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IN T R O D U C TIO N

A m o n g t h e n at u r al p r o d u ct s , A L K A L O )D J
L

s o n e of t h e u s eful a n d in t e re stI
'

n g

g r o up of c o m p o u n d s ･ N o oth e r c一a s s of n at u r a一 c o m p o u n d s p o s s e s s e s s u c h a n

e n o r m o u s v a ri et y of st r u ct u r e s . ] n 1 9 8 3 , o v e r 5 0 0 0 alk a[ oid s of aII st r u ct u r al

ty p e s w e r e k n o w n ･ O n e o f th e big st ru ct u r al ty p e s of aJ k aloid s is hl d ol e

alk al oid s w hic h di s p(a y s a ri c h v a ri ety of st ru ct u r al ty p e s , m a n y of w hi c h h a v e

b e e n e st a blis h e d a n d t h eir sy nth e s e s a c hi e v e d . T h e n u m b e r of i nd ol e alk al oid s of

k n o w n st r u ct u r e a m
p
u nt s t o a p p r o xi m at ely 1 4 0 0 ( P e‖eti e r , 1 9 8 3) ･ S o m e in d o( e

alk aJ oid s e x e rt c o n sid e r a b[ e p h a r m a c ol ogi c al a cti vit y . t h r e e g r o u p s a r e n ot a bl e

f o r cli nic ally u s ef uJ alk al oid s : ( a) th e E rg o t alk a[ oid s , e rg o m e tri n e , w it h it s

dir e ct a ctJ
'

o n o n th e c o nt r a ctJ
'

o n of ut e ri n e m u s c( e ; e rg ot a rni n e fo r m lg r aJ
'

n e r eli ef

a nd m o difi e d alk al oid
,
b r o m o c ripti n e , w hi c h s u p p r e s s e s I a ct a ti o n a n d h a s s o m e

a p p(i c ati o n f o r th e t re a t m e nt of m a m m a ry c a rci n o m a , (b) th e R a u v o/fI
'

a aJk al oid s

a n d s p e cifi c an y r e s e rp) n e w hic h w a s t h e fo r e r u n n e r o f th e t r a n q u 川z e r s a n d

h y p o t e n siv e , ( c) th e di m e ri c a nts -I e u k e m i c alk aJ oid s of C a t h a r a n th u s ,

vi n bJ a sti n e a n d vi n c ri stin e w hi c h a r e i n c u rr e nt c 伽i c al u s e . [t m ig h t b e

t h o u g ht th at i nt e r e st i n i n d ol e alk aloid s h ad w a n ed a n d t h at t h ey h a d p a s s e d t h eir

p e a k a s f a r a s n e w dis c o v e ri e s w e r e c o n c e rn ed . l n f a ct it is l o gi c aJ t o a s s u m e t h at

aft e r s u c h in te n si v e r e s e a r c h eff o rt s
,
th e r e w o u(d b e littl e n o v elty l eft in t hi s a r e a

(P hi= p s o n a n d Z e n k , 1 9 8 0) .

T h e L O G A NJ A C E O U S g e n u s G E L S E M I U M c o n sist s of o nly th r e e s p e ci e s , all of

th e m a r e t h e m aj o r s o u r c e s Of i n d ole alk a[ oid s a n d s e v e r al alk aloid s a r e t o xic ･

T h e fir st G e/s e m /
-

u m s p e ci e s , G e/ G e m /
r

u m a/e g a n s B e nt h ･ ( G e/s e m /
'

u m s u m a tr a n u m

B o e rI .
,

'

L e p t o pt e ris s u m at r a n a BT u m e a n d M e dicia a/ eg a n s G a rd n ･ & C h a m p ･ , H o ok ･)

h a s b e e n u s e d in C hi n a
,
Vi et N a n a n d B o rn e o a s a s uicid al p oi s o n w hi ch i s eit h e r



l l

) n g e st e d o r s m o k e d ･ T h e i) o w e r s o f thi s pl a nt a r e p oi s o n u s t o s m ell , kiI】s

b utt e rf= e s o n t h e flo w e r s ･ l n B u r m a ･ it is u s e d a s a fi s h p o J S O n ･ T hi s pla nt i s u s e d i n

C hi n e s e folk m e dici n e a s a n a n a.g e si c - a nti sp a s m o di c a n d a s a r e m e d y fo r

c e rt ai n ki n d s of s ki n ul c e rs ( O r n d uff, 1 9 7 0 ; L舌n e t a/ . , 1 9 8 9 b) . T h e s e c o n d

G e l s e m I
-

u m s p e ci e s , G els e m I
'

u m s e m p e r vir e n s ( L .) J a u m e S ai n t - H ‖a J
'

r e

- ( G els e m I
'

u m ] u cid u m P oir , G ･ nJ
'

t]
-

d u m M ic h x .
,
B ig n o nia s e m p e r v/

'

r e n s L . a n d

L ]
'

s/
'

a n th u s s e m p e r v I
'

r e n s M i[L) c a u s e s d e at h a rld a b o rti o n i n li v e st o c k w hic h f e e d

u p o n it s ] e a v e s ･ I n g e stio n of n e ct a r a n d h o n ey p r o d u c e d f ro m G e/ s e m J
'

u m fl o w e r s

r e p o rt ed]y
-

h a s c a u s e d d e ath in h u m a n s a n d b e e s i n t h e s o ut h e a st e m U nit ed S t at e s

( H a rdi n , 1 9 6 1 ; Ki n g s b e ry , 1 9 6 4) . H o w e v e r , t hi s pl a nt h a s b e e n u s e d i n t h e

t r e at m e nt of nLe U
r algi a a n d m ig r ai n e ( S a xt o n , 1 9 6 5) . It s a nti s p a s m o di c

p r o p e rti e s i s u s eful i n th e t r e a t m e n t of s p a s m o dic di s o rd e r s s u c h a s a st h m a a n d

w h o o pi n g c o u g h ( G ri e v e , 1 9 7 5) I I nf o r m ati o n o n th e bi ol o g l C al p ro p e rtI
'

e s o f 一a st

s p e ci e s , G els e m J
-

u m r a n k /
'

n /
'

J
'

S m alZ ( G e/G e m /
'

u m s e m p e w I
'

r e n s (V a r .)r in o d o r u m

N utt .) h a s n ot y et b e e n r e p o n e d .

T h e g e n u s G el s e m i u m i s t w i ni n g w o o d y vi n e s; l e a v e s o p p o sit e , si m p( e ,

e nti r e , p eti o[ at e; stip uJ e s r e p r e s e nt e d b y stip ul a r 一i n e s ; fl o w e r s p e nt a m e ro u s ,

di styl o u s o r h o m o styf o u s , o n e t o m a n y , i n a x ‖a ry o r t e r m in al i nfl o r e s c e n c e s;

C O r OII a s f u n n elf Q r m
,
t h e l o b e s i m b ri c at e d i n b u d , b rig ht y e= o w o r o r a n g e

･

y e= o w ; st a m e n s fiv e , e pip et alo u s; st yl e q u a d rifid at a p e x; s e e d s fl att e n e d , u s u ally

w ] n g e d ; n = 8 ･ T hi s g e n u s e x hibit s a p att e r n of di st rib uti o n th at it i s r e p r e s e n t e d

b y th e first sp e ci e s i n t h e s o ut h e a st e rn A si a , t h e s e c o n d s p e ci e s i n th e s o ut h e a st e r n

U nit e d S t at e s a n d t h e hig hl a n d s of M e xi c o a n d G u at e m a一a , a n d th e 一a st s p e ci e s in th e

s o ul h e a st e rn U nit e d St at e s (O r n d uff , 1 9 7 0) .
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G E L S E M / U M E L E G A N S B e nt h ･ i s a c[i m bi n g gla b ro u s e v e rg r e e n s h ru b t o

3 ･ 5 m ･ t an , b a rk c o rk y , w o o d p o r o u s , v e s s e一s n u m e r o u s . L e a v e s o v at e t o o v a t e -

I a n c e ol at e , th e b( a d e s 6 - 1 3 c m ･ 一o n g , s o m eti m e s c u s pid at e , th e p etiof e s O ･5 - 1 ･ 2 c m ･

一o n g ; f[ o w e r s n u m e r o u s , i nf[o r e s c e n c e t e r m i n aJ o r a x = a ry; c o r on a l ･ 2 - 1 ･ 7 c m ･

一o n g ln C[ u di n g t h e ( o b e s O ･3
･ 0 ･ 8 c m ･

l o n g , b rig ht t o o r a n g e
-

y e H o w , o d o rl e s s ;

s e p aJ s l a n c e oJ at e , a c u m i n at e 3
- 4 m rn . (o ng ; p e dic eJs 0 . 3

- 1 . O c m . lo n g , e b r a ct e ol at e

o r w it h a si n gl e s u b t e n d i n g b r a ct e o[ e; c a p s uZ e s o v at e
- eJ‖p ti c i n o ut一i n e , 0 . 8 -

1 ･5 c m ･ l o n g , i nf一at e d ; s e e d s b r o w ni s h , 3 - 4 m m . i n di a m et e r
,
i n cl u di n g a n

i n ci s o - d e nt at e w in g 1
- 2 m m ･ wid e; n = 8 . Fl o w e rin g 亨n S e pt e m b e r t o D e c e m b e r

a n d o c 甲Sio n au y at ot h e r ti m e s ･ F r uiti n g i n M 畠rc h a n d A p ril . T his pJ a n t is

diff e r e nt fr o m th e ot h e r t w o s p e ci e s o n t h e p oi nt s t h at th e 一att e r h a vi n g b o rn e i n

i nflo r e s c e n c e s o f 1 - 8 fr o w e r s , c a p s ul e s n ot i nfl at ed , s e e d s w J n g[ e s s o r

w it h a st ro n gly a sy m m e tri c al e ntir e w in g ｡

G e/ s e m iu m e l e g a n s B e n th . i s dist rib ut e d i n A s s a m
,
n o rt h e r n B u r m a ,

n o rth e r n T h ail a n d , L a o s , Vi e t N a n , s o ut h e r n a n d s o ut h e a st e m C hin a , S u m at ra a n d

n o rt h e r n B o r n e o . S e a l e v e[ t o 6 0 0 0 f e e t ( O m d uff . 1 9 7 0 ; B ra n dis , 1 9 7 1) . W e

fo u n d thi s pl a nt i n 辿 』迎 ほ 辿 辿 , 主迫由 地 追, T圭追 出 ,
k n o w n a s

M all S aJ
'

k ai D o kl u e a n g b ut i n U d o n T h a ni P ro vi n c e a s G o k M u a n a n d N a n P r o vi n c e

a s M a K h e t (S m iti n a n d , 1 9 8 0) .

T hi s th e si s w a s u n d e r t a k e n i n a n e 什o rt t o p r o vid e s o m e o b s e rv ati o n s

o n a[k al oid al c o n stit u e nt s
T

i n c e rt aJ
'

n pl a nt i n t h e t rib e G els e m J
'

e a e of th e f a m ily

L o g a nT
'

a c e a e ･ T h e s p e cifi c i nt e r e st w a s f o c u s e d o n h d ol e aZk af ojd c o nt e nt s a n d

G e/s e m I
'

u m e/e g a n s B e nth .
w a s t h e s u bje ct of s t u d y . T hi s pl a nt w a s fir st st u di e d b y

T . Q . C h o u i n 1 9 3 1 a n d s e v e ral g ro u p s of r e s
le a r c h e r s h a v e c o nti n u e d t h e st u dy ･ T h e
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a ut h o r w i s h e d to i n v e stig at e s o m e Ot h e r p o s sJ
'

bly r e m ai ni n g i nt e r e sti n g h d ol e

aJk al oid s i n this pl a n t .

e

d

r
`

' f
'

.

-

-7 , I

,

'

' '

z
.

'

i .
z

;
･
. 冒. ･

◆

ヽ
ヽ
J

･ < .
I

･

七TJ
∫

汰

冒

芸

｢ ′ 13 1
, 7

t(

;i

A

～
-

ヾ

′
′
′

a

J

＼ノ

/

左≡

て

冒

G e/s e m ]
'

u m ele g a n s B e nt h .

a , fl o w e n n g st e m ,
X
o . 4 ; b , m at u r e c a p s uf e s ,

X l . 7 ; c , s e e d , X 4 ; d , s h o r トh o m o st yJ e d

fl o w e r
,

X
l ･7; e , L o n g

- styf e d ff o w e r e d ,
X
l ･7 ; f

,
s h o rt - st yl e d flo w e r ,

×1
･
7



1 4

P A R T ”

”[S T O R(C A L



1 5

川ST O RIC A L

Tk aloid s a n d t h ei r o c c u r re [!

T h e n u m b e r of k n o w n alk aloid s h a s ris e n d r a m a ti c aJJy , a r e vi e w t o t h e

_ m id dl e of 1 9
7 3 c o u n t e d 4 9 5 9 aJk aJ oid s , of w hi c h 3 2 9 3 h a d k n o w n st r u ct u r e s . B y

[ at e 1 9 7 8
,
t h e n u m b e r st o o d a t n e a rJy 4 0 0 0 , s tr u ct u r a[1y d efi n e d alk a( oid s .

I n 1 9 8 3 , t h e n u m b e r of aJk aloid s w a s o v e r 5 0 0 0 ( C o rd eJl, 1 9 8 1 ; P eJ[ e ti e r ,

1 9 8 3) I I n r e c e nt y e a r苧･ t
h e r e h a v e b e e n i n c r e a si n gly n u m e r o u s e x a m pl e s of t h e

o c c u r r e n c e of aJk al oid s i n a ni m af s , J
'

n s e ct s
,
m a ri n e o rg a n]

'

s m s , m i c r o o rg a ni s m s

a n d t h e 一o w e r pl a nt s . A s t h e m aj o r s o u rc e o f alk al oid s stiTJ h a s b e e n t h e fl o w e ri n g

pl a nt s , th e a n gio s p
■e r m s .

I n d ol e aJk a( oid s a r e d efi n e d a s th e n at u r al o rg a ni c p r o d u cts c o nt ai ni n g

eith e r t h e i n d ol e n u cl e u s (1) o r a n o xidi z e d , r e d u c e d , s u b stit ut e d 6 q uiv al e nt o f

it
,
e .g . o xi n d ol e (2) , p s e u d oi n d o x yl o r †-l

'

n d o x yl (3) , i n d oli n e o r dih y d r o J
'

n d ol e

( 4) , i n d ol e nj n e (5) , h y d r o x yi n d ol e n ]
'

n e (6) . m e t h yl e n ei n d o ‖n e (7) , N
-

a cyJi n d oJ e (8) , 2 - a c yn n d ol e (8 .1) a n d N - a c yli n d oJ e n e ( 8 . 2) . T h e n u m b e r of 盲n d o( e

aJk aJ oid s of k n o w n st r u ct u r e s i n 1 9 8 3 a b o ut t o a p p r o xi m at e(y 1 4 0 0 ( Ki s a k u r e k

e t a/. , 1 9 8 3 ; V e rp o o rt e , 1 9 8 6) .

9

ク
′

ら .

1 2

7

2

N

I
R

1)(1

珂
R

( 2)

ク
′
ヽ

ゝ+
､

N
I

R

(3)
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H O

顎
R

(4)

ク
′

ら.
l

N
,

1

0 = C - R

(8)

ク
′

ら.

ク′

ら.

N

(5)

J i

N
I

R

(8 .1)

○

ク
′

ら.

グ

も､

N

(6)

J d

ー

N
,

1
0 = C - R

(8 .2)

タ′

もI ､
N
i

R

(7)

も､

T h e dist rib uti o n o f i n d ol e a(k al oid s i s b r o a d , c e rt ai n pl a nt g r o u p s a r e

n ot e d fo r c o nt ai nin g t h e m ･ A m o n g t h e s e e d p(a nt s , t h e f a m ili e s A p o cy n a c e a e ,

L o g a ni a c e a e a nd R u bia c e a e h a v e b e e n a v e ry ri c h s o u r c e ofi n d ol e alk al oid s . A n ot h e r

i m p o rt a nt s o u rc e i s th e fu n g al g e n u s C /a v/
'

c ep s , w hic h is k n o w n t o c o nt ai n m o re

t h a n t w o d o z e n diff e r e n t i n d o[ e alk a[oid s ( R o bi n s o n , 1 9 6 8) . S o m e of t h e m a.r e f o u n d

i n a ni m al, e ･g ･ b uf ot e ni n e a nd d e h yd r o b ufot e nin e (T a yl e r , 1 9 6 6 ,
I

S w a n
,
1 9 6 7) .

】n d ol e aJk aJoid s c a n b e divid e d i nt o t w o m ai n c[a s s e s ･ T h e fir st c o m p n s e s

t h e si m pl e i n d o暮e al k a(oid s ･ T h ei r st ru ct u r e s a r e n ot u nJ
'

fo r m
,
h a vi n g o nly t h e

i n d oJ e n u cl e u s o r a dir e ct d e ri v ati v e of it a s a c o m m o n f e at u r e ･ D e p e n din g o n th e

c o n stit utio n of t h e r e st of th e m o一e c ul e
,
t h e y o c c u r i n m a n y pl a nt fa m ‖i e s ( e .g .

,

h a r m a n
,
o bt ai n e d fr o m t h e fa m i一i e s A p o cy n a c e a e , C h e h o p o di a c e a e , EJ a e a g n a c e a e ,

L e g u m in o s a e , L o g a nia c e a e , P a s sifIQ r a C e a e , P o(y g o n a c e a e , R u bia c e a e , S y m pl o c a c e a e

a n d Z y g o p h y‖a c e a e) o r r e st ri ct e d t o v e ry fe w o r o n(y o n e f a m i)y ( e .g . k o e nigi n e

o bt ain e d o n[y f r o m R u t a c e a e) . T h e in d o(e
-
alk alo I

'

d s of t h e s e c o n d cl a s ? c o nt ai n

t w o st r u ct u r e - e一e m e nt s: try pt a m in e wit h t h e i n d of e n u c( e u s a n d a C 9
-

O r C I O
-
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m o n ot e rp e n e m oiet y . d e ri v e d fr o m s e c ol o g a nin ･ P r o b･a bly b e c a u s e t h e y a r e

c o n st r u ct e d fr o m t w o c o m m o n c o m p o n e n t s a n d b e c a u s e t h e y a r e bi o g e n etic aJIy

i nt e rr el a t e d , i n d oJ e alk aJ oid s of t hi s s e c o n d cl a s s h a v e a m o r e s p e cifi c di st rib uti o n

a n d a r e t h e r ef o re m o r e s uit a b(e a s a v e hi c( e f o r a c o m p a r ativ e ch e m ot a x o n o m i c

in v e stig atio n ･ M o r e t h a n 9 9 ･ 8 % of t h e i s ol ati o n s o f th is s e c o n d cl a s s a r e e ntir e(y

dist rib ut e d a m o n g th r e e p一a nt f a m ili e s : L o g a ni a c e a e , A p o cy n a c e a e , a n d R u bi a c e a e ,

b el o n gi n g t o t h e o rd e r G e nti a n al e s ( Kis a k u r e k a n d H e s s e , 1 9 8 0) .

T h e o rd e r G e nti a n a( e s c o m p rIS e S S e v e n P( a nt f a m 川e s . T h e t h r e e

m e nti o n e d I f a m ili e s - h a vi ng
.
r e m a rk a bl e m o rp h oJ o gic al si m Jl a ritie s , h a v e b e e n

c[ a s s王fie d b o t a ni c alTy l n c一o s e r e( atio n s hip , a s s h o w n i n t h e f oI[ o w l n g d i a g r a m ,
t h e

t hi c k lin e s i n dic at e a cl o s e d e g r e e of r e( ati o n s hip ( L e e u w e n b e rg , 1 9 8 0) .

0[ e a c e a e

A s cl e pi ad a c e a e

A w n w #
＼ /
L D g a nia c e a e

/
G e ntia n at e a e

M e n a nth a c e a e

R u bi a c e a e

T h e o c c u rr e n c e of i n d o暮e alk aloid s i n t h e f a m i一ie s A p o cy n a c e a e , L o g a ni a c e a e ,

a n d R u bi a c e a e s u p p o rt s th e id e a gi v e n i n t h e a b o v e di ag r a m c o n c e r ni n g t h ei r

c h e m ot a x o n o m y .

T h e s e t h r e e fa m ]
'

Ii e s c a n b e r e c o g niz e d a n d id e ntifi e d e a si一y , a s th eir l e a v e s

m o st一y o p p o sit e , si m pl e , p( n n at ely v ei n e d , w it h o r w J
'

t h o u t i nt e r - o r i nt r a p eti ol a r

stip u( e s ･ T h eJ
'

r fl o w e rs m o st一y 4
- o r 5 - m e r o u s , u s u a[ly a cti n o m o rp hi c , b ut
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s o m eti m e s zy g o m o rp hi c a n d e x c e pti o n a--y irr e g ul a r ･ C o ro = a s e g m e nt s a一w a y s

u nJ
L

t e d
,
a n d st a m e n s i n s e rt e d o n th e c o r ol-a ･ S t yl e o n e ･ O v a ry ' e x c e pt in m o st

R u bi a c e a e
, s u p e ri o r a n d m o stly 2

-l o c u- a r ･ T h e A p o c y n a c e a e c a n b e diff e r e ntia t e d

fr o m th e L o g a ni a c e a e b y th e p re s e n c e of m ilky s a p ･

T h e g e n e ra of th e L o g a nia c e a e , A p o c y n a c e a e a n d R u bi a c e a e w hi c h h a v e

s p e ci e s c o nt ai ni n g i nd ol e aJk aJ oid s a r e 一i st e d b e一o w (L e e u w e n b e rg , 1 9 8 0) .

F a m i一y L o g a ni a c e a e

'

T rib e G e(s e m i e a e

T rib e S tⅣch n e a e

F a m ily A p o c y n a c e a e

S u b f a m ily PI u m e ri oid e a e

T rib e C a rJ
'

s s e a e

S u bt rib e C a ris si n a e

S u btrib e L a nd olp hiin a e

S u bt rib e P] ei o c a rp ln a e

T rib e P ( u m e ri e a e (A( st o ni e a e)

S u bt rib e C ra spid o sp e r m i n a e

S u bt rib e PI e ct a n e H n a e

S u bt rib e A[ st o nii n a e

S u bt rib e A s pid o s p e r m atin a e

G e/s e m /
'

u m

M o st u e a

S try c h n o s

G a ld n e ria

M e/o dJ
'

n u s

L e u c o n o tis

L a n d oJp h /
-

a ( C a rp o dl
'

n u s)

P jc r a /J
'

m a

H u n t e ri a ( P o/y a d o a)

P/ e /
'

o c a rp a

G r a sp /
'

d o s p e r m u m

G o n/o m a

A /s t o n /
'

a

T o n d u zI
'

a

D J
'

p /O rh y n c h u s
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S u bt rib e C at h a r a nl hi n a e

T rib e R a u v o(fi e a e

S u bt rib e R a u v olfii n a e

S u bt rib e O c h r o sii n a e

S u bt rib e V a ‖e sii n a e

S u bt rib e C o n d yJ o c a rpl n a e

T rib e T a b e r n a e m o nt a n e a e

A s p )
'

d o s p e r m a

G ei s s o sp e r u m

R h a q a

A m s o n /
'

a

C ath a r a n th u s

VI
'

n c a

H ap /o p h yt o n

C ab LN;a/a

月∂u y o/〟∂

O ch r o s I
'

a (E x c a v a tia)

V a// e s]
'

a

K o p s/ a

C o n dylo c a rp o n

C rio c e r a s

C aI//
'

ch i/I
p

a ( H e d r a n th e r a)

S te m m a d e n /
'

a

C a p u r o n e(t a

T a b e rn a e m o nt a n a( P a g /
l

a nth a
,
F7 ej o u a ,

E w a t a m I
'

a
, H a z u n t a , P e s c h J

'

e ra , C o n o p h a ry n gj a , P a n d a c a , G a b u nia)

T a b e r n a n th e

V o z m a

S ciz o zy g /a

F a m i一y R u bi a c e a e

S u bf a m ily R u bioid e a e

T rib e C hi o c o c c e a e

T rib e P s y c h ot ri e a e

H o dg kin s o n ]
'

a

P s y c h o t r/
'

a
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T rib e U r o p h yn e a e

T rib e O p hio rrhi之 e a e

T rib e H a m eJi e a e

T rib e S p e r m a c o c e a e

T rib e H e d y otid e a e

S u bfa m ily C J
'

n ch o n o J
'

d e a e

T rib e N a u c! e e a e

T rib e Cin c h o n e a e

P a//
'

c o u r e a

C ep h a e/J
'

s

P a u rjd /
l

a n th a

O p hi o r rh J
'

z a

地 m eノ由

S p e r m a c o c e (B o rr e n
'

a)

F7/
'

c h a rd I
'

a ( R I
'

ch a rd s o nia) ?

Fl e d y otis
?

M a n e tt]
-

a
?

N a u c/e a (S a r c o c e p h alu s)

C ep h a/a n th u s

N e o n a uc:/e a

M I
'

t r a g y n a

u n c a ria

A n th o c e p h a/u s

A dI
'

n a

C /
'

n ch o n a

L a d e n b e lg J
'

a

H e m /J ] a

C or y n a n th e ( P s e u d o cJ
'

n c h o n a)

P a u sl n y St a//
-

a

C a p lr O n a
?

E x o st e m a ?

C o ut a r e a

Hy m e n o d /
'

c y o n
?

c r o s s o p t e ry x
?
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T rib e R o n d el etie a e

T rib e M u s s a e n d e a e

T rib e G a rd e nj e a e

T rib e C o 斤e e a e

S u bf a m ily G u ett a rd oid e a e

p

T (ib e G u ett a rd e a e.

F e rd I
'

n a n d u s a ?

p p g o n o p u s
?

S J
'

m I
'

r a ( S ick l
'

n g ia , A r a n
'

b a)

I s e rt/
'

a

L e p t a c tin a

T o c D y e n a
?

T a r e n n a

A n ti rh e a

TJ
'

m o ni u s

S u bf a m ily HiHi oid e a e

T rib e Hini e a e H /
'

//I
'

a
?

( a . N a m e s i n b r a c k et s r e p r e s e nt sy n o n y m s ; b . q u e st)
I

o n m a rk s i n di c at e th at t h e

alk aJ oI
'

d s h a v e n ot d efi nJ
'

t eJy b e e n ch a r a ct e ri z e d a s in d o( e alk aloid s)

T h e f a m ily L o g a ni a c e a e c o m p rIS e S a b o u t 3 0 g e n e r a w it h a p p ro xi m at ely

6 0 0 s p e ci e s ･ T h e s e sp e ci e s a r e dist rib ut e d i n t h e t r o pI C aJ , s u bt r o p I C al a n d

t e m p e r at e z o n e s ( H e y w o o d , 1 9 7 8) . A s m e nti o n e d b ef o r e , o nly f o u r g e n e r a

of th e L o g a ni a c e a e h a v e r e p r e s e nt ati v e s w hi c h c o nt ai n in d ol e alk al oid s . T h e y

b el o n g t o t w o diffe r e nt b ut r el at e d t rib e s
,
i . e . G e[ s e m i e a e a n d S t ry c h n e a e .

G els e I71I
'

u m w it h 3 s p e cie s , i s cf o s eJy alli e d t o M o st u e a , w it h 8 sp e ci e s , t h r o u g h

t h eir si m i( a r l e a v e s
,
fl o w e r s w ith i nf u n dib uJif o r m c o r o‖a , a n d d o u bly b r a n c h e d

stig m a . M o s t u e a h a s s e ed s w hi c h a r e v e ry diff e r e nt fro m t h o s e of G e/ s e m iu m

b u t w hic h b e c a u s e of t h eir b o n y e n d o s p e r m a r e v e ry lik e t h o s e of S ( ry c h n o s , a

g e n u s c o m p n sl n g a b o ut 2 0 0 s p e ci e s . O n t h e oth e r h a n d , t h e fl o w e r s of s o m e

S try ch n o s s p e ci e s st riki n gly r e s e m bl e t h o s e of G a rd n e r/
.

a
,
a s m al一g e n u s w it h

o nly 5 s p e ci e s . T h e di sti n ct diffe r e n c e i s t h a t t h e o v u[ e i n e a ch (o c ul u s of
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G a r d n e rI
-

a is o n e
･
w hJl e th o s e of S t ry c h n o s a r e n u m e ro u s a n d th e 一e a v e s of

S tTy C h n o s a r e p r o m i n e ntfy 3
- 7 n e r v e s st a rti n g fr o m n e a r t h e b a s e (B o p , 1 9 5 3;

L e e u w e n b e rg , 1 9 8 0) .

T h e i n d o[ e aJk al oid s d e riv e d fr o m t ry pt a m J
'

n e a n d s e c ol o g a nj n c a n b e

- cl a s sifi ed i nt o eig ht ty p e s , a c c o rdi n g t o t h e st r u ct u r a一 ch a r a ct e ri sti c s of t h eir

S k el et o n s ･ T h ey a r e･ c o ry n a nt h e a n
- o r C -ty p e , e . g . s a rp a gi n e ( 9) , aj m aJi ci n e ,

k o u m idi n e ; vi n c o s a n - o r D -ty p e , e .g vi n c o sl
'

d e (1 0) , t aJb o ti n e; v a = e si a c h ot a m a n -

o r V
-ty p e ; e . g ･ v a= e si a c h o t a m ]

'

n e (l l); st ry ch n a n - o r S -t yp e , e .g . v o m ici n e (1 2) ,

a k u a m m ici n e; a s pi d o s p e r m at a n
- o r A -t y p e , e .g . a s pid o s p e r m ati n e , c o n d yl o c a rpin e

(1 3); e b u rn a n - o r E -ty p e , e .g . vi n c a m i n e (1 4) , di ch otJ
'

n e ; Pf u m e r a n
- o r P -

ty p e , e .g . k o p si n e (1 5) , a s pJ
'

d o s p e r m I
'

d J
'

n e; a n d ib o g a n - o r J
-

ty p e , e .g . v o aJ ut ei n e

(1 6) , ib o g ai n e .

Alk al oid -

ty p e s

ク
′

ら .

N

C o ry n a n th e a n

(C -ty p e)

什
ノ

H O
ク′

もI .

Al k al oid s

N

H H ′
′

N
.

I

H

1 5
､

勺

H 3 C

S a rp a g J
'

n e ( 9)

C H
2
0 H
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什
一

”

も､
N

Vin c o s a n

( D - t y p e)

ク
′

ら.
N

.I

V alJ e si a c h ot a m a n

( V -

t y p e)

ク′

も､

S 叫 c h n a n

(S
-t y p e)

H
ヽ

什
一

ク
′

も､

ク
′

≒さ､

ク ′

も､

H O

N

H
H

H
3
C O O C

′

N H

1 5

も､

V i n c o sid e (1 0)

N

H H
′

H
3
C
H
ノブ

N

15

H 2

′H

0

. O GJu

H

C O O C H
3

C H O

V all e si a c h o t a m i n e (l l)

N -
C H
3

N
H

1 5

H
I

I

H

○

V o m i ci n e (1 2)

､

H

､

勺
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タ′

N

H

ク′

も､

A s pid o s p e r m at a n

( A ･t y自e)

ク
′

ち.
N

E b u r n a n

( E - t y p e)

ク
ー

も､

P 山m e r a n

( P - t y p e)

ち. ミゝ. 1 5

H

C O O C H
3

C o n d yl o c a rpi n e (1 3)

ク
′

ミゝ
.

H O

N

H
I

H
3 C O O C

/

Vi n c a m i n e (1 4)

N

ク
′

も､
N

H 3 C O O C

K o p si n e (1 5)

1 5
■

N

1 5

p
H

O H



2 5

ク′

ミゝ
.

N

lb o g a n

(J -

ty p e)

;㌢
■

ミゝ
.

N

H

H
3
C O O C

V o al ut eJ
'

n e (1 6)

N
一

1 5

T h e eig ht s k el et aJ t yp e s of i n d o] e alk afoid s c a n b e div id e d bio g e n eti c aIIy

i nt o t w o m ain g r o u p s : t h e C
･

, D -

, V -

, S - a n d A -ty p e s c o nt ai ni ng a s k e一et o n

w it h a n o n r e a r r a n g e d s e c olo g a ni n m oi et y a n d t h e E
-

,
P - a nd J -ty p e s w it h a

r e a r r a n g e d s e c oJ o g a ni n m oj et y . T hi s cl a s sifi c ati o n js c o nfir m e d i n a d diti o n t o th e

c o m m o n s tr u ct u r a( f e at u r e s , b y th e fa ct th at all of th e C
-

, D -

. V -

, S - a n d A -

ty p e alk al oid s - w it h k n o w n a b s o 山t e c o 岬g u r ati o n s h o w t h e s a m e a b s o 山I e

c o nfig u r ati o n at C(1 5) a s s e c o[ o g a ni n (1 7) at C (7) . O n t h e o t h e r h a n d
,
alk al oid s

w it h a
.
r e a rr a n g e d s e c oJ o g a ni n c o m p o n e nt ( E

-

,
P -

I J
-) c a n o c c u r w it h eit h e r

ab s o一ut e c o nfig u r ati o n .

4

5
C H O

H
一

‾

=
3 C O O C

/
も､

∫

H 2

H

0

βG 山

1 0

s e c olo g a ni n ( 1 7)

T h e s k el et al ty p e s w J
'

th a r e a rr a n g e d s e c olo g a ni n m oi ety ( E
-

,
P -

a n d J -

t y p e s) o c c u r e x cl u si v ely i n t h e s u b fa m ‖y Pl u m e ri oid e a e of t h e A p o c y n a c e a e . T h e

o c c u rr e n c e of alk aloid s o f A - a n d S ･ t y p e s i s r e st ri ct e d t o t h e L og a ni a c e a e a n d
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A p o cy n a c e a e L O n t h e oth e r h a n d , a[k a暮oid s of C -

, D -

a n d V -ty p e s h a v e b e e n d et e ct e d

i n a” o f th e t h r e e p( a nt f a m i‖e s ･ T h e L o g a ni a c e a e , o nly C
-

ty p e alk aJ oid s h a v e

b e e n i s ol at e d fr o m G e/ s e m I
'

u m a nd M o st u e a of t h e G eLs e m i e a e . Of th e ot h e r

t rib e ･ S try ch n e a e ･ G a rd n e ria s p e ci e s c o nt aJ
-

n o n[y C
-ty p e alk al oid s , w h e r e a s

aJk al oid s of C -

･ D -

･ V -

I
S - a n d A -ty p e s h a v e b e e n is o(a t e d fr o m s p e ci e s of

S try c h n o s ･ T h e m o st a b u n d a nt aJk al oid s ”
.
th e L o g a ni a c e a e a r e of th e S

-

ty p e 4

T h e o c c u rr e n c e of i nd ol e alk aJ oid s i n th e L o g a n]
'

a c e a e is s h o w n b elo w (Ki s ak u r e k e t

a ノ.
,
1 9 8 3) .

N u m b e r of C - D - V - S - A - T ot al

i n v e stig at ed s p e cie s

G eZs e m i e a e

G e/s e m I
'

u m

M o st u e a

S try ch n e a e

G a Fd n e rJ
'

a

S try ch n o s

T ot a(

7 1 1 0 0

2 4

6 8 7 6

75 1 0 4

4 9 3 5 6 5 0 8

4 9 3 5 6 1

4 9 3 5 6 1 5 1 2
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f th e L o o a n

A s m e nti o n e d b ef o r e
,
o n(y fo u r g e n e r a of t h e L o g a ni a c e a e a r e k n o w n

d efi nit ely t o b e aJk aZ oid b e a r m g , th e fJ
'

r st t w o g e n e r a a r e G e/s e m iu m , w it h 3

s p e ci e s , a n d M o s t u e a , w it h 8 s p e ci e s , b elo n gi n g t o t h e t rib e G eJ s e m i e a e . T h e

ot h e r t w o g e n e r a 一 S tTy C h n o s ･ a g e n u s c o m p risi n g a b o ut 2 0 0 s p e ci e s a n d G a r d n e rI
･

a
,

w ith o nly 5 s p e ci e s b eJ o n g h g t o th e t rib e S t ry c h n e a e .

1 . C h e m ist ry ,
of G e/s e m /

.

u m A[k al oid s

T h e g e n u s G e/s e m i u m c o m p n s e s o f th r e e sp e ci e s : G e /s e m iu m e/ eg a n s

B e nt h ･ i n S o ut h e a st e r n A si a; G e/s e m /
'

u m s e m p e w I
-

r e n s (L .) J a u m e S t . - H ‖air e

a n d G e/s e m /
'

u m r a n kijlI
'

/
'

S m aJ = n th e U nit e d S t a t e s . A b o ut 2 0 aJk al oid s h a v e b e e n

i s ol at e d fr o m G e / s e m i u m s p e ci e s a n d n e w aJk al oid s a r e c o nti n u a1[y b eJ
･

n g

e n c o u nt e r e d .

1 ･1 Alk al oid s Is ola t e d fr o m S p e cJ
'

e s of G e/s e m /
'

u m

T h e aJk a( oid s r e p o rt e d t o b e p r e s e nt in th e s p e ci e s of

G e/s a m /
'

u m a r e s u m m a ri z ed a s foJJ o w s :

l ･l ･l G els e m I
-

u m eleg a n s B e nt h .

R ∞t s : h u m a nt e n din e (Y a n g a n d C h e n , 1 9 8 2)

: h u m a nt e n m i n e (g els e ni ci n e) , h u m a nt e n di n e (1 4 - h y d r o x y
-

g els e ni cJ
'

n e) , g els e viri n e , k o u m i n e , g eJ s e m i n e , h u m a nt e ni n e ,

h u m a nt e nirin e (Y a n g a n d C h e n , 1 9 8 3)

: 1 9 -(Z) - a k u a m m idi n e , 1 6 - e pl
'

- V O a C a rPJ
.

n e , 1 9 - h y d r o x y ･

dihy d r og eJ s e viri n e , k o u m idi n e , g els e m I
'

n e
,
k o u m i n e

,

g eJ s e virin e , g el s e ni ci n e , 1 4 - h y d r o x y g el s e ni cJ
'

n e
,

h u m a nt e ni n e (S a k ai e t a/. , 1 9 8 7)

: 1 9 ･

( Z)
- t a b e rp s y c hi n e ( P o n gJ u x et al . . 1 9 8 8)
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R ∞t s : (1 9 R ) -k o u m I
'

n o( a n d (1 9 Sトk o u m i n oI (S u n , X i n g a n d Lj a n g ,

1 9 8 9)

S t e m s a n d b r a n c h e s : k o u m i n e (J a n Qt et a/. , 1 9 5 3)

L e a v e s

S e ed s

W h ol e p一a nt s

N ot m e nti o n e d

: eJ eg a n s a m i n e , g el s e m i n e . g e(s e viri n e , k o u m J
'

n e , g etS e nici n e .

