a n d th e b o u n d dy e w a s s ol ubili z e d b y th e

a dditi o n o f 10 m M u nb uff e r e d T ris b a s e , p H 1 0 (20 0 pl) . T h e plat e s w e r e pl a c e d o n a

s h ak e r f o r 5 m i n , a nd th e ab s o rp tl O n W a s d et e r m i n e d a t 5 1 5 n m u sl n g a n E L I S A plat e

r e ad e r . I n e a c h c a s e , a z e r o
- d ay c o n tr ol w a s p e rf o r m ed t)y a d di n g a n e q u l V al e n t n u m b e r

o f c ells t o s e v e r al w e u s o f th e 96 - w ell pl at e s a n d i n c u b a ti n g at 3 7
o
f o r a p e ri o d of 1 0

m i n . T h e c ell s w e r e th e n fi x e d w ith tri chl o r o a c e ti c a cid a n d p r o c e s s e d a s d e s c ri b e d

a b o v e .

I n a p r o c e d u r e si m il a r t o th at d e s c rib e d ab o v e fわr c ells c a p a ble of att a chi n g t o t h e

s u rf a c e of th e c ult u r e di sh e s , P
-3 8 8 c ell s w e r e e n u e r a t ed a n d dil ut e d t o a c o n c e n tr a ti o n of

10 x 1 04 c ells/ m l , 1 9 0 Lil w e r e a d d e d t o th e w ells c o n t ai ni n g th e te s t s u b sta n c e s
,
a n d t h e
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i n c u b ati o n w a s p e rf o r m e d a t 3 7
o

i n a C O 2 i n c u b at o r f o r 2 d a y s ･ A f t e r th e in c u b ati o n

p e ri o d ,
th e pla t e s w e r e c e n t rifu g e d (1 0 mi n ,

2 O O O rp m ) a n d th e s u p e r n a ta n t f r a c ti o n s

w e r e c a r e f ully r e m o v e d . T h e c ells w e r e t r e a t e d w i th l O O ド1 o f 2 0 % a q u e o u s

tri c hl o r o a c e ti c a cid (4
o

) a n d i n c u b a t e at 4
o

f o r 1 h . T h e c ell s w e r e ri n s e d w i th H 2 0 (4 A) ,

d ri e d , a n d tr e a te d w i th s ulfo r h o d a mi n e
■B a s d e s c ri b占d a b o v e .

Fi n ally ,
th e a b s o r pti o n V al u e s o bt ai n e d w ith e a c h of th e t r e a t m e n t p r o c ed u r e s

w e r e a v e r ag ed
,
a n d t h e a v e r a g e v al u e o b t ai n e d w i th th e z e r o d a y c o n t r ol w a s s u b tr a c t e d .

T h e s e v al u e s w e r e th e n e x p r e s s e d a s a p e r c e n ta g e , r el ati v e t o th e s ol v e n トt r e at e d c o n b
･

ol

i n c u b a ti o n s , a n d E D 5 0 V al u e s w e r9 C al c ul a t e d
'
u s l n g 甲o n -li n e a r r e g r e s si o n a n aly s t s

(p e r c e n t s u r vi v al v e r s u s c o n c e n t r a ti o n) ･ T h e s e e x p e ri m e n t al c o n diti o n s w e r e e st a blis h e d

i n p r eli m i n a ry st u die s w h e r ei n it w a s sh o w n (a) th e r e i s a t l e a s t a 7 -f old i n c r e a s e i n c ell

n u m b e r r el ativ e t o t h e a m o u n t
.

o f c ells a d d e d t o th e pl at e s a t ti m e z e r o , (b) th e r e s ulti n g

a b s o rpti o n v al u e s w e r e i n a r a n g e
'
t o a s s u r e r e a di n g a c c u r a c y (i .e リ

< 1 .
4 A 5 1 5 u nits) , a n d

(c) th e c ell n u l¶b e r a tt ai n e d d u ri n g th e i n c u b atio n p e ri o d did n o t r e a ch a pl ate a u r e gi o n o n

th e g r o w th c u r v e .

A S S A Y O F A N T II N F L A M M A T O R Y A C T I V I T Y : - T h e a s s ay s w e r r e c ar ri e d

o u t b a s e d o n th e m e th o d s of J ak s c hik a n d L e e (3 49) a n d St ei n h o ff e t al . (3 5 0) . R B L - 1

c ells w e r e g r o w n i n E a gl e
t

s m i ni n l u m e s s e n ti al m e di u m s u p ple m e n t e d w ith l O % fet al

b o v i n e s e r u m a n d a n tibi o tic - a n ti m y c o ti c m i x t u r e . T h e h a Ⅳ e s t e d c ells w e re w a sh ed o n c e

w it h p h o sp h ate - b uffe r e d s ali n e
,

s u s p e n d e d i n 5 0 m M T ris
- H Cl b u ff e r , p H 7 . 4 ,

c o n t ai n i n g 1 m M E D T A , a n d s o ni c at e d 4 s e e f o u r ti m e s a t 5 s e c i n t e r v al s ･ T h e r e s ulti n g

h o m o g e n a te w a s c e n t rif u g ed at 10 5 ,0()0 g fo r 1 h r t o yi eld s u p e r n a t a n t f r a c ti o n (c y t o s ol)

fo r a s s ay l n g ar a Chid o n at e 5 -1ip o x y g e n a s e .

T h e a s s ay m i xt u re s c o n t ai n e d ( ト1 4 c) a r a c hid o ni c a cid (0 . 1 トL Ci
,
16 .8 n m ol) ,

1

m M C a C12 a n d c y t o s olic fr a c ti o n i n O ･5 m l of 50 m M T ri 貞一 H C l b u ffe r
, p H 7 .4 w it h o r

w ith o ut t e st c o m p o u n d s (E t O H c o n c e n t r a ti o n : 2 % ) . T h e m i x t u r e s w e r e i n c u b at e d at

3 7
o C f o r l O

'

mi n w ith s h aki n g a n d th e n t e r mi n a t e d b y th e a d diti o n o f 1 .9 m l of

C H C 13/ M e O H (1 :2
,

v/ v) ･ T h e s u b s t r a t e a n d m e t a b olit e s w e r e e x t ra c te d b y th e m e th od of

B li gh a n d D y e r () t o a v oid la c t o n e f o r m a ti o n ･ Lipid e x tr a c t w a s th e n ch r o m a t o g r a p h e d

o n silic a g el 6 0 F 2 5 4 al u mi n u m pl at e s al o n g w ith st a n d a rd s u s i n g P etr ol e u m e th e r
- E t2 0 -

H O A c (4 5 : 5 5 : 1 ,･ v/ v) a s a s ol v e n t . L ab ell e d p r od u c t s a n d s u b str a te w e r e l o c aliz e d b y

a n A l o k a r a di o - c h r o m a t o s c a n n e r ( T L C - 1 0 1) . R adi o a c ti v e p e a k s w e r e s c r a p ed off a n d

丘n ally c o u n te d i n a B e c k m a n L S 5 80 0 liq uid s ci n till ati o n c o u n t e r .

A S S A Y O F A N T I M I C R O B I A L A C T I V I T Y : - M I C or th e is ol at e s w e r e

d et e r m i n e d b y m ic r o b r o th dil u ti o n m e th o d wi th 9
,

6 - w e ll fl at b o tt o m mi c r o pl a t e ( N u n c)
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(35 1) ･ T o p r e p a r e t h e i n o c ul u m
,
te st e d o r g a ni s m s w e r e p r e p a r e d b y s u s p e n di n g i n

b u ff e r e d s ali n e w i th 0 ･ 1 % T w e e n 8 0 ･ S p o r e s of A sp e r gillLi S a n d R hi z op u s w e r e

c oll e ct ed fr o m a c ult u r e g r o w n a t 3 5
o

C f o r a w e e k o n P ot at o D e x t r o s e ? g ar ( Dif c o) sl a n t .

F o r T ri c h op h yt o n , c o nidi a f o r n l e d afte r c ulti v a ti o n a t 2 7
o

C f o r 2 w e e k o n M alt a g ar

( D ifc o) sl a n t .
Y e a st s w e r e g r o w n a t 3 5

o

C f o r 2 d a y s i n S a b o u ra u d D e x tr o s e b r o th

(B B L) , o th e r b a c te ri a w e r e c ulti v a t e d in M u elle r H i n t o n b r o th ( D ifc o) a t 3 5
o

C f o r 20

h o u r s . T e s t c o m p o u n d s w e r e i ni d ally dis s ol v e d i n di m e th yl s ulf o xid e ( D M S O ) a n d

p r ep ar e d s e ri al 2 - f old dil uti o n ･ U nl e s s o th e r w i s e s t a te d
,
e a c h w ell c o n t ai n e d ap p r o p rl a ( e

t e s t s u b st a n c e , M u elle r H i n t o n b r o th (fo r b a c t e ri a) o r S ab o u r a u d D e x t r o s e b r o th (f o r

f u n gi) a n d a pp r o xi m at ely 2 0 00 cf u i n a t o tal v ol u m e of 2 00 い.I
. M I C s w e r e d ete r mi n e d

b y t h e o b s e r v i n g th e t u rbidity of e a c h w ell w i th E T A r e a d e r ( Bi o - R ad) at 6 3 0 n m . A ft e .r

s h aki n g th e plat e s f o r a f e w s e c o n d s o n a mi c r o pl at e sh a k e r
,
t h e ab s o rb a n c e of th e w ells

w e r e m e a s u r ed a n d af t e r a p p r o p ri at e i n c u b a ti o n p e ri o d s (20 h o u r s f o r b a c t e ri a a t 3 5
o

C , 7

d a y s f o r f u n gi at 2 5
o

C) a s e c o n d ab sb r b a n c e m e a s u r e m e n t w a s c a r ri e d o u t
.