1 4 1 h yd r o x y g el s e ni ci n e , h u m a n t e ni n e , 1 9
-(Z) - a k u a m m idi n e

k o u m idi n e , 1 6 - e p トv o a c a r pi n e ( P o n gJ u x et a/ . , 1 9 8 8)

: g e[ s e m i n e (J a n ot e t a/. , 1 9 5 3〉

: k o u m in e N - o xid e , g el s e m i n e N - o xid e a n d 1 9 - o x o g e(s e hi ci n e

(P o n glu x e t a/ . , 1 9 8 8)

: 1 4 - h y d ro xy g els e di n e (P o n gl u x et a). , 1 9 8 8)

: k o u m in e
, g els e m i n e , k o u m i ni n e , k o u m i ni ci n e a n d k o u m ini

-

din e ( C hi, K a o a n d H u a n g , 1 9 3 8)

: s e m p e rviri n e (J a n ot et a]” 1 9 5 3)

: k o u m idi n e
, g el s e m i n e , k o u m in e , g els e di n e a n d a k u a m m idin e

(Ji n a n d X u , 1 9 8 2)

: g e) s e m a m id e a n d l l
- m et h o xy g els e m a m id e (L舌n et a) ･ ,1 9 8 9 a)

: N - d e s m et h o xy r a n ki nidi n e , 1 l
l h y d r o x y r a n ki nidi n e ,

i 1 -h yd r o xy h u m a nt e ni n e a n d 1 1
- m et h o xy h u m a nt e nin e (Li n

et a/.
.
1 9 8 9 b)

: k o u m i ci n e a n d k o u m idi n e ( Li u e t a/ ” 1 9 6 1)

: h u m a nt e n m i n e , h u m a nt e ni n e , h u m a nt e n din e , h u m a nt e niri n e ,

k o u m in e
, g els e m in e a n d g els e viri n e ( Y a n g a n d C h e n ,

_
1 9 8 2 a ;

1 9 8 4)

: g el s e ni c h e , g eJ s e nidi n e ( D u et aJ ･ , 1 9 8 2)
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1 1l ･ 2 G e /s e m iu m s e m p e r vir e n s ( L .) J a u m e S しH n air e

R o ot s : g els e m i n e . s e m p e r viri n e , g eJ s e m i ci n e , g els e d ]
-

n e a n d

g el s e viri n e (S c h w a r z a n d M a ri o n ,1 9 5 3)

R o o t s a n d rhi z o m e : g eL s e m i n e ( M o o r e , 1 9 1 0)

: g el s e m i n e , s e m p e r viri n e a n d g el s e m i ci n e ( F o r s yt h et a/ . ,

1 9 4 5 ; F e rr ei r o . 1 9 4 5)

S t e m s : 1 4 β- hy d r o xy g eJ s e di n e ( S c h u n a n d C o rd eI[, 1 9 8 5)

N o t m e nti o n ed

S t e m s

: s e m p e rvirin e , g el s e m in e , g eJs e m idi n e a nd g efs e m oid h e

(
+
s a y r e , 1 91 9)

: g el s e viri n e (1 - m et h o x y g el s e m i n e) ( W i c htJ e t a/. , 1 9 7 3)

: 2 l - o x o g eJ s e m in e (N ikif o r o v e [ a/ . , 1 9 7 4)

1 .l . 3 G els e m I
'

u m r a n k I
'

n I
'

I
'

S m aJI

: 2 1 - o x o g el s e vi rin e , g e(s e m i n e a n d g e暮s e viri n e ( S c h u n , C o rd ell

a n d G a rl a n d
,
1 9 8 6)

: r a n kJ
-

nidi n e
,
h u m a nt e ni ri n e a n d h u m a nt e ni n e(S ch u n a n d

C o rd ell
,
1 9 8 6)

1 . 2 S t r u ct u r e s of G e/s e m /
'

u m A (k a( oid s

T h e aJk al oid s o bt ai n e d fr o m t h e s p e ci e s of G e/s e m /
'

u m , c a n b e

di vid e d int o t w o m ai n g ro u p s , i n d ole aJk af oid s a n d o xi n d oJ e alk aJ oid s .

1 .2 .1 l n d o[ e alk a[ oid s

T h e alk aJ oid s i n t his g r o u p h a v e b e e n cl a s sifi e d i nt o

t h r e e diff e r e nt s k e( e t aJ ty p e s : s e m p e r viri n e
-t y p e , e . g . s e m p e r viri n e ( 1 8);

k o u m i n e -ty p e , e ･ g ･ k o u m ]
'

n e (1 9) , k o u m i n e N - o xid e ( 2 0); a n d s a rp a gi n e
-ty p e

( 2 1) , e ･ g ･ k o u m jdi n e ( 2 2) , 1 9 -( Z) - a k u a m m idi n e ( 2 3) , 1 6 - e p 卜V O a C a rP ] n e

( 2 4) I 1 9
-

( Z トT a b e rp s y c hi n e ( 2 5) 亨s a n ot h e r t y p e of
_
i n d ol e al k al oid s i s ol at e d



3 0

fr o m G ･ e/e g a n s B e nt h ･ ( O h a s hi et al . , 1 9 6 3 ; D e n a y e r -T o u rn ay et aI. , 1 9 6 5 ;

S a k a]
-

et a/
”
1 9 8 7 ; Li u a n d L u , 1 9 8 8 ; P o n gl u x et al. , 1 9 8 9) .

S e m p e r vi ri n e
- t y p e

K o u m i n e - ty p e

≠㌢

も ､

古本
R

. [
N

ク
′

ら.

/
C H
3

0

〔

”
3

㌔ノ

0

0

N

､

勺

J 4
N

も､

＋

s e m p e r v I
'

ri n e (1 8)

ク
′

ら, .
N
. メ

k o u m i n e (1 9) : R = H

(1 9 R) - k o u m i n ol a n d (19 S) - k o u m i n ol : R = O H

S a rp a g l n e
･ty P e

ク
′

も､
N

H

(2 1)

R
/

3

′

k o u m i n e N - o xid e (2 0)

Rl

N
､

ゝ
1 9

R 2
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Alk al oid s R l

k o u rni di n e (2 2) C H 〆) H

1 9 -(Z トa k u a m m idi n e (2 3) C CX m

1 6 - e pi
- v o a c a rpi n e (2 4) C H 2 0 H

ク
′

もさ､ ヽ

N

H

N =

R 2

C H 2 0 H

∝X にH 3

も､
1 9

1 9 -(Z トt a b e rp s y c hi n e ( 2 5)

R 3 C(1 9)

O H

1 .2 .2 0 xi n d o( e alk a( °id s

T h e o xi n d ol e alk al oid s i s o一at e d fr o m t h e s p e cI
'

e s o f

G els e m I
-

u m h a v e b e e n cl a s sifi e d i nt o t h r e e diff e r e n t s k el et al t y p e s : g eJs e m i n e
-ty p e ,

e ･ g ･ g el s e m i n e (2 6) , 2 1 - o x o g e[s e m i n e (2 7) , g eJ s e viri n e (2 8) , 2 1 - o x o g el s e viri n e

(2 9) , 1 9 - h y d r o x y dih y d ro g el s e vJ
'

ri n e (3 0) , g e( s e m i n e N - o xid e (3 1); h u m a n t e nin e

-

ty p e 7 e ･ g ･ N - d e s m et h o xy r a n ki nidi n e (3 2) , r a n ki nidi n e (3 3) , l l - h y d r o xy r
,
a n ki n i -

di n e (3 4) , h u m a nt e ni n e (3 5) , l l - h y d r o x y h u m a nt e n]
'

n e (3 6) , h u m a nt e nirin e

(3 7) , 1 1 ･ m et h o x y h u m a nt e ni n e (3 8); g e( s e di n e -t y p e , e .g . g eJ s e di n e (3 9) , 1 4 -

h y d r o xy g el s e di n e (4 0) , g el s e m i ci n e ( 41 ) , 1 4 - h y d r o x y g e( s e m i ci n e ( 4 2) ,

g el s e ni ci n e ( 4 3) . 1 4 ･ h y d r o x y g et s e ni cJ
'

n e ( 4 4) , 1 9 - o x o g e) s e ni ci n e (4 5) ,

el e g a n s a m i n e (4 6) ( L o v e[] , P e pi n s k y a n d W il s o n , 1 9 5 9 ; W e n k e rt et a/. , 1 9 7 2 ;

Ni kif o r o v et a/
”
1 9 7 4 ; Y a n g a n d C h e n 1 9 8 4 ; S ch u n a n d C o rd elI , 1 9 8 5 ; S c h u n a n d

C o rd 釧
,
1 9 8 6 ; S a k ai e t a/ . , 1 9 8 7 ; P o n gl u x e t a/ ” 1 9 8 8 .

,
P o n gl u x

'

e t a/ .
,
1 9 8 8 a;

Li n et a/･
,
1 9 8 9 b ; L舌n e t a /. , 1 9 8 9 a) . F u rt h e r m o r e , o t h e r t w o alk al oid s

,

g el s e m a m id e ( 4 7) , a n d ･1 l - m e th o x y g eJs e m a m i d e ( 4 8) , m ig h t b e d e riv e d fr o m t h e



3 2

h u m a nt e ni n e -t y p e ･ e s p e ci a H y , r a n ki nidi n e (3 3) a n d h u m a n t e nir n e (3 7) , b y

r e a r r a n g e m e nt of ･ t h e N l - C 2 b o n d t o C 2
- N 4 (Li n e t ai. , 1 9 8 9 a) .

G els e m i n e -t y p e

ク
′

㌔.
N

R
l

Alk aJ oid s

g els e m i n e (2 6)

2 l - o x o g e[ s e m i n e (2 7)

g eJs e viri n e (2 8)

メ: H 3

- N
/
C H
3

R 2

ク
′

㌔ .

N

H

g el s e m i n e N
- o xid e (3 1)

R l

㌔

R 2 R 3

H 2 H C = C H 2

0 H C = C H 2

O C H 3 H 2 H C = C H 2

2 l -

o x o g e[ s e viri n e (2 9) O C H 3 0 H C = C H 2

1 9 - h y d r o x y d i h y d r o
-

g ef s e vjri n e (3 0) O C H 3 H 2 H O - C H - C H 3
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1 4

ク
′

l l
モ
ゝ ､

R 3
ド

R
l

N
∫

R
ヱ

､ 一

句

H u m a nt e ni n e -ty p e

A[k a( oJ
'

d s

N - d e s m et h o x y r a n ki nidi n e (3 2)

r a n ki ni di n e ( 3 3)

1 1 - h y d r o x y r a n ki ni di n e(3 4)

h u m a n t e nJ
'

n e (3 5)

l l - h y d r o x y h u m a nt e ni n e (3 6)

h u m a n t e n ]
'

ri n e (3 7)

1 1 - m e t h o x y h u m a n t e ni n e (3 8)

G el s e din e -t y p e

R
l

ク
㌢

a
N

0 C H
3

R l

∝ トb

∝トb

∝トも

∝トb

∝トも

∝トも

H 4 1 9

R 3

R 2

C H 3

C H 3

C H 3

R 3

O H

O H

∝ H3

0 C H 3
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Alk a( oid s R l

g el s e din e (3 9) H

1 4 - h y d r o x y g el s e di n e (4 0) ”

g el s e m i ci n e (41) ∝ Lb

1 4 - h y d r o x y g eJ s e m J
'

cJ
'

n e (4 2) O C H 3

g ef s e nici n e (4 3) H

( o r 2 0 - N 4 - did e h y d r o g ef s e di n e)

1 4 - h y d r o x y g eJs e ni ci n e ( 44) H

1 9 - o x o g els e ni ci n e (4 5) H

ク
′

§
､ゝ

#

l l

㌔ .

R l

N

O C H
3

N

el eg a n s a m i n e (4 6)

1 4

H

N
さヽ

O C H 3

0

R 2

O H

O H

0 り

O H

ノ≠

H O h F
,

0

R 3

H 2

H 2

H 2

H 2

H 2

H 2

し
o

C H
3

N
､ ■
く≒

g els e m a m id e ( 4 7) : R = H

l l - m et h o x yg el s e m a m i d e ( 4 8) : R = O C H 3
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2 . C h e m i stry of M o s t u e a Alk al oid s

T h e g e n u s M o s t u e a c o n si st s of 8 sp e c]
'

e s : o n e i n th e n o rth e r n S o uth

A m e ric a a n d th e r e st i n t ro p I C aJ A fri c a . T h e ark al oid s of M o s t u e a a n d G e/G e m /
'

u m a r e

v e ry si m ‖a r .

2 ･1 Alk al oid s [ s oJ at e d fr o m S p e ci e s of M o s t u e a .

T h e aJk aJ oid s r e p o rt ed t o b e p r e s e nt i n t h e s p e ci e s o f M o st u e a

a r e s u m m a ri z e d a s foll o w s :

2 ･1 ･1 M o s t u e a b r u n o n/
'

s Did r ･ v a r ･ b r u n o n I
'

s f ･ a u g u s tif o /I
'

a

R ∞t s : s e m p e r virin e ( O n a n g a a n d K h u o n g - H u u , 1 9 8 0)

S t e m s : 1 4 - h yd r o xy g e(s e m ici n e (O n a n g a a n d K h u o n g - H u u , 1 9 8 0)

S t e m s a n d L e a v e s : m o s 山ei n e , 2 0 -

( N 4) -d e h y d r o g e暮s e m ici n e , g eJs e m i ci n e

･( O n a n g a a n d K h u o n g ･ H u u , 1 9 8 0)

2 ･l ･2 M o s t u e a b u c h h o/z I
'

i E n gl .

B r a n ch e s a n d L e a v e s : s e m p e r viri n e ( G elf e n a n d S c h w a r ヱ, 1 9 5 1)

2 .l . 3 M o s t u e a s(i m u/a n s A . C h e v .

N o t m e ntio n ed : s e m p e rv J
'

ri n e
, g eJ s e m i n e ( P a ri s a n d M o y s e - M ig n o n , 1 9 4 9)

2 .2 S t r u ct u r e s of M o s t u e a AJk al oid s

O n(y v e ry f e w st u di e s h a v e b e e n m a d e o n t h e alk al o id s of

M o s t u e a a n d m u c h m o r e c e rt ai n i nf o r m ati o n s a r e u n d o u bt e dly n e e d e d ･ S o f a r

r e p o rt e d al m o st aJI o f th e M o s t u e a a(k al oid s a r e t h o s e f o u n d a一s o in t h e g e n u s

G e/ s e m /
'

u m a n d t h e)
'

r st r u ct u r e s h a v e alr e a d y b e e n s h o w n . F u rt h e r m o r e , m o st u ei n e

(4 9) i s o[ at e d fr o m M o s t u e a b r u n o n /
'

s Did r . v a r . b r u n o n i s f . a u g u stif o/I
'

a i s of t h e

i n d oJ e g r o u p , b ut t h e st r u ct u r e i s n o t si m il a r t o th o s e ty p e s of G e /s e m I
'

u m i n d ol e

aJk al o I
'

d s .
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ク
′

も､

H
3
C

N

グ や

H
I N

伽

C H 3

m o st u ei n e (4 9)

3 ･ C h e m i stry of G a rd n e ri a A]k a[ oid s

J a p a n e s e r ep r e s e nt ativ e s of t h e s m all g e n u s G a r d n e r(
'

a , c o n sisti n g of

5 - 6 s p e ci e s o c c u rri n g fro m I n di a t o C e nt r al J a p a n , h a v e b e e n
■
e x a m i n e d in s o m e

d et ai一b y S a k ai a n d his c o w o rk e rs , a n d m o r e t h a n 1 8 alk al oid s h a v e b e e n is o[ at e d .

3 ･1 AIk aloid s is olat e d fr o m S p e ci e s of G a rd n e r)
'

a

T h e alk al oid s re p o n e d t o b e fo u n d i n th e s p e ci e s of G a rd n e rJ
'

a

a r e s u m m a ri z ed a s fol[o w s :

R o ot s a n d st e m s

R o ot s a n d st e m s

3 .i .i G a l d n e ri a /
'

n s ula rjs N a k aj

: g a rd n e r a m i n e , g a rd n e ri n e , g a rd n u tin e , 1 8
- h y d ro x y

-

g a rd n uti n e , 1 8
- d e m eth o x yg a rd n er a m in e (H agi ni w a et a/. ,

1 9 7 0 ; Bis s et a n d P h 川ip s o n , 1 9 7 6)

3 .1 .2 G a rd n e ria m u /t/
'

fl o r a M a kin o

: g a rd n e ra m i n e , g a rdfl o r a m )
'

n e
,
1 9 ･( E) - 1 8 - d e m eth o xy

･

g a rd n e r a m i n e , 1 8
- d e s m et h o xy g a rdf( o r a m i n e , ch it o s e ni n e

( alk at Qid F)(S ak ai e t a/i , 1 9 7 5)

: g a rd n e r a m in e N
- o xid e

,
e x o m et h yle n e c o m p o u n d ,
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1 8 - d e m et h y(g a rd n e r a m i n e ( a】k al oid G) , g a rd m u(ti n e

( aJk aJ oid E) , a[k aJ oid ) , aJk aJ oid J , alk aJo J
'

d N , alk al oid M ,

a[k af oid L (S a k ai , 1 9 7 6 ; S a k ai e t a/. , 1 9 7 7)

1 8 - d e m et h o xy g a rd m uJti n e ( S a k ai et a/ ” 1 9 8 2)

R o ot s a n d st e m s

R o ot s a n d st e m s

3 .1 .3 G a rd n e rI
'

a n ut a n s S ie b . et Z u c c .

: g a rd n e r a m i n e , g a rd n e ri n e , g a rd n uti n e , h y d r o x y g a rd n uti n e

( H a gini w a e t aI. , 1 9 6 7 ; S a k ai , K u b o a n d H a gi ni w a , 1 9 6 9 ;

S a k ai e t aJ . , 1 9 6 9 ; S a k ai e t a/. , 1 9 7 1)

1 9 -(E) - 1 8 - d e s m et h o x y g a rd n e r a m i n e ( S a k aj , 1 9 7 6)

: 1 8 - h yd ro x y g a rd n e ri n e (Ai m i e t al一 , 1 9 7 8)

3 .l .4 G a r d n e ria s h /
'

m a d ai H a y at a

: g a rd n e r a m ]
'

n e , 1 8
- d e m et h y[g a rd n e r a m i n e , g a rd m uZti n e ,

c hit o s e ni n e (H a gj ni w a e t a/. , 1 9 7 0 ; B is s e t a n d P h 川ip s o n ,

1 9 7 6)

3 .1 .5 G a r d n e ria //
'

uki u e n sis H at s u s hi m a

: AIk a[ oid s ofythis sp e ci e s w e r e p r o v e d t o b e q uit e si m ‖a r t o

t h at of G a rd n e rJ
'

a m ultif/o r a M a ki n o (S a k ai e t a/. . 1 9 7 7)

3 .1 .6 G a r d n e ri a a ng u stifo //
'

a W a= .

: T h e l e a v e s o f th J
-

s pl a nt c o n e ct e d fr o m N e p al i n 1 9 5 4 , g a v e

a n e x t r a ct w hi c h a ff o rd e d a ＋＋＋ t e s t; tl c i n di c at e d t h e

p r e s e n c e of t h r e e m ajo r a n d t h r e e m i n o r alk aJ oid s (B is s et

a n d P hi[[ip s o n , 1 9 7 6)
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3 . 2 S t ru ct u r e s of G a rd n e ria AIk aloid s

T h e a(k a( Bid s is ol at e d fr o m t h e s p e ci e s of G a r d n e ri a , c a n b e

divid e d h t o t h r e e g r o u p s , i n d ol e , o x)
'

n d ole a n d i m i n o ･ et h e r .

3 . 2 .1 暮n d ol e alk aJ oid s

T h e i n d ol e alk al oid s i s ol at e d fr o m t h e s p e ci e s of

- G a r d n e ri a a re g a rd n e r]
'

n e (5 0) , 1 8 ･ hy d r o x y g a rd n e ri n e (5 1) , g a r d n uti n e (5 2) ,

1 8 - h y d r o x y g a rd n uti n e (5 3) ( S a k ai e t a/. , 1 9 6 9 ; Ai m i e t a/ . , 1 9 7 8) .

H O H
2 C

ク
′

ら. .
H 3 C O N

H

g a rd n e rj n e (5 0)

i 8 - h y d r o x y g a rd n e ri n e

ク
′

ミゝ
.

H
3 C O

N

H

g a rd n uti n e (5 2)

1 8 - h y d r o x yg a rd n u 伽 e

や

N .

R

: R = C H 3

(5 1) : R = C H 2 0 H

N ､

ヽ

R

: R : ‡C H 3

(5 3) : R = C H 2 0 H
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3 . 2 . 2 0 xi n d oJ e aJk a( oid s

T h e o xj n d oZ e aJ k af o J
'

d s i s ol at e d fr o m t h e､ s p e ci e s o f

G a r d n e r/
.

a a r e aJk aJ oI
'

d ” (5 4) , c hit o s e ni n e ( alk al ol
'

d F)(5 5) , a[k al oid L (5 6) ,

alk al oid ( (5 7) . aJk aJ oid N (5 8) , aJk al oid J (5 9) , e x o m et h y( e n e c o m p o u n d (6 0) ,

a n d di n e r)
-

c alk al oid s
, g a rd m uJti n e (6 1) , d e m e t h o x yg a rd m uJtJ

'

n e (6 2) (S a k ai ,

一1 9 7 6 ; S a k ai e t al ” 1 9 7 7 ; A i m i e t al. , 1 9 7 8 ; S a k aJ
'

e t a/
”
1 9 8 2) .

H 3 C O ク
′

も､
N

O C H
3 H

Alk aJ oJ
'

d s

alk al oid M (5 4)

c hit o s e n h e (5 5)

aJk af o J
'

d L (5 6)

aJk aJ oid ( (5 7)

aJk a( oid N (5 8)

alk al oid J (5 9)

e x o m et h y( e n e c o m p o u n d (6 0)

0

′N

R 2
さヽ - R l

R I R 2

C H 2 0 H H

C H 3 0 H

C H 2 0 H C H 2 0 H

C H 2 ∝ H 3 H

C H 2 ∝ H 3 0 H

C H 2 ∝ H 3 C H 2 0 H

C H 2 ∝ H 3

R 3 C 1 9

C H 2 0 H ～

C H 2 0 H ∈
-

C H 2 0 H

C H 2 0 H

C H 2



4 0

H 3 C O ク
′

もゝ

O C H 3

ク
′
N

Q
-

-

● ■

N

H

.N

0

ヽ
勺

C H
3

ク
′

C H
2

- R

H 3 C O
も､

O C H 3

､

N

g a rd m ulti n e (6 1) : R = O C H 3

d e m eth o x yg a rd m u 帖n e (6 2) : R = H

3 . 2 .3 I m i n o - et h e r a(k af oid s

T h e i m i n o - Ot h e r aJk a[oid s i s ol at e d･fro m th e s p e ci e s of

G a r d n e rI
'

a a r e g a rd n e r a m i n e (6 3) , g a rd n e r a m i n e N -

o xid e (6 4) , 1 8 - d e m eth yi
-

g a r d n e r a m i n e (6 5) , 1 8 - d e m e t h o x y g a rd n e r a m i n e (6 6) , g a rdfl o r a m j n e (6 7),

d e m eth o xy g a rd flo r 叫 n e (6 8)

e t a /･
, 1 9 7 7) .

H 3 C O ク
′

も ､

(白is s et a n d P h ‖ip s o n , 1 9 7 6 ; S a k ai, 1 9 7 6; S a k ai

. N

A

N

O C H 3

AIk aZ oid s

g a rd n e r a m i n e (6 3)

g a rd n e r a m i n e N ･ o xid e (6 4)

1 8 - d e m et h yJ g a rd n e r a m i n e ( 6 5)

1 8 1 d e m et h o x y g a rd n e r a m i n e (6 6)

も､
C H
2

- R

∝ H 3

∝ H 3

0 H

C 1 9 N ( b)

l

′ N ､

ノんでO
I

′ N ､

l

′ N +
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㍗
0

○

ク
′

ら..

O C H 3

J 6

N

一N

さ､
C H
2

1 R

Atk al oid s

g a rdf] o r a m i n e ( 6 7)

R C 1 9

∝ H 3 Z o r E

d e m et h o xy g a rd fl o ra m i n e (6 8) H Z o r E

4 . C h e m is t ry of S try c h n o s Alk al oid s

T h e g e n u s S tly C h n o s c o m p r( s o s a b o u t 2 0 0 s p e ci e s di st rib ut e d

th ro u g h o u t t h e t r o pI C S a n d s u bt r o p IC S Of th e w o rld . T h e r e a r e a b o ut 7 1 s p e ci e s i n

C e nt r al a n d S o ut h A m e ri c a ; 7 5 s p e c]
'

e s i n A fri c a a n d a b o ut 4 4 s p e ci e s i n A si a

(B alg o o y , 1 9 6 6 ; L e e u w e n b e rg , 1 9 8 0) . A b o ut 2 0 0 a[k aJ oid s h a v e b e e n i s oJ at ed fr o m

v a ri o u s S (ry c h n o s s p e cJ
'

e s a n d n e w t y p e s of aJk al oid a r e c o n ti n u af[y b ei n g

e n c o u nt e r e d (B is s e t , 1 9 8 0) .

4 ･1 AIk a( o]
'

d s i s ol at e d fr o m A si a n s p e ci e s of S try c h n o s

T h e alk a( oid s r e p o rt ed t o b e p r e s e n = n t h e A si a n s p e ci e s of

S 〟y ch n o s a re s u m m a ri z ed a s f o”o w s :

S try c h n o s a n g u st/
'

〟o r a B e nth .

: a n g u stin e , a n g u st oli n e , a n g u stidi n e (A u , C h e u n g a n d S t e r n h el(,

1 9 7 3)

? ･ a xiI/a ris C oJ e b r ･ ( S . p s /
'

Io sp e r m a F . v . M u elI .)

: st ry c h n o s p e r m i n e (d e a c e tyJ st ry c h n o s p e r m i n e) , s p e r m o s try ch ni n e

(S h a w a n d D e l a L a n d e , 1 9 4 8 ; A n et , H u g h e s a n d R st c hi e , 1 9 5 3 ; A n et
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a n d Sir R o bi n s o n , 1 9 5 5)

S } /
.

g n a t/
'

]
'

B e rg ･( S ･ o v a//
'

fo//
'

a w a u . e x G ･ D o n
,
S ･ t7

･

e u t e L e s c h ･ , S . c u sp J
･

d a t a

A . W
. H i一l)

: st ry c h m
'

n e
,
b r u ci n e , p s e u d o st ry c h ni n e ･ p s e u d o b r u ci n e ,1 2

-h y d r o x y
1

1 1 - m et h o xy
- N - m et hyl s e c ･

-

p s e u d o st ry c h ni n e , N
- m et h y( E e c :

P S e u d o サ c oJ u b ri n e , dj a b o[ h e ( C a si n o vi , M a ri n 柑 ett o( o a n d

Bi s s et , 1 9 6 2 ; C a si n o vi et a/u 1 9 6 4 ; Bi s s et et a/.
,
1 9 6 5 ; Bi s s et a n d

W o o d s
･
1 9 6 6 ; Bi s s et , C h o u d h u ry a nd W alk e r , 1 9 7 4 ; Bi s s et a n d

W alk e r , 1 9 7 4)

: di a b oJi n e , i c aji n e , n o v a ci n e , v o m i ci n e (Bi s s et a n d P hiI]ip s o n ,

1 9 7 6)

: I o n gic a u d atin e ( M a s si ot e t al . ,1 9 8 3)

S ･ /u c/
'

d a R ･ B r ･ ( S . IJ
'

g u s trjn a Bf .)

: st ry c h nin e , β- c oJ u b ri n e
,
b r u ci n e ( A n et , H u g h e s a n d R st c hi e , 1 9 5 3 ;

M athis a n d D u q u e n oi s , 1 9 6 3)

: st ry c h ni n e . b r u cJ
'

n e , b r u ci n e N - o xid e
, p s e u d o b r u ci n e , β- c o 山b ri n e ,

n o r m a c u s)
'

n e B
, p s e u d o st ry ch ni n e , di a b oh

'

n e , α
- c ol u b ri n e ,

β- c o( u b ri n e , a k u a m m idj n e , J o n gic a u d ati n e (B a v o v a d a , 1 9 8 3)

S . n u x - v o m /
'

c a L .

: st ry ch ni n e , α
-

c oJ u b rin e
, β- c o( u b ri n e , 1 2

- h y d r o x y st ry c h n J
'

n e ,

b r u ci n e
,
st ry c h ni n e N - o xid e

,
b r u ci n e N -

o xid e , p s e u d o s lry c 仙 n e ,

p s e u d o
- α - c oJ u b ri n e

, p s e u d o サ c oJ u b ri n e , p s e u d o b r u ci n e , i c aji n e ,

v o m i cJ
'

n e
,
n O V a CJ

'

n e
,
is o st ry c h ni n e , ( 十) - C - m a v a c u r h e , c a n tJ eyi n e

( W a rn at , 1 9 3 1 ; M a rtin e t a/. , 1 9 5 2 ; C h att e rj e e a n d B a s u , 1 9 6 7 ;

Bi s s et a n d P hi川p s o n , 1 9 71 ; Bis s et a n d P hjuip s o n , 1 9 7 3 ;

H ei m b e rg e r a n d S c ott , 1 9 7 3 ; Bi s s et a n d C h o u d h u ry , 1 9 7 4 a;

G ale ffi
,
D e ‖e M a n a c h e a n d M a ri ni - B ett ol o

,
1 9 7 4)
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: I o n gj c a u d ati n e ( M a s si ot e t a /. , 1 9 8 3)

S ･ W aJII
'

ch I
.

a n d S t e u d ･ e x D C ･ ( S ･ c olu b rin a L り S ･ g a u th /
'

e r a n a p ie rr e e x D o p)

: st r y c h ni n e , b r u ci n e
,
1 2 - h y d r o x y

l l 1 - m et h o x y
-

st r y c h ni n e ,

s t r y c h ni n e N - o xi d e
,
b r u ci n e N - o x ]

'

d e
, p s e u d o s t ry c h nj n e ,

P S e U d o b r u ci n e , i c aji n e , v o m i ci n e , N - m e t h y トs e c .

-

p s e u d o 叩
-

c o( u b ri n e
,
n o v a ci n e , 1 5 - h y d r o x y

- [ c a)[ n e , 1 5
- h y d r o x y n o v a ci n e ,

ic al] n e N
- o xid e

,
N - c y a n o

-

s e c ･

-

p s e u d o st r y c h ni n e , N
- c y a n o

- s e a .

-

p s e u d o b r u ci n e ( M at hi s a n d D u q u e n ois , 1 9 6 3 ; B is s et a n d P h ‖ip s o n ,

1 9 7 1 ; Bi s s et a n d P h 川ip s o n ,1 9 7 3 a ; C h o u d h･u ry ,1 9 7 2 ; B i s s et ,

C h o u d h u ry a n d W a(k e r, 1 9 7 4 ; B i s s e t a n d C h o u d h u ry , 1 9 7 4 b) .

4 ･2 S t ru ct u r e s of A si a n S try ch n o s N k aJ oid s

T h e a[k al oid s i s ol at e d fr o m t h e A si a n s p e ci e s of S ( ry c h n o s , c a n

b e divid e d i nt o t h r e e s e rJ
'

e s
･
N o r m a/ s e ri e s , P s e u d o s e ri e s a n d N - M eth yトs e c ･

-

p s e u d o

S e rl e S .

4 .2 .1 N o r m a/ S e ri e s

T hi s s e rJ
'

e s h a s st ry c h ni n e a s a m o d e暮 st r u ct u r e a n d

i n cl u d e s a r o m ati c s u b stit ut e d c o m p o u n d s , t h e s e alk afo J
'

d s ar e st ry c h ni n e (6 9) , 1 2 -

h y d r o x y st ry c h ni n e (7 0) , β- c ol u b ri n e (7 1) , α - c ol u b ri n e ･

(7 2) , b r u ci n e ( 7 3) ,

1 2 ･ h y d r o x y
- l l - m e t h o x y st ry c h ni n e ( 7 4) .

N o r m a/ S e ri e s

R l

R
2

ク
′

も､

R
3

○

N

2 2

1 4

1 8

2 1
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AIk al oid s

st r y c h ni n e (6 9)

1 2 - h y d ro x y s t ry c h ni n e ( 7 0)

β
- c oJ u b ri n e (7 1)

cL I C OI u b ri n e (7 2)

b r u ci n e (7 3)

R l R 2

∝ H 3 H

H ∝ H 3

∝ H 3 ∝ H 3

1 2 - h y d r o x y
･ 1 1 - m et h o x y st ry c h ni n e (7 4) H ∝ H 3

R 3

O H

○トⅠ

4 . 2 .2 P s e u d o S e rie s

T h e alk a( oid s of t hi s s e ri e s a r e o xid atio n p r o d u ct s of

t h e n o r m al s e ri e s at t h e C 3 P O Siti o n t o fo r m a c a rbi n ol a m i n e . T hi s s e ri e s m ay b e

c aJIe d t h e 3 - h y d r o x y s e ri e s , a n d th e alk al oid s of t hi s s e ri e s is ol a t e d fro m A si a n

s p e ci e s o f S try c h n o s a r e p s e u d o st ry c h ni n e ( 7 5) , p s e u d o サ c o[ u b ri n e ( 7 6) ,

p s e u d o
-

α
-

c oJ u b ri n e (7 7) , p s e u d o b r u c]
'

n e ( 7 8) .

P s e u d o S e ri e s

R
l

R;

ク
′

も､

AJk al oid s

p s e u d o st ry c h ni n e (7 5)

p s e u d o サ c o 山b rin e (7 6)

p s e u d o
-

α - c oJ u b ri n e (7 7)

p s e u d o b r u ci n e (7 8)

R I R 2

∝ H 3

∝ H 3

∝ H 3

∝ H 3

O H
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4 .2 .3 N - M eth yトs e c .
-

p s e u d o s e ri e s

T h e alk al oid s o f thi s s e ri e s h a v e a c a rb o n yl fu n cti o n at

C 3 a n d a m et h yJ g r o u p a tt a c h e d t o t h e b a sic nit r o g e n . T h e alk aloid s of t hi s s e ri e s

a r e i c aJ
'

i n e (7 9) , v o rni ci n e (8 0) , n o v a ci n e ( 81) , 1 5 - hy d r o x yi c aj h e (8 2) , 1 5 -

h y d r o x y n o v a c)
L

n e ( 8 3) , 1 2 1 h y d r o x y
･1 1 ･ m e t h o x y

- N - m e t h y[ - s e e .
- p s e u d o -

st ry c h ni n e (8 4) , N - m e th y トs e c / p s e u d o
-B - c ol u b ri n e (8 5) .

R
l
ク
′

もー.

R
3 叫

N -

C H 3

Alk aloid s

i c aji n e (7 9)

v o m i ci n e (8 0)

n o v a cin e (8 1)

1 5 - h y d r o xyi c aj盲n e (8 2)

1 5 - h y d r o x y n o v a ci n e ( 8 3)

1 2 - h y d r o x y
- i l - m et h o x y

- N - m et h yl -

s e c / p s e u d o st ry c h ni n e (8 4)

R I R 2 R 3 R 4

H H O H H

∝ H 3 ∝ H 3 H H

H H H O H

∝ H 3 ∝ H 3 H O H

∝ H 3 0 H

N ･ m e t h yI
- s e e .

1

P S e U d o サ c oJ u b ri n e (8 5) O C H 3 H

4 ･2 ･ 4 0 t h e r A si a n S try c h n o s alk al oi d s

O th e r i n d oJ e alk al oJ
'

d s i s ol at e d fr o m A sl
-

a n s p e ci e s of

S ( ry c h n o s a r e st ry c h ni n e N
- o xid e (8 6), b r u ci n e N - o xid e (8 7) , s p e r m o st ry c h ni n e

( 8 8) , st ry c h n o s p e r m i n e (8 9) , d e a c e tyl st ry c h n o s p e r m i n e ( 9 0) . di a b oli n e (9 1) ,
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is o st ry c h nJ
'

n e ( 9 2) ･ a n g u sti n e (9 3) , a n g u st o[i n e (9 4) , a n g u stidi n e ( 9 5) . C -

m a v a c u ri n ･e (9 6) , n o r m a c u si n e B(9 7) , a k u a m m idi n e (9 8) a n d lo n gi c a u d ati n e

( 9 9 ト

R l
ク
′

ら, .

R
3

R 4

N .
d
O

st ry c h ni n e N
- o xid e (8 6) : R l = R 2 - R 3 = H

b r u c)
t

n e N - o xid e (8 7) : R l = R 2 = O C H 3 , R 3 = H

ク
′

Rj

AIk aloid s

ミゝ
.

N
1
R
2

R l

s p e ｢ m o st ry c h ni n e (8 8) H

st ｢y c h n o s p e r m i n e (8 9) ∝ト七

d e a c etylst ry c h n o s p e r m i n e (9 0) ∝ H 3

R 2

C ∝ H 3

C ∝ H 3

0 H
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ク
′

も､

(:ヒ=

ク
′

≒ヽ

N
I
C
I

C H
3
H O

di a b o ‖n e (9 1)

N
■

H

AIk al oid s

a n g u sti n e ( 9 3)

a n 9 U St O 仙 e (9 4)

a n g u s tidi n e (9 5)

N

J #

モゝ.

R
2

ク
′

もー.
N

C H
2
0 H

i s o s t ry c h ni n e (9 2)

ク
'

ミゝ
､

R I

C H = C H 2

C H( O H) - C H 3

N

ヽ

C H
2
0 H

C - m a v a c u ｢i n e ( 9 6)

､

勺

R 2

C H 3
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R
l

R 2

､

勺

ク
′

もー.

n o r m a c u si n e (9 7)

a k u a m m idi n e (9 8)

ク
′

ら, .

H

N

ら,～

≒ゝ

N

H

N
､

R l
-
- ”

R l : ; C O O C H 3

H

N
､く
§

一 #

t o n gi c a u d ati n e (9 9)

R 2 = C H 2 0 H

R 2 = C H 2 0 H

5 . R e a ctio n s of Alk al oid s fr o m L o g a nia c e a e

5 .1 R e a cti o n s of G e/ s e m i u m alk al oid s

G els e m in e aff o rd s a c et ytg el s e m i n e w h e n b oil s f o r o n e h o u r

w it h a c eti c a n hy d rid e i n th e p r e s e n c e of a t r a c e of p y ridi n e ( M o o r e , 1 9 1 1) ･ O n

c at alyti c h y d r o g e n ati o n o v e r p atl a di u m , g els e m i n e giv e s ri s e t o dih y d r og e) s e m in e

(P h u a n d C h o u , 1 9 4 0) ･ O v e r A d a m s
'

pl at
.

m u m c at aly st , th e di hy d r o
- d e ri v ati v e

a n d t h e n m o r e sl o w ly h e x a h y d r o g el s e m i n e a r e p r o d u c e d ･ O n t h e
'

ot h e r h a n d ,

g et s e m ih e i s r e c o v e r e d u n ch a n g e d aft e r r e d u cti o n w it h s o di u m a n d cy cl o h e x a n o1
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(F o r sy th , M a rri a n a n d S t e v e n s , 1 9 4 5) . W h e n t r e at e d g e[s e m i n e i n toJ u e n e w ith

dis p e r si o n of s o di u m h y d rid e in m i n e r al oil a n d m et h y[ i o did e , N ( a) - m et h yl -

g el s e rnin e m et hi o did e 盲s p ro d u c ed ( R o e a n d G at e s , 1 9 6 0) .

T h e d e g r a d ati o n of g el s e di n e (3 9) t o d e m et h o xy g el s e di n e

- (1 0 0) , p r e p a r e d b y t r e at m e nt o f s o[ uti o n o f g el s e di n e i n O th e r a n d

t et ra h yd r of u r a n ･ a n d s o[ utj o n of =thi u m i n = q u J
'

d a m 叩O m
-

a f o r 3 0 m in ･ T hi s c a n

al s o b e d o n e b y r efl u xln g t h e s ol uti o n of g eJ s e din e i n b e n z e n e a n d I - b ut yl a( c o h o- ,

w hif e s o di u m i s a d d e d sJo w fy o v e r a 2 ･ 5 h r ･ p e ri o d . O n tr e at m e nt w ith a c eti c

a n h yd n
'

d e a n d py ridi n e fo r 1 8 h r ･ at r o o m t e m p e r at u r e , d e m et h o xy g eJ s e di n e y J
･

eJd s

N b
- a C et yld e m et h o x yg e[s e din e (1 0 1) ･ O n t h e oth e r h a n d , a m i xt u r e of g el s e di n e ,

s o di u m bi c a rb o n at e
,
m et h yl io did e a n d a b s ol ut e eth a n of i s r eflu x e d f o r 2 4 h r .

N b
-

m et hyfg eJ s e di n e h y d roi o did e (1 0 2) is p e rfo r m e d . G eJs e dj n e als o gi v e s N b -

P
-

l o( u e n e s uJf o n ylg els e di n e (1 0 3) b y t r e at m e n t of th e s ol uti o n o f g els e di n e a n d p
-

t ol u e n e s uJf o n yJ c hJ o ri d e i n p y ridi n e fo r 1 h r . o n a s t e a m b at h a n d at r o o m

t e m p e r at u r e fo r 1 2 h r ･ ( W e n k e rt e t a/. , 1 9 6 3) . T h e s e r e a ctj o n畠 a r e s h o w n a s

f oIJ o w s :

#

㌔,.
N
I

0 C fI3

N
I

C H 3

.
E I

#

§ゝ
N
I

0 C H 3

N

l

s o 2 C 6 H 4
C B 3

N b
- m et h ylg e[ s e di n e h y d r oi o did e (1 0 2) N b

-

P
-t OI u e n e s uZf o n yfg eJ s e di n e (1 0 3)

＼ i

(3 9)



5 0

#

§ゝ

#

㌔.

#

§ゝ

N
I

0 C H 3

珪

g el s e di n e (3 9)

. i

N

H

#

d e m et h o x yg e[ s e di n e (1 0 0)

%

N

N

C
-

O C H 3
H
8

N - a c etyld e m eth o xy g el s e di n e (1 0 1)

5 , 2 R e a ctio n s of G a rd n e n
'

a alk a( oid s

S a k ai a n d hi s c o w o rk e rs r e p o rt e d th e bi o m i m e ti c

t r a n sf o r m ati o n of 1 8 - h y d r o x yg a rd n e rh e (5 1) . t o l l - m et h o x y k o u m i n e (1 0 7) ～

U p o n t r e at m e nt of 1 8 -h y d ro x y g a rd n e ri n e wit h m et h y[ chl o r o c a rb o n at e a n d a n e x c e s s
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of N a 2 C O 3 i n a q
- T H F s ol ut]

.

o n g a v e N b
- C a rb o m e th o x y

- a p o
-1 8 - h y d r o x y g a rd n e ri n e

(1 0 4) . A ”yl al c o h ol w a s c o n v e rt e d t o a c e t at e a n d m eth o x y c a rb o n at e . T h e a c et at e

w a s b r o u g ht t o J
'

n d ol e a nio n w J
-

t h N a H J
'

n D M F s ol uti o n a n d i n th e p r e s e n c e of

t rip h e n y[ p h o s p hi n e , P d( O A c) 2 W a s a d d e d t o t h e D M F s ol utio n u n d e r A r a n d th e

c o m p o u n d (1 0 5) w a s o b t a J
'

n e d . U p o n r e d u cti o n w it h LiAI H 4 at rt . , (1 0 5) w a s

t r a n sf o r m e d s oJ e暮y i nt o N b
- m e t hyli n d o[i n e d e rj v a ti v e (1 0 6) . O xid atJ

'

o n of (1 1 6)

w it h P b ( O A c)4 g a V e ris e t o l l イn eth o x y k o u m i n e (1 0 7) . T h e s e t r a n sfo r m a tio n s

a r e s h o w n a s f oH o w s (S ak ai et a/. , 1 9 8 6) :

H O H 2 C

≠㌢

ら.､

H 3 C O
N

H

N .

､

勺

C H 2 0 H

1 8 - h y d r o x y g a rd n e ri n e ( 5 1)

ク
′

ミゝ
.

H 3 C O

J 4

N

( 1 0 5 )

○

､

ゝ
N

H

C C u トb

N a2 C O S/ A q
-T H F

H 3 C O

ク
′

ち..
N

H

N .
ー C O O C H

3

t

q

( 1 0 4 )
C H
2 0 H

N
-

C O O C H
3I

I

(
′

C H
2

1

0 = C - C H 3
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(1 0 5)

LiAIH
4

■
■
l

ち
0

H

6)

N
-

H

1 0

且
pb( ｡ A c,4

一

● ■■

-

t

qb ?

0
J 4
N

(1 0 7)

H 3 C O

H 3 C O

ク
′

も､

ク
′

も､
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BiQg B n B Si s

･ 1 . Bio g e n e sis of l n d o( e Alk aJ oid s

T h e bi o g e n e si s o f i n d ole alk a( oid s h a s e x cit e d t h e i nt e r e st of o rg a ni c

ch e m i st s fo r nl a n y y e a rs a n d e a r(y s p e c ul ati o n s w e r e r e vie w e d b y R o bi n s o n in

1 9 5 5 . S i n c e t h e n r a dio a ctiv e t r a c e r st u di e s h a v e s h o w n t h at t ry p t o p h a n i s t h e

p r e c u r s o r of t h e i n d oJ e p o rti o n o f t h e m aj o rity of J
-

n d o( e aZk al oid s . T ry pt o p h a n

it s elf i s d e riv e d fro m s hiki m ic a cid . T h e ot h e r p o rtI
'

o n of in d ol e alk a( o J
'

d s i s C 9 0 r

C I O
- m O n Ol e rp e n e m oi et y , Io g a ni n a n d s e c ol o g a n]

.

n (1 7) , w hi c h a r e d e ri v e d fr o m

m e v al o n at e ･ L o g a nin a n d s e c olo g a nin a r e aJ s o f ulfil th e c o n diti o n s fo r b el
'

n g

tr u e p r e c u r s o r of t h e v a rio u s t y p e s of i n d oJ e aJk a暮oid s (J a c k s o n a n d S m it h , 1 9 6 8 ;

K o m p J
'

s
,
H e s s e a n d S ch m id . 1 9 7 1) .

1 ･1 F o r m atJ
'

o n of S hiki m ic A cid a n d T ry pt a m J
'

n e

l .1
.1 F o r m atJ

'

o n of S hiki m i c A cid

T r a c e r st u di e s h a v e c o nfir m e d t h at t h e f o r m atJ
'

o n of

s hiki m i c a cid (1 0 8) i n p一a nt s foJ[ o w s t h e s a m e r o ut e a s t h at i n m J
'

c ro o rg a ni s m s ,

n a m e一y a c o n d e n s ati o n o f D - e ryt h r o s e
+ トp h o s p h at e (1 0 9) a n d

p h o s p h o e n oJp y r u v a t e (1 1 0) fr o m w hi c h 3 - d e o x y
- D - a r a bJ

.

n O - h e pt ul o s o nJ
'

c a cid

7 -

p h o s p h at e (11 1) i s o bt ai n e d . E = m i n atio n of p h o s p h o ri c a cid gi v e s th e k et o n e ,

f o r m a”y j n it s e n of f o r m ,
th at c y cliz e s t o 3 - d e h y d ro q uin J

'

c a cid (1 1 2) . S hiki m i c

a cid is f o r m e d by e = m i n ati o n of w at e r a n d r e d u ctJ
'

o n of 3 -d e h y d r o s hiki m ic a c]
'

d

(1 1 3) ･ S e v e r al o f t h e e n zy m e s i n v ol v e d i n t h e s e t r a n sf o r m ati o n s h a v e b e e n

o bt ai n e d fr o m pf a n t s (C o rd eJ[, 1 9 8 1 ; T o r s s eI = 9 8 3) ･ T h e bi o g e n etJ
'

c p at h w a y s

is s h o w n a s f o‖o w s :
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C O O H

H

P

o
? ff# o

･

p oi
o

c

o

H

”

2 7 . ca . H

(1 0 9) (1 1 0) (1 1 1)

C O O H

H ♂
･

･h ｡J

叫 ･･ 一触 -

H O B . . . C O O H

O H

O H

(1 1 2)

.A
”

o H
H .
T･H

o

.

o

H

”

(1 0 8) (1 1 3) q ui nic a cid

l ･1 ･2 F o r m ati o n of T ry pt a m i n e

R o bi n s o n h a d o n g ] n a[]y s u g g e st e d th at th e t w o

nit r o g e n s a n d t h e a r o m ati c p o rtJ
-

o n of all of t h e t h e n - k n o w n i nd of e alk aJ oI
-

d s

O rig J
'

n at e fr o m t ry pt o p h a n vi a it s d e c a rb o x yl atio n p r o d u ct , t ry pt a m i n e ｡ T his w a s

l at e r e x p e ri m e n t alIシp r o v e d (K o m pis , H e s s e a n d S ch m id , 1 9 7 1) .

T h e a m i n o a cid try pt o p h a n (1 2 0) i s d e riv e d fr o m

s hiki m i c a cid (1 0 8) . B y m e a n s of a ki n a s e r e a cti o n , s hiki m i c a cid i s f o r m e d t o b e

s hiki m i c a cid 5 -

p h o s p h at e (
'

1 1 4) . A r e d u ctio n i n v o一vi n g D P N H o r T P N H a n d a

t r a n sf e r of a n a m i n o g ro u p fro m gL ut a m i n e t o th e ri n g a re in v olv e d i n th e fo r m ati o n

of a nt h r a niTi c a cid (1 1 5) . l n t h e n e xt p h a s e of th e s e q u e n c e , t h e f o r m atio n of

t h e p y r r o
■l e ri n g , p h o s p h o rib o s yl p y r o p h o s p h at e ( P R P P) p r o vid e d th e t w o

n e c e s s a ry c a rb o n at o m s w hit e th e c a rb o n yf c a rb o n of a nt h r a nili c a cid i s J o st ･ T h e
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i m m e d J
'

at e p r o d u ct o f th e i nt e r a cti o n of P R P P a n d a n t h ra nil at e i s a nt h r a nin c

rib o n u c[ e o tid e (1 1 6) , w hi ch a p p e a rs t o fo r m a nt h r a n 川c - トd e o x y rib ufo n u cl e otid e

(1 1 7) . Ri n g cl o s u r e . w it h a c c o m p a n yi n g p ro d u cti o n of C O 2 a n d H 2 0 gi v e s ri s e t o

i n d o[ e - 3 ･ gly c e r oJ p h o s p h a t e (1 1 8) . M a n y e n ヱy m e S C a t aJy s e t h e r e v e r sibl e

f o r m atio n of fr e e i n d ol e (1 1 9) a n d t ri o s e p h o s p h at e o r c o n d e n s ati o n of s e ri n e a n d

- i n d ol e t o f o r m try p t o p h a n (1 2 0) . T ry pt a m i n e (1 3 0) is f o r m e d b y d e c a rb o xy[ ati o n

of t ryp t o p h a n ( K o m pis , H e s s e a n d S c h m id . 1 9 7 1 ; L u c k e r, 1 9 7 2) . T h e r e a cti o n

is =I u st r at e d a s f o= o w s :

r m a TI

? 0 0 H c o o H

H ｡¢｡+
O H

s hiki m i c a cid (1 0 8)

～

H 2 0 3 P O令O H
～ ex

c

N

O

H?
H

s hiki m i c a cid 5 ･

p h o s p h a t e (1 1 4) a nt h r a nJ
-

ti c a cid (1 1 5)

/p
O H
1

0 - C H - C H -

i ;”
- C H 2 0 P

P - 0 - C H - 0

c o o H
(P R P P)

d
N
,CqcS -a c H - C H 2

- . P . 3 H 2

H

a nt h r a nili c rib o n u cl e o tid e (1 1 6)

i
bE

O O H O H O H
I I

H O - C - C H - C H - C H 2 0 P
ll

N
-
C H

H

a n t h r a n l
.

1i c -I - d e o x y ri b ul o n u cl e otid e (1 1 7)
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( 1 1 7 )

i
O H O H

敬;
･g

-

H

& H -a H - C H
2
0 P O
3
H
2

H

盲n d o( e - 3 -

gly c e r ol p h o s p h at e ( 1 1 8)

ま::r
c - c

?
H

”

- C H 2
- 0 P

ク
′

ミゝ
.

N
`

H

i n d ol e (1 1 9)

i
H O C H 2

- C H - C O O H
)

N H
2

;文才
c”
2

-

TH
-

2

C O O ”

H

t ry p t o p h a n(1 2 0)

↓
駄

‾ c ”2
- C ”2

. ”H
2

H

t ｢y pt a m i n e( 1 2 1)
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1 ･2 F o r m atio n of L o g a nin a n d S e c o( o g a ni n

M e v aJ o ni c a cid (1 2 2) w a s p ro v e d t o b e t h e p r e c u r s o r of

g e r a niol t h r o u g h t h e u s e o f ‥v e r a n d y e a st sy st e m s . T h e r e i s a n e vid e n c e th at

g e r a ni oI (1 2 3) a n d n e ro[ (1 2 4) a r e bi o s y nt h eti c p r e c u r s o r s of l o g a ni n (1 3 0) . 1t

a p p e a r s th at t h e e a rly s t e p s i n t h e s e q u e n c e i n v olv e ( a) a c]
'

s - t r a n s is o m eri z ati o n

o f t h e 2
,
3 - d o u bl e b o n d o f g e r a ni oI (1 2 3) t o gi v e n e r ol (1 2 4) , i n w hi c h th e

h y d ro g e n at C - 2 of g e r a n J
'

ol is r et ai n ed i n n e r oI
,
an d (b) h y d r o x y[ ati o n of n e r ol

at C -1 0 t o gi v e 1 0
-h y d r o xy n e r oJ (1 2 5) . T h e r e i s e vid e n c e t o s u g g e st t h at at t hi s

p oi nt fu rth e r o xid ati o n of C
- 8 a nd C -1 0 o c c u rs t o gi v e a t ri ald e h y d e s u c h a s (1 2 6)

i n w hi c h C -8 a n d C -1 0 h a v e b e c o m e - e q u N a暮e n t b y t a ut o m e riz ati o n ･ P ro b a bfy rin g

cl o s u r e o c c u rs a t
.
thi s p oi nt t o gi v e th e m o n o cy c(i c tri aJ d e h y d e (1 2 7) , w hi ch

e xJ
'

st s a s t h e c y cli z e d h e m i a c et aJ (1 2 8) . T h e n e xt k n o w n i nt e r m e di a t e i s

d e o x y[ o g a ni n (1 2 9) ･ a n d it is n ot diffi c ult t o i m a g J
'

n e t h
.
e st e p s fr o m (1 2 8) t o

(1 2 9) ･ GIy c o s yl ati o n p o s sibly of t h e h e m i a c e t al (1 2 8) , u n d o u bt e d一y aid s

t r a n s p o rt ･ H yd r o x yl ati o n at C - 7 of d e o x yJ o g a ni n (1 2 9) o c c u rs st e r e o s p e cifi c a uy

t o gi v e !o g a ni n (1 3 0) , a n d t h e ri n g cJ e a v a g e of lo g a ni n gi v e s ri s e t o th e f o r m ati o n

of s e c ol o g a ni n (1 7) ･ T h e tr a n sf o r m ati o n s a r e s h o w n a s f o ‖o w s (B at t e rs b y ,

B u r n ett a nd P a rs o n s , 1 9 6 8 ; C o rd e[( , 1 9 7 4 ,
I C o rd e H

, 1 9 8 1):

”

F;c
”

.

3

.J

m e v al o ni c a ci d(1 2 2)

G H 3 G H 3

ち.

H
3
C

, ､

c H
3

g e r a nJ
.

0[(1 2 3)

o H (
､

勺

O H

H
3 C

, ､

c H
3

n e r o[(1 2 4)

i
( 1 2 5 )
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㌔
O H

H
3
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ー ､

c H 2 0 H

(1 2 5)

P H S
●

.
. .'
1H

H =
■
●

O H C
も､

O H

O H C

b

～

- I - 一 州
･

増抄 -

C H O

H い
‥

5 8

A

C H O

P H 3
●
I

.
.
､t.H

(1 2 6)

H t
' '

'

H
3
C O O C

ら.

O H C

(1 2 7)

H O
㌧
.

叫 -

O G 山

H い
- '

H
3
C O O C

O GJu

O G 山

( i 2 8) d e o x yl o g a ni n(1 2 9)

P H S
I

.
.
. IH

C H O

C H O

P H 3
～

.
.
､t H

も､

I o g a ni

盲
`1 3 0'

C H O

H い
`
-

H
3
C O O C

ら. .

H
2

.
.
､ヽ H

s e c o] o g a ni n(1 7)

1 ･3 F o r m atio n o f S t ri ct o sidin e a n d It s K ey R ot e i n AIk al oid Bi o s y n
-

t h e si s .

S t ri ct o sidi n e (1 3 1) w a s d e riv e d fr o m t h e c o n d e n s ati o n of

t ry pt a m i n e (1 2 1) a n d s e c oZ o g a m
'

n (1 7) by th e aid of e n zy m e st ri ct o sidi n e s y nt h a s e

(T r ei m e r a n d Z e n k , 1 9 7 9) . T h e ro( e of st ri ct o sidi n e (1 3 1) a s t h e s ol e bio s y nth eti c

P r e c u r s o r Of a [ a rg e v a ri et y of alk a[ oid s w a s ad ditJ
-

o n alry d e m o n st r at e d b y f e e di n g of

(1 3 1) to aJk al oid p ro d u cJ
'

n g p
'

I a nt s , e .g . F7h a zy a stric ( a , R h a zy a o rje n t aII
'

s
,
A m s o nI

'

a

t a b e m a e m o n t a n a . V a/l e sia g/a b r a , C /
'

n ch o n a p u b e s c e n s a n d U n c a rj a g a m b J
-

r . N o

i n c o rp o r ati o n of vJ
-

n c o sid e (1 3 2) i nt o t h e aJk aJ oid f ra cti o n of t h e s e pl a nt s w a s

o b s e r v e d: w h e r e a s f e e d i n g of st ri ct o sidi n e (1 3 1) r e s ult e d i n t h e f o r m ati oり Of

h e a vily J a b el[ e d a[k aJ oid s ( N a g a k u r a e [ aI . , 1 9 7 9) . T h e re fo r e it c a n b e st at e d t h at ,
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u P t O n o w St ri ct o sjdi n e (1 3 1) i s th e c e nt r al p r e cLJr S O r f o r ef a b o r ati o n o f t h e

m o n ot e rp e n oid i n d ol e a暮k al oid s d e ri v e d fr o m th e c o n d e n s ati o n of t ryp t a m i n e a n d

s e c of o g a ni n in th e f o u r pl a nt f a m ili e s A p o c y n a c e a e , L o g a ni a c e a e , R u b J
･

a c e a e a n d

N y s s a c e a e ･ T h J
.

S k e y r ol e of st ri ct o si di n e (1 3 1) i n aJk aJ oid bi o s y nt h e si s i s

s u m m a riz e d a s fo ‖o w s ( N a g a k u r a , R uff e r a n d Z e n k , 1 9 7 9 ; S t o c kigt , 1 9 8 0) .

｢ m a tt O n i ct o sid亨n

C H O
H
2

ク
′

ミb .
N

H

t rypt a m i n e (1 2 1)

N
H

. †ヽ

H
-

ク
′

も､

C H 2
- C H 2

- N H 2

H l
=

一

H
3 C O O C

st ri ct o sidin e sy nth a s e

N H

- t
＋

H
-

=
3
C O O C

′

st ri cto sidin e (1 3 1)

ら. .

.
.
.1 0 G [u

ク
′

ク
′

も ､

ミゝ.

. ､
､lH

s e c o( o g a ni n (1 7)

N

H

N H

. √

H
-

H 3 C O O C
も､

vin c o sid e (1 3 2)

O Glu

ク
′

.
.
.1 0 GI u
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1 .4 Bi o g e n e ti c R el a ti o n s hip s of l n d ol e Alk al oid s w it h a C 9
- O r C I O

-

M o n ot e rp e n e M oi ety .

A s m e n ti o n e d b ef o r e , i n d ol e alk al oid s w ith a C 9 - O r C I O -

m o n ot e rp e n e m oi et y a r e cl a s sifi e d i nt o eig h t ty p e s : c o ry n a nth e a n (C) , vJ
'

n c o s a n ( D) ,

v a= e si a ch ot a m a n ( V) . stry c h n a n (S) , a s pid o s p e r m at a n ( A) , e b u r n a n ( E) , pl u m e r a n
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( P) , a n d ]
-

b o g a n (J) ty p e s . J n a si m plifi ed m a n n e r , t h e bJ
'

o g e n eti c r eJ ati o n s hip s of

t h e s e m ai n s k el et aJ t y p e s a r e sh o w n i n Fig u r e (p a g e 6 2 1 6 3) . A s a n e st a b(is h e d f a ct

c o m p o u n d D 3 a i s o bt aI
'

n e d fr o m t h e c o n d e n s a ti o n of t ry pt a m i n e (1 21), o r J
'

n s o m e

ot h e r c a s e s t ry p t o p h a n (1 2 0) w ith s e c ol o g a nin (1 7) . A ” of th e m ai n s k el et al t y p e s

c a n b e d e ri v ed fr o m D 3 a . S k eJ et a = 〕3 a c a n b e c o n v e rt e d in t o c o m p o u n d 1 b y o p e ni n g

of th e C(1 7) ･ 0 - C(2 1) b o n d v /
'

a 2 b 3 . F ro m c o m p o u n d 1 , c o m p o u n d s 2 b
l
,
2 b 2 , 2 b

3

a n d 2 C c a n b e o bt ai n e d w ith o ut r e
?
rr a n g e m e nt , o r str u ct u r e 2 a b y r e a rr a n g e m e nt of

t h e s e c ol o g a ni n p o rtio n of t h e m o( e c u( e . Ri n g fo r m ati o n b et w e e n C (2) a n d C (3)

l e a d s t o c o m p o u n d 2 b ･ f nt e r m e di a t e s 2 b
l
,
2 b 2 a n d 2 b 3 d i 粕 r fr o m e a c h ot h e r o n-y

t h r o u g h ro t ati o n a b o u t Sh e C(1 4)
- C (1 5) a n d C(1 5) - C(1 6) b o n d s r e s p e c ti v ely .

Ri n g cl o s u r e s b et w e e n C (2 1) a n d N(b) i n 2 b
l
,
a n d b et w e e n C (1 7) a nd N (b) i n 2 b

2

g I V e rt
.

S e t O t h e m ai n c o ry n a nt h e a n
-t y p e s k e一e t o n C 3 a a n d t h e m ai n

v a ‖e s]
'

a ch ot a m a n -ty p e V 3 , r e s p e cti v eJy . A n e w a d diti o n a = ) o n d b et w e e n C(1 7トO H

a n d C (2 1) i n 2 b
3
yi e(d s t h e b a si c s k el et o n of vi n c o s a n g r o u p D 3 a . I nt e r m e di at e 2 C

is o bt ai n e d b y ri n g cl o s u r e b et w e e n C (2 1) a n d N(b) i n 1 . A n a d diti o n al n
'

n g cJ o s u r e

b et w e e n C(1 6) a n d C (2) i n 2 C yi eld s A 3 , t h e f u n d a m e nt al s k el e t o n of t h e

a s pid o s p e r m at a n g r o u p ･ S t a rti n g w it h A 3 , S 4 is o b t ai n e d b y a n o t h e r ri n g f o r m ati o n

b et w e e n C (3) a n d C (7) . O n t h e ot h e r h a n d , ri n g cl o s u r e b et w e e n C (21) a n d C(7)

yi eld s A 4 1
1 nt e r m e di a t e 2 a is d e ri v e d fr o m 1 b y cJ e a v a g e of t h e C(1 5) - C (1 6) b o n d

f oJ[ o w e d b y th e f o r m ati o n of a n e w b o n d a t C(1 7) - C(2 0) . Ri n g cl o s u r e b et w e e n

C ( 2 1) a n d N (b) L e a d s t o 3 a , fr o m w hi c h 4 a a n d th e m ai n sk e[ et o n o f pT u m e r a n g r o u p

P 4 c a n b e d e ri v e d b y a d diti o n a一 ri n g clo s u r e s [C (2) - C(2 1) a n d C (2) - C (1 6) ,

r e s p e cti v e(y] ･ R i n g cl o s u r e [ N( a)
- C (1 6)】in 4 a yi eld s E 5 a , th e m ai n s k el et o n o f

th e e b u r n a n g ro u p ･ CF e a v a g e of t h e C( 1 7) - C (2 0) b o n d i n P 4 f o r m s P 3 . B y f u rt h e r

r e a ctio n s
,
t h e nl ai n s k e( et o n s of ib o g a n g ro u p J 7 a a n d J 7 b c a n b e d e n

'

v ed fr o m P 3 .

F u rth e r re a ctio n a r e n e c e s s a ry , st a rti n g fr o m C 3 a , D 3 , V 3 , S 4 , A 4 , E 5 a , P 4 a n d

J 7 a , t o f o r m d e ri v ali v e s of v a ri o u s ot h e r s k el et a( ty p e s (Ki s a k u r e k et a/ . , 1 9 8 3) .
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2 . Bio g e n esi s of G e/s e m i u m AIk aJ oid s

2 .1 Bi o g e n e sis of G eJs e m in e

T h e bi o g e n e sis o f g eJ s e m i n e , o n e of t h e m ai n alk al o )
･

d s i n

G e/s e m i u m e/ eg a n s B e nt h ･ a n d G . s e m p e r vJ
'

r e n s (L .) J a u m e S ain t ･ HiL ai re h a s b e e n

P r o p o s e d b y C o n r o y a n d C h a k r a b a rti (1 95 9) I T h e y s u g g e st e d t h e p ro p o s e d

P r e c u rs o r (1 3 3) d e ri v e d fr o m e q ui v al e nt s o f t r y p t a m i n e a n d 3 ,4 ･

di o x y p h e n yl al a ni n e a c c o rdi ng t o a c c e pt e d p rl n Cip( e s ･ F u rt h e r d e h y d r o g e n ati o n at N b

g a v e (1 3 4); M ic h a el a d ditio n of th e e n a m i n e to th e c o nj u g at e d sy st e m e st a b一i s h e s t h e

q u at e r n a ry c a rb o n a n d f o r m e d t h e fi v e m e m b e r e d n n g e n cJ o sl n g N b ･ T h e

i nt e r m e di at e (1 3 5) w a s di s p o s e d t o in t e m占( M a n hj ch c o n d e n s ati o n
,
t o gi v e (1 3 6) ,

w h e n c e d e c a rb o x y( ati o n , c o m pl etio n of th e o x]
'

d e n n g a n d a dj u st m e nt of o xid ati o n

St at e re s u一t e d i n g el s e m i n e (2 6) I T h e bi o g e n e sis of g e]s e m i n e is s h o w n a s foJT o w s

(C o n r o y a n d C h a k r a b a rt = 9 5 9) :

誌
h
n

ク
′

ミb . .
N

H

H O O C

(1 3 3)

0

O H
C H O

H N

ゝ

○

J4

( 1 3 4 )

C H O

C H O

○

H N

礼 〟

C

( 1 3 5)

JTc H 3

袖
- c o o H

C H O H
L ノ

H N

0

礼 J4

C H O

C

(1 3 6)

N C H
3

､
､

｢ C O O H H N
C H O

○

礼 J4

亡

( 2 6) .
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2
. 2 Bi o g e n e si s of K o u m i n e

L o u n a s m a a a n d K o s hi n e n p r o p o s e d ? bi o g e n e tJ
'

c r o u t e of

k o u m i n e t h at it w a s f o r m e d fr o m a n 1 8 ･ h y d r o x y
- d e o x y s a r p a gj n e (1 3 7) , a cl o s e

r el ativ e of w hic h
,
h y d ro xy g a rd n utl

'

n e (5 3) , h a s b e e n is ol a t ed fr o m G a r d n e r/
'

a n u t a n s

Si e b ･ et Z u c c ･ T h e f o rrn at1
'

o n of (1 3 7) s l a rt 9 d w it h o xid a tiv e b o n d r u p t u r e b et w e e n

C - 3 a n d N - 4 gi vi n g ri s e t o t h e c o m p o u n d (1 3 8) . R e p ul si v e f o r c e s b et w e e n t h e

nJ
'

t r o g e n J o n e p a fr efe ct r o n s a n d t h e n e w ly i ntr o d u c e d h y d r o x y f u n ct]
'

o n fo r c e d t h e

i nt e r m e di at e t o c a pt u r e t h e c o n fo r m atio n of (1 3 9) w hi c h w a s f u rt h e r st a b = z e d b y

h yd r o g e n b o n di n g of t h e 1 8
- h y d r o xyl g r o u p w ith t h e i n d ol e N - h y d r o g e n ･ E x p uls i o n

of w at e r a nd el e ctr o n p alr m ig r ati o n s a s d e pict e d w o uld t h e n giv e ris e t o th e aJk al oid

k o u m in e (1 9) (L o
,
u n a s m a a a n d K o s hi n e n , 1 9 8 2) . T h e bi o g e n eti c r o ut e i s s h o w n a s

f o ”o w s :

O H

H

ク
′

も､

ク
′

ら. .

N

H

(1 3 7)

も …

｡ .. づ

N

3

I

H

H 3

H .

k o u m in e (1 9)

0
H

O H

ク
′

O H

O H

∫

1 5
､

勺
∫

a

C

I

N

5
･ H

ら.
N

H

ク
′

も､.

3

′

H O

(1 3 8)

i

54

H
3
C ､
N

し

く
搾
′

メ

)
(o
/

H

N

H

(1 3 9)

一
C H
3

0

1 5
､く
も

H

′

1 5

O H

H

H
O H
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2 .3 Bi o g e n e sis o f K o u m i n e a n d G el s e m in e

R e c e ntly , a bi o m i m eti c t r a n sf o r m ati o n of v o b a si n e t o k o u m in e

w a s d e s c rib e d a n d a p r o b a b一e bi o g e n eti c p ath w ay w a s p r o p o s e d fo r g el s e m i n e ( 2 6)

a n d k o u m i n e (1 7) b y Li u a n d hi s c o w o rk e rs . T h e y s u g g e st e d st r盲ct o sidin e (1 3 1) ,

a k u a m m id i n e ( 1 4 0) , (1 4 1) , v o b a si n d J
.

OJ ( 1 4 2) a n d a n h y d r o v o b a si n edi oJ (1 4 3) a s

i nt e r m edi at e s (Li u a n d Y u , 1 9 8 7 ; Li u a n d L u
,
1 9 8 8) . T h e b l

'

o g e n eti c r o u t e i s s h o w n

a s f o‖o w s:

ク
′

も ､
N
H

C O O H

N H 2

L イry p t o p h a n (1 2 0)

H
～

ク
′

ら . .
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′

もー.

N
■
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V o b a si n di o暮(1 4 2)
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ク
′

ら, ..

A n h y d r o v o b a s h e di ol ( 1 4 3)

N

H

ら .
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.
.
. tH

○

O G 山

S e c olo g a ni n (1 7)

H O H 2 C

N ､

( 1 4 1 )

ク
ー
ー
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～

N
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ク
′
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｡
.
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グ
N H

㌔
H 3 C O O C
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○

s t ri ct o sidin

i
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H 3 C O O C

N

H

N
､

( 1 4 0)

｢
N
/

?

ク
′

ミさ､ J 4

N

K o u m i n e ( 1 9)

G H 2 0
H

C H 3
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A n h y d r o v o b a si n e dj oJ (1 4 3)

ク
′

ら .

ク
′

ら,.

.P H S

N

H

0

i

H u m a nt e ni n e ty p e

- N

㌔.

G e[s e m i n e (2 6)
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B i o‡o cli c aI A ctivi

1
･ P h a r m a c o lo g y of G e暮s e m i ci n e

A c c o rdi n g t o it s r e m a rk a b一y hig h t o xi city ( M L D 0 . 0 5 -

0 ･0 6 m g/ K g i n r a b bit s , i nt r a v e n o u s i nj e ctio n) in c o m p a ri s o n t o g els e m i n e

( M L D 1 8 0 m g/K g) , g el s e m J
'

ci n e h a s b e e n c o n sid e r e d t o b e th e a cti v e p n
-

n cipl e o f

G eJs e m /
'

u m s e m p e w J
'

r e n s (L .) J a u m e S t . - Hil aire a n d attr a ct e dl th e att e nti o n of

p h a r m a c oJ o gi st s ･ T h e m ain sy m pt o m s of t o xi city of g e(s e m ici n e i n m a m m a一s a r e

d e p r e s s ed r e s pir ati oヮ, t r e m o r s , i n c o o rdi n ati o n o f m o v e m e n t , p a r aly sis of

e xt r e m iti e s
,
c o n v u[ si o n s , u ri n atio n , d ef e c ati o n , r et c hi n g s a

･

n d s ali v ati o n . D e at h

a p p a r e ntly r e s ult s fr o m ,
r e s p1

'

r at o ry f ail u r e ･ T h e m i ni m u m [ et h al d o s e i n m g p e r g

i s f o r fr o g s (i nj e cti o n i nt o a nt e ri o r Ly m p h s a c) 0 . 0 2 t o 0 . 0 3
,
f o r r at s

( s u b c ut a n e o u s o r i nt r a p e rit o n e aJ i nj e ct i o n) 0 . 0 0 0 1 t o 0 . 0 0 0 1 2
,
fo r r a b bit s

(i ntr a v e n o u s i nj e cti o n) O 10 0 0 5 t o O ･0 0 1 ( H o u , 1 9 3 1) . ( n t h e p e rfu sio n o n th e

f ro g , t o a d o r t u rt(e h e a rt g els e m i cin e H C ] in c o n c e nt r ati o n s of 1 -2 m g % p r o d u c e d

a P n m a ry Sti m ul ati o n f o ‖o w ed b y a d e p r e s sio n of th e ra t e a n d a m p 桝u d e of th e

c o nt ra cti o n s ･ A m u c h hig h e r c o n c e ntr a tio n ,( a b o ut 4 m g % ) w a s r e q uir e d t o c a u s e

t his a cti o n w h e n th e v a g aJ e n di n g s w e r e p r e vi o u s一y p a r aly z e d w it h at r o p m e ･ T h e

d r u g h ad n o a cti o n o n t h e s ple e n o r a o rt a o r o n th e p e rip h e r a暮v e s s els o n th e n o s e ,

i nt e stJ
'

n e , kid n e y o r l e g ( H o u , 1 9 3 2 a) ･ A cti o n o n in t e sti n e , ut e r u s a n d u rin a ry

bl a d d e r; g el s e m ici n e H C[ i n s m a[I c o n c e nt r ati o n s c a u s e d a s 口g h t in c r e a s e of t o n e

a n d s[ig ht i n hibiti o n o n p e n d u 山m m o v e m e nt s of b ot h t h e is ol at e d i nt e stin e a n d

ut e r u s . L a rg e r c o n c e nt r atjb n s l o w e re d t h e t o n e a n d d e c r e a s e d t h e m o v e m e nt s of th e

i n t e sti n e b ut t h e t o n e of t h e ut e r u s w a s in c r e a s e d . N eit h e r l a rg e n o r s m aI[

c o n c e nt r atio n s h a d a ny e 什e ct o n th e u ri n a ry bl a d d e r m u s cl e s . T h e re w a s a

m ut u al a n t a g o ni s m b e t w e e n g e[s e m i cin 白 a n d pi‡o c a rpin e . p h y s o stig m i n e o r

b a ri u m
,
b u t n o n e b et w e e n it a n d atr o p J

'

n e o r a d r e n ali n e . N eit h e r e rg ot o xi n e n o r
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at ro pl n e a一t e r e d th e a cti o n of g eJ s e m i ci n e . Si m ]l a r b u t l e s s m a rk e d r e s ult s w e r e

o bt ai n e d w ith t h e i nt a ct jn t e stj n e s a n d u t e ri d f a n e sth eti z e d d o g s (H o u 1 9 3 2 b) .

G el s e m i ci n e a一s o i n c r e a s e d t h e h y p o t e n siv e a ctio n o f t h e a d r e n al h e , v e ry s m all

d o s e s of it sti m uf at e d r e spir ati o n b ut 一a rg e r d o s e s p a r aJy ヱe d th e r e s p J
'

r at o ry

c e nt e r s (H a m e t , 1 9 3 7 b) . C h e n a n d his c o w o rk e r s r e p o rt e d t h at g els e m i c)
-

n e

a p p a r e n tly d e p r e s s e d t h e m ot o r n e u r o n s of t h e b r ai n a n d spi n al c o rd , t hJ
'

s

r e s ult s i n g e n e r a = z e d m u s c ul a r w e a k n e s s ･

_
T h e r e s pir at o ry f a]

'

1 u r e aft e r th e

a d m i ni st r atio n o f f at al d o s e s w a s n ot d u e t o p a r a(y si s o f t h e c e nt e r , b ut w a s

a tt rib u t a b[ e t o t h a t of t h e s p m al m ot o r n e u r o n s i n n e r v a ti n g t h e r e s pira t o ry

m u s cl e s . 1t h a d n o a ct)
I

o n o n th e v a g u s . T h e m y d ri a sis , i nt e sti n aJ r e[ a x a ti o n a n d

ut e rin e c o n tr a c!i o n s s u g g e st e d a n a ct)
-

o n u p o n t h e s y m p at h eti c s y st e m ( C h e n a n d

C h o u , 1 9 3 9) .

2 . P h a r m a c o( og y of G eJs e m i n e

G eJ s e m i n e i n hibit e d c a rdi a c v a g u s c e nt e r a n d c a u s e d

c o nt r a ctio n of t h e r a b bit ut e ( u s , it aJ s o sti m ul at e d c a rdi a c m u s cl e a n d a cte d lik e

at r o pi n e (T a m b a , 1 9 2 1) . ) nJ
'

e cti o n i nt o a d o g of 0 . 2 m g g el s e m in e
- H CJ p e r K g

p r o v o k e d a f alJ i n bl o o d p r e s s u r e a n d a ri s e d i n r e s pir a t o ry m o v e m e nt s I

G e] s e m in e rei nf o r c ed t h e bl o o d p r e s s u r e a ctivit y o f a d r e n ali n e a n d s u p p r e s s e d

al m o st c o m pl e t ely it s a p n o eic a cti o n (H a m et , 1 9 3 7 a) . I n t h e c hJ o ra( o s e d d o g t h e

si n gl e i nt r a v e n o u s i nj e cti o n of g eJ s e m i n e i n d o s e s of 0 . 2 m g/K g o r m o r e

p ro d u c e d a m a rk ed a n d p r ol o n g e d d e c r e a s e i n bl o o d p re s s u r e . B ut w h e n 0 .
1 m g/K g

w a s first i nj e ct e d a n d th e n , at 5 m i n . i nt e r v al s , s u c c e s sJ
'

v eJy 一a rg e r d o s e s , a t ot a一

o f 6 6 ･ 2 5 m g/K g(一a s t d o s e w a s 2 5 m g/ K g) w a s i nj e ct e d i n 1 .5 h rs ･ w it h o ut a n y

sig nific a nt e # e ct o n bl o o d p r e s s u r e . G e(s e m i n e p r o d u c e d a s(ig h t v a s o c o n st ri cti o n

i n t h e kid n ey s b u t n o t i n th e s p[ e e n ( M o J
'

s s et d e E s p a n e s , 1 9 3 8 a) ･
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l nf[ u e n c e o n th e eff e ct s o f a d r e n ali n e a n d e x cit a b 柑ty of th e

P n e u m O g a St ric a n d t h e c a r otid si n u s; g el s e m i n e d e c r e a s e d t h e hy p e rt e n si o n

a cti o n of a d r e n ali n e o r o c cl u sio n of t h e c a r otid si n u s f o r t h e fir st f e w m in . aft e r it s

l nJ e Cti o n ･ l at e r it m ay a u g m e n t t h e a ctio n of ad r e n ali n e ･ S e cti o n of t h e v a g i

w e a k e n e d it s
.

eff e ct s ･ Eig ht m i n
. aft e r th e -nJ e Ctj o n of 4 -1 0 m g/ K g th e

el e ct ri c al e x cit a b = ty of th e v a g u s a n d th e s e n siti v l
r

ty Of t h e c a r otid sl
･

n u s t o

m e c h a nic aJ sti m un w e r e g r e ad y d e c r e a s e d (M ois s et d e E s p a n e s , 1 9 3 8 b) .

E ff e ct o n t h e el e ctr o c a rdio g r a m ( of t h e d o g); g els e m i n e of d o s e s L a rg e r

t h a n 4 m g/ K g p r o d u c e d b r a d y c a rdi a , s m a[] e r d o s e s d e c r e a s e d v a g al t o n e a n d

p ro d u c e d t a c h y c a rdi a , 6 0 m g/ K g p r o d u c ed c[ o nic c o n v ulsi o n s ( M ois s e t d e E s p a n e s ,

1 9 3 8 c) .

G els e m i n e I nj e ct e d i nt o th e v e nt ra = y m p h s a c o f t o a d s a n d fr o g s p a r a一y z ed

t h e s k e[ et aJ m u s cl e s ･ T h e eff e ct w a s o f m e d ul! a ry o rigi n a n d n ot d u e t o

h et e ro c h ro nJ
'

s m ( M ois s et d e E s p a n e s , 1 9 3 8 d) . G eJ s e m j n e gi v e n i nt r ap e rit o n e ally

o r o r a H y h a d m a rk e d a n a(g e si c a cti vity i n d o s e s fa r b e一o w th e t o xic r a n g e

( Ei c hle r , H e rt( e a n d S t a]
'

b , 1 9 5 7 .) . S o ci et e B o ul o n n ais e d e R e c h e rc h e s e t d e

D iff u si o n P h a r m a c e u tiq u e (1 9 6 4) r e p o rt e d t h at a s pi n
L

n a n d g eJ s e m i n e w e r e

c o m bin ed t o giv e a n a n a一g e sic p re p a r ati o n a n d c o n cl ud e d t h at g els e m i n e d o e s n ot

h a v e a c u r a r e= k e a ctj o n ･ It i s n eit h e r g a n g= o p[ e gic n o r a c e n tr al n e r v o u s s y st e m

s e d ati v e ･ It h a s a v e ry w e a k s e r ot o =i n a cti o n a n d st r e n gt h e n s th e h y p ot e n siv e

a cti o n of a d r e n aJi n e . 1t is ･

a h y p ot e n si v e in 一a rg e d o s e s , d o s e n ot a ct o n th e h e a rt

a n d is n o t p ote nti at ed b y b a rbit u r at e s .
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3 ･ C Zi ni c aI A p plic ati o n s

T h e G e ls e m I
'

u m aJk a(oid s i n c r u d e f o r m h a v e b e e n u s e d a s

a n aJg e sic a n d a n tis p a s m a g e nt s f o r a lo n g ti m e ･ ]t w a s a( s o a p pli e d i n t r a diti o n al

C hi n e s e m e dici n e a s a r e m e d y fo r d a n g e r o u s s ki n ul c e rs , s u c h a s m i[i a ry

v e si cl e s u nd e r th e n o s e ･ T h e p u r e alk af oid g el s e m ]
'

n e h a s b e e n u s e d i n a n a n aJg e s]
･

c

c o m p o siti o n (0 ･5 - 2 m g g el s e m i n e i n 3 0 0 - 5 0 0 m g a s piri n) , a n d it w a s cl ai m e d

t h at this p r e p a r ati o n h a s a n o n s et of a cti o n a b o ut 1 5 m ]
'

n . a n d l a st s a b o ut 8 h r s .