T r L
'

c h op hy t o n a n d S a c ch a r o m y c e s w e r e g r o w n a s d e s c rib e d ab o v e . T w e n ty m l of

S a b o u r a u d D e x t r o s e a g ar w a s p o u r e d i n t o p e tri di sh e s (di a m e t e r 9 c m ) . A f t e r th e

m e di u m h ad s olidifi e d
,
10 0 ドl of s p o r e s o r m y c e ri al f r a g m e n ts s u sp e n si o n (1 0

7 -8

C F U / m l) w e r e sp r e ad o n th e a g a r s u rf a c e a n d ste ri le 8 - m m di sk s (T o y o) c o n t ai ni n g 3 0 Lil

of t e s t c o m p o u nd s s ol u ti o n (1 0 0 0 , 1 0 0 , 1 0 , 1 ト11/ m l) w e r e a d d e d . Pl a t e s w e r e i n c u b at e d

at 2 5
o

C f o r 5 d ay s .

A S S A Y O F S P A S M O L Y T I C A C T IV I T Y : ･ I .
R

. V a n e fi r s tly u s e d th e r a t f u n d u s

s tri p f o r t e sti n g a n ti s e r o t o n i c a c tl V lty i n 1 959 . W e h a v e m e r rily u s e d this o rg a n s tri p fo r

te s ti n g atr OP l n e
-lik e a c ti o n a n d p ap a v e ri n e -lik e a c ti o n

.
T hi s stri p h ad a c h a r a c t e ri stic i n a

p o l n t th at a n ag o ni st c o uld b e affe ct e d th r o u g h th e w id e r a n g e o f d o s e s a s c o m p a r ed t o

o th e r o rg a n p r e p a r a ti o n s .

F o r m a ki n g o rg a n p r e p a r a ti o n
,

a r a t i s kill e d b y a bl o w o n th e h e a d a n d th e

a b d o m e n i s o p e n e d . T h e f u n d al p a rt of th e s o m a c h c a n e a sil y b e id e n tifie d b e c a u s e it is

gr e y ,
w h e r e a s th e p yl o ri c p a rt i s pi n k ･ It i s c u t a w a y , o p e n e d o u t l o n gitu din all y

,

, pl a c e d

i n a dish c o n t a l n l n g K r eb
'

s s ol u ti o n a n d m a d e i nt o a s tr lp ab o u t 4 o r 5 c m l o n g b y

s uit ab le tr a n s v e r s e c u t . A th r e ad is att a c h ed at e a c h e n d a n d th e p re p 打 atio n i s m o u n t ed in

K r e b
･

s s ol utio n a t 3 7
｡

,
a e r a t e d w it h a m i x t u r e of o x y g e n (95 % ) a n d c a r b o n di o xid占

(5 % ) .
T h e o rg a n b ath sh o uld b e r el ati v ely l o n g (8

- 1 0 c m ) b しIt C a n b e n a r r o w , s o its

v ol u m e c a n stiu b e q uite s m all (5 - 10 m l) . O n e e n d of th e st rip i s att a c h e d t o fi x ed pi n in

t h e b a th a n d th e o th e r e n d t o a t r a n sd u c e r . T h e p re p a r a ti o n sh o uld b e l eft f o r 3 0 mi n . t o

s tr e tc h a n d a w ei gh t of O .5 g a s r e s tin g te n si o n sh o uld b e g l V e n
･
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T h e sp a s m olyti c a c ti v ity Of a t e s t m a t e ri al is e x a m i n e d i n v ari o u s i s ol at e d o r g a JI S ,

fTo r i n s t a n c e : s m alli n te sti n e a n d u t e r u s .

T hi s a s s a y l S a SP e Cific a n d n o n
-

s p e cifi c i n hibiti o n t e s t ai m ed at id e n tifyi n g a

m at e ri al th at e x e r t sp a s m oly s I S i n th e s m o o th m u s cls ･

E X T R A C T I O N A N D I S O L A T ⅠO N O F C O M P O U N D S .

I s ol ati o n of c o m p o u n d s 1 - 3 f r o m G r a n g e a m a d e r a s p a i a n a

D ri e d , p o w d e r e d pl a n t m a t e ri al (2 k g) fr o m G . m a d e r a sp a t a n a w a s m a c e r a t e d

t w i c e w ith E t O H (2 冗 5 lit e r s) f o r 3 -d ay p p ri o d s a n d th e n filte r e d . T h e c o m bi n ed filtr ate

w a s e v a p o r a t e d i n v a c u o t o gi v e a sy r u p y m a s s (2 5 0 g) . T his r e sid u e w a s s u s p e n d e d i n

H 2 0 (15 0 m l) ,
e x tr a c t e d w i th C H C13 (6 冗 3 0 0 m l) , a n d th e c o m bin e d e x tr a c t w a s d ri e d

(a nh yd r o u s N a 2 S O 4) a n d th e sbl v e n t r e ローO V ed t o yield 4 5 g of a c r u d e C H C13 e x tr a c t . A

p o r ti o n o r thi s e x tr a c t (3 g) w a s c h r o m a t o g r a ph e d o n a Si g el c ol u m n (5 x 5 c m ) u si n g

C H C13
- M e 2 C O (5 :1) a s el u e n t a n d c oll e cti n g 2 0 -

m l f r a c ti o n s ･ F r a c ti o n s 3 - 4 g a v e 2 4 m g

of l
,
fr a c ti o n s 7 - l l aff o rd ed 1 5 5 m g o f 2

,
a n d f r a c ti o n s 2 1 - 2 8 yi eld ed 1 1 7 m g of 3 ･

‡s ol ati o n of c o T n P O u n d 4 fr o m E u p ai o l
･

i u m a d e n op h o l
･

u m

T h e p o w d e r e d d rie d pl a n t -m a t e ri al (2 . 3 k g) w a s e x t r a c t e d w ith 9 5 % E t O H (2 0 L) ,

a n d t h e c o m bi n e d e x t r a c t s w e r e e v a p o r a t e d i n v a c u o . T h e r e sid u e w a s distrib u te d

b et w e e n H 2 0 (5 L) a n d p etr ol (3 x 2 L) , a n d th e o rg a ni c l a y e r w a s d ri e d a n d e v a p o r a te d

t o a r e sid u e (4O g) , w hic h w a s c h r o m a t o g r a ph e d o n Si g el c ol u m n , el u ti n g fi rs t w ith

b e rl Z e n e a n d l a t e r w it h b e n z e n e c o n t ai n i n g i n c r e a s i n g a m o u n ts Of a c e t o n e t o 2
,
4

, 5 ,
10 ,

a nd 15 % ,
r e sp e c ti v ely ･ T h e f r a c ti o n s w e r e e v ap o r a te d , e x a m i n ed b y T L C

,
a n d p u rifi ed

fu r th e r th r o u g h p r e p ･ T L C t o yi eld e u p at o r e n o n e (4) (1 20 m g ,
0 .0 0 3 % ) .

I s ol ati o n o f c o m p o u h d s 7 - 1 2 fr o m P a r a l m
'

c h e li a b aitl o I Zii

T h e i; e sh b a rk of P
. b aillo 7u

'

i (3 k g) w a s bl e n d e d w ith 9 5 % E t O H
,

m a c e , a t ed

t w i c e o v e r a pe ri o d o f 3 d ay s (10 a n d 5 lit e r s) ,
a n d th e n filt e r e d . T h e filt r a te w a s

c o n c e n tr at e d u n d e r r e d u c e d p r e s s u r e t o gi v e a r e sid u e w hic h w a s tr e a te d w it h H 2 0 (5

lit e rs) , f oll o w e d b y e xt r a c ti o n w ith C H C 13 (3 ti m e s , 2 lit e rs) . T h e c o m bi n e d o rg a ni c

e x tr a c ts w e re d ri e d ( a n h y d r o u s N a 2 S O 4) a n d r e m o v al o f th e s ol v e n t g a v e a r e sid u e (8 .
59

g) ,
w hi c h w a s ch r o m a t o g r a pI- e d o n a Si g el c ol u m n (8 x 1 5 c m ) . T h e p r o d u c t s w e r e

el u t e d w ith a 7 0 % E t O A c/p et r ol s ol v e n t sy st e m a n d 2 5 m l fr a c ti o n s w e r e c oll e c t e d .

F r a c ti o n s 6 7 - 1 26 a 恥 r d e d a ? ru d e m i xt u r e (0 ･5 2 g) ,
w hi c h w a s f u r th e r p u rifi ed u si n g th e

f oll o w i n g s e q u e n c e of s ol v e n t s a n d c o u e c ti n g 25 - m l f r a c ti o n s : (a) 5 0 % C H C13/p e tr ol
,
2 5

fr a c ti o n s
, (b) C H C 1 3 , 1 0 fr a c ti o n s

,
a n d (c) C H C1 3

- M $ 2 C O (8 :2) ,
15 fr a c ti o n s .
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F r a c ti o n s ･ F r a c ti o n s l l - 1 2 g a v e 8 5 m g of 8
,
f r a c ti o n s 28 -3 6 g a v e 1 36 m g o f 9 , a n d

fr a c ti o n s 4 9 - 5 0 g a v e 9 7 m g of a mi x t u r e .

A f【e r i n c r e a s l n g th e p ol a r lty Of th e s ol v e n t i n th e l a rg e 8 x 1 5 c m c ol u m n t o l o o 鞄

E t O A c
,
f r a c ti o n s 15 2 - 18 6 aff o r d e d a c r u d e y ell o w r e sid u e (0 .8 9 g) w hic h w a s f u rth e r

p u ri fi ed b y c h r o m a t o g r ap h y wi th C H C13 t O gi v e a y e u o w p o w d e r (9 2 m g) . P u rific ati o n

of a p o rti o n of this p o w d e r (1 3 m g) b y fl a s h c h r o m a t o g r ap h y (2 % M e O H/ C 6 H 6) g a v e 7

(3 ･ 6 m g) f oll o w e d b y li ri od e ni n e (8 ･6 m g) A
T h e l ar g e Si g el c ol u m n w a s fi n ally el ut ed

w ith M e O H t o gi v e a r e sid u e (6 ･6 4 g) w hic h w a s n o t i n v e stig ate d .

F r a c ti o n s 4 9 a n d 5 0 fr o m this latt e r p u rific ati o n g a v e 9 7 m g o f a n oil w hic h w a s

s h o w n b y
l H n m r t o b e a 2 :1 :1 m i x t u r e o f c o m p o n s n t s 1 0

,
l l

,
a n d 1 2

, r e sp e c ti v ely ･

T hi s m i x t u r e (5 0 m g) w a s s e p a r a te d b y fl a s h c h r o m a t o g r a ph y u si n g th e s ol v e n t s y ste m

M e O H - E t O A c -

p e t r ol e u m e th e r (1
.