T h e a cti o n of t h e c o m bi n ati o n ･i s g r e at e r t h a n eith e r d r u g u s e d a lo n e . J n this

a n alg e sic .d o s e s , g e-[s e m in e d o e s n ot h a v e a n y o b s e r v a b一e sid e eff e cts . M o r e

r e c e ntly , a p r e p a r ati o n of th e t ot a一 aJk aJ oid s , w hi c h c o n sist s of s e v e n i･ ndi vid u aI

G e / s e m J
'

u m
.
a[k aJo J

.

d s ( a s s h o w n b y T L C) a n d w hi c h h a s a n L D 5 0 i n m i c e of

O ･ 2 7 5 m g/ K g (i nt r a v e n o u s i nj e cti o n) , h a s b e e n u s e d a s a n a n alg e si c f o r t h e

p a=i a ti o n of v a ri o u s a c ut e c a n c e r p ai n s - i n cJ udi n g h e p atic c a n c e r . T h e n o r m al

d o s a g e u s e d w a s 2 - 3 ･ 5 m g/ d a y (in t r a v e n o u s i nj e cti o n) . [t w a s cl ai m e d th at g o o d

a n alg e si c a ctJ
'

vi!y u s u aJIy 一a st e d 4
- 6 h r s ･ a n d th e r at e of r e m a rk a bly effe cti v e w a s

6 6 % , eff e cti v e 2 4 % ･ a n d n ot eff e cti v e 1 0 % , t h u s c o nfir m J n g t h e a n a(g e si c

a ctivity of G els e m iu m aJk aJ oid s ･ F u rt h e r m o r e , t h e p r e p a ra tio n d o e s n ot s h o w a n y

sid e eff e ct of a d dictio n a n d th e r efo r e h a s b e e n r e c o m m e nd e d a s a s u b stit ut e fo r

m o rp hi n 6 o r d ol a n ti n .

P r eJi m i n a ry o b s e r v ati o n o n 1 6 c a n c e r p ati e n t s w h o h a v e

b e e n t r e at e d w it h t h e a b o v e - m e nti o n e d t ot al a[k aJ oid p r e p a r ati o n J
･

n di c at e d t h at

S y m pt o m s a r e i m p r o v e d ･ T h u s h e p ati c c a n c e r p atJ
'

e nt s h a v e cl ai m e d

dis a p p e a r a n c e of p ai n , i m p ro v e m e nt of a p p etit e , a n d r e d u ctJ
'

o n of a s cJ
･

t e s
.

p atie n t s s uff e ri n g e s o p h a g e af c a n c e r cJ ai m e d t o h a v e t h e s elf -f e e= 咽 Of r e[a x ati o n o f

P a] n a n d dis a p p e a r a n c e of v o m itin g a n d u p s et st o m a c h a s w ell a s t h e i m p r o v e m e n t

of a p p etit e ･ T h e s e l P
r e = m i n a ry r e s ult s a r e q uit e e n c o u r a gin g , b ut c e rt ai nty
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m o r e e xt e n sJ
'

v e i n v e stig a ti o n s a r e n e e d e d b ef o r e t h e
､

a ntit u m o r a c-io n of t h e

G e/s a m /
'

u m 1 alk aloid s c a n b e e s t a bli s h ed (S o ci et e B o ulo n n ais e d e R e c h e r ch e s , et d e

Diff u s )
r

o n p h a r m a c e utJ
'

q u e , 1 9 6 4 ; u u a n d L u , 1 9 8 8) .

4 ･ T o x]
'

cJ
.

ty Of G e/s e m /
.

u m Alk aJ oid s

O k a nl
'

s hi (1 9 3 3) r e p o rt e d t h at t h e t o xi c c o m p o n e nt s of

G e/G e m /
'

u m e/e g a n s B e nt h ･ a n d of G e/s e m iu m s e m p e r vI
.

T e n s ( L .) J a u m e S t : HiJ air e

a r e n e a rly th e s a m e ･ S y m pt o m s of i nt o xi c atio n i n h u m a n s c a u s e d by a c cid e nt a一

I n g e sti o n of G e/s e m I
'

u m a/e g a n s B e nt h . h a s b e e n d e s c rib e d a s fo = o w s . T h e e R e ct o n

th e dig e stiv e s y st e m st a rt s w ith t o s s of a p p e n e a n d t u r n of th e st o m a c h , a n d

c o ntin u e s t o s e v e r e a b d o m i n al p al n a n d i nt e sti n al bl e e di n g . T h e eff e ct o n t h e

r e s pir at o ry s y st e m p r e s e nt s a s b r e at hi n g diffic u一ti e s w hi ch fi n ally 一e a d t o d e at h

b y r e s pir at o ry f a‖u r e ･ T h e e ff e ct o n m u s cl e in n e r v ati o n u s u al-y r e s ult s i n

g e n e r a= z e d m u s c ul a r w e a k n e s s a n d p a r aJy sT S Of t h e = m b s . T h e eff e ct o n t h e

cir c ula t o ry s y st e m st a n s w it h h e a rtb e at di s o rd e r s a n d a d r o p i n bl o o d p r e s s u r e ,

b ut h e a n f ail u re is n o t a c o m m o n c a u s e of d e at h ･ I n a d diti o n t o dil atio n o f p u pifs , a

d r o p i n b o d y t e m p e r at u r e a n d p r o =fe r ati o n o f w hit6 bl o o d c e一ls h a v e als o b e e n

o b s e r v e d ･ It is in t e r e sti n g t o n ot e th at t h e t o xJ
'

ci吋 of G e/s e m i u m s p e ci e s d e p e n d s n ot

o n一y o n t h e i n di vid u al a(k aJ oid s p r e s e nt b ut als o o n t h e ro ut e of a d m inist r atio n a s

w olf a s o n t h e a ni m aJ u s e d ･ F o r e x a m pl e , th e L D 5 0 V al u e s of g e) s e m in e J
'

n m i c e

a r e 1 2 4 0 , 4 0 5 a n d 1 3 3 m g/ K g , r e s p e ctiv ely , d e p e n di n g o n w h et h e r th e d r u g i s

a d m i ni st e r e d o r ally , i nt r a p e rit o n e a[[y , o r h t r a v e n o u sly . ( Li u a n d L u
,

1 9 8 8) I G els e ni cin e , th e t o xi c a[k a[ oid fr o m G el s e m /
'

u m e/e g a n s B e nt h . p ro v e s t o

b e th e m o st t o xi c of G ･ e/ eg a n s B e nt h . a(k af oid s , t h e L D 5 0 b ei n g 1 8 叫g/K g ( m i c e ,

]
'

nt r a p e rit o n e al i nj e c ti o n) ( D u . e t a/ .
,
1 9 8 2) .
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DIS C U S SJO N A N D C O N C LU SI O N

L 包 氾 地 由氾

I n d ol e alk aloid s c a n b e di vJ
'

d e d i nt o t w o m ai n c一a s s e s . T h e first cl a s s i s t h at o f

t h e si m pl e i n d o[e aJk aJ oJ
'

d s ･ T h e y d o n o t p r e s e nt a st r u ct u r al u nif o r m ity , h a vi n g o nly

t h e i n d ol e n u cl e u s o r a dir e ct d e ri v ati v e of it a s a c o m m o n f e at u r e
,
e .g ･ h a r m a n . T h e

J
-

n d ol e b a s e s of th e s e c o n d c( a s s c o m p ri s e t w o st r u ct u r e - e( e m e nt s , try pt a m in e (1 2 1)

O r t ry Pt O P h a n (1 2 0) w it h a n i n d ol e n u cl e u s a n d a C 9 1 0 r C I O
- m O n Ot e r P e n e m Oi et y ,

d e ri v e d fo r m s e c ol o g a ni n (1 7) . V e ry p r o b a bly , b e c a u s e of b ot h of th e c o m m o n

c o m p o n e nt s a n d th e bi o g e n etic r el ati o n s hip s , th e o c c u rr e n c e of t hi s s e c o n d cl a s s o f

J
'

n d o l e alk a暮oid s i s m o r e s p e cifi c a n d t h e r e b y s uit a bl e fo r c o m p a r ati v e

c h e m o t a x o n o m ic c o n sz
-

d e r atio n s .

T h e s e c o n d c( a s s of i n d oJ e b a s e s c a n b e cl a s sJ
'

fi e d in t o 8 ty p e s , a c c o rdi ng t o t h e

st r u ct u r al c h a r a ct e ri sti c s o f th eir s k el e t o n s . T h e y a r e c o ry n a nt h e a n ( C -ty p e) ,

vi n c o s a n ( D -

t y p e) , v a H e si a c h o t a m a n ( V
- t y p e) , s t r y c h n a n

.
( S -

t y p e) ,

a s pid o s p e r m at a n ( A -

t y p e) , e b u r n a n (E -t yp e) , pl u m e r a n ( P -ty p e) a n d j b o g a n (J
･

ty p e) ･ T h e t ot al n u m b e r of t h e s e alk a[oid j s ol ati o n s a d dJ
'

n g u p t o 3 3 0 2 , a n d m o r e

t h a n 9 9 ･ 8 % of t h e is of ati o n s a r e
.

dJ
'

st rib ut e d a m o n g th r e e pl a nt fa m ili e s; L o g a ni a c e a e ,

A p o c y n a c e a e a n d R u bi a c e a e . H a vi n g r e m a rk a bl e m o rp h olo gi c aJ sJ
-

m Jl a riti e s
,
t h e s e

t h r e e pl a nt f a m Jli e s h a v e b e e n cl a s sifi e d b o t a ni c aH y ] n clo s e r el ati o n s hip w hi ch c a n

b e sh o w n a s fol一o w s (K is a k u r e k a n d H e s s e , 1 9 8 0) :

:
p

fa
d

: e?
e

R u bi a c e a e

､

㌔ - 〆
L og a nJ

'

a c e a e
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T h e 8 ty p e s of th e s e c o n d cl a s s of i n d ol e a(k a) oid s c a n b e divid e d bio g e n eti c aJly

i nt o t w o m ai n g r o u p s; th e C
-

, D -

,
V -

, S
- a n d A -t y p e s c o nt aJ

'

nin g a s k e( et o n w it h a

n o n r e a rr a n g e d s e c o( o g a ni n m oJ
'

et y a n d E
-

,
P - a n d J -t y p e s w it h a r e a r r a n g e d

s e 叫 o g a ni n m oi ety . T hi s a rg u m e nt i s c o nfir m e d , i n a d diti o n t o th e sJ
'

m j[ a r s k eJ et aJ

c o n stit u tJ
'

o n s
, al s o b y t h e f a ct t h at all of t h e C

-

,
D -

, ∨
-

,
S - a n d A -t yp e alk al oid s w it h

k n o w n a b s o( ut e c o nfig u r ati o n s h o w t h e s a m e c o nfig u r ati o n at C(1 5) a s s e c ol o g a n i n a t

C ( 7) . T h e afk a( °id s w it h a r e a rr a n g e d s e c ol o g a ni n m oi ety ( E
-

, P - a n d J -ty p e s) d o

n ot p r e s e n t a u nifo r m c h a ra ct e risti c i n c o m m o n w it h r e s p e ct t o th e
ir c o n fig u r ati o n s ･

T h e n u m b e rs of aJk al oJ
'

d J
'

s of ati o n s of sp e cifi c s k e一et al ty p e s in t h e t h r e e p一a nt

f a m i[i e s a r e s h o w n a s fo = o w s (Kis ak u r e k , L e e w e n b e rg a n d H e s s e , 1 9 8 3):

⊥ エ

W ith N o n r e a rr a n g e d

豊丘 地 出

sti e s C - 臣‥
____
y L
_
S l
】
ム
ー

W ith R e a rr a n g e d

出 血血B Bd

J + 旦ニ _ _ ⊥

83 3 1 6 3 1 1

α＋β α＋β α＋β

A p u y n a c e a e

A b s o一u t e c o nfig u r a ti o n

L D g a ni 訂 e a e

A b s ol ut e c o nfig u r ati o n

R u bi a c e a e

A b s ol ut e c o nfig u r ati o n

1 0 7 8 1 9 1 5 5 1 5 8

1 0 4 2 4 9 3 5 6

6 0 8 3 6 2 3
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T h e o c c u rr e n c e of alk aJoid s o f A - a n d S -t y p e s i s r e strict ed t o th e L o g a ni a c e a e

a n d A p o cy n a c e a e b ut aJk aJ o]
'

d s of C -

,
D - a n d V -t y p e s h a v e b e e n d et e ct e d i n an o f t h e

t h r e e pl a nt f a m ‖i e s ･ T h e L o g a ni a c e a e , o n一y alk aJ ojd s of C
-t y p e h a v e b e e n is ol at e d

fr o m G el s e m /
'

u m a n d M o s t u e a o f t h e G els e m i e a e ･ O f t h e ot h e r tri b e , S try c h n e a e ,

G a rd n e rJ
'

a s p e ci e s c o nt ai n o nfy alk aJ oid s of C
-ty p e , w h e r e a s aZk aJ oid s of C

-

,
D -

,
V -

,

S ･ a n d A ･ty p e s h a v e b e e n is ol at ed fr o m s p e ci e s of S tJy Ch n o s .

T h e m a J
'

n s k eJ et al ty p e ( C 3 a) o c c u rs i n all of t h e t h r e e pl a nt f a m ‖i e s

( cir c( e) a n d s o d o t h e sk e( et al typ e s (C 4 a) a n d ( C 4 b) . [t b e c o m e s al s o e vid e n t th at

th e i n c r e a si n g st r u ct u r a[ c o m p[ e xity b ri n g s a b o ut a m o r e s p e cifi c o c c u rr e n c e . F o r

e x a m p( e , ( C 4 c) , d e riv e d f r o m ( C 3 a) b y a n e w b o n d f o r m ati o n b et w e e n C( 5) a n d

C( 1 6) , r e adi n g t o a n a d diti o n al ri n g , i s th e s k el et al ty p e o f alk al oid s th at o nly o c c u r

i n L o g a ni a c e a e a n d A p o c y n a c e a e b ut n ot i n R u bi a c e a e . T hi s t e n d e n cy t o m o r e s p e cific

o c c u rr e n c e s g r o w s a s a d diti o n a暮o p e r ati o n s a r e u n d e rt a k e n o n (C 4 a) , e ･ g ･ o xJ
'

d ati o n at

C(3) l e a d s t o ( C 5 a) a n d b y f o r m a ti o n of a n e w b o n d b et w e e n C(7.) a n d C(1 7) , (C 5 c)

is o bt ai n e d . Alk aJ oid s w ith t h e s e l a s
J

I t w o s k el et o n s o nly o c c u r i n th e pl a nt s o f

A p o c y n a c e a e . T h e d ist rib uti o n of aJk al oid s of c o ry n a nth e a n
-ty p e in pl a nt f a m ili e s i s

s h o w n a s b = o w s (Ki s a k u r e k a n d H e s s e , 1 9 8 0):
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A[1 of t h e alk al oid s o bt ai n e d fro m t h e s p e ci e s of G els e m I
･

u m c a n b e di vid e d in t o

t w o m ai n g r
'

o u p s , i n d ol e a n d o xi n d oJ e alk al oid s . T h e i n d oJ e alk a暮oid s h a v e b e e n

cJ a s sifi e d i nt o t h r e e diff e r e nt s k el et al t y p e s ; s e m p e r viri n e
-

,
k o u m i n e - a n d

s a rp a gi n e
-ty p e s w hic h a r e of i n d o( e , i = d o[ e n1

'

n e a n d i n d o[ e n u cl e u s
,
r e s p e cti v ely . O n

t h e oth e r h a n d
･､ o xi n d o[ e alk alo I

'

d s a r e di vid e d i nt o t h r e e diff e r e nt s k elet a = y p e s;

g el s e m i n e
-

I
h u m a nt e ni n e a n d g el s e di n e -ty p e s ･

T h e alk aJoid s fr o m G e/s e m iu m a/e g a n s B e nt h ･ p o s s e s s d o u bl e b o n d b et w e e n

C (1 9) a n d- C(2 0) t o
.
aff o rd t w o c o n fig u r ati o n s E a n d I , e . g . 1 6 - e p トv o a c a rpi n e

(1 9 E -f o r m ) a n d 1 9 -

( Z トa k u a m m idi n e , k o u m idi n e , 1 9 -(Z) -t a b e rp s y chi n e (1 9 Z -

fo r m ) r e s p e ctiv ely ･ S u b stl
'

t u tio n s at C(1 4) h a v e b e e n f o u n d t o b e o nly β- o ri e nt e d

a n d t h e s u b stit uti n g g r o u p b e )
'

n g h y d r o x y g r o u p o nly , e ･g ･ 1 4 - h y d r o x yg el s e ni ci n e

( 4 4) , 1 4 ･ h y d r o x y g els e di n e ( 4 0) ･ O n th e ot h e r h a n d , h y d r o x y s u b stit uti o n s h a v e

b e e n p r e s e nt e d at C(3) a s O H α , e .g . 1 6
- e p トv o a c a rpin e . F o r s u b stit uti o n s at N( a) ,

o nly m eth o xy g r o u p h a s b e e n f o u n d i n o xi n d o[ e alk al oid s o nly ･ M et hyl s u b stit uti o n s

at N (b) h a v e b e e n f o u n d i n b oth ty p e s of alk al oid s . O nly i n o xin d o[e alk al o]
'

d s
,

m eth o xy a n d h y d r o x y s u b stit uti o n s i n a r o m ati c ri n g at C(l l) h a v e b e e n f o u n d , e ,g .

h u m a n t e niri n e (3 7) g els e m ]
'

ci n e (4 1) , l l - m et h o xy h u m a nt e ni n e (3 8) a n d l l -

h y d r o x y r a n k h idi n e (3 4) ･ l l - h y d r o x y h u m a nt e ni n e (3 6) r e s p e cti v ely . A一l o f th e

o xi n d ol e alk aloid s p o s s e s s et h e r b o n d b et w e e n C(1 7) a n d C(3) .

2 . R e visio n b f K o u m id亨∩ 1 9 -(Z トA k u a m m idi n

地 ) is ol at e d fr o m th e r o ot s a n d st e m s o f G e ls e m /
'

u m e/ e g a n s

B e n t
■

h ･ h a s m p 2 0 0
- 2 0 1

0

c (d e c .) 【cx]D 2
1

- 9
o

( c = 0 .1 0
,
M e O H) a n d all th e oth e r

S P e Ct r al d at a a g r e e d w el一 w ith th o s e giv e n i n lit e r at u r e (J hl a n d X u , 1 9 8 2) . T h e
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1 3 c - N M R s p e ct r a of a k o u m id J
･

n e ( T a b( e p a g e 8 1 ) w a s c o m p a r ed w it h t h a t of t h e

k n o w n b a s e
, g a rd n e ri n e (5 0) th e sig n al d u e t o C(1 5) of k o u m idi n e w a s o b s e r v e d at

7 ･6 p p m l o w e r s hift b u t t h at C(2 1) w a s o b s e rv e d at 2 .4 p p m hig h e r fj eJd th a n th e

C O r r e S P O n di n g sig n aJ s o f g a rd n e ri n e , h a vi n g ( E) - et h ylidi n e sid e ch aJ
'

n . I rr a di ati o n

of C(1 9) - ”(8 5 ･ 3 6) e n h a n c e d C(1 5) - ”(8 2 .
4 4) w it h 1 3 % N O E . F r o m t h e s e d at a

,
it

i s h di c at e d th at th e c o nfig u r ati o n of et h ylid e n e sid e c h ai n i n k o u m J
-

di n e (2 2) is (i) -

f o r m ･ K o u m idi n e ( 2 2) g a v e a ri n g -

cl o s e d i n d oJ e ni n e d e rJ
-

v a ti v e (1 4 4) b y

m e s yJ alJ
'

o n of t h e h y d r o x y g r o u p at C (1 7) a n d s u b s e q u e nt t r e at m e n t w l
l

t h N a O C H 3 .

th at c o nfir m e d th e c o nfig u r ati o n at C(1 6) (S ak ai et a/ ” 1 9 7 3 a n d 1 9 8 7 ; S c h u n a n d

C o rd eJf , 1 9 8 7 a n d P o n g[ u x et a/” 1 9 8 8) .

E O H
2
C

(
H

1 3
5

㌔.

H

㌔ .

ク
′

§ ゝ
N

H

K o u p idi n e ( 2 2)
●

H O H
2 C

ク
′

§ ゝ
N

E

(2 2)

1) M s CI

p y ri di n e
- C H
2
C 1
2

良

2) N a O C H 3
- M e O H

ク
′

§ゝ
N

H

H O H 2 C

､

句

P u blis h ed K o u m i d in e : R = a

G 血 e 血 e (5 0) : 良 ≡ O C H 3

ク
′

§ゝ
N

( 1 4 4)

メ
.メ 一 N

ミゝ .
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皿 払出 虻凹地j 血 (2 3) , m p ･ 2 4 0 1 2 4 2
o

C w a s p ( e vi o u sly i s ol at e d f( o m

t h e s a m e pl a nt b y C 川口e s e g ro u p (Ji n a n d X u , 1 9 8 2) a n d w a s a s sig n e d t o b e

a k u a m m idi n e
,
h a v Ln g 1 9

-( E) e th y = d e n e sid e c h ai n . T h e m a s s s p e ct r al fi s si o n

P att e r n O f t h e is ol at e d atk al oid p a r au e(s th at f o r a ut h e nti c a k u a m m id h e 1 9( E) f o rm .

H o w e v e r
･

1 H - N M R a n d 1 3 c - N M R s p e ctr al of t h e al k a l oid e xh ibit e d si m i( a r b u t n ot

c o m pl e t ely i d e n ti c a一t o t h e s p e ct r a o f a ut h e nti c a k u a m m idi n e . T h e 1 3 c - N M R

c h e m i c al s hift s of C (1 5) [6 ･ 3 p p m l o w e r fi eld t h a n ( E) f o r m ] a n d C( 2 1) [2 .9 p p m

u p p e r fi eld th a n ( E) f o r m] of th e i s ol at e d ak u a m m idi n e ( 2 3) c o m p a r e d w ith th e

a u t h e n ti c a k u a m m idin e c a n b e r e a s o n a bly h t e rp r et e d i n t e r m s of th e γ
-

g a u c h e

eff e ct d u e t o C(1 8) o n t h e d o u b( e b o n d of ( I) - c o nfig u r ati o n . A diff e r e n c e N O E

e x p e ri m e nt a( s o s u p p o rt e d th e c o n fig u r ati o n of t h e et h y(id e n e sid e c h ai n of b ot h

c o m p o u n d s . T h u s
,
irr a di ati o n of C(1 5) - H ( 8 3 . 2 4) i n a k u a m m idi n e ( e d t o

e n h a n c e m e n t (1 2 % ) of C(1 8) - H 3( 8 1 .6 8) , i n di c at e d t h at t h e m e th yl g r o u p o n t h e

d o u b 始 b o n d li e s sy n t o C(1 5) - H . O n th e ot h e r h a n d
,
2 3 % e n h a n c e m e nt w a s o b s e rv e d

b e t w e e n C (1 5) - H a n d C (1 9) - H in t h e i s ol at e d aJk al oi d . F盲n ally , t h e st r u ct u r e o f

( 2 3) w a s d et e r m i n e d b y X ィ ay a n aly sis i T h e c ry st al of (2 3) h a s th e f oll o w i n g d at a :

0

o rt h o r h
'

o m bi c , P 2 1 2 1 2 1 , a - 1 3 .96 2(5) , b = 2 0 .
4 9 8(8) c = 6 . 6 68( 2) A , z - 4 , C ell

v ol u m e - 1 9 0 8 .3 8 Å3
,
D c = 1 2 2 7 g e m

- 3
. A t o t al of 2 18 9 ロniq u e i n d e p e n d e nt i n te n sitie s

w e r e m e a s u r e d w ithi n t h e r a n g e o f 3 ≦2 8 ≦1 2 0
o

,
1 5 5

o

o n a 4 - ci rcl e diffr a ct o m e t e r

( Rig ak u A F C
1 5) u si n g C u K α r a di atio n (九- 1 .5 4Å) . T h e st r u ct u re w a s s o(v e d b y th e

dir e ct m et h o d u s in g M U LT A N 8 0 ( U N JC S 肘 s y st e m ) a n d r efi n e d a ni s ot r o pic al‡y

(is ol r o p J
-

c at(y f o r H ) b y th e l a st
- s q u a r e s m et h o d t o a n R v al u e o f 0 .0 4 8

,
u sin g th e

1 8 8 6 r ef一e ctio n s f o r vJhi c h F(0) > 3 o
･

( F o)] . T h e C D s p e ct r a of b ot h a k u a m m idin e s

e x hi bit e d e x a ctly th e s a m e C D c
,
u rv e s ( P o n gl u x e t a/･ ･ 1 9 8 8) I A n d th e r e f o r e 1 9 -

( Z トa k u a m m id n e h a s t h e s a m e a b s o一ut e c o nfig u r ati o n a s t h e c o m m o n i n d ol e a =くal oid .
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3 . 墨王皿 £王上皿乱+ 乱血id aj由Ll
ー
Of N e w A J

地 軸 s h o w e d m p 1 6 2
- 1 6 5

o

C
, 【a] D 2 2 = . 4 2 . 3

o

( c = 0 .
2 0 ,

C H C 13) ･ T h e m a s s s p e ct ru m of (2 4) p r e s e nt s m o一e c ul a r i o n m / I 3 6 8 w hic h is 1 6

a ･ m ･ u ･ hig h e r th a n th e c o rr e s p o n di n g p e ak i n t h e s p e ctr u m of a k u a m m idi n e . A n d th e

e x a ct(y si m il a r cl e a v a g e p att e r n i s o b s e r v e d w it h v o a c a rpi n e . O n a c etyl ati o n , (2 4)

g a v e ri s e t o t w o p r o d u c t s (1 4 5) a n d (1 4 6) . T h e f o r m ati o n of (1 45) , w hic h

e x hibit e d a t y p- c aJ 2 - a c yl i n d ol e U V a b s o rpti o n a t 3 1 4 n m , d e m o n st r at e d th e

P r e s e n c e O f a h y d r o x y g ro u p at C ( 3) i n (2 4) . T h e c o nfig u r atio n a t C( 1 6) w a s

d et e r m i n e d b y th e f o= o w i n g tw o f a ct s :

1) T h e f o r m ati o n of i nt r a m o[ e c u] a r h e
'
m j a c et a トa c et at e (1 4 6) o n

a c etyl ati o n o f ( 2 4) .

2) 暮n tりe
l H ･ N M R s p e ct r u m o f (1 4 5) , t h e sig n al of a c et o xy g r o u p

w a s s hi eld e d (8 :1 .4 5
,
3 H
,
s .) b y i n d ol e n u cl e u s .

1 0 % E n h a n c e m e nt o b s e r v ed i n diff e r e n c e N O E e x p e ri m e nt b et w e e n C (1 5)
-

H( 8 3 ･1 2) a n d C(1 8トC H 3 ( 8 1 .5 5) i n di c at e d t h e ( E) -f o r m et h ylid e n e sid e c h ai n

i n 1 6 - e p トv o a c a rpi n e (2 4) (P o n gl u x e t a /” 1 9 8 8) .
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1 9 - H yd r o x y dih yd r o g e暮s e vi ri n e (3 0): T hi s n e w alk af oid w a s is o一at e d a s a n

a m o rp h o u s s olid a n d s h o w e d I α】D 21 = ＋1
o

( c - 0 .l l
,
M e O H) . It s hig h r e s oJ utJ

-

o n m a s s

s p e ctr u m sh o w e d th e M
＋ 3 7 0 ･1 8 8 9

,
c o rr e s p o n di n g t o th e fo r m ul a C 2 1 H 2 6 N 2 0 4 . T h e

U V sp e ct r u m i n di c at e d N( aトO C H 3 0 Xi n d oJ e n u cl e u s 【九m a x ; 2 8 1 (s h) , 2 5 5 , 2 0 9

n m] ･ 1 H - N M R s p e ct r u m s h o w e d t h e ch a r a c t e ri sti c si g n a一s d u e t o N ( aトO C H 3 (8

3 ･9 9 , s) , - 0 - C(3) - H (8 3 .8 4 , b r - s .) ,
- O C H 2

-

( 8 4 . 0 9 , d d , J = 1 1 . 2
,
2 .3 H z a n d 8

3 ･9 1
,
d d , J 王 1 1 ･2

,
2

. O H z) , a n d N (b トC H 3(8 2 . 2 8
,
s .) . F u rth e r m o r e th e p r e s e n c e o f

a s e c o n d a ry h y d r o x y g r o u p w a s d ed u c e d b y th e sig n al s at 8 5 .1 3 (q , J = 6 . 6 H z) a n d 8

1 1 0 9 ( 3 H , d , J - 6 ･ 6 H z)
.
i n p( a c e o f a vi n yl g r o u p i n g el s占viri n e (2 8) . T h e

1 3 c - N M R

s p e ct r u m (T a bl e3 , p ･1 4 6) , w it h w a s v e ry si m il a r t o t h at of g el s e virin e (2 8) , t h e

a p p e a r a n c e.
of a n e w d o u b一et at 8 6 4 ･3 p p m a n d a n e w q u a rt et at 8 1 9 . 4 p p m , t h e

a b s e n c e o f vi n y一 c a rb o n s (C 1 8 , C 1 9) in g ef s e viri n e ( 2 8) a n d t h e u pfi eld s hift at

C (6) (3 ･6 p p m ) a n d at C(2 1) (7 ･5 p p m ) als o r e v e al e d t h e p r e s e n c e of a s e c o n d a ry

h y d r o xy g r o u p o n C(1 9) ･ T o c o nfir m t h e st r u ct u r e (3 0) p r o p o s e d b y s p e ct r o s c o pi c

a n aly sis , (3 0) w a s p r e p a r e d fr o m g e( s e viri n e (2 8) . G eJ s e viri n e N - o xid e , p r e p a r e d

b y th e M C P B A o xJ
'

d a ti o n of (2 8) , w a s s u bj e ct e d t o W a c k e r o xid ati o n (P d C Z2 , 0 2 ,

D M F - H 2 0) t o p r o d u c e 1 9
･ k et o d e riv ativ e , w hic h w a s f u rt h e r c o n v e rt e d t o c o m p o u n d

(1 4 7) b y th e r e d u cti o n of N -

o xid e w it h N a H S O 3 . K et o n e (1 4 7) w a s a( s o o b t ai n e d

fro m t h e n e山 alk al o1
'

d (3 0) b y m e a n s of S w e r n o xid ati o n . R e d u cti o n of k e t o n e (1 4 7)

w l
r

th N a B H 4 g a v e a di a st e r e o m e r亨c al c o h ol (1 4 8) a s t h e m aj o r p r o d u ct ･ a c c o m p a n･
'

e d

w ith t r a c e a m o u nt s of (3 0) ･ T hi s st e r e o s p e cifi c r e d u cti o n e n a bl e s u s t o a s s u m e t h e

St e r e O C h e m ist ry of t h e i s o m e ri c al c o h ol (1 4 8) . T h u s , i n t h e tr a n siti o n st at e , k et o n e

d e ri v a ti v e (1 4 7) m a y t a k e a c o n f o r m a ti o n A , ( m o r e st a b[ e t h a n th e ot h e r

C O nf o r m e rs B , C a n d D) a s d e pi ct e d i n t h e Fig . p . 8 4 , d u e t o th e dip o[ e
-dip ol e

r e p ul si o n a n d / o r st e ric hi n d r a n c e ･ H y d rid e s h o u一d a p p r o a c h fr o m T e s s hi n d e r e d sid e

( a n tI
'

t o o xin d o[ e n u c( e u s) , r e s u lti n g i n t h e p r e d o m i n a n t fo r m ati o n of t h e ( Sトal c o h o [
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(1 4 8) ･ T h e r ef o r e . th e s e c o n d a ry h y d r o xy g r o u p o n C( 1 9) i n (3 0) t a k e s ( 局)

c o nfig u r ati o n (P o n gl u x e t a/ . , 1 9 8 8) .
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a n d it s f o r m ul a , C 2 0 H 2 4 N 2 0 , w a s c o nfir m e d b y H R
- M S ･ T h e m a s s s p e ct r a( fis si o n

p att e r n p a r a[I el s t h a t fo r t a b e rp s y c hi n e. (1 4 9) , b ut
l H - N M R s p e ct r u m of (2 5 = s

n ot c o m p一et e(y id e nti c a一t o t h at of (1 4 9) , p r o b a bly o w i n g t o th e d
iff e r e n c e of t h e

c o nfig u r ati o n of t h e eth y[id e n e sid e ch ai n ･ l n th e
l H - N M R s p e ct r u m 7 N O E w a s

o b s e rv e d b et w e e n C( 1 9)
･ H a n d C ( 1 5)

･ H
,
s u g g e stin g th at th e c o nfig u r ati o n of t h e

sid e c h ain w a s (I)
-f o r m . F u rth e r m o r e
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a s i n th e c a s e of a k u a m m idi n e a n d 1 9
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a k u a r n m J
-

di n e (2 3) , t h e 1 3 c - N M R s p e ct ra of (2 5) a n d a p p r o p rl
L

al e m o d el c o m p o u n d

(1 5 0) . p r e p a r e d fr o m g a rd n e n
L

n e (5 0) w e r e c o m p a r e d . T h e sJ
'

g n al d u e t o C(1 5) o f

(2 5) w a s o b s e r v e d at d o w nfi eld (6 ･9 p p m ) a n d o n t h e c o nt r a ry , th a t of C(2 1) w a s

o b s e rv e d a t u pfi efd (6 ･ 9 p p m ) th a n t h e c o rr e s p o n di n g sJ
'

g n al of (1 5 0) . F r o m t h ed e

d at a , t h e st r u ct u r e o f t his n e w b a s e w a s c o n cJ u d e d a s 1 9 -( Z) -t a b e r p s y c hi n e

(P o n gl u x e r a/ . , 1 9 8 8) .
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) : T h e m ol e c uJ a r f o r m u[ a (C 2 0 H 2 2 N 2 0 2) o btai n e d b y

e( e m e nt al a n aly s暮S , a S W el( a s U V a n d
l = - N M R s p e ct r al d at a , i n di c at e d t h at t hi s n e w

i n d o( e alk aloid ( m p l l l - 1 1 3
o

C) i s ol at e d fr o m t h e l e a v e s w a s t o b e k o u m ]
･

n e N(b) -

o xid e ･ I n p a rt)
'

c ul a r
,
t h e sig n al of N(bトm eth yl g r o u p i s shift e d t o d o w nfi eld (0 .9 6

P P m ) c o m p a r e d w l
'

th t h at o f k o u m i n e (1 9) . M C P B A o xid atio n o f (1 9) aff o rd e d t w o

di a st e r e o m e ric N (b) 1 0 Xid e s , o n e o f w hic h w a s id e nti c a一 w ith n at u ral N - o xid e (2 0) .

T h e c o nfig u r ati o n o n N(b) at o m w a s 州 al]y d e d u c e d b y th e a n aly sis of l H - N M R

s p e ct r a l T h u s , i n n at u r a一 N - o xid e (2 0) th e sig n al s o f C(1 5) - H a n d C(1 6 トH a r e

o b s e rv e d at d o w nfi e[d (0 ･3 8 p p m a n d 1 .3 0 p p m ; re s p e ctiv ely) th a n t h o s e of k o u m i n e

(1 9) ･ W h‖e C( 6･)
- H α i n t h e di a s t e r e o m e ri c N - o xid e (1 5 1) i s d e s hi eld e d t o
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d o w n fi eld c o m p a r ed w it h t h at of k o u m i n e ( 1 9) . T h e s e p h e n o m e n a m a y b e

att rib u t a b吟 to a nis ot r o p y of N ･ - > O f u n ctio n . T h e ref o r e , th e c o nfig u r a ti o n o n N (b)

s h o uld b e ( S) ”( 20) a n d (刀) i n (1 5 1) r e sp e cti v ely , a s d e pi ct e d i n Fig . b efo w .

U n n at u r a一 N - o xid e (1 5 1) g a v e th e c ry st al ( m p 2 1 4 - 2 1 6
o

C) s uit a bl e f o r X ィ a y

a n aly s) s . T h e r e s ult s o bt ai n e d f ro m X
- r a y a n aly sJS a g r e e d w it h t h e c o n cl u si o n

o bt ai n e d fr o m 1 H - N M R a n a(y sl S ･

M C P 臥

N aト侶0 3

K o u m i n e (1 9) ( 2 0) ヰ ( 1 5 1 )

K o u m i n e N - o xid e s

2 0 1 5 1

8 :

K o u r ni n e (1 9)

2 . 7 6 2 . 2 3 2 . 3 4

4 .
1 0 2 . 9 6 2 . 8 0

2 .3 4 o r 2 .4 1
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′

も､ .

2 . 9 4 3 . 6 2

H
3㌔ /

_ N

〔

○

ノ≠

N

( 2 0)

C (1 5トH
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a
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ヱ

: S p e ct r al d at a i n di c at e d th a t t hi s n e w alk al oid

o bt ai n e d fro m t h e 一e a v e s w a s cJ o s eJy r el at e d t o g el s e m ]
'

n e ( 2 6) . T h e c h a r a ct e ristic

d e s hi eJdi n g of N(bトm eth yl g r o u p ( 8 3 ･41 = n l H I N M R s p e ctr u m c a n b e e x pl ai n e d

b y th e i nfl u e n c e o f N (b) o xid e ･ A s e xp e ct e d , ( 3 1) w a s o bt ai n e d b y th e M C P B A

o xid ati o n of g efs e m i n e (2 6) t o g et h e r w it h t h e di a st e r e o m e ri c i s o m e r (1 5 2) . T h e

c o nfig u r ati o n o n N( b) at o m w a s d et e r m i n e d a p plyi n g t h e p r o c e d u r e u s e d i n th e

st r u ct u r e el u cid ati o n of k o u m i n e N - o xid e ( 2 0) . I n t h e
l H - N M R s p e ct r a , C (6トH i n

n at u r al N ･ o xi d e (3 1) a n d C(1 6) - H i n it s di a s t e r e o m e r]
'

c i s o m e r (1 5 2) a r e

r e m a rk a bly s hift e d･ t o d o w nfi e[d (1 ･ 4 3 p p m a n d 1 .9 6 p p m ) . r e s p e cti v ely . H a vi n g
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th e st e ri c st r u ct u r e a s sh o w n I
-

n Fig u r e b el o w . T h e s e o b s e rv ati o n c a n b e r e a s o n a bly

i nt e rp r ete d ･ b y t h e a ni s ot r o pi c eff e ct o f o x yg e n o n N(b) . T o s u p p o rt t hi s c o n cl u sio n ,

diffe r e n c e N O E e x p e ri m e nt w a s m a d e . Irr a di ati o n of N(bトm eth yJ g ro u p e n h a n c e d

C (1 6 = 1 ( 8 2 ･ 5 9) w ith 9 % N O E . T h e r ef o r e , t h e c o nfig u r ati o n of N (b) s h o uld b e

( 月) .

M C P B A

G e!s e m i n e (2 6) ～

N a H S O 3

8 :

(3 1) ＋ (1 5 2)

G el s e m i n e N - o xid e s G el s e m i n e (2 6)

3 1 1 S 2

C ( 6 トH 3 ･ 4 1 2 ･ 2 8 1 ･ 9 8

C 1 6 - H 2 .
5 9 4 . 2 6 2 . 3 0

.
. 班

■
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′

H ､
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ノH S

ク
′

㌔ .
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H
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′

/ 1
6

＼
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H

H

G els e m i n e N - o xid e (3 1)
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ニ ー

･ - ■
‾

古

0

邸

i
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甘

i
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～

ぺ へ

丸
r

( 1 5 2 )
I



8 9

ユ立 地 : T h e n e w aJk al oid (4 5) w a s o bt ai n e d a s c ol.p .rJ e s s

pr at e s , m p 2 2 6
1 2 2 7

o

C , a n d its f o r m 山a , C 1 9 H 2 0 N 2 0 4 , W a s C O nfir m e d b y H 白I M S

s p e c t ro s c o p y . T h e 旧 s p e c tr u m di s pl a y e d c h a r a ct e ris ti c a b s o rpti o n f o r t w o

c a rb o n yl fu n cti o n at 1 7 1 5 a n d 1 6 9 5 c m
1 1

･ T h e l H - N M R s p e ct r u m s h o w e d t h e

u n u s u aJ sig n al at 8 2 . 6 6 d u e t o m et h yl g r o u p a dj a c e nt t o c a r b o n yJ f u n cti o n ･ T h e

1 3 c - N M R s p e ct r u m (T a b一e 3 a n d 1 ,p a g e 1 4 6 a n d 1 4 4) w a s si m il a r t o th at o f

g ef s e ni ci n e ( 4 3) e x c e pt f o r t h e sig n af s of P(1 8) a n d C (1 9) . w hJ
-

c h w e r e s hift e d

d o w nfi eld t o 8 2 6 .1 (1 6 .1 p p m ) a n d ･8 1 9 7 .6 (1 7 2 p p m ) , s u g g e sti n g t h e p r e s e n c e

of k et o ni c Lg r O U P O n. C (1 9) i n g els e ni ci n e (4 3) . Fin aJfy , t h e st r u ct u r e of (4 5) w a s

d et e r m in e d b y X
-

r ay a n aly sJ
-

s
,
a S S h o w n i n Fig u r e b eJo w . T h e C D s p e ct ra of (4 5) a n d

(4 3) g a v e t h e si m H a r c u r v e s a n d t h e ref o r e 1 9 - o x o g el s e nicJ
'

n e h a s th e s a m e a b s ol ut e

c o nfig u r a tio n w it h g eJ s e ni cJ
'

n e (P o n gJ u x e t a/. , 1 9 8 8) .

1 了
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) : T hi s n e w alk al oid w a s o b t ain e d fr o m th e st e rn s a n d4

b r a n c h e s a s c o(o r[ e s s p ri s m s , m p 1 7 2
- 1 7 3

o

C ( M e O H) . 1l sh o w e d t h e U V s p e ct r u m

c h a r a ct e ri sti c t o N ( a) ･ m et h o xy o xi n d ol e n u cl e u s . H R
- M S s h o w e d t h e M ･

5 0 8 ･ 2 5 7 2
,
c o rr e s p o n din g t o t h e fo r m ul a C 2 9 H 3 6 N 2 0 6 (C al e d . 5 0 8 .2 5 7 1) , a n d g a v e

t h e b a s e p e a k m / I 3 2 6 , c o rr e s p o n di n g t o t h e m ol e c u一a r w eJ
'

g ht of g ef s e nici n e ( 4 3)

C 1 9 H 2 2 N 2 0 3 , i n di c ate d th at el eg a n s a m in e (4 6) w a s c o n st r u ct e d fr o m g eJs e ni ci n e

(4 3) o r it s i s o m e r a n d a m o n ot e rp e n e u nit c o nt ai nin g t h r e e o xy g e n at o m . ] n th e l H -

N M R s p e ct r u m ( C D C 13) , i n a d diti o n t o s o m e r e a di[y a s sig n a b[ e sig n als
l

d u e t o

g eJs e ni ci n e m oi ety s u c h a s f o u r a r o m ati c p r ot o n s 【8 7 .5 0 C(9トH , 8 7 .2 6 C(l l) -

H
,
8 7 .0 7 C(1 0) ･ H , 8 6 ･8 9 C(1 2) - H】, N - O C H 3 ( 8 3 .9 5 3 H

,
s), C (3) - H ( 8

3 . 7 0 1 H , d d , J = 4 . 9 a n d 2 . 2 H z
,
C (1 5)

'

- H ( 8 2 . 9 1 1 H , トIi k e , J = : 9 H z) . a n d

C ( 1 6トH ( 8 2 .5 4 1 H
,
m ) , ch a r a ct e ris ti c sig n als o f a d o u bl et o n C(1 8) p r ot o n s ( 8

1 .4 7) 3 H , J = 7 .3 H z) a nd a m uJtipJ et d u e t o C(1 9) p r o t o n ( 8 2 . 6 6) w e r e o b s e r v e d

i n pl a c e of t h e et hyl g r o u p i n g el s e ni ci n e (4 3) , s u g g e sti n g t h at m o n ot e rp e n e u nit

m ig ht b e c o n n e ct e d at C( 1 9) p o sitio n ｡ F r o m t h e
1 3 c - N M R s p e ct r u m of (4 6) (T a bl e

4
, p a g e 1 4 7) . t h e c o m p o sI

'

n g i n d ol e alk aJ oid p a rt a n d th e m o n ot e rp e n e u nit w e r e

r e sp e cti v ely d e m o n st r at e d t o b e g eJ s e nici n e a n d a n irid oid s k el et o n , w hJ
'

ch p o s s e s s e d

a l a ct o n e f u n cti o n , a C ･ m eth y( g r o u p ,
一 a n d a s e c o n d a ry h y d ro xy g r o u p ･ A t this st a g e

X - r a y st r u ct u r a一a n aly si s w a s c a rri e d o ut . T h e O R T E P d r a w i n g is sh o w n i n p ag e1 4 3 .

T h e C D s p e ct r u m of (4 6)【(1) (c - 0 .9 5 x l O
- 2
, M e O = , 2 3

0

c)[o】31 2 0 ,【0]2 60
- 1 8 2 0 0 ,

【o] 2 4 5 . 5 0 , 【8】23 4 ＋1 8 2 00 , [0] 2 2 2 0 , 【0]2 0 9 -5 90 00 . (2) ( c = 1 ･O x l O
- 2
, M e O E , 23

o

C)

[0]3 1 4 0 , [0】26 2 - 2 4 2 00 , [0] 2 4 8 .5 0 , [0] 23 4 ＋39 30 0 , [0]2 2 1 0 , [0]2 1 1
- 7 3300 1] cf o s eJy

r e s e m bl e s t h at o f g el s e ni cj n e (4 3) a n d th e r efo r e g eJ s e ni cin e p a rt a n d th e irid oid

r e sid u e i n (4 6) h a v e t h e s a m e a b s o( ut e c o nfig u r ati o n a s th e c o n v e n tio n a一i n d o l e

aJk aJ ojd s a n d irrid oid m o n ot e r p e n e s , r e sp e ctiv ely ( P o n g( u x e t a/ ” 1 9 8 8 a) A A n d this

n e w ty p e of in d ol e afk al oid h a s b e e n h v e sti c at e d fo r t h e fir st ti m e ･
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4
. P r o 【) o s al of B i o cl e n e tic R /s e m I

'

u m Alk al oi

lt i s w-eJ[ r e c o g ni z e d th at rn o n ot e rp e n oid 盲n d o( e alk al oJ
'

d s a re bi o s y nt h e si z e d

t h r o u g h t h e bi o一o gi c al t r a n sf o r m a ti o n s of s t ri ct o sidi n e (1 3 1) w hi c h w a s d e ri v e d

fr o m t h e c o n d e n s ati o n of t ry pt a m in e a n d s e c oJo g a ni n . [ n t hi s th e sis , w e p r o p o s e d a

t e nt ati v e bi o g e n eti c ro ut e of G e/s e m i u m alk aloid s a s f o= o w s . C o m m o n i nt e r m e di at e

(1 5 4) fo r m e d f r o m st ri ct o sidi n e (1 3 1) b y th e i nt r a m of e c uJ a r C - C b o n d f o r m ati o n

b et w e e n C - 6 a n d C - 1 6 w ill s e r v e a s a p r e c u r s o r of s a rp a gi n e t y p e in d oJ e aJk al oid s

s u c h a s k o u m i di n e ( 2 2) , 1 9 -( Z) - a k u a m m idi n e (2 3) , a n d 1 6 1 e Pi
- v o a c a rpi n e

(2 4) I K o u rnidi n e (2 2) w ‖ b e m et a b oliz e d t o a C / D ri n g - o p e ni n g c o m p o u n d , 1 9 -

(Z) -t a b e rp s y c hi n e (2 5) (T e nt atJ
'

v e bi o s y nt h eti c r o ut e of G e /s e m I
'

u m alk a Joid s - 1 ) .

O xid a ti o n o n C - 1 8 i n (2 5)
L
a n d s u b s e q u e nt i nt r a m oi e c ul a r C - C b o n d f o r m ati o n

b et w e e n C - 7 a n d C -2 0 w 川 f o r m k o u m i n e (1 9) . V e ry r e c e n tly , w e a n d C hi n e s e

g r o u p i n d e p e n d e n tly s u c c e e d e d t h e p a rti al s y nt h e si s of 1 l イn et h o xy k o u m i n e (S a k ai

e t a/ ･ ,1 9 8 6) a n d k o uTni n
･e (1 9) (Li u et a/･ ,1 9 8 7)

I

aJ o n g thi s bi o g e n eti c p r o p o s al ･

β- O xid ati o n of I
-

n d o[ e p a rt i n (2 5) w i[I g e n e r a t e i n d o[ e ni n e (1 5 9) , w hi c h w ‖

f u rt h e r t r a n sf o r m i n t o h u m a n t e ni n e -t y p e alk al oi d s , h u m a n t e ni n e ( 3 5) ,

h u m a nt e niri n e (3 7) , a n d r a n ki nidi n e ( 3 3) b y th e r e a rr a n g e m e n t t o o xi n d ol e a n d
■

s u b s e q u e nt N( a)
- m et h o x y( ati o n p r o c e s s (T e nt ativ e bio s y n th eti c r o ut e of G e/s e m /

B

u m

alk aloid s - 2) . Aft e r t h e eli m i n a tio n of H X at C 6 - C 7 P O Siti o n i n i n d ol e ni n e (1 5 9) , e n e

t y p e r e a cti o n b e t w e e n C
- 2 0 a n d C - 6 win t a k e pl a c e t o affo rd i nd o[e .(

1 61) . T h r o u g h

t h e β- o xid ati o n a n d s u c c e s si v e r e a r r a n g e m e nt , g els e m i n e (2 6) w ill b e g e n e r a t e d

fr o m (1 6 1) ･ F u rth e r o xid ati v e p ro c e s s w iu a ff o rd g el s e viri n e (2 8) a n d 1 9 -

h y d r o x y dih y d r o g e[ s e vi ri n e ( 3 0) , i n o r d e r (T e n t ati v e bi o s y nt h eti c r o ut e o f

G e/s e m I
'

u m aJk aJ oid ･ 3) . ]t s e e m s t h a t bi o s y nt h e sis of g eJ s e di n e g r o u p w ‖ b r a n c h

fr o m t h e h t e r m e di at e (1 5 4) . T h u s , (1 5 4) w 川 b e m e t a b oli z e d t o n o r s a r p a gi n e
-

t y p e c o m p o u n d (1 6 2) , h a vin g fiv e m e m b e r e d D - ri n g , th ro u g h t h e r el e a s e Q f C 2 1
-

aJd e h y d e c a rb o n a n d s ub s e q u e nt rhl g - CI o s u r e b et w e e n N( b) a n d C 1 2 0 . (1 6 2) w 川
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b e c o n v e rt e d t o t h e C / D n
'

n g
- o p e ni n g c o m p o,u n d (1 6 3) , s u c h a s 1 9 ･

( Z)
-

t a b e rp s y c hJ
'

n e ( 2 5) I a n d th e n t ra n sf o r m e d i nt o g el s e di n e s e ri e s , g el s e di n e (3 9) .

g eJ s e m i ci n e (4 1) I 1 4 - h y d r o xy g eJ s e d i n e (4 0) , 1 4 - h y d r o x y g e( s e m ic J
･

n e (4 2) ,

g el s e ni ci n e (4 3) I 1 4 - h y d r o x yg eJ s e ni ci n e (4 4) a n d 1 9 - o x o g el s e ni ci n e (4 5) , v I
･

a

s u c c e s si v e bi o c o n v e r si o n s (T e nt atJ
'

v e bJ
'

o s y nth eti c r o u t e of G e ls e m J
'

u m aJk al oid s ･ 4)

( P o n gl u x e t al . , 1 9 8 8) .
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5 C h e m i c al T r a n s fo rr n ati o n of A l
'

a m ali n e t o i u m A lk al oid s

5 .1 P a rd al s y n th e si s o f K o u r nidi n e (2 21 a n d 1 9 -( Z) - T a b e n ) s y
_
chi m e (25

T h e s t a rti n g m a t e ri al o f t his p a rti al s y n th e si s w a s aj m aJi n e (1 6 5)

w hi c h a一r e ad y r e p o rt e d it s a b s o( ut e c o nfig u( ati o n . T h e tr a n sf o r m ati o n 巾v olv e s

m ai nly t w o st r u ct u r al ch a n g e s of (1 6 5) , th e st e r e o s el e ctiv e i nt r o d u cti o n of a d o u bl e

b o n d i nt o C 1 9
- C 2 0 P O Siti o n a n d c o n v e r si o n of i n d oti n e m oi ety i nt o th e i n d oli c

c o m p o u n d w ith o ut t h e e pl m e ri ヱati o n of t h e C 1 6 C O nfig u r a ti o n .

l n o rd e r t o lib e r a t e t h e m a s k e d ald e h y d e ( C 2 1) fr o m t h e a m i n o a c et al f u n ctio n

a n d t o p r ot e ct t h e N (b卜g r o u p a s c a rb a m a t e , aj m ali n e (1 6 5) w a s s u c c e s si v ely

t r e at e d w ith N , N -di m et h y( h y d r a zi n
■
e a n d c at aly ti c a m o u nt of H 2 S O 4 , m eth yJ

c hl o r of o r m at e i n l N - N a O H / C H 2 C [2 , a n d t h e n C u C I2 i n T H F
- H 2 0 p H 7 t o affo rd t h e

ald e h y d e (1 6 8) . T h e dir e ct c o n v e r sio n o f (1 6 5) h t o (1 6 8) b y th e r e a cti o n w it h

c hlo r of o r m at e s g a v e th e c a rb o n at e (C 2 1 0 C O O R) d e riv ati v e s . A 什e r th e p r ot e ctio n o f

t h e C 1 7 h yd r o x y g r o u p b y m et h o x y et h o x y m eth y[ ( M E M ) et h e r, b r o m i n e at o m w a s

i nt r o d u c e d o nt o t h e C 2 0 P O Siti o n vJ
'

a t h e t - b ut yldi m et h y( si(yl ( T B S) e n ol eth e r ･

T r e a t m e nt of (1 7 1) w ith 1 , 8 - di a z
l

a bi cy cJ o [5 .4 .0] u n d e c - 7 - e n e (D B U ) i n N , N -

di m e t h ylf o r m a m id e (P M F) g a v e t h e d e sir e d 1 9
-

(Z) ol efi n e (1 7 3) i n .

6 0 % yi e(d ,

s eJ e cti v ely (1 7 3) :(1 7 2) - 5 :1 . T h e g e o m et ry of t h e o[e fi n e s (1 7 3) a n d (1 7 2)

w e r e u n a m big u o u sly d et e r m i n e d by .th e N O E e x p e ri m e nt s 【Irr a d i ati o n o f C 1 8 m et h yJ

p r o t o n s ( 8 2 11 4 = n (1 7 3) l e d t o e n c h a n c e m e nt (1 7 % ) of C 2 1 ald e hy d e p r ot o n ( 6

1 0 ･2) , w hil e 2 5 % e n c h a n c e m e n t w a s o b s e r v e d b et w e e n C 1 9 p Ol efi ni c p
r ot o n ( 8

6 15 0) a n d C 2 1 ald e h y d e p ro t o n ( 8 9 .3 3) i n (1 7 2)】. T h e m aj o r α , β- u n s at u r a t e d

ald e h y d e (1 73) w a s r e d u c e d w ith N a B H 4 a n d th e n ri n g c[ o s u r e b et w e e n C 2 1 a n d N (b)

w a s p e rf o r m e d b y th e s u c c e s si v e t r e at m e nt of t h e r e s ultin g al c o h o( w it h N a O H i n
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a q u e o u s et h yl e n e gly c ol a n d m e syl chl o rid e i n py ridi n e t o aff o rd d e o xy aj m aJi n e

d e ri v a ti v e (1 7 6) .

T h e t r a n sf o r m atio n of i n d oli n e m oi et y i nt o th e i n d o[i c c o m p o u n d c o 血d b e

a c c o m pli s h e d b y th e d e p r ot e cti o n of t h e C 1 7 hy d r o x y g r o u p of t h e i n d o] e ni n e

d e ri v ati v e (1 7 9) ･ T h e e p l m e riz ati o n at C 1 6 c o ul d b e p r e v e nt e d by u si n g of

- t ri m et h ylsjlyJ (T M S) g ro u p ･ T h u s , i n d oZ e ni n e (1 7 9) , w hi c h w a s n o t s o st a bl e

t o w a rd u s u al w o rk u p m a n n e r a n d c o( u r n n ch r o m at o g r a p h y , w a s tr e at e d w it h A c O H
-

T H F I H 2 0 ( at r o o m t e m p e r at u r e) a n d t h e n r e d u c e d w it h N a B H 4 in M e O H t o yi eld

k o u m idi n e -(2 2) , 【α】D
2 3

- 2 3 . 8
o

( c O . 6 , M e O H) , i n 7 0 % o v e ( all yi e一d fr o m (1 7 9) ,

w hI
'

c h e x hibit e d
l H - N M R

,
l R

,
m a s s s p e ct r a a n d m p ( 2 0 2 - 2 0 4

o

C) id e n tic al w it h

t h o s e of n at u r aJ k o u m idi n e (2 2) , 【α】D 2 0 - 2 0 .8
o

( c 1 .8
,
M e O H ) .

K o u m idi n e ( 2 2) w a s t r e at e d w it h m e th yl c hl o r of o r m at e i n T H F - H 2 0 i n th e

p r e s e n c e of M g O a n d th e r e s u[tj n g c a rb a m at e w a s r e d u c e d w it h ‖thi u m a( u m i ni u m

h y d ri d e ( LiA IH 4) t o f u r ni s h 1 9 -

( Z)
-t a b e rp s y c hi n e ( 2 5) , 【α】D 2 3 - 2 5 l

o

( c 0 . 3
,

C H C f3) , i n 3 0 % o v e r all yi eld fr o m ( 2 2) . T h e sy nt h eti c s u b st a n c e e x hib J
'

t e d s p e ctr al

p r o p e rti e s (
1 H - N M R , IR , U V a n d M S) i n a c c o rd w it h t h o s e of a n a ut h e nti c s a m p[ e ,

【α】D 2 3 - 1 8 0
o

( c 0 .4
,
C H C13) (T a k a y a m a e ( al l 1 9 8 9) . T h e s e t r a n sf o r m ati o n s ･a r e

s u m m a ri z ed a s fo n o w s :

0Ⅰi

ク
′

も ､

N

C H 3

. N

(1 6 5) Aj m ali n e

.
. ､1 0 H
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(1 6 5) 5 . 0 2 g(1 5 .3 m m ol)
H 2 N

- N ( C H 3) 2 (4 . 7 m [ -
- 4 e q)

c o n e . H 2 S O 4( 0 .6 m l) , M - S 3 A(3 g)
d ry Et O H(1 0 0 m l)
r efl u x , 1 1 0

o

C
,
5 h ( s .

O H

( 1 6 5 )

#

㌔ .

ク
′

㌔ .

N
l

C E 3

. N - H

H

H
,

C E
3C

(1 6 6) 6 .1 5 g

N

C H 3

ll

N
- N
t

C n
3

CIC O O C H 3(
l
l .6 7 m l I 1 .4 eq)

1 N - N a O H a q ･(5 0 m l) , C H 2 C12(2 0 0 m l)
o
o

c
,
4 0 m i n .

S p e ct r al d at a of (1 6 7)

u v 九m a x
E t O H

n m : 2 9 0
,
2 4 5

,
2 0 6 .

O H

･ N - C O O C H 3

冗

信H ノ
C H 3

N
- ド
､
c H
3

[ R ( C H C13) : 3 4 0 0 , 1 6 9 0 , 1 4 6 0 .

EI - M S m / I (% ): 4 2 6 ( M ＋ , 1 7) , 3 5 6(4) ,

2 8 2(6 1) , 1 4 4( 9 8) , 1 1 3(1 0 0) .

1 H - N M R ( C D C 13) 8 : 6 .4 4 , 6 .4 0 (1 H ,

e a ch d
,
+ = 7 .3 H z , C(2 1トH)

: 3 . 6 9 (3 H , s , C O O C H 3)

: 2
.
7 5

,
2 .7 4 ( e a c h 3 H , s , N - C H 3) .

(1 6 7) 5 .1 6 6 g : 7 9 % yi eld fr o m (1 6 5)

(1 6 7) 6 . 1 8 6 g ( 1 4 .5 m m oI)

C u CI2 (6 ･8 6 7 g = 3 .5 e q)
p H 7 p h o s p h at e b uff e r(8 7 m J)
T H E(2 1 8 m l) , H 2 0 ( 2 9 m り
rt .

,
4 8 h r s .

( 1 6 8 )
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S p e ct r al d at a of (1 6 8)

O H

ク
′

㌔, .

#

§亡,.

N

C H 3

N

H

u v L m a x
Et O H
n m

( R (C H CI3)

EJ - M S m /I ( % )

1 H - N M R( C D C 13) 8

C H O

(1 6 8) 4 . 1 7 5 g : 7 5 % yi e[d fr o m (1 6 7)

C H 3

: 2 9 0
,
2 4 7 , 2 0 6 .

: 3 4 5 0
,
1 7 2 0

,
1 6 9 0

,
1 4 6 0 .

: 3 8 4( M ＋ , 6 5) , 2 4 0( 3 2) ,

1 7 3( 8 0) , 1 4 4( 1 0 0ト

: 9 .6 2 (d ,J = 3 . 4 H ヱ) , 9 .5 9

(d ,J ; = 4 .3 H z) , C H O ｡

(1 6 8) 1 0 0 m g (0 . 2 6 0 m m oI)

M E M Cl(90 けl I 3 e q)

N , N -dii s op r o pyl eth yt a m i n e(1 5 8 ul = 3 .5 eq)
d ry C H 2 CJ2(2 m l)
r efl u x

,
7 0
o

C
,
5 h rs .

O M E M

. N
- C O O C H 3

班

C 技0

S p e ct r al d at a of (1 6 9)

u v 九m a x
E t O H n m : 2 9 2

,
2 4 8 , 2 0 5 ･

] R( C H C1 3) : 1 7 2 0
,
1 6 9 0 , 1 4 6 0 , 1 1 2 0 , 1 0 4 0 .

EJ - M S m / I( % ) : 4 7 2( M ＋ , 7 5) , 3 8 3(1 5) , 2 5 2(3 3) ,

1 8 2(5 2) . 1 4 4(5 4) , 8 9(9 8) ･

1
1
･ H - N M R ( C D C1 3)8 :9 . 6 0(d ,J = 3 .4 H z) , 9 .5 7( d ,

●

J = 4 . 6 H z) , 1 H , C H O , 3 .7 3 ,

3 .71 (3 H , e a c h s , C O O C H 3)

(1 6 9) 1 0 0 m g : 8 1 % yi eld fro m (1 6 8) . 3 ･3 8 4 , 3 ･3 8 2 (3 H , e a c h s ,

O C H 3) .
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(1 6 9) 1 00 m g(0 .2 12 孤 m ol)

トb u tyl血 m e血ylsilyl
一

也 fl u o r o m e th an e s ulf o n at e(1 4 6 ul - 3 e q)

d r y E t3 N (1 1 7 pl - 4 e q)

血y C H 2 C 12(1 m l)

o
o

c , 2 . 5 h ( s . S p e c1 ( al d at a of (1 7 0)

u v 九m a x
E t O H

n m : 2 9 2
,
2 4 8 , 2 0 5 .

旧(C H C 13) : 1 6 9 0
,
1 4 6 0 , 8 4 0 .

( 1 6 9 )

O M E M

ク
′

§さ､

ク
′

ミゝ
.

N

C H 3

N
I

C

El - M S m / I(% ) : 5 8 6( M ＋ , 8 2) , 3 3 6( 9 7) . 2 4 1

(3 3) , 1 8 2(6 7) , 1 4 4(61) , 8 9

(1 0 0), 5 9( 9 8) .

1 H - N M R ( C D C 13)6 : 6 .1 4( 1 H , s , C (2 1) - ”) ,

o si才:
＼

(1 7 0) 8 7 m g : ア1 % yi e一d fr o m (1 6 9)

H
3

: 0 . 9 2(9 H , s ,t ･ B u - S i) ,

: 0 ･1 1 1( e a c h H , s , C H 3
- Si) .

(1 7 0) 8 0 m g (0 .1 3 6 m m ol)

N - b r o m o s u c ci ni m id e ( N B S) (2 7 m g = 1 . 1 e q)
d r y T H F (4 m l)
- 2 0

o

C
,
3 0 m i n .

I

S p e ct r al d a t a of (1 7 1)

u v 九 m a x
E tO H n m : 2 9 1 , 2 4 4 , 2 0 5 .

O M E M

旧 ( C H CI3) : 1 7 1 0
,
1 6 9 0 , 1 4 7 0 , 1 1 1 0 .

EI - M S m / I ( % ): 5 5 2(1 0) , 5 5 0( M ＋ ,1 2) ,

4 7 2(1 4) , 1 8 2( 3 1) , 1 4 4( 4 6) ,

8 9( 9 8) , 5 9( 1 0 0) .

B r
l H - N M R ( C D C I3)8 :9 .3 9

,
9 .3 5(1 H , e a c h s , C H O) , 3 .7 2

,

C H O
3 ･ 7 0(3 H , e a c h s , C O O C H 3) ,3 . 3 8( 3 H , s , O C H 3) .

(1 7 1) 5 7 m g : 7 6 % yi eld fr o m (1 7 0)



1 0 0

(1 7 1) 5 7 m g (0 .1 0 3 m m oI)

D B U (2 0Lll = 1 .3 e q)
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化
,
1 4 h r s .
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､
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I

C

N
1

C

H 3

S p e ct r a一 d at a of (1 7 2)

u v 九m a x
E t O H n m : 2 9 3

,
2与2 , 2 2 4 , 2 0 7 .

I R( C H C 13) : 1 6 9 0 , 1 4 5 5 , 1 1 1 0 .

El ･ M S m / I( % ) : 4 7 0( M ＋ ,7 9) , 3 81 ( 1 9) , 2 5 0(5 0) ,

1 8 2( 6 1) ,1 4 4( 6 3) , 8 9( 6 6)5 9(1 0 0 ト

I H ･ N M R (C D C J3) 8 : 9 .3 4 , 9 .3 2 ( l H , e a ch s ,

(1 7 2) 6 m g : 1 2 % yi eld fr o m r( 1 71) C H O) , 6 . 5 6(1 H , m , C( 1 9) - H)

(1 7 3) 2 9 m g : 6 0 % yi e一d fr o m (1 7 1)

O M E M

H 3

C H O

2 . 0 7
, ( d d , J ; = 7 . 6

,
0 .6 H z)

2 .0 3(3 H ,d d ,J = 7 .3 , 0 . 6 H ヱ)

C (1 8) - H 3) .

S p e ct r a一d at a of (1 7 3)

u v 九m a x
E t O H n m : 1 9 2

,
2 5 1( s h) , 2 3 0 . 2 0 6 .

旧( C H C 13) : 1 6 9 0 , 1 6 7 0 , 1 4 6 0 , 1 1 1 0 .

EJ - M S . m / I( % ) : 4 7 0( M ＋ ,1 0 0) , 3 8 1( 2 6) , 2 5 0

(7 4) ,1 8 2( 9 1) ,1 4 4(9 0) , 8 9( 9 0) ,

5 9( 73) .

(1 7 3)2 5 m g(0 .053 m m ol) . 1 H - N M R( C D C J3)8 :1 0 .2 0
,
1 0 .1 9 (1 H . e a c h d ,

N a B H 4(2 .1 m g = 1 ･1 e q)

M e O H (0 . 5 m り

rt .
,
3 0 m i n .

(1 7 4) 2 2 m g : 8 8 % yi e一d fr o m (1 7 3)

J = 1 .5 H z
,
C H O) , 6 . 6 5(l H ,

m
,
C ( 1 9 トH) , 2 . 1 3(3 H ,d ,

J = 6 .7 H z
,
C ( 1 8)

- H 3) .
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＋
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( 1 7 6) 9 2 5 m g : 6 2 % yi e(d fr o m (1 7 5) . 5 9(6 6) .
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,
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E t O H
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EI - M S m / I( % ) :3 0 8( M
＋
,
1 0 0) , 2 9 1(6) , 2 7 7( 9) ,

1 83(4 0) , I 1 8 2(1 7) , 1 5 7(1 3) , 1 4 4

(1 6) , 1 3 1( 6) .

( 1 7 7) 2 5 m g :9 5 % yI
'

eld fr o m (1 7 6)
1 H - N M R ( C D C 1 3) 6 :5 . 3 1( 1 H , qt ,J ; 6 . 7

,

(1 7 7) 3 0 m g( 0 ･0 9 7 m m od) ･ 2 ･ 2 H z , C ( 1 9) - ”) ,4 . 4(1 H , s , C ( 1 7) - H ) ,

T M S -t rifl u o r o m et h a n e s uff o n at e(4 叫1) .3 . 6 2(1 H ,d ,J = 1 7 .1 H z , C( 2 1) -

E t3 N ( 2 0トLl) , d ry C H 2 C12(3 m l)

rt .
,
3 0 m i n .

O S
/

i
て

N
I

C H
3

. N

≒! ､

(1 7 8) 3 3 m g : 8 0 % yi e一d fr o m (1 7ナ)

(1 78) 1 2 3 . 3 m g (0 . 3 2 4 m m ol)

P b( O A c)4(4 8 0 m g ≡ 3 e q)

d ry C H 2 C 12(2 m l)

- 7 0 -
- 1 0

o

C
,
5 h rs .

(1 7 9) 5 7 m g : 4 8 % yi eld fro m (1 7 8)

H) , 3 . 2 9(1 H ,d ,J = 1 6 .5 H z
,C

( 2 1 トH ) . 4 . 4 4 (1 H , s , C (1 7 卜H ) ,

3 ･ 4 6 ( 1 H , d ,J -
- 9 . 8 H ヱ

,
C (3卜H ) ,

2 ･ 7 8( 3 H , s , N
- C H 3) , 1 .

･5 7(3 H ,

d ,J = 6 . 7 H z
, C ( 1 8 トH 3) .



1 0 3

○
/

Si c

b ､

ク
′

ミさ､

ク
′

ら, .

J d

N

. N

S p e ct r a一 d at a of (1 7 9)

u v 九 nl a X
E t O H n m : 2 6 1 , 2 2 6(s h) , 2 2 1 , 2 1 5( s h)

(1 7 9) 4 4 m g( 0 . 1 21 m m ol)

(1) A c O H
- T H F - H 2 0(3 :1 :1) (1 ･5 m J)

rt . 1 5 m i n .

く2) S M (4 2 m g) ,
rt . 1 5 m i n

H O H占C

N
H

礼

N a B H 4( 9 m g 三 2 e q) , M e O H( 1 m l)

S p e ct r al d a t a o f ( 22)

m p : 2 0 2 - 2 0 4
o

c( a c e l o n e) .

u v 九m a x
E t O H'

: 2 8 9( s h) , 2 8 2 , 2 2 7 .

旧( K B r) : 3 2 0 0
,
1 4 5 0

,
1 0 3 5 .

E l - M S m / I( % ) : 2 9 5 (2 0) , 2 9 4( M ＋ ,1 0 0) , 2 9 3

(9 1) , 2 7 7(1 4) , 2 6 3( 4 4) . 2 4 9(l l) , ･1 8 2

(l l) ,･ 1 7 0( 1 8) , 1 6 9( 9 9) , 1 6 8(6 7) , 1 6 7

(l l) , 1 5 6(1 0) , 1 1 5(1 0) .

(2 2) K o u m idi n e 2 5 m g : 7 0 % yi eld fr o m (1 7 9)

1 H - N M R ( C D 3 0 D) 8 : 5 .3 7(1 H ,q t ,J = 6 .7 H z
,
C

●

1) ( 2 2)3 3 m g(0 .1 1 2 m m ol) , (1 9 トH) , 4 .1 2(1 H ,d d ,J = 9 . 8 ,3 .7 H z
,
C

CIC O O C H 3(2 6ト止
-
- 3 e q) , (3) - H) , 3 .7 6 a n d 3 .6 0 ( e a c h l H , b r - d ,

M g O(2 2 m g = 5 e q). J = 1 7 .1 H z , C(2 1トH 2) , 3 .5 2 (1 H , d d ,

T H F , H 2 0 ( 2 12 , 0 .5 5 m l) J - 1 0 .7
,
6 . 4 H z , C(1 7) - H ) , 3 .1 5( 1 H ,d d ,

rt ･
,
1 h r ･ J = 1 0 .8

,
9 .O H z

,
C(1 7)

- H) , 3 .0 1 a n d 2 . 9

2) S M ( 2 0 rn g) , L i Al H 4 ( e a c h l H , d d ,J 三 1 6 . 2
,
1 .5 H z , C (6) -

( 2 2 m g) ,d ry T H F(1 m l) H 2) , 2 .4 4(1 H ,b r - d d ,J = 5 . 6
,
2 . 9 H z

,
C .

rt .
,
2 h rs . (1 5) - ”) , 2 .2 4(l H , m , C (1 6) - ”) , l . 6 1

(3 H , dt , J = 6 .7
,
1 .5 H ヱ

,
C(1 9トH 3 ト

(2 5) 1 9 -(Z) - T a b e rp sy c h i n e 6 . 2 m g : 2 9 % yi e[d f r o m (2 2)



1 0 4

ら . .

ク
′

も､
N
H

N .7

(2 5) 1 9 1(Z) - T a b e rp sy chi n e .

S p e ct r a( d at a of ( 2 5)

U V L m a x
E t O H n m : 2 9 2

,
2 8 5

,
2 8 0( s h) , 2 2 4 .

1 R( C H C13) : 3 4 6 0
,
1 4 6 0 , 1 3 4 0 , 1 0 7 5 .

E トM S m / I( % ) :3 0 9( 2 3) , 3 0 8( M
＋
,
1 0 0

,
2 9 3

(2 5), 2 7 9(1 2) , 1 5 4(5 4) , 1 2 3(1 2) . 1 2 2

9 0) , 1 2 1(5 9) , 1 2 0( 2 6) .

l H - N M R ( C D C [3) 8 : 7 ･9 2(1 H , s , N H) , 7 .6 3(l H . d ,

J = 7 ･ 4 H z
,
C ( 9)

- H ) , 7 . 1 4(1 H ,I ,J = 7 . 4

H ヱ
,
C(1 0 トH) , 7 .1 9(1 H ,I ,J = 7 . 4 H z ,

C (l l) - H) , 7 ･3 2(1 H , d ,J = 7 .4 H ヱ
,
C( 1 2)

一 H ) , 5 . 4 3 (1 H , m ,
C (1 9 トH ) , 5 .1 2(1 H ,

d ,J = 9 ･ 9 H ヱ,C (3) - H) , 3 . 8 4(1 H , d d ,J l =

1 0 ･ 9 H z
,
C(1 7) - H) , 3 . 2 6(1 H ,d , J = 1 0 . 9

H z
,
C (1 7 トH) , 3 .1 2(1 H , m , C (5) ･ H) ,

2 . 8 2( 1 H , ∩ , C (1 5 トH ) , 2 . 6 0(3 H , s ,

N C H 3) , 2 .
4 4(1 H ,dt ,J = 1 4 . 2

,
9 . 7 H ヱ,

C (1 4 トH) , 2 . l l(1 H , d d , J - 1 4 . 0
,
1 0 . 7

･ H z
,
C(1 4) ･ H) , 1 .6 0(3 H ,d ,J 王 6 . 9 H z

,

C (1 8 トH 3 ト

B o th s y n t h eti c c o m p o u n d s , k o u mi d i n e a n d 1 9
-( Z) -t ab e rp s y c hi n e w e r e p r o v e d

t o b e th e s a m e a s al k al oid s is ol a te d 丘･o m G els e m L
.

u n eZ e g a n s B e nt h . T h e r e f o r e , t h e

ab s ol ut e c o nfig ul ad o n of b o th
'

n at u r al al k al oid s h as- b e e n c o nfir m e d .



1 0 5

5 . 2 F o r m al S v rl th esis o f X o u m i n e 臼9

C o m p o u n d (1 7 2) a s 1 9 -( E) - f o r m w a s r e d u c e d w ith N a B H 4 a n d ri n g

cl o s n 托 b et w e e n C 2 1 an d N (b) w a s p e rf or m e d b y t r e at m e n t o f th e r e s ulti n g al c o h ol w ith

N a O E in a q u e o u s e th yl e n e gly c ol an d m e syl chl o ri d e i n p y ri di n e t o g i v e d e o x y a3 m al i n e

d e ri v a d v e (1 8 2) . T h e c o n v e r si o n of i n d oli n e m oi e ty i n t o th e i n d o li c c o m p o u n d c o uld

b e a c c o m plis h e d b y th e p r o t e c ti o n o f th e C 1 7 h y d r o x y g r o u p o f t h e i n d ol e ni n e

d eri v ati v e･(1 85) . T h e c o m p q u n d (18 5) w as t r e a t e d w i th A c O H
- T 日下- H 2 0 (3 :1 .

･1) at

r o o m t e m p er a t u r e a n d th e n r e d u c e d w i th N a B H 4 i n M e O H t o aff o rd 1 9
-( E) -k o u mi di n e

(1 8 6) ･ 1 9 1 伊) -k o tl mi di n e (1 86) w a s tr e at e d w i th m et h yl c hl o r o f o r m at e i n T H デ ー H 2 0 i n

th e p r e s e n c e o f M g O ad d r e d u c e d wi th lithi u m al u m i ni u m h y d rid e t o f u r ni s h

a nl 1y d r o v o b?
si n ed iol (18 7) I

Li u a n d Y u ( 1 9 8 7) r ep o rt e d th at a n h y d r o v o b a si n e di o l ( 18 7) w a s t r e at e d w it h

S e O 2
,
H 2 0 2 a n d H 2 S O 4 t O a ff o r d k o um i n e ( 19) . T h e r ef o r e , th e f o rm al sy n th e sis o f

k o u m in e ( 19) h ad b e e n c ar ri e d o ut . T h es e c o n v e r si o n s ar e s h o w n as foll o w s :

o M E M
●

ク
′

ミゝ
.

N
I

C H 3

(1 7 2)

C H O

(1 7 2) 8 1 9 m g (1 . 7 4 m m o l)

N a B H 4 6 5 . 8 m g (l e q)

M e O H 1 6 .5 m l

rt . , 3 0 m i n .

(1 80) 7 1 9 m g : 8 7 .4 % yi eld fr o m (1 7 2)



1 0 6

O M E M

ク
′

こゝ､

ク
′

も､

ク
′

も､

C H 2 0 H

N
I

C H 3

(1 8 0)

N
I

C H 3

S p e ct r al d at a o f (18 0)

u v 九 m a x
E t O H n m : 2 9 1 , 2 4 8 , 2 0 2

I R ( C E C 13) : 3 4 5 0 , 16 9 0 , 1 4 6 0 , 1 1 2 0

E I - M S m / I ( % ) : 4 7 2( M
＋
,6 0) , 3 6 6(1 8) ,

2 5 2(1 3) , 1 8 2(5 9) ,1 4 4(7 0) , 8 9( 58) ,

5 9(1 0 0)

(1 8 0) 1 9 0 m g (0 .4 0 2 m m ol)

N a O H 4 80 m g

e th yl e n e gly c ol月2 0(8 ,1 .6 m l)

r e n u x 2 05
o

C , 1 h r .

O M E M

. N - ”

C H 2 0 H

(1 8 1) 1 4 1 m g : 8 5 % yield 丘
･

o m (1 8 0)

N
1

C H
3

1 H I N M R ( C D C13) 8 : 5 .6 0(1 H , m ,

C(1 9) - H )

4 .0 6(2 E , s , C(2 1) - H 2)

1 .7 0( 3 H ,d ,J = 6 , 7fi z
,
C(i 8) - H 3

(18 1) 1 4 0 m g (0 .338 m m ol)

M s Cl (2 9 叫) ,d r y py ri din e (3 m l)

rt .
,
1 h r .

O M E M

一N

､

§

S pe ct r al d at a o f (1 8 2)

u v 九m a x
E t O H

n m : 2 9 1 , 2 4 8 , 2 0 5

I R (C H C13) : 1 6 0 5 , 1 0 4 0

E I - M S m /z ( % ) : 3 9 6( M ＋,1 00) ,3 0 7(3 2) ,

2 9 1(3 1) , 1 8 3(3 6) , 2 7 7(1 2) , 1 4 4( 2 0) ,

( 18 2) 9 8 m g : 7 3 % yi eld fr o m (18 1) . 89(15) , 59(4 5)



1 0 7

(1 8 2) 4 7 r n g( 0 .1 1 9 m m ol)

c o n e . H Cl (1 d r o p)

M e O H (1 .5 m l)

O H

(1 8 2)

ク
′

も､

ク
′

も､

ク
′

;ら.