0 :2 0 :7()) t o yield 2 0 m g of 10 a n d 25 m g of a m i x t u r e

o f l l a n d 1 2 ･ T h e l atte r mi x t u r e w a s s e p a r a t e d b y fl a s h c h r o m a t o g ra p h y u sl ng th e s a m e

s ol v e n t s y st e m t o g i v e 5 m g of l l a n d 3 m g of 1 2 pl u s s e v e r al f r a c ti o n s th at w e r e s till

m i x t u r e s of 且1 a n d 1 2 ( R f O .2 2 a n d 0 .20 ,
r e sp e c ti v ely) .

甘s ol at王o n o f c o m p o u n d s 9 ･ 1 4 f r o m M L
'

c h eZi a r aJ 〟〃L
'

a ]l a
I

‾ヽ
●

● -

T h e f r e sh b a r k of M ･ r aj a n L
'

a n a (3 k g) w a s m a c e r a t e d t w i c e w ith 95 % E tO H (1 0

a n d 1 5 lit e r s) o v e r a 3 - d ay p e ri o d
,

a n d th e s u sp e n si o n s w e r e filte r e d . T h e c o m bi n e d

filt r a t e s w e r e e v a p o r a t e d u n d e r r e d u c e d p r e s s u r e
,
H 2 0 (5 lit e r s) w a s a d d e d t o th e

r e sid u e
,
a n d th e m i x t u r e w a s e x t r a c t e d w ith C H C13 (8 x 50 0 m l) . T h e c o m bi n e d e x tr a c ts

w e r e d rie d (a n h y d r o u s N a 2 S O 4) a n d t h e s ol v e n t r e m o v e d t o yi eld 1 2
.5 g of a s y r u p y

r e sid u e ･ P u ri fi c a ti o n of th e r e sid u e w a s e ff e ct e d u s i n g Si g el c h r o m a t o g r ap h y w i th

C 6 H 6
- E t O A c ( 1:1) as el u e n t a n d c olle c ti n g 25 -

m l f ra c ti o n s . F r a c ti o n s l 1 13 , 1 7
-

1
3 9 , a n d

4 ト5 3 a 恥 rd e d
,
aft e r e v a p o r a ti o n

,
r e sid しI e S A , B , a n d C , re sp e c ti v ely . R e sid u e A w a s

r e cb r o m a t o g r a p h e d o n Si g el u si n g .
C 6 H 6

- M e 2 C O (6 :1) t o p r o vi d e 1 3 8 m g of

p a rth e n olid e a n d 79 m g o f 9
･ Si m il a rly ,

r e sid u e B w i th C H C 13
- M e 2 C O (6:2) g a v e 8 4

m g of l l
, 8 0 m g of 1 3

, a n d 1 26 m g of a fr a c ti o n w hi ch w a s f o u n d by
l H n 血r t o b e a

m i x t u r e of at le a s t t h r e e c o m p o n e n ts a n d i s s till u n d e r i n v e s t lg a ti o n . P u rifi c a ti o n of

r e sid u e C w ith C H C 13 S OI v e I-t yi eld e d 3 4 4 n l g Of 1 4 a n d 15 0 n l g Of li ri od e ni n e .

‡s ol ati o n o f c o m p o u n d 1 5 f r o m P l u c h e a i lld ic a

T h e p o w d e r e d f r e s h l e a v e s o f P . i n dic a (5 0 k g) w e r e m a c e r a t ed t w i c e , f o r t w o
-

d a y p e ri o d s ,
w i th 9

1
5 % e th a n ol (7 0 a n d 5() lite r s) . A f t e r c o m bi n a ti o n

, t h e e x t r a c ts w e r e
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e v ap o r a t e d i n v a c li O , a n d th e r e sid u e w a s s u sp e n d e d i n w a r m l O % e th a n ol (1 0 lit e r s) a n d

filt e r ed .
T h e filt r a t e w a s t r e at e d w ith a 5 % a q u e o u s l e ad a c e t at e s ol u ti o n u n til n o f u r th e r

p r e cipitatio n o c c u r r e d ･ T h e fi n al s ol u ti o n w a s e x tr a c t e d w ith c hl o r of o r m (8 x 5 00 m l) ,

a n d th e c o m bi n e d c hl o r of o m e x t r a c t s w e r e d ri e d o v e r N a 2 S O 4 ,
a n d e v a p o r a t e d in v a c u a

t o aff o r d a y ell o w , s y r u p y m a s s (5 ･ 5 g) ･

T h e c hl o r of o r m - s ol u ble fr a c ti o n (5 .5 g) w a s di v id e d i nt o 1 1 p o rti o n s
,
a n d e a c h

p o rti o n w a s dis s ol v ed i n c hl o r o 缶
.

() lⅥ(2 m l) ,
n li x ed w ith a s m all a m o u n t o f silic a g el

,
a n d

血ie d .
T h e r e sid u e w a s pl a c e d o I- a d ry , silic a g el c ol u m n (2 ･5 x 4 0 c m ) a n d el u te d w ith

eth e r t o o bt ai n 1 5 - m l f r a c ti o n s . F r a c ti o n s l l - 1 4 w e r e h o m o g e n e o u s b y T L C a n d

aff o rd e d c ol o rl e s s p ri s m s (1 1 0 m g) o f 1 5 o n stA n di n g .

_

I s o7 ati o n o r c o m p o u n (l s 1 7 ･ 1 8 f r o m E n t a d a p h a s c ol o id e s

A 7 5 % a q u e o u s e th a n ol
.
e xtr a c t of th e ai r - d ri e d p o w d e r ed s e e d k e r n el s o f E n t a d a

p h a s e ol oid e s (75 0 g) w a s c o n c e n tr a t e d i n v a c u a , s a t u r a t e d w ith a n h y d r o u s K 2 C O 3 a n d

th e n e x tr a c t ed w ith C H 2 C 12 . T h e b a si c f r a c ti o n (8 0 6 m g , 0 .
1 2 % of d r y w t) o bt ai n ed w a s

s u bj e cte d t o Si -

g el C C ( M e r ck
,

㌢

ty p e 6 0
,
7 0 - 23 0 m e sh

, 3 x 2 0 c m ) u si n g E t2 0 - M e O H -

2 8 % N H 4 0 H (7 0 :10 :1
,

v/ v) a n d C H 2 C12
- M e O H (8:1

,
v/ v) a s el u ti n g s ol v e n t s a n d 5 m l

fr a c ti o n s w e r e c olle c te d m o nit o rl n g b y U V - d e t e c ti o n a t 2 5 4 ll m . T h e 1 7 - ri c h fr a c ti o n

w a s f u r th e r s u bj e cte d t o p r ep a r a ti v e T L C o n Si -

g el 6 0 G F 2 54 (0 .5 m m thic k
,
M e r c k) a nd

d e v el o p e d w ith th e s a m e s ol v e n ts t o yi eld a c ol o rl e s s si r u p of 1 7 (1 86 m g ,
0 .0 25 % of

d ry w t) . 1 7 did n ot r e a c t w ith D r ag e n d o rfF s r e a g e n t , b u t f o r m e d a vi ol et -

g r e y c ol o r

w ith l o d o pl a ti n a t e r e a g e --t ･ 1 8 w a s o b t ai n e d a s c ol o rl e s s s y r u p l n a 0 . 0 0 4 % yi eld of th e

d ry pla nt m a te ri al a n d b eh a v ed lik e 1 7 w ith c h r o m o g e ni c r e a g e n ts .

I s ol ati o n o f c o m p o u n d s 1 9 ･ 2 3 fr o m P ip e r s
l
a r m e n t o s u m

T h e d ri e d , p o w d e r e d f mi t f r o m P . s a r m e n t o s u m
,

(4 5 0 g) w a s e x t r a c t ed w ith 2 L

of p et r ol e u m e th e r (4 0 - 60
o

C ) f o r 8 h u si n g a s o x hlet a p p a r a t u s . R e m o v al o f th e s ol v e n t

i n v a c u o yield e d 2 1 g of a d a rk b r o w n sy r u p y m a s s , o f w hic h 3 g w a s c h r o m a t o g r ap h ed

o n silic a g el ･ T h e c o m p o n e n ts w e r e el u t ed u si n g a S ol v e n t g r a di e n t of chl o r of o r m u p t o

5 0 % M e O H / C H C13 ,
t O aff o rd 1 9 f r a c ti o n s (25 m l e a c h) w hic h w e r e e x a m i n e d b y T L C .

P o rti o n s c o n t a l n l n g C O m P O n e n t S Of si m il a r p ol a rity W e r e C O m bi n e d a s f oll o w s : f r a c ti o n s

2 - 5 w e r e d e sig n ate d a s re sid u e A (1 .5 g) ,

,
9 - 15 r e sid u e B (7 0 0 m g) ,

a n d 16 - 1 9 r e sid u e C

(6 8 4 m g) .

R e si d u e A w a s r e c h r o m a t o g r ap h e d o n silic a g el w ith b e n z e n e a s s ol v e n t t o

p r o v id e 5 0 m g of 1 9 a n d 2 1 5 m g of 2 0 . R e si d u e B w a s el ut e d w ith 1 5 %
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E t O A c/b e n z e n e t o aff o rd 1 0 m g of P -

sit o s t e r ol a n d 8 2 m g of pe llit o ri n e
,
21 . R e sid u e C

w a s el ute d w ith 3 0 % E tO A c/b e n z e n e t o gi v e 2 00 m g of 2 2 a n d 8 0 m g of 2 3 .