N
I

C H 3 ､

§

一N

(1 8 3) 2 8 m g : 7 7 % yi eld fr o n (1 8 2)

N
I

C H 3

l H - N M R ( C D C 13) 8 :

5 .2 6 (1 H , m ,C(1 9) - H ) , 4 3 6(1 H ,

s , C(1 7) - H ) 3 . 5 5(1 H ,d ,J = 1 2 .2 H z

C(2 1) - H 2) 1 .6 5 (3 H , dt , J = 6 . 7 ,

1 . 9 H z , C(1 8) - H 3)

(1 8 3) 5 0 m g (0 .1 62 m m o l)

T 姐S -t d fl u o r o m e th an e s ulfo n at e 4 7 ul (1 .5 e q)

d ry E t3 N (3 4L11 = 1 .5 eq) , d ry C H 2 C12 ( 5 m l)

′
′

O Si
-

～

. N

､

§

S pe ctr al d at a o f (1 83)

m p ･ :
･

2 94 -2 9 6
o

C

u v 九 m a x
E t O H n m : 2 9 1 , 2 4 9 , 2 0 5

(1 8 4) 61 m g : 98 % yi eld f r o rh (18 3) .

(1 8 4) 6 1 m g (0 ,
1 6 m m ol)

P b( O A c) 4 (3 4 4 m g = 4 .4 eq)

d ry C H 2 C 12 ( 2 m l)

/

O S i -

～
-

A

N

. N

､

勺

I R ( K B r) : 3 0 5 0 , 1 6 0 5

E I - M S m / I ( % ) : 3 0 8 ( M ＋ , 1 00) ,2 9 1(5) ,

.

2 7 7(8) , 1 83(4 4) , 18 2(4 4) , 15 7(1 6)

1 H - N M R ( C D C13 ＋C D 3 0 D ) 8 : 6 .6 4(1 H ,

m
,
C(1 9) - H) 4 3 8(1 H , d , J I 0 . 9 H z ,

C( 1 7) - H ) 3 . 48(l H ,d ,J = 9 . 2 H z , C(2 1) - H

2
･7 6(3 H ,s , N - C H 3) 1 .6 8 ( 3 H , d q ,

I = 7 .8 , 1 .1 H z , C(1 8) - H 3

(1 8 5) 2 5 m g : 4 2 .8 % yi eld 丘
･

o m (1 8 4)

S p e c 血 d at a o f (1 85)

u v 九 m a x
E t O H n m .

･

.2 6 1
,
2 2 6(s h)

2 2 0
,
2 1 5( s b)



1 0 8

1) (1 85) 2 5 m g (0 .069 m m ol)

A c O H - T W - H 2 0 ≡ 3 :1 :1 (0 .83 m l)

2) S M ･ 2 3 m g (0 .0 7 9 孤 m ol)

N a B H 4(5 m g = 2 e q) , M e O H (1 m l)

､

§

ク
′

ら,.

ク
′

ミゝ
.

ク
■

も ､

(1 8 5)

H O H 2 C

N
H

(186) 7 m g : 3 5 % yield fr o m (18 5)

1) (18 6) 1 0 0 m g (0 .3 4 0 m m ol)

CI C O O C H 3 ( 39 ul) , M g O(6 9 m g) ,

n U (6 .8 m l) , H 2 0( 1 .7 m l)

rt .
,
3 0 m i n .

2) ( S M ) 9 2 m g

L i A 止払(1 3 0 m g) , d ry T T F (5 m l)

rt . , 4 .5 h rs .

､

勺

N
H

N :

S p e ct r al d at a o f (1 8 7)

m p ∴ 1 96
- 2 0 0

o

▲C

[ α】D
2 2
: - 2 80

o

(c = 0 .4 , M e O H )

u v 九m a x
M e O H

n m : 2 9 2 , 2 83 , 2 2 2

I R ( K B r) : 3 2 89 , 2 7 90 , 1 4 6 2 , 1 3 4 0

( 187) 58 m g : 5 5 % yield fr o m (1 8 6) . E I
- M S m / I ( % ) : 30 8C M ＋,9 5) , 29 3

S e O
2 ,
H
2
S O ヰ

H 2 0 2

ト､山;

k o u m i n e (1 9)

(2 5) , 2 7 9( 1 0) , 1 2 2(1 0 0)
1 E - N M R (C D C 13) 8 : 8 .3 4 (1 H 加 ･s

,

N H) 5 ･3 9 (1 H , q , I = 7 H z , C(1 9) - H )

5 . 1 5 (1 H ,d , J = 9 .5 fi z , C(3) - H )

3 .8 3 ( 2 H , t , J = 1 0 .5 H z
,
C(1 7) - B 2)

3 . 6 ,2 .9( e a c h fI ,d ,J = 1 4 .5 H z ,C (2 1) - H 2)

1 . 6 9( 3 H ,d , J = 7 h 2:, C(1 8) - H 3)
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6 .

･ G 地

T hi s i n v e stig ati o n als o r e v e al e d t h e p e rc e nt a g e of c r u d e b a s e fr o m diff e r e n t

p a rt s of G e/s e m i u m e/ e g a n s B e nt h . T h e r o ot s of t hi s pl a nt c o nt ai n e d t h e hig h e st

q u a ntJ
.

ty Of c r u d e b a s e , c o m p a n
r

n g w it h it s st e m s a n d b r a n ch e s , 一e a v e s a n d s e e d s . T h e

yi eld s of c r u d e alk aJojd s w hJ
'

c h b a s ed o n d ry r o o t s , st e m s a n d b r a n c h e s , 1 e a v e s a n d

s e e d s w e r e 1 .1
,
0 . 2 3 , 0 .2 4 a n d 0 . 6 p e rc e n t a g e s , r e s p e ctJ

'

v ely . A m o n g i s o( at e d

aJk aJ oid s
, g el s e m i n e i s th e m ai n alk al oid fr o m a n y m e nti o n e d p a rt s of t hi s pl a n t

e x c e pt f ro m t h e s e e d s w hi c h c o n t a J
'

n s o nly 1 4
- h y d r o x y g e[ s e di n e a n d t h e ro ot s ,

k o u m J
.

n e i s t h e m a) o r c o m p o n e nt .

Si xt e e n alk aJo id s h a v e b e e n i s ol at e d a nd ch a r a ct e riz e d . T h ey a r e g el s e m i n e ,

g eJ s e v J
-

Ti n e
,
k o u m i n e ､ g eJ s e m

'

cj n e , 1 4 - h y d r o x y g eJ s e ni ci n e , h u m a n t e n J
'

n e , 1 4 -

h y d r o x y g ef s e di n e , k o u m id I
'

n e
,
1 9 -( I) - a k u a m m i dJ

'

n e
.
1 6 1 e Pi

･ v o a c a rpi n e , 1 9
･

h y d r o x y dih y d r o g el s e vi ri n e , 1 9 -( Z) ･t a b e rp s y c hi n e , k Q u m i n e N - o XJ
'

d e , g eJ s e m i n e

N - o xid e , 1 9 - o x o g el s e nJ
'

cJ
.

n e a n d e( e g a n s a m in e , t h e f a st s e v e n i s o一at e d b a s e s ar e n e w

aJk al oid s ･ T h e st r u ct u r e s of k o u m idi n e a n d 1 9 -(Z) ･ a k a u m m ]
'

di n e h a v e b e e n r e vi s e d

fr o m (1 9 E) -f o r m t o( 1 9 Z トf o r m ･ F u rth e r m o r e , t h e s y n t h e si s a n d a b s ol ut e

c o n fig u r at J
'

o n d e t e r m i n atJ
'

o n o f β e / s e m /
'

u m alk aJ oid s k o u m idi n e
,
1 9 -( Z) -

t a b e rp sy c hi n e a n d k o u m in e h a v e b e e n c a rri e d o u t , i n cl u di n g t h e p r o p o s al o f

bio g e n etic r o ut e of G els e m iu m aJk aJ oid s .
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E X P E RI M E N T A L



1 1 1

E X P E RI M E N T A L

出 血 血鮎血

T h e ro ot s . st e m s a n d b r a n ch e s ,L e a v e s a n d s e e d s of G e/s e m I
'

u m e/ eg a n s B e n th .

w e r e c o = e ct e d fr o m P h u u L u a n g N ati o n a =
⊃
a rk , L o ei P r o vi n c e , T h ail a n d 汁1 O ct o b e r ,

r
1 9 8 5 ･ T h e pJ a n l w a s id e ntifi e d b y D r ･ T e n S m I

'

ti n a n d ･ th e f o r m e r D e p uty Dir e ct o ト

G e n e r aJ
.
R o y af F o r e st D ep a rt m e nt of T h ail a n d . A h e rb a ri u m s p e ci m e n i s k e pt i n t h e

D e p a rt m e nt of P h a r m a c o g n o s y , F a c uJt y of P h a r m a c e uti c al S ci e n c e s , C h u[ al o n g k o m

U ni v e r sity , B a n g k o k , T h aiJ a n d .

1 . C h r o m a t o g r a p h y

l .1 A n aJytic aJ th h
-L a y e r c h r o m a t o g r a p h y

T h e T L C pla t e s f o r r o uti n e w o rk w e r e P r e
- C o at e d T L C pl at e s o f

S ‖i c a g e一 6 0 F
-2 5 4 a n d P r e - C o a t ed T L C Pl a t e s o f A( u m i n u m o xid e F ･ 2 5 4 (ty p e

E)( M e r c k) .

T e c h niq u e

T e m p e r at u r e

S o一v e nt sy st e m s

: o n e w a y , a s c e n di 咽 , 5 c m .

: l a b o r a t o ry t e m p e r a t u r e (1 5 - 3 5
o

C )

: th e fo = o w i.円g S OI v e nt sy st e m s w e r e u s e d d e p e n di n g o n t h e

m o biほty of t h e alk aZ oid s b ei ng e x a m i n e d .

c hl o r o f o r m

a c et o n e

et h e r

et hyl a c et at e

et h yl a c et at e : b 即 Z e n e (8 0: 2 0)

et h y( a c et at e : n -h e x a n e ( 8 0 : 2 0)

eth y[ a c et at e : n
-h e x a n e (5 0 :5 0)
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D et e cti o n

eth yl a c et at e : m eth a n o一 (9 0 :1 0)

eth yl a c et at e : m et h a n o( (8 0 :2 0)

eth yl a c et at e : m et h a n ol (5 0 :5 0)

c 州o rof o r m : b e n z e n e (5 0 :5 0)

c hl o r of o r m : eth yl a c et at e (6 0 :4 0)

c H o rof o r m : a c et o n e (5 0 :4 0)

c h[ o r of o r m : m et h a n o[ (9 0 :1 0)

c hl o r ofo r m : m et h a n ol (8 0 :2 0)

c M o r of o r m : m et h a n ol (6 0 :4 0)

c hl o r of o r m : m eth a n ol (9 5 :5)

m et h a n ol : di c hJo r o m et h a n e (0 . 5:9 5 .5)

: a) uJtr a vi oJ et lig ht at w a v el e n g th 2 5 4 n m

b) D r a g e n d o 仰 s s p ra y r e a g e nt (T his r e a g e n t w a s k e pt a s a

st o c k s ol utio n c o n si sti n g o f a m ixt u r e of bi s m ut h s u b nit r at e

8 5 0 m g , gl a ci a‡ a c etic a cid l O m l, distill e d w at e r 4 0 m 暮, a n d

p ot a s si u m i o did e 8 g m , di stiH e d w a t e r 2 0 m I . T h e w o r ki n g

s oJ uti o n i s m a d e by m l Xl n g l O m l of th e st o c k s olu ti o n w it h

2 0 m l of gl a ci al a c eti c a cid a n d 7 0 m ( of di still e d w a t e r .

D r a g e n d o rfr s r e a g e nt i s u s e d a s a g e n e r al aJk aloid
-d et e cti ng

r e a g e nt .)

c) 0 ･2 M a n h yd r o u s fe rrJ
'

c c h( o rid e i n 3 5 % W / V p e rc hl o ri c

a cJ
･

d s p r a y r e ag e nt ･ Pl at e s h e at e d at 9 0
o

C f o r 1 0 m in u t e s .

(T h e in d ol e a n d o xin d oJ e a【k a( oid s gi v e o[iv e g r e e n t o g re y o r

b r o w n a n d pi n k t o p u rpl e s p ot s a s p o siti v e t e st ,

r e s p e cti v ely .)
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1 .2 P r e p a r ati v e t hi n
-l a y e r c h r o m at o g r a p h y

P r e - C o at ed f o r p r e p a r a tiv e t hi n
-f a y e r c h r o m at o g r a p h y pl at e s

sili c a g el 6 0 F 2 5 4 ( M e rc k) , l a y e r t hi ck n e s s 1 m m w e r e u s e d ･

T e c h niq u e

T e m p e r at u r e

S olv e nt sy st e m s

D et e ctJ
'

o n

T e c h niq u e

A d s o rb e nt s

T e m p e r at u r e

: o n e w a y , a s c e n dJ
'

n g , 1 5 c m

: 一a b o r a t o ry t e m p e r at u r e (1 5
- 3 5

o

C )

: et h e r

c hlo r ofo r m : eth yl a c et畠tp (6 :4)

c hlo r ofo r m : et h yl a c et at e (9 5 :5)

a c et o n e : n
- h e x a n e (4 :6)

eth yl a c et at e : m et h a n o一 (4 5 :5 5)

: uJt r a vi oJ e t lig ht a t w a v e( e n gt h 2 5 4 n m

1 ･3 C ol u m n c h r o m at o g r ap h y

: o p e n c o一u m n c h r o m at o g r a p h y . fl a sh c ol u m n c h ro m a t o g r a p h y

a n d m e di u m p r e s s u r e c of u m n c h r o m at o g r a p h y

: sJ
'

n c a g el 6 0 ( M e r ck) 7 0 - 2 3 0 m e s h ; si)i c a g e一 6 0 ( M e r c k)

2 3 0 - 4 0 0 m e s h ; al u m i ni u m o xid e 9 0 a cti v e
,
n e u t r a一 7 0 -

2 3 0 m e s h ( M e r c k) ; M e r c k A I u m i ni u m O xid e ( a cti vit y fト

‖) a n d M e r c k L o b e r S i 6 0 (f o r m e di u m p re s s u re c ol u m n

c h r o m at o g r a p h y)

: T a b o r a t o ry t e m p e r a t u r e ( 1 5
- 3 5

o

C )

P a c ki n g : a) a d s o rb e nt s p a c k e d d ry int o t h e c ol u m n .

b) a d s o r b e n t s p o u r e d sl o w ly i nt o t h e c ol u m n c o nt ai ni n g

s ol v e nl s .

A d ditio n of alk al oid al m at e ri al t o c ol u m n

: c r u d e alk al oid w a s di s s ol v e d i n s m a H a m o u nt o f o r g a ni c

s olv e nt a n d a d d e d o nt o th e t o p of ∞ 山m n .
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S olv e nt s y st e m s : n ･ h e x a n e

n ･ h e x a n e : eth yl a c et at e (1 0: 9 0)

n - h e x a n e : eth yJ a c et at e (2 0 :8 0)

n ･ h e x a n e : eth yJ a c et at e (4 0:6 0)

et h yl a c et at e

eth yl a c et at e ･

'

rn eth a n o( (9 5 :5)

eth y) a c et at e : m et h a n ol (9 0 :1 0)

eth yJ a c et at e : m e th a n ol (8 0 :2 0)

eth yl a c et at e : m eth a n o( (7 0 :3 0)

eth yf a c et at e : m e th a n ol (5 0 :5 0)

c H o r of o r m

c hl o r ofo r m : m eth a n ol (9 5 :5)

c hl o r ofo r m : m e th a n ol (9 0 :1 0)

c M o r ofo r m : m e th a n e( (8 0 :2 0)

c hl o r ofo r m : m e th a n o一 (5 0 :5 0)

e t h e r

D et e ctio n of elu at e : b y thi n
-l a y e r c h r o m a t o g r a p h y a n d ult r a vi oJ e = ig ht at

w a v eJ e n gt h 2 5 4 n m .

2 . P h y si c al C o n st a nt

A” m elti n g p oi nt s w e r e m e a s u r e d o n a Y a m at o M P
- 2 1 a p
L
p a r at u s a n d

a r e u n c o rr e ct ed .

3 ･ S p e ctr o s c o py

3 .1 U lt r a vi ol e t a b s o r pti o n s p e ct r a w e r e m e a s u r e d i n M e O H w it h a

H it a chi 3 4 0 o r H it a c hi U 3 4 0 0 s p e ct r o m et e r s .A
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3 .2 I nfr a r e d a b s o rptio n s p e ct r a w e r e m e a s u r e d w it h a Hit a c hj 2 6 0

s p e ct r o m et e r . T h e m a t e ri a一s w e r e e x a m i n e d i n p ot a s si u m b r o m id e di s c o r i n

c M o ro fo rrn s ol u ti o n s .

3 . 3 P r ot o n n u cl e a r m ag n et)
'

c r e s o n a n c e (
1 H - N M R) s p e ct r a w e r e

r e c o rd ed o n a J E O L J N M F X - 2 7 0 a n d J N M G X -2 7 0 (2 7 0 M H ヱ) sp e ct r o m et e rs w it h

t e t r a m et h yJ si[ a n e (T . M IS .) a s a n i nt e r n al st a n d a rd i n d e u t e r o c hl o r of o r m (C D C J3)

u nl e s s o th e r w i s e st at e d .

3 . 4 1 3 c - n u cf e a r m a g n eti c r e s o n a n c e (
1 3 c - N M R) s p e ct r a w e r e

m e a s u re d wit h J E O L J N M F X ･ 2 7 0 a n d J N M G X - 2 7 0 (6 7 . 8 M H ヱ) s p e ctr o m et e r s w it h

t et r a m et hyl sil a n e a s a n i nt e r n al st a n d a rd .

3 .5 M a s s s p e ct r a w e r e t a k e n w it h Hit a c hi R M U
- 6 0 a n d R M U - 7 M

S P e Ctr O m et e r S

3 . 6 C D s p e ct r a w e r e m e a s u r e d w J
'

t h J A S C O J -5 0 0 A a n d J - 2 0 i n

M ∋O H

4 . S olv e nt s

T h r o u g h o ut th e w o r k a‖ o rg a nic s o( v e nt s w e r e r e di stiJ[ e d b ef o r e u s e .

1k

1 . E xt r a cti o n a n d ] s ol ati o n of Alk afoid s fr o m t h e R o ot s

l .1 E xt r a cti o n of alk al oid s fr o m th e r o ot s

T h e d ri e d c o a r s ely p o w d e r e d r o ot s (6 0 0 g) w e r e e xt r a c t e d w it h

M e O H at ro o m t e m p e r at u r e f o r t h r e e ti m e s (f o r 3 , 5 a n d 7 d a y s) a n d filt e r e d . T h e

c o m bi n e d m et h a n ol filt r at e w a s c o n c e nt r at e d i n v a c u o t o affo rd sy r u p y c r u d e e xt r a ct

(6 6 g) I w hi c h w a s di s s o一v e d i n l N H C I s ol utio n a n d p a rtit]
'

o n ed t o e th yj a c et at e . A ft e r
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th e b a c k - e xt r a ctio n of et hyl a c et a t e w it h l N = C = h e c o m bi n e d a cidi c I a y e r w a s

b a sifi e d t o p H 1 0 w it h s olid N a 2 C O 3 at O
o

C a nd th e n e xt r a ct e d w ith 5 % M e O = / C = C13

t h r e e ti m e s ･ T h e o rg a n]
'

c l a y e r w a s w a s h e d w ith b rin e , d ri e d o v e r a n h y d r o u s s o diu m

s uJf at e a n d e v a p o r at 叶 u n d e r re d u c ed p r e s s u r e t o gi v e c r u d e b a s e 6 . 8 8 g (1 .1 % ) .

T h e di ag r a m of e xt r a cti o n is sh o w n a s fo = o w s:

i e xtd .
w ith M e O H

dis s oI . i n l N H Ct a q .

e xtd . with E tO A c

H C [ a . a v e r _ I

e xtd . w ith l N

b a sifi ed w it h N a 2 C O 3 ･
e xt d . w ith 5 % M e Q H /C H C13

‡ 与
o rc7 a n i c [ a v e r

H C] a q .

良Q A bJ a y B L

i
w a s h e d w it h b ri n e

d n
'

e d w it h N a 2 S O 4

e v ap d .

c r ud e b a s e 6 . 8 8 7 g (1 .1 % b a s e d o n d ry ro ot s)

.1 . 2 I s ol atio n o f alk al oid s fr o m t h e ro o t s

T h e p o rti o n of alk al oid al fr a cti o n ( 6 . 8 g) w a s r o u g hly

s e p a r at e d w ith A[2 0 3 C OJ u m n c h r o m at o g r a p h y . T h e c o[ u m n w a s el ut e d wit h b e n z e n e ,

5 0 % C H C13/b e n z e n e , 5 0
-

1 0 0 % C H C I3/b e n z e n e , C H C ]3
- E t O A c

,
a n d 1 0 -

2 0 %

M e O H /E tO A c u n til n o tr a c e s of alk aJoid c o uld b e d ete c ted . Th e m e n tio n e d s oJv e n l

s y st e m s aff o rd e d fra cti o n s R l , R 2 , R 3 , R 4 a n d R 5 .r e s p e ctiv e一y . T h e s e fr a cti o n s w e r e
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p u rjfJ
'

e d w ith Si O 2 C O[ u m n c h r o m at o g r a p h y , fla s h c o( u m n c h r o m at o g r a p h y . m e di u m

p r e s s u r e c ol u m n ch r o m at og r a p hy a n d/ o r p r e p a r ati v e T L C w h e r e a p p r o p ri at e ･ T h e

aJk a( oid s g eJ s e viri n e ( 2 8) , a n d h u m a nt e nj n e (3 5); g e( s e viri n e ( 2 8) , k o u m i n e

(1 9) , g el s e ni ci n e (43) , a n d h u m a nt e n王n e (3 5); g ef s e m i n e ( 2 6) , g eJ s e vJ
'

ri n e (2 8) ,

k o u m i n e (1 9) , g eJ s e ni ci n e (4 3) , a n d 1 9 -(Z) -t a b e rp s y c hi n e (2 5) ; g el s e m i n e

(2 6) , 1 9 1(Z)
-

a k u a m m idi n e ( 2 3) , 1 4
- h y d r o x y g eJ s e ni c J

'

n e (4 4) , k o u m idi n e (2 2)

a n d 1 9 - h y d r o x y dih y d r o g e( s e vi ri n e (3 0) ; a nq 1 6
- e ps

- v o a c a rpi n e ( 2 4) w e r e

o bt ai n e d r e s p e cti v ely . T h e d et ai( s a r e s h o w n a s f o = o w s :

郎 蜘

b e n z e n e

0 % C H C J 3/ b e n z e n e

R
r
- g el s e viri n e ( 2 8) , h u m a n t e nj n e (3 5)

R 2 - - g eJ s e viri n e (2 8) , k o u m i n e (1 9) .

g e( s e ni ci n e ( 4 3) , h u m a n t e n]
'

n e (3 5)

5 0 - 1 0 0 % C H C J3/ b e n z e n e R 3
- -

g el s e m i n e ( 2 6) , g eJ s e viri n e ( 2 8) ,

C H C13 - Et O A c

1 0 ～ 2 0 % M e O H / E tO A c

k o u m i n e (1 9), g el s e n ]
-

ci n e (4 3) , 1 9 -

(Z)
-

t a b e rp s y c hi n e (2 5)

R 4
- -

g el s e m i n e(2 6) ,1 9 -( Z) - a k u a m m i di n e

( 23) , 1 4 - h y d r o x y g el s e ni ci n e (4 4) ,

k o u m )
'

di n e (2 2) ,1 9 - h y d r o x y dih y d r o ･

･

g el s e vjri n e (3 0)

R 5
‾ - 1 6 - e pi

- v o a c a rpi n e (2 4)
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T h e f r a cti o n R 3
- R 4 el u e n t fro m A12 0 3 C OI u m n c h r o m at og r a p h y w a s

s u bj e ct e d t o r e p e at 他 sh c o( u m n c h r o m at o g r a p h y u si n g l % M e O H /C H C[3 S at . W ith a q .

N H 3 a S a S OI v e nt t o aff o rd c o[o rl e s s n e e d一e s of
.
g efs e m )

'

n e (2 6) (3 6 9 m g) .

V l

T h e b e n z e n e - 5 0 % C H C]3/ b e n z e n e e( u e nt fr o m A暮2 0 3 C OJ u r n n

c h r o m at o g r a p h y w a s s u bj e ct ed t o m e di u m p r e s s u r e . c ol u m n c h r o m at o g r a p h y u si n g

l O % M e O H/ C H C I3 a S a s olv e nt sy st e m t o giv e a n a m o rp h o u s s olid of g e( s e viri n e ( 2 8)

(4 9 5 m g) , w hi ch w a s o bt ain e d a s H C I s alt .

T h e 5 0 % b e n z e n e/ C H C [3 - C H C Z 3 ' el u e nt fr o m A12 0 3 C OJ u m n

c h r o m a t o g r a p h y w a s p u rifi e d b y f) a s h c o一u m n c h r o m at o g r a p h y u si n g 5
-

l O % M e O H / C H C 13 t O aff o rd c oJ o rl e s s p一at e s o r c oJ u m n a r c ry st al s of k o u m i n e

( 5 7 4 m g ト

Lieis B nid n B m

T h e 5 0 % b e n z e n e/ C H C 13
- C H C 1 3 eJ u e nt f r o m A 12 0 3 C O( u m n

c h r o m at o g r a p h y w a s s u bj e ct ed t o m e di u m p r e s s u r e c ol u m n c h r o m at o g r a p h y u si n g

l O % M e O H / C H C )3 a S a s ol v e n t . s y st e m t o giv e c ol o rl e s s pl at e s o r n e e dl e s of

gl e s e ni ci n e (3 3 1 m g) .

出 血

T h e fr a cti o n R 4 el u e nt fr o m AI2 0 3 C h r o m at o g r a p h y w a s i s o一at ed by

m e di u m p r e s s u r e c oJ u m n c h ro m at o g r a p h y u si n g l O % M e O H / C H C 13 t O aff o rd a n

a m o rp h o u s s oJid of 1 4
- h y d r o x y g eJ s e ni cin e (1 6 9 m g) I

T h e b e n z e n e ･ 5 0 % C H CZ3/ b e n z e n e el u e n t fr o m A(2 0 3 C OI u m n

ch r o m 白t o g r a p h y w a s s u bj e ct e d t o m e di u m p r e s s u r e c ol u m n c h r o m at o g r a ph y u si n g
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1 0 % M e O H/ C H C13 a S a S OIv e nt t o g )
'

v e a n a m o rp h o u s s olid of h u m a nt e ni n e (3 5 4 m g) ,

w hic h w a s o bt a J
'

n ed a s H CJ s a一t .

ユ旦こ(呈1ニ丑山 地

T h e fr a cti o n R 4 el u e nt fr o m A[2 0 3 C Of u m n c h r o m a t o g r a p h y w a s

is ol at e d by fl a s h c ol u m n c h r o m at o g r a p h y u sJ
'

n g 5 % M e O H / C H C [3 a S a s olv e nt , t h e

台lu e nt w a s p u r]
'

fI
'

e d by Si O 2 C OI u m n ch ro m at o g r a p hy u si n g l % M e O H / C H CJ3 S at . W ith

aq ･ N H 3 t O gi v e c ol o r( e s s n e e d[ e s of 1 9 -

( Z)
- a k u a m m idi n e ( 3 5 m g) .

地 + 退21

T h e fr a cti o n R 4 efu e nt f ro m AJ2 0 3 C Ol u m n c h r o m at o g r a p h y w a s

is ol at e d b y fl a s h c oJ u m n c h r o m at o g r a ph y u s Jn g l O % M e O H /C H C13 a S a s olv e nt . A ft e r

t h at Si O 2 C Ol u m n c h r o m at o g r a p h y w a s e( ut e d w it h l % M e O H / C H C[3 S at ･ W ith a q ･ N = 3

t o yi eEd c oJ o rJ e s s n e e dJ e s of k o u m idi n e ( 4 7 m g) .

ユ 地

T h e fr a cti o n R 5 eJ u e nt fr o m A12 0 3 C OJ u m n c h r o m at o g r a p h y w a s

s u bj e ct e d t o r e p e at Si O 2 c ol u m n c h ro m at o g r a p h y u sJ n g 5 % M e O H /C H CJ3 a n d l %

M e O H / C H C 1 3 S at ･ W ]
'

t h a q ･ N H 3 t O aff o rd c ol o rJ e s s p r] s m s o r pl at e s of 1 6
･ e pi -

v o a c a rpi n e (7 8 m g) .

ユ 地 心

T h e fr a cti o n R
-5 eJ u e nt f r o m A[2 0 3 C O( u m n c h r o m a t o g r a p h y w a s

i s ol at e d by fl a s h c ol u m n ch r o m at o g r a p h y ･ eJ uti n g w it h 2 0 % M e O = / C = C-3 ; P U rifi e d

b y Si O 2 Ch r o m at o g r a p h y u s J n g 2 % M e O =/ C = C f3 S at . W J
･

t h a q ･ N = 3 ; a n d m e d i u m

P r e s s u r e C Ol u m n c h r o m at o g r a p h y u sJ n g 1 0 % M e O H / C H C b t o aff o rd c of o r[ e s s

a m o rp h o u s o f 1 9
- h yd r o x y dih y d r o g els e viri n e (l l m g) .

T h e 5 0 % b e n z e n e/ C H C I3
- C H C - 3 ef u e nt fr o m At2 0 3 C OJ u m n

c h r o m at o g r a p h y･ w a s i s ol a t e d b y f- a s h c ol u m n c h r o m a t o g r a p h y u si n g 5 %

M e O H /C H C J 3 a S a S Of v e nt ･ A ft e r t h at w a s s u bj e ct e d t o r e p e at m e d i u m p r e s s u r e
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c o( u m n c h r o m at o g r a p h y (1 0 % M e O =/ C = CT3) I A[2 0 3 C Ol u m n c h r o m at o g r a p h y ( E tO A c)

a n d p r e p a r a tiv e T L C u si n g 4 0 % M e O = / E tO A c a s a s ol v e n t t o gi v e 1 9 ･

_
( Zト

t a b e rp s y c hj n e (3 m g) .

2 ･ E xt r a ctio n a n d [ s oJ ati o n of AJk al oid s fr o m t h e S t e m s a n d B r a n c h e s

2 ･1 E xt r a cti o n of aJk aJoid s fr o m th e st e m s a n d b r a n ch e s

T h e d ri e d c o a rs ely p o w d e r ed st e m s a n d br a n c h e s (3 .5 kg) w e r e

e xt r a ct ed w it h M e O H at r o o m t e m p e r at u r e fo r t h r e e ti m e s (fo r 3 , 5 a n d 7 d a y s) a n d
A
<

fnt e r e d ･ T h e c o m bi n e d m et h a n ol filt r at e w a s c o n c e nt r at e d t o s y r u p y m a s s u n d e r

r e d u c e d p r e s s u r e , a n d dis s o一v e d i n 3 % H C [ s ol uti o n w it h w e(I s h a k e n . T h e a cidi c

filt r at e w a s w a s h e d w it h p o rtio n s o f E t O A? , t h e n m a d e b a si c (p = 1 0) w ith st r o n g

s o一uti o n of a m m o ni u m h y d r o xid e a n d e xt r a ct e d w ith C H C13 Si x ti m e s . T h e c o m bJ
･

n e d

C H C )3 e xt r a ct W a s W a s h e d wit h w at e r , d ri e d o v e r a n h y d ro u s s o di u m s u げat e a n d

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 t o yi e一d c r u d e alk aJ oid s 8 . 2 g ( 0 .2 3 % ) , a s

di a g r a m s h o w n a s fo = o w s :

e xt d . w it h M e O H

dis s ol ･ in 3 % H CI a q .

w a s h e d w ith Et O A c

A 蜘 【

b a sifi e d w ith N H S a q .

e xtd . w ith C H C13

也

f iQ A cJ a m

7
h

d

e

o?v:=
h

N

H

a

2

2S o . a n d e v a P ･

c ru d e alk al oid s 8 ･2 g (0 ･ 2 3 % b a s e d o n d ry st e m s a n d br a n c h e s)
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2 .2 I s ola tI
.

O n Of afk aJ oid s fr o m st e m s a n d b r a n c h e s

T h e p o ni o n of afk aJ oid aJ e xt r a ct (7 .1 g) w a s ro u g 川y s e p a r at e d

w it h Si O 2 C O( u rn n c h ro m at o g r a p h y ･ T h e c olu m n w a s e( ut e d w it h 0
-

2 % M e O H /E t O A c ,

5 - 1 0 % M e O H / Et O A c , 5 0 % M e O H / Et O A c
,
M e O H , a n d 5 % N e ts / M e O H u ntiJ n o t r a c e s

of aJk aJ oid c o ufd b e d et e ct e d ･ A c c o rd J
.

n g t O t h e s o( v e nt s y st e m s , t h ey affo rd e d

fr a cti o n s S l ･ S 2 , S 3 , S 4 . S 5 a n d S 6 , r e S P e Cti v eJy ･ T h e s e fr a ctio n s w e r e t h e n

P u rJ
'

fi e d w ith Si O 2 C OI u m n c h r o m a t o g r a p h y ･ fl a s h c of u m n c h r o m at o g r a p h y , m e di u m

P r e S S U r e C O( u m n c h r o m at o g r a p h y a n d/ o r p r e p a r a tiv e T L C w h e r e ap p r o p ri at e . T h e

alk a( o 1
'

d s ' el e g a n s a m ･
'

n
.
e (4 6) a n d 1 6 - e pi

- v o a c a rpi n e (2 4) ; 1 9 -(Z ) - a k u a m m idi n e

(2 3); g e( s e n J
'

ci n e (4 3) a n d k o u m idi n e ( 2 2); 1 4 - h y d r o x y g e( s e ni ci n e ( 4 4) ,

h u m a nt e ni n e
.
(3 5) a n d k o u m idi n e

.
( 2 2) ; g e- s e m i n e (2 6) , g e( s e vi ri n e ( 2 8) ,

h u rn a nt e n]
'

n e ( 3 5 卜a n d 1 4
･ h y d r o x y g eJs e m

'

ci n e (4 4); g e( s e m i n e (2 6) a n d k o u m i n e

(1 9); w e r e o b t ai n e d r e sp e cti v ely . T h e d et aJI s a r e sh o w n a s foll o w s:

lk fr ∩ h

也

一 0 - 2 % M e O H /E t O A c S l
- eZ e g a n s a m i n e ( 4 6) , 1 6 - e p トv o a c a rpi n e

- - 5 ー 1 0 % M e O H/ E tO A c

- 2 0 % M e O H /E t O A c

5 0 % M e O H /E tO A c

- 一 肌∋O H

5 % N E t3/ M e O H

( 2 4 )

S 2
- - 1 9 1( Z) - a k u a m m idi n e (2 3)

S 3 - g ef s e ni ci n e (4 3) , k o u m J
'

d J
'

n e (2 2)

S 4
- - 1 4 ･ h y d r o x y g e( s e ni ci n e( 4 4) ,

h u m a nt e ni n e (3 5) ,k o u m idi n e ( 2 2)

S 5 - g el s e m i n e( 2 6) , g el s e viri n e( 2 8) ,

h u m a nt e ni n e(3 5) ,

1 4 1 h y d r o xy g el s e n J
'

ci n e (4 4)

S 6
- g eJ s e m i n e ( 2 6) , k o u m i n e (1 9)



1 2 2

T h e 0 - 2 % M e O H/ E tO H eJ u e nt fro m th e S i O 2 C O(u m n c h r o m at o g r a p h y

w a s s u bj e ct e d t o r e p e at A12 0 3 C OI u m n c h ro m at o g r a p h y u s m g C H CI3 a S a s olv e nt t o

aff o rd c oJ o r[ e s s p ris m s of e) e g a n s a m in e (8 m g) .

3 . E xt r a cti o n a n d [s of ati o n of A]k al oid s fro m t h e L e a v e s

3 .1 E xt r a cti o n of alk aJ oid s fro m t h e 一e a v e s

T h e d ri e d c o a rs e[y p o w d e r e d l e a v e s (4 .7 k g) w e r e m o I
'

st e n e d

w it h s tr o n g a m m o niu m h y d r o xid e s oJ utio n a n d a”o w e d t o st a n d o v e m ig ht . tt w a s t h e n

m a c e r at e d wit h et h yr a c et at e f o r th re e d a y s a n d filt e r e d . T h e m a r e w a s r e m a c e ra t e d

w it h et h y[ a c et at e fo r th r e e d a y s a n d filt e r e d . T h e c o m bJ
'

n e d filt ra t e w a s c o n c e n tra t e d

t o s y r u p y m a s s u n d e r r e d u c e d p r e s s u r e . , m i x e d w it h gla cial a c eti c a cid th e n p o u r e d

i nt o a J a rg e v ol u m e of w a r m w at e r t o giv e a b o ut 5 % a c eti c a cid s ol uti o n , w e 川s h ak e n

a n d 一e ft t o s t a n d o･v e r nJ
'

g ht . T h e a cidi c filt r at e w a s w a s h e d w J
'

th p o rtio n s 8 f

p et ro一e u m et h e r t h r e e ti m e s , t h e n b a sifi e d t o P H I O w it h st r o n g s ol uti o n o f

a m m o ni u m h y d r o xid e a n d e xt r a ct e d w it h c h一o r o fo r m . T h e c o m bi n e d c h一o r ofo r m

e xtr a ct w a s w a s h e d w J
'

th w at e r, d ri e d . o v e r a n h y d r o u s s o diu m s ulf at e a n d e v a p o r at e d

t o yi e一d c r u d e aJk aJ oid s (l l .3 8 g) .



1 2 3

4 . k

m oi std . w it h N H 4 0 H

m a c e r at ed w it h Et O A c

dis s oI . in 5 % A c O H

w a s h e d wit h p et . e th e r

千蒜iewdit訂iT HNcT34 ｡ H
ag J J a y E 伽

w a sh ed w it h H 2 0

d ri ed w it h N a 2 S O 4

e v a p i

c r u d e aJk al oid s l l ･ 3 8 g (0 ･2 4 % b a s e d o n d ry 一e a v e s)

3 . 2 ] s ol a†i o n of a[k al oid s fro m t h e J e a v e s

T h e p o rti o n of alk af oid al e xt r a ct ( 2 . 5 g) w a s dis s ol v e d i n

c hJ o r o fo rn l (1 0 m f) a n d m ix e d w ith s m aJJ a m o u nt of sili c a g e L T h e c o nt e nt w a s d ri e d
●

a n d p a c k e d o n t o t h e t o p of d ry sili c a g el c ol u m n ･ T h e c o lu m n w a s e- ut e d s u c c e s si v ely

w ith 5 0 % ∩･ h e x a = e/E t O A c , 1 0 % M e O H/ Et O A c
,
2 0 % = e O =/ Et O A c

,
3 0 % = e O = /C H C】3

a n d t h e n w ith M e O H ･ T h e 5 0 % n - h e
甲n e/ Et O A c e[ u e nt w a s f u rth e r p u rifi e d b y Si O 2

c o( u m n ch r o m at o g r a p h y u sl n g 5 0 % n - h e x a n e/ Et O A c a n d t h e n b y p r e p a r ati v e T L C

( 6 0 % C H C I 3/ E t O A c) t o gJ
.