‡s o 蜘i o n o f c o m p o u rl d s 2 4 - 3 1 f r o m C y cl e a b a r b a t a

T h e p o w d e r ed r o o t s of C . b a rb at a (3 ･7 5 k g) w e re e x t r a c te d w ith M e O H a t r o o m

te m p e r a t ur e t h r e e ti m e s
,
a n d t h e M e o w s ol u ti o r - a s e v a p o r a t ed i n v a c u o ･ T h e r e sid u e

w a s t r e at ed w i th l % H Cl , a n d tl l e a Cidic s ol u ti o n w a s b a sifi ed w ith N H 4 0 H t o p H 9 ,

th e n e x t r a c t ed w it h C H C13 . A ft e r e v a p o r a ti o n o f th e C H C 13 s ol u ti o n
,
th e c r u d e alk al oid

e xt r a c t (4 5 g , yield 1 .
2 % ) w a s dis s ol v ed i n M e 2 C O a n d g a v e c ry s t alli n e te tr a n d ri n e 【2 41

(1 2 g) . C b r o m at o g r a p h y o f t h e r e m ai ni n g e x t r a c t (3 0 g) o n S i g el , el u ti n g w it h

i n c r e a si n gly p ol a r m i x tu r e s o f C H C13/ M e O H a n d f oll o w e d b y p r ep a r a ti v e T L C , aff o rd e d

alk al oi d s 2 4 (6 g , t o t al 1 8 g , 0 . 48 % ) ,
2 5 (0 .5 g ,

0 ･ 0 1 3 % ) ,
2 6 (0 ･ 7 g ,

0 ･ 01 9 % ) ,
2 7

(0 . 4 g ,
0 .0 1 1 % ) a n d 2 8 (15 n l g ,

･ 0 ･0 0 0 4 % ) w hi c h w e r e id e n tifie d a s t e tr a n d ri n e [2 4]

1i m a ci n e [2 5] ,
th al r u g o si n e t2 6] ,

h o m o a r o m oli n e [2 7] , a n d c y cl e a pe 1ti n e [2 8] L
T h e

m i n o r alk al oid s w e r
?

als o i s ol a t e d a n d id e n tirl e d a s 2
f

- n o ,li m a ci n e [2
'
)] ,

c y cl e a b a rb a ti n e

[3 0] a n d t etr a n d ri n e - 2
'

-P - N -

o xid e [3 1] .

‡s ol a ti o n o f c o m p o u n d s 3 2 ･ 3 5 f r o m P a r a b a e n a s a giLl a [ a

T h e p o w d e r e d , d ri e d l e a v e s (1 ･ 2 k g) w e r e e x t r a c t e d th o r o u g hly b y p e r c ol a ti o n

w i th 9 5 % E t O H (2 0 lit e rs) ,
a n d th e p e r c ol a t e w a s c o n c e n t r at e d u n d e r re d u c e d p re s s u r e ･

D u ri n g th e c o n c e n t r a ti o n
,
3 2 p r e c lp lta t e d a s c ol o rl e s s c ry s tal s w hi c h w e r e r e m o v ed b y

filt r a ti o n
.
T h e filt r a t e w a s f u rth e r e v ap o r a t e d t o d ry n e s s (5 8 0 g) . R e c ry s t alli z ati o n of 3 2

f r o m 5 0 % a q u e o u s E t O H yield c ol o rl e s s p ri s m s (2 ･ 38 g) ･ T h e r e sid u e f r o m a b o v e (5 8 0

g) w a s a cidifi e d wi th 5 % a q u e o u s H O A c (1 ･ 5 lite r s) a n d filte r e d ･
T h e filtr a t e w a s

b a s 泊 e d w it h N H 4 0 H a n d e x tr a c t e d w ith C H C13 (1 0 lit e r s) .
T h e C H C 13 e x t r a c t W a s

w a s h ed w ith H 2 0 (1 lit e r) ,
d ri e d o v e r a n h y d r o u s N a 2 S O 4 , a n d c o n c e n tr a te d u n d e r

r ed u c e d p r e s s u r e t o yield th e s y ru p y c r u di b a s e s (1 1 ･ 8 g) ･
T h e s e w e r e di vid e d i n t o fi v e

p o rti o n s , a n d e a c h p o rti o n w a s c h r o m a t()g r a ph e d o n a silic a g el c ol u m (7 0 g , 5 x 7 c m )

w ith C H C 13 a S th e el u e n t ･ F r a c ti o n s of 2 0 m l w e r e c oll e ct e d a n d m o nit o r e d b y T L C ･

F r a c ti o n s 2 -8 yield e d 3 4 m g of y ell o w p ri s m s (3 3) ,
f r a c ti o n s

,
10 - 1 4 g a v e 3 2 m g of fi n e

o ff -

w hit e n e e dl e s (3 4) ,
a n d fr a c ti o n s 1 9 - 25 yi eld e d 6 4 m g of 3 5 a s c ol o rl e s s n e edle s ･

T h e p ol a rity of th e el u e n t w a s i n c r e a s e d t o 2() % E t O H i n C H C13 , a n d f r a c ti o n s 33 - 39

yi eld ed 5 4 m g of y ell o w c ry stal s w hic h w e r e sh o w n t o b e b e rb e ri n e b y c o m p a ri s o n w i th

a u tb e n d c s a m ple .
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Ⅰs ol ati o n o f c o m p o u n d 3 7 f書
･

O m A ll Ci st l
･

O C l a d u s l e c t o r i u s

T h e d rie d p o w d e r e d le a v e s of A
･
t e c t o rl u s (8 0P g) w e r e m a c e r a t ed t wi c e f o r 3 -

d ay p e ri o d s ふith 9 5 % E t o n (8 lit e r s a n d 5 lite r s) a n d th e c o m bi n e d E t O H e x b
.

a c ts p ∞1 ed

a n d e v ap o r a te d u n d e r r e d u c e d p r e s s u r e ･ T h e r e si如e (1 2 5 g) w a s s u sp e n d e d i n di s till ed

H 2 0 (5 lit e r s) a n d th e filt r a t e e x t r a c t e d w ith C H C13 (2 x 5 lite r s) ･ T h e c o m bi n e d C H C13

e xtr a c ts w e r e d rie d ( N a2 S O 4) ,
filtp r e d , a n d e v ap o r at ed u n d e r r e d u c ed p r e s s u r e t o aff o rd a

li gh t b r o w n p o w d e r (13 g) ･

T h e p o w d e r w a s di vi d e d i n t o si x
,
p o r ti o n s , a n d e a c h w a s s e p a r a t ely

c h r o m at o g r a ph e d a s f oll oんs . E a ch p o r ti o n w a s dis s ol v e d i n C H C13 (1 0 m l) ,
a b s o rb e d

o n t o n e u t r al al u m i n a (5 g) ,
d ri e d

.

, a nd pla c ed o n t o p of a d ry al u mi n a c ol u m n ( 6 x 2 0 c m )

a n d el u t e d w ith E t2 0 . T w e n ty f r a c ti o n s w e r e c olle ct e d , e x a m i n e d b y tlc a n d yi eld e d

a n ci str o t e c t o ri n e (3 7 , 1 2 5 m g , P .0 1 6 % yi eld) .

I s ol ati o n of c o m p o u n d 4 8 fr o m K o p si a j a s m i n zfl o r a

T h e air - d ri e d a n d p o w d e're d l e a v e s (7 0 0 g) of K . j a s m i n lJlo r a w e r e e x h a u s ti v ely

e x tr a c t e d w ith 9 5 % E t O H at r o o m te m p . T h e E t O H e x tr a c ts w e r e p o ol e d
,
th e al c o h ol

r e m o v ed t
'

n v a c u o . T h e sy r u p y r e sid tl e (1 20 g) w a s a cidifie d wi th 2 % t a rt a ri c a cid t o p H

2 .7
,
filt e r e d a n d p a rtiti o n e d a g a i n s t E t O A c .

T h e a q u e o u s p h a s e w a s r e n d e r e d alk alin e

(p H 9) b y th e a d ditio n of N a H C O 3 .
P a rtiti o ni n g w ith E t O A c yield e d a c r u d e alk al oid

fr a c ti o n (4 .6 g) w hic h w a s c h r o m a t o g r ap h e d o v e r silic a g el . El u ti o n w i th C H C13 a n d

i n c r e a si n g a m o u n ts o f M e O H yield e d 1 0 fr a c ti o n s . F r a c ti o n 1 0 (6 29 m g) w a s f u rth e r

p u rifie d o v e r sili c a g el w i th C 6 H 6
- E t O A c (3 :7) as el u e n t ･ C r u d e 4 8 w a s c ry st alli z e d

fr o m E to n .

I s ol a ti o n o f c o m p o u n d s 5 0 ･ 5 6 f r o m M u r r a y a si a m e n si s

T h e d ri e d , c hip p e d r o o ts (1 k g) w e r e m a c e r a t ed t心i占e f o r 2 - d a y p e ri o d s w ith 9 5 %

E t O H (6 a n d 5 lit e r s) . T h e c o m b i n e d e x t r a c ts w e r e e v ap o r a t ed in v a c u o , a n d t h e re sid u e

w a s s u sp e n d e d i n H 2 0 (2 lit e r s) .
T h e ･ aq u e o u s p h a s e w a s e x t r a c te d w i th C H C13 (4 .5

lit e r s) . T hi s o rg a ni c p h a s e w a■s d ri e d ( a n h y d r o u s N a 2 S O 4) a n d filt e r e d
,
a n d t h e s ol v e n t

w a s r e m o v e d t o yield 9 .3 g of a g u m m y r e sid u e . T h e r e sid u e w a s di vid e d i n t o fわu r

e q u al p o r ti o n s , a ll d e a c h w a s p u rifie d b y Si g el ロa s h c h r o lⅥ at O g r a p h y u s l n g C H C 13 a S

●
◆

e l u e n t . F r a c ti o n s of 25 m l e a c h w e r e c olle ct ed a lld e x a m i n ed b y tl c
,
a n d t h o s e c o n t a l n l n g

th e s a m e m a t e ri al w e r e c o m bi n e d t o g i v e th e f oll o w i n g C O m P O n e n t S : f r a c ti o n s 2 -3 g a v e

2 3 0 m g of 50 , f r a c ti o n s 5 - 7 g a v e 1 2 0 m g of 5 1 , f r a c ti o n 9 g a v e 2 4 m g o f 5 2
,
f r a c ti o n s

l l - 2 3 g a v e r e sid u e A a n d fr a c ti o n s 2 6 - 3 2 g a v e 1 6 m g of 5 3 . R e si d u e A w a s f u r th e r

p u rifie d b y Si g el p r e p ar a ti v e ti c u si n g E tO A c
-

p e tr ol e u m e th e r (3 0 -6 0
o

) (8 :2) t o yield 14 3

m g of x a n t h o x yl eti n , 2 8 m g of 5 4 , a n d r e sid u e
'

B . P u rific ati o n o f r e si d u e B b y Si g el
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fl a s h c h r o m a t o g r a ph y u si n g E t O A c -

p e tr ol e u m e th e r (3 0
- 6 0

o

) (1:1) g a v e 2 2 m g of S 5 a n d

2 1 m g of 5 6 .