V e 2 6 m g of 1 6 - e pi
- v o a c a rpi n e (2 4) a n d 6 m g of 1 9 -

o x o g eJ s e ni ci n e (4 5) ･ T h e l O % M e O H / Et O A c el u e nt w a s s u b)
'

e ct e d t o Si O 2 C O( u m n

c h r o m at o g r a p h y a n d l l m g of 1 9 ･( Z)
- a k u a m m id i n e ( 2 3) w a s o b t ai n e d fr o m t h e

fr a cti o n s of 5 % M e O H /E t O A c e 山e = t ･ T h e 2 0 % M e O = /Et O A c e 山e =t w a s s u bj e ct e d t o

A 12 0 3 C O( u rn n c h r o m at o g r a p h y ･ F r o m 4 0 % n - h e x a n e/ E t O A c el u e nt
,
1 5 9 m g o f



1 2 4

g el s e m i n e (2 6) w a s o bt ai n e d ･ T h e 3 0 % n -h e x a n e/ C = Cl3 eJ u e nt fr o m A[2 0 3 C 叫 m n

c h ro m at o g r a p h y w a s fu n h e r p u rifi e d b y p r ep a r ativ e T L C (4 5 % E t O A c/ M e O = , t ripl e

d e v eJ o p m e nt) t o yi eld 1 8 m g of g e[ s e m i n e N - o xid e (3 1) a n d 1 3 m g o f k o u m in e N -

o xi d e (2 0) ･ T h e 3 0 % M e O H / C H C ]3 el u e nt f r o m th e fir st S i O 2 C O[ u m n

c h ro m at o g r a p h y w a s fu rth e r p u rifi e d b y AJ2 0 3 c ol u m n c h r o m at o g r a p h y u si n g 4 0 %

- n
- h e x a n e/E t O A c t o yi eld 2 0 m g of k o u m i n e (1 9) .

fr

t
＋

pl

ま 蜘

5 0 % ∩- h e x a n e/ Et O A c

- - 1 0 % M e O H/ E tO A c

2 0 % M e O H/ Et O A c

3 0 % M e O H / C H C13

ヰ
1 6 -

e pi ･ v o a c a r pi n e( 2 4) ,1 9 ･ o x o g e l s e ni ci n e

( 4 5 )

ヰ 1 9 -(Z) - a k u a m m idi n e ( 2 3)

～

g efs e m i n e (2 6), g e( s e m i n e N - o xid e (31) ,

k o u
'

m in e N 1 0 Xid e (2 0)

～ k o u m i n e (1 9)

4 . E xt r a cti o n a n d ls o(a ti o n o f A[k al oid fr o m th e S e e d s

4 .1 E xt r a cti o n of a[k aJ oid fr o m th e s e e d s

T h e d ri e d p o w d e r e d s e e d s (8 .7 4 6 g) w e r e e xt r a ct e d w ith M e O H

at r o o m t e m p e r at u re th r e e ti m e s . T h e c o m bi n e d m et h a n oJ e xt r a ct w a s c o n c e nt r at e d

i n v a c u o t o affo rd c r u d e e xt r a ct (2 . 7 6 9 g) w hi c h w e r e di s s o h/ e d i n l N H CI s ol uti o n

a n d w a s h e d wit h h e x a n e . A ft e r th e b a ck - e xt r a ctio n of h e x a n e [a y e r w it h l N H C [, t h e

c o m bi n e d a cidi c l a y e r w a s e xt r a ct e d w it h et hyl a c e t at e w hi c h w a s f u rth e r e xt r a ct e d

w it h l
■

N H Cl . T h e c o m bi n e d a cidi c [ a y e r w a s b a sifie d t o P H I O w it h s o[id N a2 C O 3 at

o
o

c a n d th e n e xt r a ct e d w it h 5 % M e O =/ C = C13 th r e e ti m e s ･ T h e o rg a ni c l ay e r w a s



1 2 5

w a s h e d w it h b ri n e
,
d ri e d o v e r a n h yd r o u s N a 2 S O 4 a n d e v a p o r 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 蛋;I V e C r u d e b a s e 5 3 m g .

7 4

e xt d . w ith M e O H

皿 且池1

dis s o L in l N H Cl a q .

w a sh e d w it h h e x a n e

且 蜘 L

e xtd ･ w ith l N H Cl a q .

e xtd . w it h Et O A c

且 地
e xtd ･ w it h l N H Cl a q .

b a sifi e d w it h N a 2 C O 3

e xt d ･ w ith 5 % M e O H /C H CI3

孤 + ay 旦【

w a s h e d w it h b ri n e

d ri ed w it h N a 2 S O 4

e v 叫 .

c r ud e b a s e 5 3 m g (0 ･ 6 % b a s e d o n d ry s e e d s)

4 .2 1 s oJ ati o n of alk al oI
'

d fr o m t h e s e ed s

T h e c r u d e b a s e 5 3 m g w a s s u bj e c t e d t o fl a s h c ol u m n
l

c h ro m at o g r ap h y . T h e 2 0 % M e O H /C H C -3 e[ u e n t w a s f u n h e r p u rifi e d b y Si O 2 c ol u m n

c h r o m at o g r a p hy u si n g 3 % M e O H /C H C I3 S at ･ W it h a q ･ N = 3 a S a S O- v e nt s y st e m t o gJ
･

v e

C Ol o rf e s s n e e d一e s of 1 4 1 h y d ro x y g eis e din e ( 4 0) 6 m g .



1 2 6

5 . I s ol at ed A[k al oid s a n d T h eir Yi eld s

I T h e is ol at e d alk aJ oid s a n d t h eir yi eld s fr o m t h e r o o t s , st e m s a n d

b r a n c h e s
･
l e a v e s a n d s e e d s o f G e/ s e m I

-

u m e/eg a n s B e nth . a r e s h o w n a s follo w s .

Alk alo id s R o ot s t e m s a n d b r a n c h e L e a v e s S e e d s

m q % m g % m g % m g %

G eJs e m i n e (2 6) 3 6 9 5 .4 1 0 9 4 1 5 .4 1 5 9 6 2 .8

2 0 7 .9

. 6 11 .3

G el s e viri n e (2 8) 4 9 5 7 .3 9 5 1 .3

K o u m in e (1 9) 5 7 4 8 .4 2 5 1 3 .5

G el s e ni ci n e ( 4 3) 3 3 1 4 .9 6 0 0 8 .5

1 1 4 .3

1 4 - H y d r o x y g e ls e ni ci n e (4 4) 1 6 9 2 .5 5 0 1 7 .1

H u m a nt e ni n e (3 5)

1 4 - H y d r o x y g e!s e di n e
■
(4 0)

1 9 1( ZトA k u a m m idi n e (2 3)

3 5 4 5 .1

3 5 0 .5

7 9 1 .1

5 5 0 .8

K o u m id i n e (2 2) 4 7 0 .7 2 2 0 . 3

1 6 1 e P トV o a c a rpi n e ( 2 4)

1 9 - H y d r o x y d ih y d r o
-

g el s e viri n e (3 0)

7 8 1
.1

1 1 0 .2

9 4 1 .3

8 0 .1

2 6 1 0 .3

6L 2 .4

1 9 -(Z) - T a b e rp s y chi n e (2 5)

El eg a n s a m i n e (4 6)

1 9 - O x o g el s e ni ci n e ( 45)

●

3 0 .0 4

G e ls e m i n e N - o xid e (31) 1 8 7 .1

K o u m i n e N - o xid e ( 2 01 1 3 5 .1

T ot al 2 4 5 7 3 6 .1 2 7 9 9 3 9 .5 2 5 3 1 0 .2 6 1 1 . 3

% : B a s e d o n cr u d e b a s e



1 2 7

1 .

a c et o n e .

M efti n g p oi n t

U V 九
TTl a X n m

旧 ( K B r)

M S m / I (% )

1 H I N M R 8

1 3 c _ N M R

ifi c ati o n of l s of a t e d A fk a(oi

追皿 皿旦⊥王立上

G e(s e m i n e (2 6) w a s o bt ai n e d a s c ol o rl e s s n e e dl e c ry st al s fr o m

: 1 7 6 . 1 7 8
o

C

: 2 9 3 ( s h) , 2 8 0 , 2 5 1 ,
.

2 0 8 .

: 1 7 1 5 , 1 4 7 5 , 1 2 2 5 , 1 0 9 5 .

･: 3 2 2 ( M
＋
, 4 7) , 2 4 9 (5 5) , 1 0 8 (1 0 0) .

: 7 18 6 (1 H , b r - s , N H) , . 7 ･2 4 (1 H , d -lik e , J ご 7 . 6 H z , C (9) -

H) , 7 ･0 0 (1 H , トJik e , J = 7 .6 H z
,
C (1 0) - H) , 7 , 1 9 (1 H , ト

lik e
,
J = 7 . 6 H z

,
C(1 1 トH ) , 6 . 7 7 ( 1 H , d -一ik e

,
J = 7 .6 H z ,

C(1 2) - H) , 6 ･2 6 (1 H , d d , J = 1 7 . 8
,
l l .0 H z

,
C( 1 9)

- H ) ,

5 ･1 0 ( 1 H . d d , J - l l .0
,
1 . 3 H z

,
C( 1 8 トH ) , 4 . 9 4 (1 H , d d ,

J = 1 7 . 8
,
1 .3 H z

,
C(1 8トH) , 4 .l l (1 H , d d , J = 1 1 .1

,
2 .3 H z

,

C (1 7) - H) , 3 ･ 9 1 (1 H , d d , J - l l . 1 , 2 . 0 H z , C( 1 7トH) ,

3 ･8 2 (l H , b r - s , C (3) - H) , 3 ･ 4 4 (l H , b r - s , C( 5) - ”) ,

2 ･ 8 3 (l H , d d , J = 1 4 ･4 , 3 ･ O H z , C(1 4) - H) , 2 .0 0 (1 H , d d d ,

J 王 1 4 ･ 2
,
6 ･ 0

,
3 .0 H z , C(1 4)

- H ) . 2 . 4 2 (1 H , b トd , J = 8 .9

H z
,
C (1 6) - H) , 2 . 2 5 (3 H , s . N ･ C H 3) , 2 . 7 8 a n d 2 . 3 1

( e a ch l H , d , J = 1 0 .2 H z
,
C(2 1) - H 2) .

: S e e T a bl e 1 , p a g e 1 4 4

巧ヽ fI

fl ､

H

0
.
. 班

■■

′H 氏

- N
/
C H 3

#

ミ
ゝ ､ N

H

冗

H
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T his b a s e (2 8) w a s o bt aJ
'

n e d a s a n1 0 rP h o u s s olid fr o m a c et o n e , w hic h

2 .

aff o rd e d a s H CJ s alt .

M elti n g p oi n t

U V 九m a x n m

I R (H CI s alt , K B r)

M S m / I (% )

l H - N M R 8

1 3 c _ N M R

: 2 5 S - 2 6 0
o

C (d e c .)

: 2 8 0 ( sh) , 2 5 4 , 2 0 8 .

: 2 4 4 0
,
1 7 3 5

,
1 4 6 3

,
1 0 7 8 .

: 3 5 2 ( M ＋ , 2 6) , 3 2 1 (6 3) , 3 0 9 (2 8) , 1 0 8 (1 0 0) .

: 7 . 4 6 ( 1 H , d -lik e
,
J = 7 .6 , C ( 9)

- H) , 7 . 0 5 (1 H , トIik e ,

J = 7 . 6 H z
,
C (1 0)

- H) , 7 .2 9 ( 1 H , I
-lik e , J = 7 . 6 H 之, C (l l) -

H) , 6 .9 5 (1 H , d -lik e , J = 7 .6
■H z

,
C (1 2 トH) , 6 .2 4 (1 H , d d ,

J = 1 7 .
8
,
l l . 0 H ヱ

,
C (1 9) - H) , 5r .1 3 (1 H , d d , J s l l . 0

,
1 ･ 3

H ヱ
, C(1 8) - H) . 4 .9 7 (1 H , d d , J : 王1 7 . 8 , 1 .3 H z

,
C(1 8) - H) ,

4 .1 0 (l H , d d , J - 1 0 . 9 , 2 . 3 H z , C (1 7) - ”) , 3 . 8 9 (l H , d d ,

J = 1 0 . 9
,
2 .0 H z; C(1 0) ･ H) , 3 . 9 6 (3 H , s , O C H 3) , 3 ･8 1

(1 H , b r - s , C(3トH) , 3 .3 8 (1 H , d , J = 1 . 3 H ヱ, C (SトH ) ,

2 .8 4 (1 H , d d , J ; 1 4 .5 , 3 . 0 H z , C(1 4 トH) , 2 ･ 0 0 (1 H , dd d ,

J = 1 4 .5 , 5 . 7 , 2 .6 H z
,
C(1 4) - H ) , 2 .4 2 (1 H , b トd , J = 8 ･ 6

H z
,
C(5) てH ) , . 2 .2 8 (1 H , b r - d , J ; ニ 9 H ヱ, C ( 1 5) - H) , 2 ･ 2 4

(3 H , s , N - C H 3) , 2 .7 8 a n d 2 .3 1 ( e a c h l H , d , J = 1 0 ･3 H z
,

C ( 2 1 ) - H 2) , l . 9 4 ( l H , b r
- s , C( 6)

･ H) I

: S e e T a bl e i , p a g e 1 4 4

早ヽ H

H
､

0
.
･ H

■ ■

H

ク
′

も ､

N
1

0 C B
3

班

H
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K o u m i n e (1 9) c ry s t aJ[i z e d fr o m a c et o n e a s c o[ o r( e s s pl at e s o r

3 .

c o[ u m n a r c ry st aJ s .

M e lti n g p oi nt

U V L m a x n m

l R (K B r)

M S m / I ( % )

1 H _ N M R 8

1 3 c - N M R

: 1 6 8 _ 1 6 9
o

C

: 2 9 6 ( s h) . 2 6 2 , 2 3 0 ( s h) , 2 2 1 , 21 5 (s h) .

: 1 4 5 0 , 1 2 1 5 , 1 0 8 5 , 1 0 7 0 .

: 3 0 6 ( M ＋ , l o o) , 2 2 4 .( 2 8), 71 (5 1) .

: 7 . 6 1 (1 H , d -一ik e , J = 7 .3 H z
,
C (9 トH) , 7 . 2 4 (1 H , トIi k e ,

J 去7 .3 H z , C (1 0 ･ H) , 7 13 5 (1 H , I -lik e , J = : 7 .5 5 H z
,
C(l l) -

H) , 7 .5 5 (1 H , d -lik e , J = ;7 .5 5 H z , C(1 2) - H) . 5 . 0 1 (1 H ,

b r - s
,
C(3 トH) , 4 .8 3 (1 H , d d , J = 1 6 . 8 , 2 . 0 H ヱ, C(1 8 トH ) ,

4 ･7 8 (1 H , d d , J = 1 0 . 9
,
2 . 0 H z

,
C(1 8トH) , 4 . 6 7 (1 H , d d ,

J = 1 6 .8
,
1 0 . 9 H ヱ, C(1 9トH) , 4 . 2 5 (1 H , d d , J = 1 1 . 9

,
4 . 3

H z , C(1 7) - H) . 3 .6 1 (1 H , d , J = 1 1 . 9 H z , C(1･7) - H) , 3 .0 8

a n d 3 .1 8 ( e a ch l H , e a c h d , J - l l .4 H z
,
C (2 1トH 2) , 2 . 8

(l H , b r - d , J = 1 0 H z , C (1 6) - H) , 2 .7 8 (1 H , b r - s , C (5) -

H ) , 2 ･6 1 (3 H , s , N - C H 3) , 2 . 4 1 ( H , d d , J … 1 4 .2
,
1 .7 H z

,

C (6) ･ H) , 2 .3 4 (1 H , d d , J s 1 4 .2 , 2 . 0 H z , C( 6トH ) , 2 .6 1

(l H , dt , J = 1 4 .5 , 4 . 0 H z , C(1 4) - H ) , 1 . 8 8 (1 H , d t ,

J = 1 4 ･ 5 , 2 ･3 H z , C (1 4 トH) , 2 . 3 4 (1 H , b トd , J = - 1 0 H z ,

C (1 5 トH ) .
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1 3 0

4 .

M eJtj n g p oi nt

U V 九m a x n m

旧 ( K B r)

M S m / I (% )

l H ･ N M R 8

1 3 c _ N M R

T his b a s e (4 3) c ry st a m z e d fr o m E t2 0 a s c ol o rl e s s pl at e s o r n e e dl e

c r y st a暮s .

: 1 6 8 - 1 7 0
o

C

: 2 8 1 ( s h) , 2 5 7 , i o 8 .

: 1 7 3 0 , 1 4 6 5 , 1 2 2 0 , 1 1 1 0 , 1 0 1 8 .

: 3 2 6 ( M ＋ , 5 3) , 2 9 4 (l o o) , 1 5 0 (7 4) .

: 7 ･5
_
3 (1 H , d -1ik e

,
J : = 7 . 6 H z , C ( 9)

- H) , 7 .
0 7 (1 H , I

-[舌k e
,

J = 7 . 6 H z , C (1 0)
- H) , 7 . 2 5 (1 H , I -fik e , J = 7 . 6 H ヱ

,
C (l l) -

H) , 6 .8 8 (l H , d -lik e , J = 7 . 6 H z , C(1 2) - ”) , 4 .
4 1 ( 1 H , m

C(5) - H) , 4 .3 1 (1 H , d d . J 三 1 1 . 2 , 3 .0 H ヱ, C( 1 7)
- H ) , 4 . 2 6

(1 H , d d , J = 1 1 . 2 , 1 . 0 H z , C(1 7) - H) , 3 .9 5 (1 H , s , O C H 3) .

3 . 7 2 (1 H , d d . J = 王4 . 5
,
5 .3 H z

,
C(3トH) , 2 .8 6 (1 H , d d ,

J = ; 9 . 9
,
9 . 2 H z

,
C(1 5トH) , 2 .5 6 (1 H , m , C(1 6) - H) , 2 ･ 3 7

(1 H , d d , J = … 1 4 . 8 , 2 .3 H z
,
C (1 4トH) , 2 ･ 1 0 (1 H , d d d ,

J = 1 4 . 8
,
1 0 . 1

,
4 . 7 H z

,
C( 1 4) 一 H) , 2 . 7 2 a n d 2 . 4 1 ( e a c h

l H , d q , J = ; 1 7 . 1 , 7 . 6 H ヱ
,
C ( 1 9 トH 2) , 2 .4 0 (1 H , d d ,

J = 1 5 . 4
,
4 .6 JI z

,
C(6)

- H) , 2 . 2 8 (1 H , d d , J = 1 5 .
4
,
2 ･ 4 H z

,

C(6) - H) . 1 .2 9 (3 H , I , J 三三7 .3 H ヱ
,
C(1 8 トH 3) ･

: S e e T a bl e 1 , p a g e 1 44
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1 3 1

5 . ] 4 二
_
”
_
y d r Q
_
X V C7 e
_
Ls e
_
m

'

c
_
i n
_
e
_
(4 4

M elti n g p o(
'

n t

U V 九m a x n m

l R (K B r)

_
M S m / I (% )

1 H _ N M R 8

1 3 c _ N M R

T hi s b a s e (4 4) w a s o bt ain e d a s a m o rp h o u s s olid .

: 1 5 8 ･ 1 6 2
O

c

: 2 8 1 ( s h) , 2 6 5 ( s h) , 2 5 8 , 2 0 9 .

: 3 4 0 0 , 1 7 1 5 , 1 4 7 0 , 1 0 4 5 , 1 0 1 5 .

: 3 4 2 ( M ＋ , 83) , 3 1 2 (4 5) , 3 1 1 (1 0 0) , 1 0 8 (3 4) .

: 7 .5 1 (1 H , d -一ik e , J = ア. 6 H z
,
C (9トH) , 7 .0 7 (1 H , ト= k e ,

J ‡王7 ･ 6 H z , C(1 0 トH) , 7 .2 6 (1 H , I -[i k e , J = 7 .6 H ヱ
,
C (1 1 ト

H) , 6 ･8 9 (1 H , d -lik e , J = 7 . 6 H z , C(1 2) - H) , 4 . 4 4 (1 H , d ,

J - 3 .
0 H ヱ

,
C (1 4 トH) , 4 .4 4 ( 1 H , d d , J = 1 0 .9

,
3 . 6 H z

,

C(1 7) - H) , 4 .3 1 (l H , b r - d . J = 1 0 . 9 H z , C(1 7) - H ) , 4 . 4 1

(1 H , m , C (SトH) , 3 . 9 3 (3 H , s , O C H 3) , 3 . 7 6 (1 H , b r - s ,

C(3) - H) , 2 ･ 8 8 (1 H , b r - d , J = 7 . 2 H ヱ
, C (1 5 トH ) , 2 .5 8

(1 H , ∩ , C (1 6トH ) , 2 . 7 3 a n d 2 . 7 9 ( e a c h l H , e a c h
-

q ,

J = 7 .3 H ヱ
, C (1 9) - H 2) ,

: S e e T a bfe 2
, p a g e 1 4 5

H ､ ､

H
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ク
′

ミ
も .

N
J
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3
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1 3 2

H u m a nt e ni n e w a s o bt ai n ed a s a m o rp h o u s s olid fro m a c et o n e w hic h

6 .

affo rd e d a s H CI s alt .

M eJtJ
'

n g p oi nt

U V 九m a x n m

- 1 R ( H CI s a一t , K B r)

M S m / I ( % )

l H - N M R 8

1 3 c _ N M R

: 2 0 2 - 2 0 5
o

C (d e c °)

: 2 8 2 ( s h) , 2 5 3 . 2 0 7 .

: 1 71 5
,
1 6 2 0

,
1 4 7 0 , 1 4 3 0 , 1 21 8 , 1 2 1 0 , 7 6 5 ｡

: 3 4 4 ( M ＋ . 6 5) , 3 2 3 (1 0 0) , 1 2 2 (8 6) .

: 7 .4 0 (1 H , d -lik e , 7 . 6 H z . C( 9トH) , 7 .l l (1 H , 輔 k e ,

J = 7 . 6 H z
,
C( 1 0トH) , 7 .

3 2 ( l H , I
-lik e

,
J = 7 ･6 H z

,
C( l l)

-

H) , 7 .0
1

o (l H , d
-lik e

,
J = 7 .6 H z , C (1 2) - H) , 5 ･3 8 (1 H ,

b 卜q , J = 6 . 7 H ヱ, C (1 9) - H) . 4 ･ 2 0 (1 H , d , J = 1 0 ･ 9 H z
,

C (1 7 トH) , 4 .0 6 (1 H , d d , J = 1 0 ･ 9
,
4 ･ 9 H ヱ

,
C( 1 7 トH ) ,

4 , 0 7 (l H , s , O C H 3) , 3 . 63 (1 H , b r ･d , J = 6 ･ 9 H z . C(3)
- H) ,

3 . 4 1 a n d 3 .3 ( e a c h l H , d , J
= 1 5 . 0 H z

,
C( 2 1)

- H 2) . 3 ･3 5

(1 H , m , C(5) ･ H) , 2 . 2 5 (3 H , s , N
- C H 3) , 2 ･ 3 (l H , m ,

C(1 6トH) , 2 . 51 (1 H , d d , J = 1 5 ･5 , 8 ･6 H z , C( 6) - H) , 1 ･6 9

(1 H , d d . J = 1 5 .5 , 8 16 H z
,
C( 6) - H) ,

H z , C(1 t8) -r b ) .

: S e e T a b一e 2 , p a g e 1 4 5
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1 3 3

7 . 1 9 - (Z トA k u a m m i di

M elti n g p oi nt

U V L m a x n m

旧 ( K B r)

M S m / I ( % )

T hi s b a s e (2 3) c ry st a[Ii ヱed fr o m a c et o n e a s c o一o rl e s s n e e dl e c ry st al s .

: 2 4 0 _ 2 4 2
o

C

: 2 9 0
,
2 8 0

,
2 7 4 ( s h) , 2 2 6 .

: 3 2 7 5 , 1 7 2 0 , 1 4 6 0 , 1 2 2 5 .

: 3 5 2 ( M
＋
, 1 0 0) , 3 5 1 (5 3), 3 2 1 (4 8) , 2 9 3 ( 2 2) , 2 4 9

(6 0 . 1 6 9 (6 6) , 1 6 8 ･ (ll) ･

1 H - N M R (C D 3 0 D) 8 : 7 .3 6 ( 1 H , d -lik e , J = 7 . 3 H z , C ( 9)
- H) , 6 .9 8 (1 H , トn k e ,

1 3 c _ N M R

J = 7 1 3 H z
, C(1 0) - ”) , 7 . 0 3 (1 H , I -(ik e , J = 7 .3 H z , C(l l)

-

H) , 7 ･ 2 6 (1 H , d -Jik e
,
J = 7 .3 H ヱ

, C (1 2) - H), 5 .4 4 (1 H , m ,

C(1 9 トH) , 4 . 2 (1 H , b トd , + - 8 .3 H ヱ
,
C(3 トH), 3 . 7 4 a n d

3 ･ 6 9 ( e a c h l H , e a c h - d , J - 1 0 . 2 H z
, C(1 7トH 2) , 3 .5 7 a n d

3 1 6 3 ( e a c h l H , b r - d , J = 1 3 ･ 5 H z
,
C ( 2 1) - H 2) , 2 . 9 6 (3 H ,

s
,
C O O C H 3) , 2 .7 8 (1 H , b r - d , J 王; - 5 H ヱ

,
C (5)

･ H) , 2 . 7 5

(1 H , d d , J ; 4 ･1 , l . 3 H z
.
C( 1 5)

- H) , 2 . 8 4 (1 H , d d . J = 1 5 . 2 ,

4
･ 3 H z

,
C (6) - H) , 3 ･ 4 2 (1 H , d d , J 望 1 5 . 2

,
1 .3 H z

,
C (6) - H) ,

2 ･ 6 6 (1 H , b r ･ d , J = 1 0 ･9 H z , C (1 4) ･ H) , 1 . 9 3 (1 H , d d d ,

J = 1 0 ･ 7
,
8 ･ 5 = - 2 H z

, C(1 4) - H ) , 1 .6 2 (3 H , b トd , J ; 6 .9 H z
,

C ( 1 8 トH 3) .
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, p a g e 1 4 5
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1 3 4

8 .

M elti n g p oi nt

U V 九m a x n m

l R (K B r)

M S m / I (% )

血血 盟+ 孤

K o u m idi n e (2 2) w a s o bt ai n e d a s c ol o rl e s s n e e dl e c ry st als fr o m

a c et o n e .

: 2 0 0 - 2 0 1
o

C

: 2 8 9 , 2 7 9 , 2 7 3 ( s h) , 2 2 5 .

: 3 2 2 0
,
1 4 5 0 , 1 0 3 5 .

: 2 9 4 ( M
十
. 1 0 0) , 2 9 3 (8 7) , 2 6 3 ( 4 1) , 2 4 9 ( 9) , 1 8 2

(1 3) , 1 6 9 (8 8), 1 6 8 ( 5 7) .

1 H ･ N M R ( C D 3 0 D) 8 : 7 . 5 9 (1 H , d -lik e
.
J - 7 . 6 H ヱ, C( 9)

- ”) , 6 . 9 7 ( 1 H , t
･ = k e

,

1 3 c _ N M R

J 三 三7 . 6 H z
,
C ( 1 0)

- H) . 7 .0 5 ･ (1 H , I
-li k e

,
J = 7 . 6 H ヱ

,
C(1 1 ト

H) , 7 .4 0 (1 H , d -lik e . J = 7 . 6 H z , C( 1 2)
- H) , 5 ･ 3 6 (1 H , m ,

C (1 9) - H) , 4 .l l (1 H , d d , J = 9 . 6
,
4 .0 H z

,
C(3)

- H ㍉ 3 ･7 5

a n d 3 . 6 2 ( e a c h l H , b 卜d , J = 1 5 .5 H z
,
C( 2 1 トH 2) , 3 ･6 0

( 1 H , b 卜d d , J = 1 2 . 0
,
4 . 3 H z , C(SトH) , 3 .5 1 ( 1 H , d d ,

J = T O . 9
,
6 .6 H z

,
C(1 7) - ”) , 3 .

1 5 (l H . d d , J -
- 1 0 ･ 6

,
8 ･9 H zl

,

C(1 7トH) , 3 . 0 0 (1 H , d d , J = 1 5 ･ 8
,
1 .7 H z

,
C(6) - H) , 2 ･9 1

( l H , d d , J = 1 6 . 3 , 5 . 5 H z , C( 6)
- H) , 2 ･4 4 ( l H , b r

- d d ,

J ; 5 . 9 , 3 . 0 H z , C(1 5トH ) , 2 . 2 4 ( 1 H , m , C(1 6 トH) , 1 ･9 1

●

(1 H , d d d , + = 1 3 . 2
,
1 0 .0 ,

- 2 H z , C ( 1 4 トO H ) , 1 ･ 8 3 ( 1 H , d t ･

J = 1 3 . 2
,

- 4 H z
,l C(1 4 トH) , 1 . 6 0 (3 H , b r -d , J = 6 ･9 H z

,

C (1 8 卜H 3) .
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1 3 5

9 .

M elti n g p oJ
'

nt

U V L
r n a x n m

l R ( K B r)

M S m / I ( % )

芝 地

T hi s b a s e (2 4) c ry st alli z e d fr o m C H 2 C 1 2 a S C OJ o rJ e s s p ri s m s o r

pl at e s .

: 1 6 2 _ 1 6 5
o

C

: 2 9 0 , 2 8l , 2 7 5 ( s h) , 2 2 6 .

: 3 3 8 0 , 1 7 2 5 , 1 4 5 5 , 1 1 0 0 , 1 0 6 0 .

: 3 6 8 ( M
＋

,
6 2) , 3 5 1 (2 9) , . 3 3 7 ( 2 8) , 2 6 5 (6 5) , 1 8 4

( 1 0 0) .

1 H - N M R ( C D 3 0 D) 8 : 7 . 3 9 (1 H , d -lik e , J = 7 . 9 H z
,
C(9トH) , 6 .9 7 (1 H , トIik e ,

1 3 c . N M R

J = 王7 ･9 H z
,
C(1 0) - H) , 7 ･ 0 7 (1 H , t ･[ik e , J = 7 . 9 H z

,
C (l l ) -

H) , 7 ･3 3 (1 H , d -lik e
,
J = 7 . 9 H z

,
C(1 2)

- H ) , 5 . 2 6 ( 1 H ,

b r - q , J = 6 . 9 H z
,
C (1 9 トH) , 4 .3 8 (1 H , b r - d , J 三 5 .5 H ヱ,

C(S トH) , 4 ･ 1 6 (1 H , b トd , J = 1 6 . 8 H z
,
C( 21 トH) , 3 . 3

(1 H , b r - d , J = 1 7 H z , C(2 1) - H ) , 3 . 6 8 (3 H , s , C O O C H 3) ,

3 ･5 2 (2 H , s , C (1 7トH 2) , 3 .2 (1 H , b ト S , C( 1 5 トH) , 3 .1 8

(1 H , d d . J = 1 6 .5 , 1 .7 H z
, C (6) - H) , 3 . 0 9 (1 H , d d , J = 1 6 . 5 ,

5 ･5 H z , C( 6) - H ) , 2 12 5 (1 H , d d , J = 1 4 . 3 , 3 . 8 H ヱ, C (1 4) -

H) , 1 ･ 7 9 (1 H , d d , J = 1 4 ･2
,
2 .3 H z

,
C( 1 4 トH) , 1 . 6 3 (3 H ,

dt
,
J 王 6 . 9 , 1 .0 H z

,
C (1 8) - H 3) .

: S e e T a b暮e 3
, p a g e 1 4 6
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1 3 6

1 0 .

T his b a s e (3 0) w a s o bt ai n ed a s c o( o rl e s s a m o rp h o u s s olid .

【α】D 21 ＋ 1
o

( c - 0 .l l , M e O H ) .

U V 九m a x n m

J R (C H C I3)

M S m / I ( % )

H R - M S

I H - N M R 8

1 3 c - N M R

: 2 8 2 ( s h) , 2 5 5 , 2 0 9 .

: 3 4 0 0 , 1 7 1 5 , 1 6 2 0 , 1 4 7 0 , 1 0 8 5 .

: 3 7 0 ( M
＋
,
2 3) , 3 3 9 (1 0 0) . 3 2 5 ( 4 6) . 2 9 5 (3 3) , 2 7 S

( 2 8 ト

: C alc d . fo r C 2 1 H 2 6 N 2 0 4 3 7 0 .1 8 9 0; F o u n d , 3 7 0 ･1 8 8 9 ･

: 7 . 4 5 (1 H , d
-一ik e , J = 7 .9 H z

,
C (9) - H) , 7 .0 4 (1 H , I -(ik e ,

J = 7 .9 H z
,
C(1 0) - ”) , 7 .3 0 (1 H , I

-lik e , J = 7 . 9 H z , C (l l) -

H) , 6 . 9 7 (1 H , d -[ik e , J = 7 .9 H ヱ
,
C( 1 2) - H) , 5 11 3 (1 H , q ,

J = 6 . 6 H z
,
C(1 9) - ”) , 4 . 0 9 (1 H , d d , J = 1 l .2 , 2 13 H z

,

C (1 7)
･ H) , 3 . 9 1 (1 H , d d , J - l l .

2
,
2 ･ O H z

,
C ( 1 7)

- H) ,

3 . 9 9 (3 H , s , O C H 3) , 3 .8 4 (l H , b r
- s
,
C(3)

- H) , 3 ･4 3 ( 1 H ,

b r - ら, C (S トH) , 3 . 0 7 a n d 2 . 3 3 ( e a c h l H , d , J = 8 ･9 H z
,

q ( 2 1 )
- H 2) , 2 ･ 2 8 (3 H , s , N

- C H 3) , 2 ･ 5 6 ( 1 H , b r
- d d

,

J = 王1 4 . 2 , 2 . 6 H z
,
C(1 4) - H) , 2 .0 4 (1 H , d d d , J = 1 4 ･ 2

,
6 ･0

,

2 .
3 H ヱ

,
C (1 4) - H) , 2 . 0 5 (1 H , m , C(1 5)

- H) , 2 ･ 1 6 (1 H ,

b r - s
,
C(6) - ”) , 1 .0 9 (3 H , d , J = 6 ･6 H z , C (1 8) - H 3) I

: S e e T a bl e 3 , p a g e 1 4 6
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1 3 7

1 1 . 1 出 血 血鮎以必出由良 _ ほ丘ユ

T hi s b a s e (2 5) w a s o bt ai n e d a s c o(o rl e s s oil .

【α】D 2
3

- 1 8 0
o

( c = 0 . 4 , C H C13) .

U V 九m a x n m

旧 (C H C 13)

- M S m /I ( % )

H R - M S

I H _ N M R 8

1 3 c _ N M R

: 2 9 2 , 2 8 4 , 2 7 7 (s h) , 2 2 2 .

: 3 4 6 0 , 2 9 3 0 , 1 4 6 0 , 1 3 4 0 .

: 3 0 8 ( M
十
, 8 6) , 2 9 3 (2 7) , 2 7 9(3 5) , 1 5 4 (1 6) , 1 3 0

(1 5) , 1 2 2 (1 0 0) , 1 2 1 (6 2) , 1 0 8 (2 7) , 1 0 7 (2 0) ･

: C aJ cd _ f o r C 2 0 H 2 4 N 2 0 , 3 0 8 .1 8 8 6 ; F o u n d , 3 0 8 .1 8 8 1 .

: 7 ▲9 8 (1 H , s , N H) , 7 .6 2 (1 H , d -一ik e , J = 7 .9 H ヱ
,
C (9) - H ) ,

7 .1 3 (1 H , I -lik e , J ; ;7 . 9 H z , C (1 0) - H) , 7 . 1 9 (1 H , I -lik e ,

J = 7 . 9 H z , C (l l) - ”) , 7 .3 1 (l H , d -lik e
,
C(1 2) - H) , 5 .4 3

(l H , b r - q , J = 6 ･ 7 H z
,
C(1 9) ･ H) , 5 .1 2 (1 H , d d , J = 9 .8

,
l

. 2

H z
,
C(3) - H) , 3 .8 4 (l H , d d , J -

- l l . 6
,
1 0 .1 H z

.
C(1 7) - H ) ,

3 ･2 6 (1 H , d , J = 1 1 1 6 H z , C (1 7トH) , 3 .1 5 ･(1 H ,
■m , C (5) -

”) , 2 . 8 2 (1 H , b ト
■
td , J - 1 0 , 6 叱 C(1 5トH ) , 2 . 5 9 (3 H ,

s , N - C H 3) , 2 .4 3 (1 H , d t , J = 左1 4 . 3 . 9 , 8 H z
,
C (1 4) - H ) ,

2 .1 2 ( 1 H , d d d , J = 1 4 . 2 , 1 0 .7 , 1 . 2 H z
,
C ( 1 4)

- H) , 1 .6 1

(3 H , b r - d , J 芦 6 . 7 H ヱ
,
C(1 8トH 3) .
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1 3 8

1 2 ･ ユ 地

1 4 - H y d r o x y g e( s e di n e (4 0) c ry st alli z e d fr o m a c et o n e a s c ol o rf e s s

n e e dl e c ry st al s .

M elti n g p oi nt

U V 九m ax n m

I R (K B r)

M S m / I (% )

1 H - N M R 8

: 2 1 4 - 2 1 6
o

C

: 2 8 1 (s h) , 2 6 5 ( s h) , 2 5 8 , 2 0 9 .

: 3 2 6 0
,
1 6 9 5

,
1 6 2 0

,
1 4 7 0

,
1 3 4 0 .

: 3 4 4 ( M
＋
, 4 4) , 3 1 3 (5 1) , 1 6 8 (6 0) , 9 7 ( 4 4) , 8 4

( 1 0 0 ト

: 7 .4 4 (1 H , d -lik e , J = 7 . 5 H z , C( 9 トH) . 7 .1 3 (1 H , I
-lik e ,

J = 7 .5 H z
,
C (1 0) - H) , 7 .3 0 (1 H , I -lik e , J = 7 .5 H z , C( l l)

-

H) , 6 .9 5 ( 1 H , d
-lik e , J = 7 .5 H ヱ, C (1 2) - H) , 4 . 4 5 ( 1 H , d d ,

J : ; l l . 2
,
4 . 3 H z , C(1 7) - H) , 4 . 2 3 (1 H , b r

- d
,
J s l O .9 H ヱ

,

C (1 7) ･ H) , 4 . O l (3 H , s , O C H 3) , 3 .6 4 (l H , d t , J - 9 12 , 3 ･3

H ヱ, C(5) - H) . 3 . 4 3 (1 H , b r - s , C(3) - H ) , 3 ･0 1 (l H , d ト

)ik e , J = 7 . 1 , 3 .9 H z , C( 2 0トH) . 2 . 5 1 (1 H , d d d , J 芸 9 ･ 2
,
4 ･ 7

,

4 .3 H ヱ
,
C(1 6) ･ H ) , 2 ,1 8 (1 H , d d , J = 1 5 .8

,
3 f6 H z

,
C(6)

-

H) , 2 .0 2 (1 H , d d , J = 1 6 .2
,
2 .3 H ヱ, C(6) - H) , 2 ･0 7 (1 H , ト

一ik e
, J = 4 H ち G (1 5) - H) , 1 . 9 1 (2 H , m , C(1 9トH 2), 1 ･1 0

(3 H , I , J ; 7 .3 H ヱ, C (1 8) - 3 H) ･

a H

巧
E

0
O H

H

,

,H

ク
′

ミも､
N

O C H 3

&
'

0
H

H

,

-
- H



1 3 9

1 3 . 1 9 二8 x

M elti n g p oi n t

U V 九m a x n m

I R ( K B r)

M S m / I ( % )

H R - M S

I H - N M R 8

1 3 c - N M R

T hJ
'

s b a s e ( 4 5) w a s o bt ai n e d a s a m o rp h o u s s olid fr o m a c et o n e ･

: 2 2 6 _ 2 2 7
o

C

: 2 8 1
,
2 5 6 , 2 0 9 .

: 1 7 1 5 , 1 6 9 5 , 1 6 1 8 , 1 4 6 2 , 1 0 8 8 .

: 3 4 0 ( M ＋ , 1 0 0) , 3 0 9 ( 4 0) , 1 6 5 (5 5) , 1 4 4 (3 8) , 1 3 6

(3 9) , 1 2 2 (6 5) .

: C al cd . fo r C 1 9 H 2 0 N 2 0 4 , 3 4 0 .1 4 2 l . F o u n d
,
3 4 0 .1 4 1 2 .

: 7 ⊥･5 4 (1 H , d -
･lik e , J = 7 .6 H z , C ( 9) - H) , 7 .0 9 ( 1 H , t -lik e ,

J = 7 .6 H z
,
C(1 0) ･ H) , 7 .2 7 (1 H , t -

'

Ji k e
,
J 芸 7 .6 H z

,
C(1 1 ト

H ) , 6 .8 9 (1 H , d
-)ik e , J = 7 .6 H z , C (1 2トH) , 4 . 7 3 (1 H ,

- d d d
,
J = 7 .6

,
4 . 9

,
2 .1 H z , C (SトH) , 4 .3 4 (1 H , d d , J ; l l . 3

,

2 . 8 H z
,
C(1 7 トH) , 4 . 2 8 (1 H , d d , J = 1 1 .3

,
1 .5 H z

,
C(1 7ト

H ) , 3 .9 9 (3 H , s , O C H 3) , 3 . 7 5 (1 H , b トd d , J = 4 .2
,
2 . 3 H z

,

C(3) - H ) , 3 .
4 3 ( 1 H , b r -I , J = 8 . 8 H z

,
C( 1 5)

- H ) , 2
. 6 9

(1 H , m , C(1 6) - H) , 2 . 6 8 (1 H , d d , J = 1 5 . 3
,
2 . 3 H ヱ

,
C(1 4ト

H ) , 2 .2 2 (1 H , d d d , J = 1 5 . 3
,
8 . 8

.
4 . 2 H z , C(1 4) - ”) , 2 . 5 6

(1 H , d d , + = 1 5 ･ 6 , 4 . 9 H z , C(6トH) , 2 .2 3 (1 H , d d , J = 1 5 . 6 ,

2
.1 H ヱ

,
C (6トH) , 2 . 6 6 (3 H , s , C(1 8トH 3) .