‡s ol at呈o m o f c o m p o u n d s 5 7 ･6 6 f r o m S o p h w a e x lg u a
●

A i r - d ri e d r o o t s (3 6 0 g) o f S . e xlg u a w e r e e x t r a c t e d x 5 w ith 75 % E tO H at r o o m

t e m p .
T h e c o m bi n e d e x t r a c t s w e r e c o n c d l n v a c u o a n d a cidifi e d w ith 5 % H C l .

T h e a cidi c aq ･ s ol n w a s e x t r a c t e d x 2 w ith C H 2 C12 a n d m a d e b a si c wi th 2 8 % N H 4 0 H .

T h e b a si c a q ･ s ol n w a s e xt r a c t e d A 3 w it h C H 2 C12 ･
T h e a q ･ l ay e r w a s m a d e s tr o n gly

b a si c b y a d diti o n of d ry K 2 C O 3 u n d e r i c e
-

c o oli n g a n d e x t r a c t e d x 3 w i th C H 2 C12 . A ll

C H 2 C12 e x t r a c ts f r o m th e alk ali n e a q . s ol n w e r e c o m bi n e d
,
d ri e d ( K 2 C O 3) a n d c o rl C d t o

d r y n e s s i n v a c u o ･ T h e t ot al al k al oid (5 ･4 g) w a s o b t ai n e d i n a yi eld of 1 .5 % of th e d ry

w t ･ T h e t ot al b a s e w a s a ppli ed t o a silic a g el c ol u m n a n d el u t e d w ith a C H 2 C12
- M e O H -

28 % N H 4 0 H g r adi e n t ･ A ll alk al oid s 5 8 ･ 6 6 w e r e p tlrifi e d b y r e p e a te d sili c a g el C C ･

T h e 5 7 -

ri c h fr a c ti o n Ⅵ
て

a s P u rifie d b y p r e p ･ T L C a n d p r e p ･ H P L C t o gi v e p u r e 5 7 (17

m g) .

Ⅰs ol a ti o m o f c o m p o u n d s 6 7 ･ 6 8 fr o m B l u m e a b al s a m if e r a

T h e ai r d ri e d a n d p o w d e r ed pl a n t m a te ri al (4 ･5 k g) w a s m a c e r a te d t wi c e f o r 5 d ay

p e ri o d s w ith
r
9 5 % e (h a n oi (2 0 a n d 1 5 lite r s) ･ T h e e (h a n ol e x (, a c ts w e r e p o ol e d

,
( h e

al c o h ol r e m o v ed in v a c u o , a n d th e r e sid u e s u s pe n d e d i n 3 lite r s of 1 0 0/a e th a n ol . A fte r

filtr ati o n
,
th e filt r at e w a s t r e a t e d w i th a 10 0/a a q u e o u s l e ad a c e t at e s ol u ti o n u n til n o f u rth e r

p r e c IP l t a ti o n o c c u rr e d . F u rth e r filtr a ti oh th e n aff o r d e d a cl e a r s ol u ti o n w hic h w a s

e x t r a c t e d w i th chl o r of o r m (3 A 7 lite rs) . T h e c o m bi n e d c hl o r o f o r m e x t r a c t w a s d ri e d

(N a2 S O 4) a n d th e n e v a p o r a t ed L
'

n v a c u o t o yi eld 13 .5 g of a b r o w n sy r u p y m a s s w hic h
,

w h e n
l
sti rr e d wi t h c hl o r of o r m (9 0 r nl ) , p r o d u c e d a p al e y ell o w p r e cipit at e ･ R e c o v e ry b y

filt r ati o n a n d d r yi n g yi eld e d a s olid (F r a c ti o n A
, 9 7 7 m g) a n d a rilt r a t e w hi c h w a s

e v ap o r at e d i n v a c u a t o a y ell o w sy r up (F r a c ti o n B
,
1 2 g) .

T hi n l a y e r ch r o m a t o g r a p h y (tl c) of F r a c ti n A (silic a g el G , chl o r of o r m : a c e t o n e

(9 :1)) i n dic at e d th e p r e s e n c e o f o nly t w o c o m p o n e n t s ( R f ≡ 0 .1 7 a n d 0 . 35) . T h e t ot al

fr a c ti o n w a s di vi d e d i n t o f o u r p o rti o n s . E a c h p o rti o n w a s di
.
s s ol v e d i n c hl o r o f o r m (2

m l) , ad s o rb e d o n t o silic a g el (5 g) , d ri e d , th e n pla c e d o n t o p of a d ry silic a g el c ol tl m n

(2 ･5 Ⅹ 4 0 c m ) , a n d el u te d w i th c hlo r o f o r m
-

a c e t o n e (9 :1) ･ F r a c
,

ti o n s of 2 0 m l e a ch w e r e

c oll e ct ed a n d c o m p a r e d b y tlc .
T h o s e f r a c ti o n s of si m il a r c o m p o siti o n w e r e c o m bi n e d .

T his p r o c ed u r e p r o d u c e d 3 m aj o r f r a c ti o n s w hic h w e re e v ap o r a te d i n v a c u a . F r a c ti o n s

ト5 yield e d n o r e sid u e o n e v ap o r a ti o n ; f r a c ti o n s 6 - 1 0 w er e h o m o g e n e o u s b y tl c a n d

w e r e d e si g n ate d 6 7 ; fr a c ti o n s 1 1 - 19 w e r e al s o h o m o g e n e o u s b y tl c a n d w e r e d e sig n at e d

6 8 .
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‡s o‡a 臼o n of c o m p o ロn d s 7 5 - 7 7 F r o m S o p h o 7
･

a e X lg u a
●

T h e d ri e d a n d g r o u n d r o o t s of S ･ e x ig u a (1 k g)
.

w e r e e x t r a c t e d w ith C H C13 (5 L)

t o yi eld a syt u p y m a s s (1 5 0 g) aft e r e v a p n ･ A p a rt of C H C13 e x tr a c t (4 0 g) w a s s u bj e cte d

t o silic a g el C C ( n - h e x a n e
- M e 2 C O ;g r adie n t sy s ts m ) ･ R e pe at e d C C a n d r e c ry stalli z a ti o n

aff o rd e d 7 5 (4 0 m g) ,
7 6 (1 2 0 m g) a n d 7 7 (2 5 m g) i n p u r e f o r m .

I s ol a ti o n o f c o m p o u n d s 7 8 ･ 7 9 f r o m D a lb e T
･

g l a C a d e n a l e n si s

●

T h e p o w d e r e d pl a n t m a t e ri al (4 3 0 g) w a s e x t r a c t e d at r o o m t e m p e r a t u r e

s u c c e s si v ely w ith lig h t p e tr ol e 叩 eth e r
,
C H C 13 ,

a n d M e O H ･ T h e C H C 13 a n d M e O H

e x tr a c t s sh o w e d a n d E D 5 0 0 f 2 ･5 LLg/ m l a n d 27 トLg/ m l
, r e sp e c ti v ely ,

a g ai n s t th e P - 38 8

t e st sy st e m i f ”it r o ･ N ei th e r e x tr a c t e x hibite d sig nific a n t a c ti v lty a g a i n s t th e K B c ell
●

c ult u r e sy ste m ･ T h e p r e s e n cp of a ntif u n g al a n d a n tib a cte ri al i n b oth e x t r a c t s w a s d ete c t e d

by bi o a u t og r ap h y o n Si g el (C II c13
- M e O H , 9 5 : 5 ) .

T h e pig m e n t s of th e M e O H e x t r a c t (1 0 0 g) w e r e r e m o v e d
･
b y c h r o m a t o g r ap b y

o v e r Si g el el u ti n g w ith E tO A c - M e O H - H 2 0 (10 0 : 6 : 3) . T h e a c ti v e f r a c ti o n w a s f u rth e r

s e p a r ate d o n Si g el el u ti n g w ith C = C13
- M e O H (9 5 : 5) i n t o fi v e f r a c ti o n s ( A - E) .

R e c r y st alli z a ti o n of f r a c ti o n B yi eld e d ( R
,
S) -( ＋) - r n u c r o n ul at ol a s c ol o rl e s s c u b e s (3 0 0

m g)

F r a c ti o n C w a s re c h r o m a t o g r a p h e d o v e r Si g el el u ti n g w i th C H C13
- M e O H (9 8 :

2) t o aff o rd f o r m o n o n e ti n (9 5 m g) , ( R) -( -

)
-

cl a u s s e q ui n o n e [7 8] (1 5 5 m g) a n d 5 -

h y d r o x y b o w dic hi o n e [7 9] , (4 m g) a s c r y st allin e c o r n p o u n d s .

I s o] a t王o n of c o m p o u n d 80 f r o m Ⅵ/
rig hfi a t o m e n L o s a

T h e ai r - d ri e
■
d pla nt n l a te ri al (3 k g) w a s g r o u nq i n t o a p o w d e r a n d e x td w ith

M e O H ･ A ft e r c o n c n tI- ら M e O H e x t r a c t (2 0 0 g) w a s ch r o m a t og r a p h e d o n silic a g el u si n g

C H C 13 a nd C H C 13
- M e O H m i x t u r e s a s el u e n ts . T h e f r a c ti o n s w hi c h c o n t ai n e d

w ri g hti a di o n e w e r e c o m bi n e d a n d p u rifi ed b y p r e p ･ T L C u s i n g P etr ol - E t O A c
- M e 2 C O

(l o o : 8 : 8) a s d e v el o pin g el u a n t t o yield 80 (2 m g , 0 .0 0 0 0 6 % ) .

I s o] ati o n of c o T n p O u n d 8 1 f r o m C lit o r i a m a c r o p h yll a

D ri e d p o w d e r e d r o o t s (3 0 0 g) w e r e m a c e r a t e d t w i c e w ith 9 5 % E t O H (1 1 a n d 0 . 5

L) fo r 3 - d a y p e ri o d s a n d filt e re d ･ T h e c o m bi n e d filt r a t e s w e r e e v a p d i n v a c u a a n d th e

r e sid u e (4 3 g) c h r o m a t o g r a p h e d o n silic a g el c ol u m n u si n g C H C 13
- E t O H (19 : 1) as

el u e n t ･ F r s of 2 5 r nl e a c h w e r e c oll e ct e d a n d m o nit o r e d b y T L C ･ T h e h o m g e n o u s f rs

( 3 6 - 4 5) w e r e c o m bi n e d a n d e v ap d t o aff o rd a y ell o w s olid (2 6 0 m g) . A ft e r
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r e c ry st alli z a ti o n f r o m a m i x t ･ o f C H C 13 a n d E t o n , w hit e r o s e tt e c ry s t al s of 8 1 (1 9 0 m g ,

0 .0 6 3 % ) w e r e o b t ai n e d .

‡s ol ati o m of c o m p o u n d 8 4 f r o m M ic r o m el u m m i n u h i m

D ri ed p o w d e r e d le a v e s (65 0 g) of M ic r o m el u m TT u
'

n u t u n w e r e m a c e r a t ed w ith

95 % E t O H (2 L) f o r 3 d ay s . A f t e r e v a p o r a ti o n o f th e el u e n t i ti V a C u O (t o 2 00 m L) ,

distill e d H 2 0 (3 0 0 m L) a n d s a t u r a t ed P b ( O A c)2 S Ol u ti o n (1 2 0 m L) w e r e ad d e d , th e

mi x t u r e w a s c e n t rif u g e d ,
filt e r e d

, e x t r a c t e d w ith C H C13 (3 L) , a n d th e C H C 13 f r a c ti o n

w a s d ri e d ( N a2 S O 4) . T h e r e sid u e aft e r e v ap o r a ti o n (8 .5 g) w a s c h r o m a t o g r a p h ed o n Si

g el el u ti n g w i th C H C13 a n d th e m ai n c o n s ti t u e n t c r y s t alli z e d f r o m a b s ol u t e E t O H t o

aff o rd c r e a m
-

c ol o r ed r o s e tt e s of mi c r o mi n u ti n (8 4 ,
6 3 5 g , 0 .9 8 % ) .

Ⅰs o] a ti o n of c o r n p o u n d s 8 9 ･ 9 0 f r o m A ly x i a t
･

e i n w a r dli

T h e i n n e r b a rk o f A . r ei n w a rd ti (3 kg) w a s e x tr a c t ed wi th M e O H at r o o m t e m p

a n d p ar titi o n e d w i th pe t r ol a n d a q ･ M e O H ･ T h e a q ･ f r ･ w a s c o n c d i n v a c u o a n d aft e r

H 2 0 ad diti o n w a s p a rti
.
ti o n e d w i th H 2 0 s a td E tO A c fr . (17 .

4 g) w a s s u bj e c te d t o sili c a

g el C C el uti n g w ith m i x t s o f C H C13 a n d M e O H of i n c r e a s l n g p Ol a r lt y ･ T h e c ol u m n

f r a c ti o n s w hic h c o n t ai n e d 8 9 a n d 9 0 w e r e c o m bin e d a n d f u rth e r p u rifi ed b y p r e p . T L C .

O n e thi r d of th e c o m bi n e d c ol u m n f r s w a s r ep e a t e dl y p u rifie d b y p r e p .
T L C

u si n g th e o r g a ni c p h a s e s of E t O A c - M e O H - H 2 0 (3 :1 :3) a n d C H C13
- E t O A c - M e O H - H 2 0

(4 :4 :2 :1) t o aff o rd 8 9 wi th hi g h e r R f v al u e (4 3 m g ,
0 .0 0 1 4 % ) a n d 90 i n a m o rp h o u s

p o w d e r (5 0 m g ,
0 ･ 0 0 1 % ) ･

‡s ol ati o n of c o m p o u n d s 9 1 ･9 2
,

9 6 ･ 9 8 f r o m X y n
'

s i n dic a

T h e d ri e d fl o w e ri n g h e ad s (1 k g) w a s e x tr a c te d wi th C H C13 (10 a n d 5 L) fo r t w o

7 - d a y p e ri o d s a n d filt e r ed ･ T h e c o m bi n e d filtr a t e s w e r e e v ap o r a t e d L
'

n v a c u o u n til

d r y n e s s t o yi eld a s y ru p y m a s s r e sid u e (4 5 g) ･ T h e r e sid u e (1 0 g) w a s c h r o m a t o g r a p h ed

o n silic al g el C C (8 x 1 2 c m ) u si n g P e t ･ e th e r
- E t O A c , 8 : 1 a s el u e n t a n d c oll e c ti n g 5 0 -

m l

f r a c ti o n . T h o s e f r a c ti o n s c o n t ai n i n g h o m o g e n e o u s c o m p o n e n ts a sj u d g ed b y T L C w e r e

c o m bifl e d a n d th e s ol v e n t r e m o v e d . F r a c ti o n s 2 0 - 4 1 a n d 5 9 1 17 6 aff o rd e d r e si d u e s X V

a n d X B r e s p e c ti v ely ･ X V w a s
'

r e c h r o m a t o g r a ph e d o n sili c･a g el C C (2 ･5
.

x26 c m ) u si n g

c H C 13 a S el u e n t t o f u r ni sh 9 1
,
7 7 m g (0 . 0 35 % ) . X B w a s r e ch r o m a t o g r ap h e d o h silic a

g el C C (4 .5 x 20 c m ) u si n g B e n ∑ - E t O A c
,
15 :1 a s el u 帥t t O yi eld 1 1 2 m g (0 ･0 5 % ) o 門 2

･

F r a c ti o n s 3 - 19 a n d 5 9 - 17 6 aff o rd e d r e sid u e s X Il a n d X I2 r e sp e c ti v ely . X rl ,
W a s

r e c h r o m a t o g r a p h e d o n silic a g el C C (4 ･ 5 x 2 0 c m ) u si n g b e x a n e
- E tO A c , 9 9 : 1 a s el u e n t t o

yi eld 9 6 0 . 9 7 4 g (0 . 4 4 0 ;/a) a n d () 7 0 .1 0 06 g (0 ･ 0 4 % ) A X I2 W a s r e C h r o m a t o g r a p h e d o n
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sili c a g el C C (4 .5 x 2 0 c m ) u si ll g B e n ∑ - E t O A c
,
1 5 : 1 a s el u e n t t o f u r ni s h 7 4

.

m g (0 ･0 3 % )

o f 9 8 .

Ⅰs ol a ti oh o f c o m p o u n d s 9 3 ･ 9 5 fr o m G a r ci m
'

a h a n b u ry l
●

T b e 血i e d g u m r e si n (20 0 g) w a s g r o u nd i nt o a p o w d e r a n d di s s ol v e d i n C H C 13

(5 L) fo r 2 4 h a n d th e n filte re d . T h e filt r a t e w a s e v ap o r a te d t o d ry n e s s i n v a c u a t o gi v e a

y ell o w p o w d e r (1 2 5 g) . A p o rti o rl Of 血i ed y ell o w p o w d e r (2 g) w a s c h r o m a t o g r ap h e d

o n sili c a g el il Si n g C H C 13
- E t O H (9 7 .5 : 2 . 5 , v/v) a s el u e n t . T h e fr a c ti o n s w hic h

c o n t ai n e d g a m b o g l C a cid w e r e c o m bi n e d . R e p e a t e d p u ri fi c ati o n of th e s e c ol u m n

f r a c ti o n s b y p r e p a r a ti v 色 T L C u si n g C H C13
- M e 2 C O I E t O A c (1 0 :1:1 ,

v/ v) a n d C H C13
-

M e O H (1 9 : 1
,

v/ v) a s d e v el o pi n g el u e n t yiel de d th re e disti n c t b a n d s . El u ti o n o f t h e fir st

b a n d or hig h e st R f v al u e w i th C H C13 a 打o rd e d i s o m o r elli !1 01 ( 9 5) (5 . 5 m g ,
0 . 1 7 % ) .

El u ti o n of th e s e c o n d a n d third b a n d s w ith C H C13 g a v e g a m b o gic a cid (9 3) 1 5 0 m g .

4 . 69 % ) a nd is o g a m b o gi c a cid (9 4) (4 5 m g ,
1 . 4 1 % ) ,

r e sp e c ti v ely .

S Y N T Ⅰ1 E S IS O F S O M E A M ⅠD E

S y n th e si s of 1 9

A s ol uti o n of tri d e c yl m a g n e si u m b r o m id e w a s p r ep a re d f r o m 9 2 m g (3 .8 m ol) of

M g t u r ni n g s a n d 1 .0 g (3 . 8 m m ol) of トb r o n l O trid e c a n e i n 2 5 m L of a n h y d r o u s e t h e r .

T o this s ol u ti o n a t O
o

C w a s a d d e d o v e r 1 5 m i n . a s ol u ti o n of 5 70 m g (3 .8 m m ol) of

p IP e r O n al i n 1 0 m L o f eth e r ･ T h e n li x t u r e w a s h e a t e d t o r e fl u x f o r 2 h , t h e n c o ol ed a n d

2 0 rn L of 20 % aq u e o u s H 2 S O 4 W a s ad d e d c a u ti o u sly . T h e l a y e r s w e r e s e p a r a t e d , th e

a q u e o u s l a y e r w a s e x tr a c te d w ith e th e r (2 x l O m L) a n d th e c o m bi n ed eth e r l ay e r s w e r e

w a s h ed w ith s at u r a t e d N a H C O 3 S Ol u ti o n (1 x 3 0 111 L) ,

･

w it h b ri n e (1 x 2 0 m L) a n d t h e n

d ri e d ( a n h y d r o u s M g S O 4) . R e m o v al of th e s ol v e n t i n v a c u o g a v e 8 68 m g (6 8 % ) of

c r u d e al c o h ol a s a w hit e s olid .

A s a m pl e of 4 5 2 m g (1 . 4 m m ol) of thi s c r u d e al c o h ol a n d 4 5 0 m g of n e u tr al

al u m i n a w e r e h e at e d u n d e r N 2 a t 1 8 0 - 2 0 0
o

C f o r 3 0 m i n . T h e al u m i n a w a s w a sh e d w ith

e th e r a n d th e s ol u ti o n d ri e d ( M g S O 4) . R e m o v al o f th e s ol v e n t g a v e , a 氏e r r e c y st alli z a ti o n

f r o m p et r ol/eth a n ol , 3 8 6 m g (8 7 % ) of 1
1
9 a s a w hit e s olid , m . p . 3 3 .5 - 3 6 .5

o

C
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S y n 紬 e s蔓s of 2 0

T o a s ol uti o n of 8 0 0 m g (5 ･ 3 m m ol) o f 3 -

p b e n ylp r o p a n oi c a cid i n 5 m L of d r y

C H 2 C 12 W a s ad d e d d r op w i s e l ･ 3 4 g (0 .9 2 m L , 10 . 6 m m ol) o f o x alyl c hl o ri d e a n d th e

r e a c ti o n w a s s ti r r ed u n d e r N 2 at r o o m t e m p e r a t u r e f o r 3 h
･
T h e s ol v e n t w 早s r e m o v ed i n

v a c u o a n d th e re sid u e w a sh e d f o u r s u c c e s si v e ti m e s (4 x 20 m L) t o r e m o v e u n r e a c t e d

o x alyl c hl o ri d e ･ T h e y ell o w r e sid u e of c r u d e a cid c hl o rid e w a s u s e d i n th e rle X t S te P ･

T h e p ym ol e a ni o n w a s p r e p a r e d b y r e a c ti n g 3 5 5 m g (0 .3 6 7 m L
,
5

.3 m m ol) of

f r e shly di s tille d p y r r ol e i n 1 0 m L o f d ry T H Y u n d e r N 2 at - 7 8
o
C w it h 2 . 1 m L (5 .

3

m m ol) o f 2 .5 M n - b u tyl lithi u m i n h e x a n e a n d stir ri n g f o r 15 m i n . T h e c ru d e 3 -

p h e n ylp r o p a n o yl c hl o rid e w a s th e n ad d e d dr o p w i s e t o th e p y 汀 Ol e a ni o n s ol uti o n a t

-7 8
o

C a n d th e t e m pe r at u r e b r o u ght t o r o o m t e m p e r a t u r e g r a d u ally ･ A fte r sd m n g f o r o n e -

h alf h o u r a t r o o m t e m p e r a t u r e ,

.
w a t e r w a s ad d e d a n d th e p r o d u c t w a s e x t r a c t e d w ith

eth e r . T h e c o m bi n e d o r g a ni c p h a s e s w e r e d ri e d ( M g S O 4) a n d th e s ol v e n t r e m o v e d t o

gi v e o n e m aj o r U V p o si ti v e sp o t o n T L C at R f O .4 5 (1 0 % E tO A c/p e tr ol) . P u ri fic ati o n of

th e c r u d e p r o d u c t b y .

M P L C g a v e 8 1 5 m g (7 7 % ) of N -(3 -

p h e n ylp r o p a n oyl) p y r r ol e , 2 0 ,

w hi c h w a s id e ntic al i n all r e s p e c ts w ith th e s e c o n d c o m p o n e n t i s ol at ed fr o m

P . s a r m e n t o s u m .
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P A 汲T V

C O N C L U S I O NI

T h e p r e s e n t i n v e s t ig a ti o n h a s l e d t o th e i s ol ati o n of s e v e r al bi o a c ti v e c o m p o u n d s

f r o m s el e c t e d T h ai m edici n al pla n t s ･ V a ri o u s ki n d s o f p h y t o c h e m i c al c at e g o ri e s h a v e

b e e n i s ol a t ed a n d id e nt 泊 e d o n th e b a si s of d e t aile d s p e c tr o s c o p l C a n aly sis . M o d e r n

t e ch niq u e of N M R h a v e b e e n e m plo y ed t o e s ta blish th e str u c t u r e of n e w n a t u r al p r o d u ct s

i s ol at e d fr o m a s el e c ti o n of T h ai m ed ici n al pl a nt s . R e s ult s f r o m 2 1 s p e ci e s of pla n t

m a t e ri al s r e v e al e d t h e p r e s e n c
?

of 4 7 n e w n a t u r al p r o d u c t s a m o n g 9 8 is ol at e d

c o m p o u n d s . Fi v e o fis ol ate s w e r占f o u n d t o b e n o v el sk el et a ･

P e r h ap s t h e m o s t
.
i m p o r t a n t s i n gl e d e v el o p m e n t i n n m r sp e c tr o s c o p y a s f a r a s

p r a c ti c al ap pli c atio n i s c o nd e r n ed is th e a bility t o c o n d u c t c o r r el ati o n sp e c tr o s c o p y ･ O f

t h e m a n y v a ri a nts of this t e c h niq u e t h at ar e a v ail ab le
,
th r e e i n p a rti c ul ar h a v e b e e n of

i m p o rt a n c e t o t h e n at u r al p r o d u c t c h e m i st . T h e s e ar e i)
1 H -

1 H C O S Y i n w hich eith e r t w o

b o nd o r l o n g r a n g e c o u pli n g s m ay b e e m p h a si z ed
,
ii) n O e C O S Y (N O E S Y) sp e ctr a i n

w hic h i)r o xi m at e p r o t o n
-

p r o t o n r el a ti o n ship s a r e displ a y e d , a n d iii)
l B - 1 3 c c o s y

(h et c o r) sp e ctr a i n w hic h th e c o rr el atio n b e t w e e n a c ar b o n a n d it s att a c h e d p r ot o n (s) is

displ ay e d .

U nf o rt u n a tely , th e l a t t e r t e c h niq u e h a s th r e e s u b st a n ti al dis a d v a n t a g e s : i)

sig ni B c a n t a m o u n t s of m at e d al ( at le a s t 3 0 m g) a r e n o m ally r e q uir e d , ii) s u c h sp e c tr a

typi c ally affo rd n o i n f o r m a ti o n c o n c e mi n g th e a s sig n m e n t of q u at e rn ar y c ar b o n s , iii) th e

a s s ig n m e n t Of c ar b o n sl g n als w ith v e ry cl o s e o r id e ntic al ch e m i c al shifts m ay b e diffic ult .

V a ri ety of m od el s i n biol o gic al e v al u a ti o n of pl a nt e x tr a c ts a n d/ o r p u r e i s ol at e s

h a v e b e e n e s ta blish e d e . g . c y t o t o xi c , a n ti m al ar i al
,
a n ti mi c r o bi al , a n tij n fl a m m a t o ry a nd

sp a s m oly tic a c ti v itie s ,
t o p u r s u e t his r e s e ar c h a s a dis c o v e ry of n e w m e dici n al a g e n ts .

C O M P O U N D S P O S S E S S I N G B I O L O G I C A L A C T I V I T Y :

Cy t ot o xi city : T h e cy to t o xi c e v al u a ti o n of th e is ol at e s w a s f o u n d th a t th e c h e m i c al

c at e g o ri e s o f m a r k e d i n hibit o r y o f c ell s g r o w t h a r e s e sq u lt e rp e n e l a c t o n e s ,

bi s b e n z yli s o q u l n Oli n e alk al oid s , a p o r p bi n e alk al oid s , a m a r yllid a c e o u s alk al oid s ,

r o t e n oid
,
i s o fl a v o n oid s ,

c o u m a ri n s a n d x a n t h o n e s . Pl a n t s i n f a m ilie s C o m p o sit a e

( G r a n g e a m a d e r
?

sp at a n a) a n d M ag n oli a c e a e ( M i ch elia r aj a m
'

a n a a n d P a r a m i ch elia

b aill o n ii) ar e r ep r e s e n t a ti v e of s e sq uit erp e n e l a c t o n e s t o b e st u di e s . It w a s f o u n d t h a t

s e sq u lt e r P e n e l a c t o n e s c o n t ai n l n g α
-

m e t h yl e n e -

y
-l a c t o n e f u n c ti o n alit y disp l ayi n g

c
′y t o t o x I C lty . T his a c tl V l ty W a s a s s u m e d th at t h e M i c h a el a d diti o n r e a c ti o n b et w e e n α

-
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m e t h yl e n e -

y
-1 a c t o n e a n d s ul h y d r yl g r o u p of a m i n o a ci d i n D N A s t r a n d s u ch a s

m e thio n i n e o r c y s t ei n e w a s o c c u r r e d ･
T h e pl a nt b el o n g i n g t O M e n l SP e r m a C e a e ; C y cle a

b a rb a ta w hic h yield ed bisb e n z ylis o q u l n Oli n e alk al oid s h a v e b e e n f o u n d t o p o s s e s s str o n g
●

c yt ot o x i c a c ti v lty ･ T h e c y t ot o xi c p ot e mi al of bisb e n z ylis oq u l n Oli n e alk al oid s w a s th e n
●

m e a s u r ed w ith a b att e ry o f c ult u r e m a m m alia n c ells ･ E a c h o f th e alk al oid s w a s f o u n d t o

d e m o n str a t e a g e n e r al c yt ot o xi c r e s p o n s e w ith n o dis c e r n ab le c elトtyp e s el e c tl V lty ･ I n

o rd e r t o d e t e r m i n e th e c yt ot o x i c a c tl V lty Of th e th r e e i s ol ate d f r o m G a r ci r u
'

a h a n b u Ty l
,

th e s e c o m p o u rl d s w e r e e v al u at e d u s i n g K B c ell li n e s ･ T h e E D 5 0 V al u e s i n th e K B c ell

s y st e m w e r e o .7 ,
0 . 9 a n d 2 ･3 Ll g/ m l f o r g a m b o gi c a cid ,

i s o g a m b o gi c a cid a n d

is o m o r elli n ol ,
r e sp e c ti v ely . T h e r ef o r e , al th o u gh th e K B - V I c ell a r e slig h tly m o r e

r e si st a n t t o th e s e c o m p o u n d s c o m p ar e d w i th c ul t u r e d K B c ells , it is ap p ar e n t th a t th e y a r e

n o t effi ci e ntly r e m o v e d fr o m th e c ell s d u e t o th e P -

gly c o p r o t ei n ･ O n e cy t o t o x i c

m e c h a ni s m c o n si s t e n t w i th th e s e d a t a i s n u cl e o p hili c att a c k at p o siti o n C - 10 , w bi c b

r e s ults fr o m th e p r e s e n c e o f th e α ,β-

u n s a t u r a te d c a rb o n yl m oi ety ･ T h e e v al u a ti o n of

m i c r o m i n u ti n
,
a c o u m a ri n i s ol at e d fr o m M ic r o m el u m m i n u t u m , o n P - 3 88 1y m p h o c ytl C

l e u k e m i a p o s s e s s e s p r o m l Sl n g a C tl V lty ･
T h e p r e s e n c e of u n s at u r a t e d b ut a n o

-1 a c t o n e a s

s u b s dt u e n t of c o u m a ri n c a u s e s n u cl e o p hilic att a ck i n th e c y t o t o xi c m e c h a ni s m ･ G r o u p of

is ofl a v o n oid s i n cl u di n g r ot e n oid s w a s al s o e x hibit e d c yt o t o xi c effe ct s ･
T h e c y t ot o x i c

m e c h a n i m w a s p r o b a bly d u e t o y
-

p y r o n e m oi e ty ･

A n ti m al a ri al占c tivio , : N u m b e r s of alk al oid s is ol a t ed f r o m C y cle a b a rb a t a h a v e

b e e n s u bj e c t ed t o e v al u at e th ei r p o t e n ti al w ith Pla s m o di u m falcip a r u m s t r ai n s D -6 an d W -

2 .
R e s ults th at n e a rly all w e r e c ap able o f i n hi biti n g th e g r o w t h of c ult u r e d o f b oth

str ai n s . A lth o u gh th e i n t e n s ity Of th e r e sp o n s e w a s n o t e q u i v al e n t t o th e k n o w n

a n ti m al a ri al a g e n ts i n v e s tig at e d
,

ap p r e ci a ble a c tl V lty W a s d e m o n st r at e d w ith s o m e

i s ol at e s ･ I n g e n e r al , th e c o n c e n tr a ti o n o f t e s t ag e n t r eq ui r e d t o i n hibit th e gr o w th by

5 0 % w a s r o u ghly eq u l V al e n t o r g r e a t e r i n th e d r u g
-

r e si st a n t s t r ai n W - 2 a s c o m p ar e d w ith

st r ai n D - 6 .

A n ti m i c r ob ial a c ti vi ty : T h e ir w i tr o a n tifu n g al a n d a n tib a ct e ri al a c ti vitie s of th e

is ol at ed is ofl a v o n oid s w a s p e rf o r m ed ･ Cl a u s s e q u l n O n e S h o w e d g o o d
'

a n tib a ct e ri al

a c ti vity w ith M IC v al u e s r a n gin g fr o m 3 t o 6 LLg/ m l ･ 5 - H y dt o x y b o w di c hio n e , w hi c h h a d

p r e vi o u sly sh o w n g o o d a c tl V lt y l n th e bi o a u t o g r ap hic a s s ay ,
w a s o nly w e akly a c ti v e i n

t h e m i c r o dil uti o n t e st . W e a tt ri b ut e this di m i nish e d a c tl V lty t O th e i n s t abilit y of this

c o m p o u n d in s ol uti o n ･ T h e a c tl V lt y m e c h a ni s m of cl a u s s e q u l n O n e m i gh t b e d u e t o

q u l n O n e m Oi et y ･ T h e i n vit r o a n tif u n g al a n d a n tib a cte ri al a c ti viti e s of th e is ol ate d

a n t h r a q u l n O n e S f r o m X y r l S i n di c a w a s a s s e s s e d u s l n g mi c o n a z ol e a s r ef e r e n c e

c o m p o u n d . M i､ni m u m i n bibit 叩 C O n C e n t r a ti o n ( M IC ) w e r e d et e m i n e d t h r o u g h a

m i c r d il u ti o n a s s ay ･ T h e th r e e a n th r a q u l n O n e S e x hibit ed o nl y m a r gi n al o r n o a n tib a c t e ri al

1 9 3



a c t l V lty a t th e c o n c e n tr ati o n s t e st e d ･ 3 - H y d r o x y c h r y s a zi n , h o w e v e r , s h o w e d g
･

o o d

a mi f u n g al a c ti vity w ith M I C v al u e 0 .7 8 ト1g/ m l a g ain s t T ri ch op hyt o n m e n t a g r o p h yt e s a n d

T ･
r u b r u m ,

a d e r m a t o p h yt e s c a u s i n g n n g w o r m a n d a th el e t e
f

s f o o t ･ T h e r ef o r e ･ it i s

c o n cl ud e d t h at 3 - h y 血o x y c h ry s a zi n i s a n a n tif u n g al p n n ciple i n this m e di cin al pl a nt ･

A n ti -i nJ7a m m a t o ry a c ti vity : E n t ad a m id e A a n d B w e r e a s s ay e d fo r a n ti -

i nfl a m m at o ry a c tl V lty u s i n g 5 -1ip o x y g e n a s e a c tl V lty O f R B し1 c ells ･ It w a s f o u n d th at

e n t ad a m id e B w a s m o r e effe c d v e th a n A b a s e d o n i n hibid o n % v al u e s .

S p a s m oly tic a c ti vi ty : A ntis p a s m o dic a c tl V 1
.
ty W e r e i n v e s tlg at e d i n v ar i o u s

s m o o th m u s cl e . A n cistr o t e c t o d n e r e d u c ed n ot o nly sp o nt a n e o u s c o n tr a cti o n b ut als o th e

c o n tr a c ti o n i n d 口C e d b y a c e tyl c h oli n e
,
hi st a m i n e , s e r o t o ni n , b a ri u m , p o t a s si u m a n d

c al ci u m c hlo ri d e i n r a b bit
t

s 〕e) u n u m a n d g u i n e a -

P l g
'

s il e u m ･ R e d u c ti o n of r a t a n d

g u i n e a -

P lg ut e ri n e c o ntr a c ti o n i n b oth sp o nt a n e o u s a n d c o n tr a c ti o n i n d u c e d b y o xy t o ci n

w e r e al s o o b s e r v e d . A n ci str ot e c t o ri n e p r o d u c e d th e d o s e
- d ep e nd e n t r e d u c ti o n of p b a si c

c o n tr a cti o n o f r at v a s d ef e r e n s i n d u c e d b y hist a m i n e , s e r o t o ni n
, b a ri u m

, p o t a s si u m a n d

c al ci u m chl o ri d e a n d al s o sh o w e d d o s e
-d e pe n d e n t i n hibiti o n o f t h e c o n t r a c ti o n o f r a b bit

a o r ti c s t n p e v わk ed b y c al ci u m c hl o ri d e i n th e hig h p o t a s si u m c hl o ri d e s ol u ti o n ･ T h e s e

r e s ults m ay s u g g e s t a c al ci u m a n t ag o ni st -lik e a c ti o n of A n ci st r o t e c t o ri n e ･

M o s t m e di ci n al m a t e ri als c o n t ai n a l a r g e v a ri et y of k n o w n of still u n k n o w n

c o m p o u nd s ･ T h ai tr a diti o n al m edici n e p r ef e r s m ∝1aliti e s c h ar a c t e ri z ed b y a c o m bi n ati o n

of n Ⅵm e r o u s i n di vid u al m at e ri al s , s o m e ti m e s u p t o t e n o r m o r e . It i s o b vi o u s t h at th e

int e r a c ti o n b et w e e n i n di v id u al m a t e ri als m i gh t b e o f c o n sid e r a bl e r el e v a n c e f o r th e

b iol o gi c al effe cti v e n e s s of th e s e c o m bi n a ti o n . S t u di e s o n t h e c h e m i c al c o n s tit u e nt s a n d

p h a m a c ol o gic al a c ti viti e s o f c o m b i n e d p r ep a r a ti o n h a v e b e e n v e ry s c ar c e up t o n o w a nd

a n ap p r op n at e dis c u s si o n of th e e ff e cts of s u c h c o m b in ati o n s i s th e r ef o r e n o t p o s sible at

th e p r e s e nt ti m e .

T o a s s e s s t h e c h e m o t h e r a p e u ti c v al u e of t h e h e r b al fl o r a of T h ail a n d , it i s

e s s e n ti al th at th e pl a n t m a t e ri al s el e c t e d f o r i n v e s tlg a [i o n s h o uld c o m p n s e th o s e sp e ci e s

t h at ar e e x t e n si v ely u s e d i n h e rb al m e dici n e a n d p r o m i n e n tly d e s c ri b e d i n lit e r at u r e ･ A

r ef e r e n c e t o 25 pla nt s 鉦o m 12 diffe r e n t f a m ilie s , w hi c h f o r m p ar t of this st u d y , sh o w s

th at a l a rg e m aj O r lty O f t h e m s a ti sfy th e s e c rit e ri a . N e v e rth el e s s , it i s q u lte Cl e a r f r o m o u r

s t u d y th at a c e r t ai n p r o p o rti o n of T h ai m e dici n al pl a n t s d o p o s s e s s m a r k e d bi ol o gic al

p r o p e rti e s t o f o r m th e b a si s of f u rth e r i n v e s tig ati o n s i n o rd e r t o m a k e th e m i nt e r e sti n g

fr o m th e cli nic al p o i n t Of vi e w ･ T h e d e v el o p m e n t of a m o d e r n th e r a pe u tic a g e n t
,

h o w e v e r , i s a l o n g a n d a n a r d u o u s p r o c e s s
,

n e c e s sit a t l n g th e c o o p e r a ti o n of b o t a ni sts ,

c h e m i st s , ph a r m a c ol o g i s ts , t O X i c ol o g l St S m i c r o bi ol o g i s t s
,
bi o c h e m i s t s a n d fi n ally
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clini ci a n s . H o w e v e r
,
i n a d e v el o pi n g c o u n try lik e T h aila n d , w h e r e e v e ry eff o rt is b ei n g

m ad e t o u tili z e o u r o w n r e s o u r c e s . T h e a v ail ability o f pla n t m a te ri als o bt ai n a ble fr o m th e

h e r b al fl o r a of th e c o u n t ry l S a P n m a ry C O n Sid e r a ti o n a n d ,
a s s u c h

,
m u s t b e li n k ed t o o u r

s ci e n tific i n v e s tig ati o n s f o r th e p r o m o ti o n of r e s e a r c h a n d d e v el o p m e n t i n o rd e r t o a tt ai n

a s m u ch s elf -

s ufficie n c y l n t hi s field a s p o s sible ･
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