: S e e T a bl e 3 , p a g e 1 4 6

H ､
､

0

巧

H

- -

E

ク
′

ミゝ.
N
I

O C H 3

ノ ＼ 一

I r N

0

ノd



1 4 0

1 4 .

M elti n g p oi nt

U V 九m a x n m

旧 (K B r)

M S ′刀″ ( % )

l H - N M R 8

1 3 c _ N M R

比[払出 L 胤 山

K o u m i n e N - o xid e (2 0) w a s o bt ain e d a s a m o rp h o u s s o[id fro m a c et o n e .

: 1 1 1 - 1 1 3
o

C 【α]D 1 9 - 2 3 7
o

(c = 0 .1 4
,
M e O H ) .

′
一
.

: 2 6 0 , 2 2 6 ( s h) , 2 2 0 , 21 5 .

: 1 6 4 0
,
1 5 8 7

,
1 4 4 5 , 1 0 8 0 .

: 3 0 6 ( M
＋

-1 6
,
1 0 0) , 2 2 3 ( 2 5) , 1 2 0 (2 9) , 7 0 (5 2) .

: 7 ･ 6 6 (1 H , d - ”k e , J 芸 7 .6 H z
,
C (9 トH) , 7 .2 9 (1 H , t ･)ik e ,

J ま 7 ･6 H z , C(1 0トH) , 7 .4 2 ( 1 H , I
-lik e

,
J = 7 . 6 H z

,
C (1 1 ト

H ) , 7 ･ 2 3 (1 H , d ･lik e , J = 7 .6 H z
,
C (1 2) - H ) , 5 . 0 6 (l H ,

b r - s , C (3トH) , 4 .9 3 (1 H , d , J ; 1 7 .8 H ヱ, C ( 1 8 トH ) , 4 .9 3

(1 H , + = 1 1 . 2 H ヱ, C (1 8トH) , 4 .5 9 (1 H , d d , J = 1 ア. 8 , l l .
2

H ヱ, C (1 9) - H) , 4 .3 8 (1 H , d d , J = 1 2 . 5
,
5 .3 H z

,
C(1 7 トH) ,

3 .6 8 (l H , d , J = 1 2 .5 H z , C (1 7)
- H ) . 4 .1 0 (1 H , m ,

C( 1 6)
-

H) , 3 . 8 4 a n d 4 .0 4 ( e a c h l H , d , J = 1 3 . 5 H ヱ , C( 2 1)
- H 2) ,

3 .5 7 ( 3 H , s , N - C I1 3) , 3 .5 2 (1 H , b r - ら, C -(SトH) , 2 .9 4

(1 H , d d , J = 1 6 . 2 , 4 .0 H ヱ, C(6) - ”) , 2 .4 3 (1 H , b トd ,

J = 1 6 . 2 H z , C (6)
- ”) , 2 . 7 2 (1 H , b r

-d
,
J = 1 0 H z , C ( 1 5ト

H) , 2 . 6 7 (1 H , d t , J ヨ 1 4 . 5 , 4 H ヱ, C (1 4 トH) , 1 ･ 9 0 (1 H ,

b トd
,
J = 1 4 .5 H z , C(1 4 トH) .

: S e e T a bJ e 4 , p a g e 1 4 7

苫ギ
#

; /
H

冗

.
_ a

ク
'

㌔ .

N

J &
一
′

0

占 iI
H



1 4 1

1 5 . 包≧塩蓋氾出迫+ 出払出 + 塩山

G e[s e m i n e N - o xid e (3 1) w a s o bt ai n e d a s a m o rp h o u s s o = d .

【α】D
2 5

- 1 6 . 9
o

( c - 0 . 9 , M e O H ) .

U V 九m a x n m

] R ( C H C13)

M S m / I ( % )

R H - M S (i n b e e n )

1 H - N M R 6

1 3 c _ N M R

: 2 8 4
,
2 5 2

,
2 0 8 .

: 1 7 1 5
,
1 6 2 0

,
1 4 7 5

,
1 1 0 5 .

: 3 2 2 ( M
＋

-1 6 , 4 0) , 2 7 9 ( 6 4) , 1 0 8 (1 0 0) .

: C a[c d . fo r C 2 0 H 2 2 N 2 0 3 . .
3 3 8 .1 6 2 9 ; F o u n d , 3 3 8 .1 6 4 0 .

: 1 0 ･1 3 (1 H , b r - s , N H ) , 7 ･2 4 (1 H , d -Ti k e
,
J 完 7 . 6 H z

, C (9) -

H) , 6 ･8 7 (l H , I -lik e , J = 7 . 6 H z , C(1 0) - ”) , 6 . 9 5 (1 H , t -

Iik e , J = 7 ･ 6 H z
, C(1 1 トH ) , 6 ･ 4 5 (1 H , d -lik e , C( 1 2トH) ,

6 ･ 3 2 (1 H , d d , + = 1 7 ･ 7 , 1 1 ･ O H z
,
C(1 9 トH ) , 5 -2 1 ( 1 H , d ,

J ; l l ･ O H z , C(1 8) - H) , S ･ 0 2 (l H , d , J = 1 7 . 7 H z , C( 1 8)
-

H) , 4 ･1 7 (1 H , d d , J - 1 1 ･ 3
,
2 . 4 H z

,
C (1 7) - ”) , 4 . 0 3 (l H ,

d d , J = 1 1 ･3
,
1 ･ 8 H z

, C(1 7) - ”) , 4 .1 5 (l H , b r - s , C(5) - H) ,

3 ･ 8 6 (1 H , b r - s , C (3) - H) , 3 . 4 1 (3 H , s , N - C H 3) , 3 . 7 5

a n d 3 ･ 2 5 ( e a c h l H , d , J = 1 2 ･ O H z
,
C (2 1 トH 2) , 3 .4 1 (1 H ,

b ト S
,
C( 6トH) , 2 ･9 4 (1 H , d d , J = 1 4 .6 , 2 . 7 H z , C (1 4)

- H) ,

2 ･ 0 7 (1 H , d d d , J = 1 4 ･6 , 6 ･ 0 , 2 ･9 H z
, C (1 4) - H) , 2 . 5 9 (l H ,

b r - d
, J = 8 ･ 2 H z , C( 1 6)

- H ) , 2 . 4 8 ( l H , b r - d d , J = 8 . 3 , 6 . 0

H z
,
C (1 5 トH) .

: S e e T a bl e 4 , p a g e 1 4 7

.
･ H

J ■

′H H

ノ
C H 3

fl ､

ク
ー

㌔ .

N

H

H

班



1 4 2

1 6 . l n

M elti n g p oi nt

U V L m a x n m

旧 (K B r)

M S m / I ( % )

H R - M S

I H - N M R 8

1 3 c _ N M R

EI e g a n s a m i n e ( 4 6) c ry st alli z ed fr o m M e O H a s c o( o rl e s s p ris m s .

: 1 7 2 _ 1 7 3
o

C

: 2 8 1 ( sh) , 2 5 7 , 2 0 8 .

: 2 9 3 0
,
1 7 3 0

,
1 4 7 0 , 1 23 0 . 1 0 4 0 ,

: 5 0 8 ( M
十
,
5 8) , 4 7 7 (3 6) , 3 3 9 (2 2) , 3 2 6 (1 0 0) , 2 9 5

(5 8) , 1 5 0 (3 0) .

: C aⅠc d . fo r C 2 9 H 3 6 N 2 0 6 5 0 8 . 2 5 7 1 ; F o u nd , 5 0 8 .2 5 7 2 ｡

: 7 . 5 0 (1 H , C (9 卜H) , 7 . 0 7 ( 1 H , C ( 1 0 トH) , ア. 2 6 (1 H ,

C (l l) - ”) , 6 . 8 9 (1 H , C(1 2) - H) , 3 .9 5 (3 H , s , 0 - C H 3) ,

3 .7 0 ( 1 H , d d , J = 4 .9
,
2 . 2 H z

,
C(3トH) , 2 .9 1 (1 H , ト‖k e ,

J -

-

9 H z , C(1 5) - ”) , 2 .6 6 (l H , m ,
C(1 9) - ”) , 2 ･5 4 (1 H ,

m , C(1 6) - ”) , i . 4 7 (3 H , d , J = 7 . 3 H z
,
C (1 8)

- H 3) ,

: S e e T a b[ e 4 , p a g e 1 4 7

C ry st al D at a a n d D at a C oll e cti o n P a r a m e t e rs m o n o cJi nic
,
P 2 1 , a = 1 0 ･7 0 1(3) ,

b ご 7 . 9 4 0( 2) , c ; 1 7 . 0 3 9(4)A , Z = 2 , C e = v ol u m e = 1 4 1 5Å
3
,

D c = 1 .2 6 g c m
･ 3

･ A t ot al of 3 1 1 5 u n Jq U e i n d e p e n d e nt

i n t e n sjti e s w e r e m e a s u r e d w it h t h e r a n g e of 3 ≦ 2 0 ≦

0

1 2 0
o

, 1 5 0 o n a f o u r
- ci rc一e diffr a ct o m et e r ( Rig ak u A F C - 5)

u si n g C u K α r adi ati o n (九 = 1 .5 4 A) . T h e st r u ct u r e w a s s o一v e d

b y th e dir e ct m et h o d u si n g M U L T A N 8 0 a n d r efi n e d

a ni s o t r o pi c aH y (i s ot r o pic ally f o r H) b y th e l e a s トs q u a r e s

m eth o d t o a n R v a[ u e of 0 .0 4 9 6
,
u si n g th e 2 8 3 4 r efl e cti o n s

f o r w hic h F( 0) > 3 o(F o) . T h e st r u ct u r e a n d O R T E P d r a w i n g

i s s h o w n i n th e n e xt p ag e ･



1 4 3

S tr u ct u r e of ef e g a n s a m i n e (4 6)

H ､
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0
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1 4 4

皿 魁£ユ

1 3 c ･ N M R c h e m i c al s hift s a n d a s sig n m e nt s f o r g els e m i n e (2 6) , g e( s e vir盲n e (2 8) ,

k o u m i n e ( 1 9) a n d g e( s e ni ci n e (4 3) .

N o . ( 2 61 (2 8) (1 9) (4 3)

2 1 7 9 . 5 ( s) 1 7 3 . 0 ( s) 1 8 5 . 4( s) 1 7 2 . 1( s)
3 6 9 . 5( d ) 6 9 . 4( d) 7 0 . 8( d) 7 4 . 9( d)

I

5 7 2 , 1( d ) 7 2 . 3( d) 5 6 - 8( d) 7 2 . 5( d)
'

6 5 0 . 7 (d ) 5･1 .1 ( d) 2 8 . 5(I) 3 7 . 7(t)
7 5 4 . 2( s)

I

5 2 . 3( s)
～

5 9 . 7 ( s) 5 5 . 8 ( s)

8 1 3 2 . 0( s) 1 2 8 . 1 ( s) 1 4 3 . 6 ( s) 1 3左. 3 ( s)
9 1 2 8 . 2 (d ) 1 2 8 . 2 (d) 1 2 2 . 9 ( d) 1 2 4 . 6 ( d)

1 0 1 2 1 . 7 (d ) 1 2 2 . 7 (d) 1 2 5 . 8( d) 1 2 3 . 3( d)

l l 1 2 7 . 9(d ) 1 2 8 , 2 (d) 1 2 8 . 0(.d) 1 2 8 . 0 (d)

1 2 1 0 9 . 0 (d ) 1 0 7 . 1 (d) 1 2 1 . 0( d) 1 0 6 . 5( d)
1 3 1 4 0 . 7( s) 1 3 9 . 5 ( s

.)
1 5 4 . 8 ( s) 1 3 8 . 0 ( s)

1 4 2 2 . 9 (I) 2 3 . 1 (I) 2 5 . 2(I) 2 5 . 6 ( I)

,1 5 3 5 . 8( d) 3 6 . 0( d) 3 3 . 0 ( d) 3 9 . 8( d)
…

1 6 d 8 . 2 (d) 3 8 . 0( d) 3 8 . 8( d) 4 2 . 5 ( d)
' '

1 7 6 1 . 6 (I) 6 1 . 6(I) ･6 1 . 2( I) 6 2 . 1( I)

1 8 1 1 2 . 2 (I) 1 1 2 . 9( t) 1 1 5 . 7( I) 1 0 1 0( q)

1 9 1 3 8 . 8( d) 1 3 8 . 3( d)
●

1 3 7 . 3( d) 2 5 . 6( I)

2 0 5 4 . 0 ( s)
～

5 4 . 1 ( s) T 4 5 . 2 ( s) 1 8 4 . 1 ( s)

6 3 . 3 (q)

2 1 6 6 . 2( I) 6 6 . 3( I) 5 7 . 7( I)

N - C H 3

N - O C H 3

4 0 . 6( q) 4 0 . 6( q)

6 3 . 1( q)

4 2 . 6 ( q)

C h e m i c aJ s hift s i n p p m d o w nfi e[d fr o m T M S .

S oJ v e nt : C D C]3

I

,

' '
: stg n als m a y b e i nt e rc h a n g e d w )

'

thi n v e ni c al c ol u m n .



1 4 5

過 払巳丘

1 3 c - N M R c h e m i c al s hift s a n d a s sig n m e n t s f o r 1 4
- h y d r o x y g el s e ni ci n e (4 4) ,

h u m a n t e ni n e (3 5) , 1 9 -

( Z) - a k u a m m idi n e ( 2 3) a n d k o u m idi n e (2 2) .

N o . ( 4 4) (3 5) (2 31 (2 2)

2 1 7 1 . 0( s) 1 7 4 .4 ( s) 1 3 9 . 1 ( s)
★

1 3 8 . 4( s)
I

3 7 9 . 2 ( d) 7 2 . 2( d )
～

5 1 . 5( d ) 5 1 . 0 ( d )
' '

5 7 1 .1 ( d) I 6 7 , 0 (d )
～

5 9 . 5 (d ) 5 4 . 0 ( d )
' '

6 3 7 . 5 (I) 2 8 . 3 (I)
' ★

2 5 + 1 (I) 2 3 . 4( I)

7 5 3 ･ 8 (早) 5 5 . 3 ( s) 1 0 6 . 0 ( s) 1 0 6 . 0 ( s)

8 1 3 1 . 7
'

( s). 1 2 9 . 2 ( s) 1 2
.
8 . 1 ( s) 1 2 7 . 5 ( s)

9 1 2 4 . 6( d ) 1 2 5 . 9 ( d) 1 1 9 . 8･( d )
★ ★

1 1 9 . 8 ( d)
' '

1 0 1 2 3 . 5( d ) 1 2 3 . 0 ( d) 1 1 8 . 6( d )
' '

1 1 5 . 3 ( d)
…

l l 1 2 8 .

.
2( d ) 1 2 8 . 1 ( d) 1 2 2 . 1 (d ) 1 2 2 . 1 ( d)

1 2 1 0 6 . 7( d ) 1 0 7 . 3 ( d) 1 1 2 . 0 (d) 1 1 2 . 0( d)

1 3 1 3 7 . 9 ( s) 1 3 9 . 0 ( s)
' t

1 3 8 . 9 ( s)
A

1 3 8 . 2( s )
～

1 4 6 6 . 0 ( d ). 2 5 . 3 (I)
' '

3 1 . 4 (t) 2 9 . 3 ( I)

1 5 5 2 . 1 ( d). 3 4 . 6 (d) 3 7 . 4( d) 3 5 . 1 ( d )

1 6 3 8 , 4 ( d) 3 8 . 4 (d) 5 3 . 2( s) ･ 4 4 . 3( d )

1 7 6 1 . 1 (I) 6 1 1 6 (I) 6 9 . 1 (t) 6 2 . 2 ( I)

1 8 1 0 . 0( q) 1 2 . 8 (q) 1 2 . 5( q) 1 2 . 6( q)

1 9 2 6 . 0(t) 1 1 9 . 5( d)
●

1 1 8 . 2 ( d)
' '

1 1 8 . 7 ( d)
' '

2 0 1 8 1 .5 ( s)

6 3 . 3 ( q)

C D C 13

1 3 7 . 2 ( s)
' '

1 3 8 . 6( s )
'

1 4 写･ 7( s)
'/

2 1

N - C H 3

N I C O C H 3

C C X m

∝ q :也

S ol v e nt

4 5 . 7 ( I) ･

4 2 . 6( q)

6 3 . 4( q)

C D C)3

5 4 . 0( I)

1 7 5 . 6 ( s)

5 2 . 4( q)

C D 3(コ〕

5 4 . 6( I)

C q∋(コ〕

C h e m i c a一s hift s i n p p m d o w nfi eld fro m T M S

★

,

★★

,

…
: s lg n al s m ay b e i nt e r c h a n g e d w it hi n v e rtic al c o( u m n .



1 4 6

‡ 鑑 3

1 3 c - N M R c h e m i c al shifts a n d a s sig n m e n t s f o r 1 6 - e pi
- v o a c a r pi n e (2 4) , 1 9 -

h y d r o x y dih y d r o g ef s e virj n e (3 0) I 1 9 -(Z) -t a b e rp s y c hi n e (2 5) a n d 1 9 -

O X O g el s e nj ci n e ( 45) .

N o . ( 2 41 (3 0) (2 5) (4 5)

2 1 3 7 . 1 ( s)
'

1 7 4 . 2 ( s) 1 3 6 . 2 ( s)
'

1 7 1 .1 ( s)
3 8 0 . 5 ( s) 6 9 . 1 ( d )

'

6 7 . 6( d) 7 5 . 2 (d )
'

5 5 7 . 5( d) 7 1 . 8■( d)
'

6 0 . 5( d) 7 4 . 5( d )
I

6 2 1
.早(t) / 4 7 . 5( d) 1 8 . 0(I) 3 8 . 0 ( I)

7 1 0 7 . 0 ( s) 5 3 . 3 ( s) 1 1 0 . 9( s) 5 6 . 3( s)
8 1 2 5 . 7( s) 1 2 7 . 9 ( s) 1 2 8 . 3( s) 1 3 1 . 8( s)

9 1 1 9 ･ 5 (
.
d)
～

1 2 8 . 4 ( d)
' '

1 1 9 . 8 ( d)
”

1 2 4 . 5(d )
1 0 1 1 5 . 7 ( d)

…

1 2 3 . 0( d) 1 1 9 . 3( d)
' '

1 2 3 . 5(d )

l l 1 2 2 . 0 ( d) 1 2 8 . 5 ( d)
”

1 2 2 . 3 ( d)
…

1 2 8 . 3(d )
1 2 1 1 0 . 9 ( d) 1 0 7 . 2 ( d) 1 1 0 . 9( d) 1 0 6 . 7 (d ).
1 3 1 3 6 . 3( s)

'

1 3 9 . 2( s) 1 3 5 . 3 ( s)
'

1 3 8 . 0( s)

1 4 3 6 . 5(I) 2 2 . 6(I) 2 9 . 7 (I) 2 7 . 5 (I)

1 5 3 3 . 7( d) 3 5 . 7( d) 3 3 . 5 ( d) 3 8 . 0( d )
' '

1 6 5 3･ . 2( s) 3 8 . 6( d) 3 7 . 5( d) 3 9 .
4 ( d )

' '

1 7 6 3 . 3 (I) 6 1 . 6(I) 6 1 . 9(I) 6 1 . 7 (t)

1 8 1 2 . 7 ( q) ,1 9 . 4( q) 1 2 . 8( q) 2 6 .
1 ( q)

1 9 1 1 8 . 5 ( d)
～

6 4 . 3( d) 1 1 8 . 2 ( d) 1 9 7 . 6 ( S)

2 0 1 3 5 . 4 ( s)
～

5 6 ･ 8(
.
s) 1 3 1 . 9 ( s) 1 7 8 . 1 ( s)

‾6 3 . 4 (q )

2 1

C C m

∝ 堪 也

N ･ C H 3

N - O C H 3

4 8 . 1 (I)

1 7 5 . 8( s)

5 2 . 1 ( q)

5 8 . 8(I)

4 0 . 7(q )

6 3 . 3 (q )

4 5 1 9 ( I)

4 3 . 0(q )

C h e m i c al s hift s i n p p m d o w nfi eld f ro m T M S
I

S o v e n t :
.
C D C13

～

,

I ★
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A C K N O W LE Ⅸ; E M 田JT S

l a m g r e atly i n d e bt e d t o J a p a n S o ci ety f o r t h e P r o m oti o n o
f S ci e n c e (J S P S )

f o r fi n a n ci al s u p p o rt , u n d e r t h e J S P S R O N P A K U ( Di s s e rt ati o n P h ･ D) p r o g r a m a n d

t h e M e n 1 0 r a n d u m of U n d e r st a n di n g b et w e e n N atio n al R e s e a r c h C o u n ci一 of T h ail a n d

( N R C T) a n d J S P S .

t w i s h t o e xp r e s s m y si n c e r e g r atit u d e a n d t h a n k s t o P r of e s s o r S hi n
-ic hir o

S a k ai f o r hi s s u p e r vi si o n of t h e r e s e a r c h a n d hi s id e a s , k e e n i nt e r e s t , ki n d n e s s ,

c o ntin u al e n c o u r ag e m e nt a n d u n d e r st a n di n g d u ri n g th e c o u r s e of p r a cti c al w o rk a n d

p r e s e nt atio n o f th e th e si s .

ど

1 w o uld ‥k e t o ･ th a n k A s s o cia t e P r of e s s o r D r . N o ri o Ai m s f o r his i n v a一u a bl e

h elp , s u gョe stio n s , kin d n e s s a n d e n c o u r a ョe m e nt O n m a n y O C C a Si o n s ･

[ a m v e ry g r at ef ul t o A s s o ci a t e P r of e s s o r D r . D h a v a d e e P o n g[ u x fo r h e r

h elpful s u g g e sti o n s a n d a d vi c e , in v a( u a bl e dis c u s si o n s a n d e n c o u r a g e m e nt , a s w elt a s

h e r c o rr e cti o n i n t h e o n gl n a[ m a n u s c ript .

l w is h t o th a n k D r . Hir o m it s u T a k a y a m a f o r hi s ki n d n e s s , i n v a 山a b[ e a d vi c e ,

u s ef ul di s c u s si o n s a nd e n c o u r a g e m e n t .

l w o uld als o li k e t o t h a n k M is s M a rik o Kit aji m a f o r h e r ki n d n e s s , h el pful

g uid a n c e a n d dis c u s si o n s .

I w o u ld li k e t o t h a n k M r . S h i g e o S hi r a ･t o ri , p r e si d e n t o f S h i r a t o ri

P h a rm a c e u ti c al C o ･ , L T D . fo r his ki n d n e s s
,
fi n a n ci al s u p p o rt i n r e s e a r c h b ef o r e th e

R O N P A K U p r o g r a m .
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M y th a n k s a r e e xt e n d e d t o M rs . H ir o k o S e ki a n d M is s Rit s u k o H a r a f o r

p r o vidi n g t h e n u cl e a r m a g n eti c r e s o n a n c e s p e ct r a , M r . T a d a o K u r a m o c hi f o r

d e t e r m i ni n g t h e l o w ィ e s ot uti o n a n d hig h
- { e s o(u ti o n m a s s s p e ct r a , a n d D r . K o r e h a ru

O g at a f o r X ィ ay st r u ct u r al a n aly s IS .

M y t h a n k s a r e a一s o d u e t o D r ･ T e m S m iti n a n d , t h e fo r m e r D e p uty Dir e ct o r
-

G e n e r al R o y al F o r e st D e p a rt m e nt , M inist ry of A g ric u[t u r e a n d C o o p e rati v e , T h a‖a n d ,

a n d M r . Nip o n S o r n a k o r n , H e a d of P h u u
- L u a n g N atio n al P a rk , L o ei P r o vi n c e , f o r

l

t h eir kin d n e s s i n id e ntifi c ati o n of p一a nt m at e ri al .
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R E F E R Er＼にE S

Ai m i
, N ･ , K ･ Y a m a g u c hi, S ･ S a k ai, J ･ H ag I

'

ni w a a n d A . K u b o
,
C h e m . P h a r m . B ull. ,

2 6(l l) , ㌔ 3 4 4 4 - 3 4 4 9 (1 9 7 8) .

A n et
,
F ･A ･ L ･ , G ･K ･ H u g h e s a n d E . R st chi e , A u st . J . C h e m .

,
6
, 5 8

- 6 5 (1 9 5 3) .

A n et , F ･ A ･ L ･ a n d R ･ Sir R o bi n s o n
,
J ･ C h e m . S o c . , 2 2 5 3 - 2 2 62 (1 9 5 5) .

A u , T ･ Y ･
,
H ･T ･ C h e u n g a n d S ･ S t e r n h eI[, J ･ C h e m . S a c . P e rkin I, 1 3 -1 6 (1 9 7 3) ｡

B aJg o o y , M ･J IJ ･ , a / u m e a , S u p p[e m e nt V , 2 , 2 5 6 - 2 5 8 (1 9 6 6) .

B att e r s b y ,
r

A . R .

. A . R . B u r n e tt a n d P . G . P ar s o n s , C h e m . C o m m . 2 1
,
1 2 8 2 -1 2 8 4

( 1 9 6 8 ト

B a v o v a d a
･
R ･ ,

■

Alk al oid s of A si a n S ( ry c h n o s s p e ci e s
' l

P h ･ D ･ T h e si s , U ni v e r sit y of

L o n d o n (1 9 8 3) .

Bi s s et , N ･ G ･ ,

”

AJk al oid s of t h e L o g a ni a c e a e
”

i n l n d o/ e
.
a n d a /

'

og e n eti c a//y 月e/ a t e d

A Ik a /o /
'

d s
,
e d ･ b y J . D . P hinip s o n a n d M . H . Z e n k

,
A c a d e m i c P r e s s , L o n d o n ,

･

p p . 2 7 - 6 2 (1 9 8 0) .

Bi s s et , N . G . , C . G . C a si n o vi , C . C a( effi a n d G .B + M a rini - B ett ol o
,
月/

'

c . S c/
'

. , 3 5 B , 1 - 4

( 1 9 6 5) .

Bi s s et , N ･ G ･ a n d A . K . C h Q U d h u ry , P h y t o c h e m .

,
1 3
,
2 5 9 - 2 6 3 (1 97 4 a) .

Bi s s et
,
N ･ G ･ a n d A .K . C h o u d h u ry , P hy t o c h e m .

,
1 3

,
2 6 5 ･ 2 6 9 (1 9 7 4 b) .

B i s s e t
,
N ･ G

り
A

. K . C h o u d h u ry a n d M .D . W a[k e r, P h y t o c h e m . , 1 3 , 2 5 5 - 2 5 8

( 1 9 7 4 ) .

B i s s et , N . G ･ a n d J . D . P hi= p s o n , J . P h a r m . P h a r m a c . . 2 3 , S u p . ,
2 4 4 5 (1 9 7 1) .

Bi s s et , N ･ G . a n d J , D . P h)
'

川p s o n , P h y t o c h e m . , 1 2 , 2 0 4 9 ･ 2 0 5 0 (1 9 7 3) .

Bi s s et
,
N I G . a n d J . D . P hi=i p s o n , J . C h e m . P h a r m a c ” 2 5 , 5 6 3 - 5 6 9 (1 9 7 3 a) .

Bi s s et
,
N ･ G . a n d J . D . P hitlip s o n , L /o y d /

'

a
,
3 9(5) , 2 6 3 - 3 2 5 (1 9 7 6) .

∫
Bi s s et

,
N . G .

･

a n d M . D . W alk e r , P hy t o c h e m .
.
1 3

, ,
5 2 5 - 5 2 6 (1 9 7 4) .

Bi s s et
,
N . G . a n d M . C . W o o d s

,
L/o y d i a , 2 9 , 1 7 2 - 1 9 5 ( 1 9 6 6) .
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B o r, M . L M a n u a l of ln d J
'

a n F o r e st B ot a n y , O xfo rd U niv e r sity P r e s s , p ･2 6 9

(1 9 5 3 ト

B ra n di s , D ･

,

' l

L o g a ni a c e a e
”

i n / n d /
l

a n T r e e s , Bi s h e n Si ng h M a h e n d r a P o I Si n g h , l n di a ･

p p .4 7 3 - 4 7 7 (1 9 7 1 ト

C a si n o vi
,
C . G .

,
H J . G o n z al e s

,
”. M a r ott a a n d G . a . M a ri ni ･ B ett ol o , 月e n d ･ 1 st S u p ･

S a J一触
り
2 7

,
7 5 - 8 3 (1 9 6 4) ｡

C a sin o vi, C . G . , G . B . M a ri ni B ett o[o a n d N . G . Bis s et
,
N a t u r e

,
L o n d o n , 1 9 3 , 1 1 7 8

( 1 9 6 2) .

C h att e rj e e
･

A . a n d S . C . B a s u , J . / n d I
'

a n . C h e m . S o c ･
,
1 3

,
2 6 5 - 2 6 9 (1 9 7 4) ･
l

C h e n , K . K . a n d T . Q . C h o u
,
C h in e s e J . P h y si o/ . . 1 4 , 3 1 9

- 3 2 8 (1 9 3 9); C h e m ･

A b s t r . , 3 4 , 4 8 11 0
9(1 9 4 0) .

C hi , Y . F . , Y . K a o a n d Y .
H u a ng , J . A m . C h e m . S o c . , 6 0 , 1 7 2 3 ･1 7 2 4 (1 9 3 8) A

C h o u d h u ry , A ･K ･

,

”

S o m e A[k aJ oid s a n d R el at e d C o m p o u nd s fr o m A si a n S p e ci e s o f

S t ry c h n o s
' l

, P h .D . T h e sis , U niv e rsit y of L o n d o n (1 9 7 2) ･

C h u
,
T . T . a n d T . Q . C h o u , J . A m . C h e m . S o c . , 6 2 , 1 9 5 5

- 1 9 5 7 (1 9 4 0) .

C o n r o y , H . a n d J .K . C h a k r a b a rti
,
T e t r a h e d r o n L e ft . , 4 , 6

-1 3 (1 9 5 9) ･

C o rd eI暮, G . A .

,
L/ o y d /

'

a , 3 7(2) , 2 1 9 - 2 9 8 (1 9 7 4) ･

C o rd ell , G . A . , / n tr o d u ct/
'

o n t o a/k al o id s , A B /
'

o g e n eti c A p p r o a c h . , A W il e y
･

l nt e r s ci e n c e P u b)i c ati o n , N e w Y o rk . (1 9 8 1) .

D e n a y e r
- T o u r n a y , M ･

,
J ･ P e c h e r

,
R I H ･ M a rti n , M ･ F ri e d m a n - S pt

'

t eI[ e r a n d G ･

S pit e”e r, B ul/. S o c . C h I
'

m . B elg e s , 7 4 ,
‾
1 7 0 -1 8 6 (1 9 6 5) I

D u
,
X . , Y . D ai, C . Z h a n g , S . L u a n d S . Li u , A ct a C h /

'

m /
'

c a Sin /
'

c a
,
4 0(1 2), 1 1 3 7 -

1 1 4 1 (1 9 8 2) ｡

Ei chl e r
,
0 . , F . H e rt[ e a n d ･ I . S taib

,
A r z n e i m it t e / - F o r s c h

,
7
, 3 4 9

- 3 5 5 (1 9 5 7) ;

C h e m . A b s t r . , 5 1 . 1 4 9 9 9 f (1 9 5 7) .

F e r r eir o
,
M . ,
Th e s e

,
d e P h a r m a c)

.

e
,
P a ri s

,
7 2 p p . (1 9 4 5) ; C h e m . A b s t r ･ , 4 1 ,

1 3 6 h (1 9 4 7) .
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F o r syt h; W ･ G I C リ S ･F I M a rria n a n d T ･ S ･ S t e v e n s
,
J ･ C h e m . S o c . , 5 7 9 - 5 8 2 (1 9 4 5) .

G al effi
,
C ･ , E ･ M I D e = e M a n a c h e a n d G ･ B ･ M a ri ni B ett ol o , J ･ C h r o m a t o g ･

,
8 8

,
4 1 6 ･

4 1 8 (1 9 7 4) .

G eJt e rt , E . a n d H .
S ch w a r z , H e/v . C hi m . A ct a

,
3 4

,
7 7 9 (1 9 5 1) .

G ri e v e
,
M ･

,
A M o d e r n H e rb a/

,
e d . b y C . F . L e y eI , J o n at h a n C a p e , L o n d o n , V ol . Ⅰ,

p p . 3 4 5 - 3 4 7 (1 9 7 5) .

H a gi ni w a , J ･ , S ･ S a k ai , A . K u b o a nd T . H a m a m ot o , Y a k u g a k u Z a s sh /
'

, 8 7( 1 2) .

1 4 8 4 - 1 4 8 8 (1 9 6 7) .

H a gi ni w a , J ･ , S ･ S a k ai, A . K u b o , K . T a k a h a s hi a n d M . T a g u c hi , Y a k u g ak u 2Ta s s hi,

9 0 ( 2) , 2 1 9 - 2 2 3 ( 1 9 7 0) .

H a m et
,
R . , C o m p t . r e n d . s o c . b)

1

o/ . , 2 0 5 , 1 4 4 9 -1 4 5 1 (1 9 3 7 a); C h e m . A b s tr .
,
3 2

,

3 0 1 9 7 (1 9 3 8) .

H a m et , R . , C o m p t . r e n d . s a c . bioI .
,
1 2 6

,
1 1 5 1 -1 1 5 4 (1 93 7 b); C h e m . A b s tr .

,
3 2 ,

3Q 1 9
8
(1 9 3 8) .

H a rdi n ,
'

J . ,

' '

P oi s o n o u s Pl a nt s of N o rt h C a r oli n a
”

A g r . E x p t . S t a . N . C . S t a t e C o// .

βu// . , 4 1 4 ,. p p .1 -1 2 8 (1 9 6 1) .

H ei m b e rg e r , S . L a n d A . L . S c ott , J . C h e m . S o c . C o m m u n .
,
2 1 7 - 2 1 8 (1 9 7 3) .

H e y w o o d , W ･ H .

,
F) o w e rin g P/a n t s o f th e W o r/d , O xf o rd U ni v e r sit y P r e s s , p p .

2 2 2 -

2 2 3 ( 1 9 7 8 ト

H o u , H ･
,
C h /

.

n o s e J . P h y s ]
-

o/ . 5 , 1 8 1 - 1 9 0 (1 9 3 1) ; C h e m . A b s tr .
,
2 5 , 4 0 6 2

( 1 9 3 1) .

H o u , H . , C h ]
'

n e s e J . P h y s I
'

0 / . , 6 , 4 1 1 4 9 (1 9 3 2 a); C h e m . A b s t r .
,
2 6

,
6 0 1 8

( 1 9 3 2 ト

”o u
,
H .

,
C h J

'

n e s e J . P h y si o/ ., 6 , 2 8 l
- 2 9 3 (1 9 3 2 b); C h e m . A b s t r ･ , 2 6 , 5 6 6 1

( 1 9 3 2 ) .

J a ck s o n
,
A . H . a n d A . E . S m it h , T e t r a h e d r o n , 2 4 , I 4 0 3

- 4 1 3 (1 9 6 8) .
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J a n ot
,
” . ” .

,
R . G o ut a r el a n d M . C ri sti n a , A n n . P h a r m . F r a n q . . l l , 6 0 2

- 6 0 8

(1 95 3); C h e m . A b st r . , 4 8 , 2 3 2 6i (1 9 5 4) .

Ji m , H . a n d R . X u
,
A c t a C h /

-

m I
'

c a S I
'

n ic a , 4 0(1 2) , 1 1 2 9
-1 1 3 5 (1 9 8 2) .

Ki n g s b u ry , J . M .
,
P ois o n o u s pla n t o f th e U n J

'

t e d St a t e s a n d C a n a d a , E n gl e w o o d Cliff s ,

N e w J e r s e y (1 9 6 4) .

Ki s a k u r e k , M . V . a n d M . H e s s e
,

【

C h e m ot a x o n o m i c S t u di e s o f t h e A p o c y n a c e a e ,

L o g a ni a c e a e a n d R u bi a c e a e wit h R ef e r e n c e t o l n d o .I e A =くal oid s
' '

i n /n d o/a a n d

B I
'

o g e n ett
'

c al/y R e/a t e d A lk alo I
'

d s , e d . b y J ･ D . P hillip s o n a n d M . H . Z e n k ,

A c a d e m i c P r e
,
s s

,
L o n d o n ･ p p ･ 1 1 ･ 2 6 (1 9 8 0) I

Ki s a k u r e k , M . V . , A .J . M . L e e u w e n b e rg a n d M . H e s s e ,
■l

A C h e m o t a x o n o m i c

l n v e stig atj o n of t h e Pl a n t F a m 川e s of A p o c y n a c e a e , L o g a ni a c e a e a n d R u bi a c e a e

b y T h eir l n d ol e A(k a暮ojd C o nt e n t
' '

i n A /k a/ o I
'

d s C h e m ic a/ a n d B I
'

0/ o g I C al

P e r sp e c t]
'

v e s , ed . b y S . W .
P et( eti e r , A W il e y

-1 nt e r s ci e n c e P u bli c ati o n , N e w

Y o rk
,
V ol .I

, p p ･ 2 1 l - 3 7 6 (1 9 8 3) .

K o m pi s , I . , M . H e s s e a n d H . S ch m id
,
L/ o y di a , 3 4 , 2 6 9

- 2 7 6 (1 9 7 1) .

L e e u w e n b er g , A .J . M . ,

”

T h e T a x o n o m i c P o siti o n of S o m e G e n e r a i n t h e L o g a ni a c e a e ,

A p o cy n a c e a e a n d R u bi a c e a e , R e) at e d F a m ili e s w h i c h C o nt ai n l n d oL e AIk al oI
-

d s
'.

i n /n d ol e a n d B J
.

O g e n etic a //y R e/ a t e d A /k aloid s , ed ･ b y J . D I P h川ip s o n a n d

M ･H . Z e n k , A c a d e m i c P r e s s , L o n d o n , p p .1 - 9 (1 9 8 0) .

Li n , L ･ , G I A ･ C o rd en
,

.

C ･ Ni a n d J ･ CI a rdy , T e t r a h e d r o n L ett ･ , 3 0(1 0) , 1 1 7 7 -

1 1 8 0 (1 9 8 9 a) .

Li n
,
L
.
,
G ･ A ･ C o rd ell

,
C . N i a n d J . C l a rd y , J . N a t . P r o d . , 5 2(3) , 5 8 8 - 5 9 4

( 1 9 8 9 b ト

Liu
,
C ･

,
J ･ L o h , C . C ･ Li u

,
J . L u

, T . C h u a n d C .
W a n g , H u a H s u eh H s u e h P a o . 2 7 (1)

(1 9 61 ); C h e m . A b s [ r . , 5 9 , 1 4 0 4 1 a (1 9 6 3) .

Li u
,
C ･ a n d Q ･ Y u

,
A c t a C h /

'

m I
'

c a S /
'

n /
'

c a
,
2
,
1 8 l - 1 8 7 (1 9 8 7) .
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Li u , Z ･ a n d R ･ L u ･
1'

G els e m i u m AIk al oid s
”

i n T h e A lk al o /
･

d s
,
e d . b y A ･ B r o s sj

,

A c a d e m J
'

c p r e s s , 3 3 , 8 3 - 1 4 0 (1 9 8 8) .

L o u n a s m a a , M ･ a n d A ･ K o ski n e n , P/a n t a M o d . , 4 4 , 1 2 0 -1 2 5 (1 9 8 2) .

L o v ell, F ･ M ･
,
R ･ P e pin s ky a n d A ･J ･ C ･ W ‖s o n , T e tr a h e d r o n L eft . 4

,
1 - 5 (1 9 5 9) .

L u c k n e r ･ M ･ ･ S e c o n d a ry M et a b olis m j n P/ a n ts a n d A n /
'

m a/s
,
1 st e d

H C h a p m a n a n d

H aII, L o n d o n (1 9 7 2) .

M a rti n , W ･F , - H ･ R ･ B e ntL e y , J ･ A ･ H e n ry , F ･S ･ S p ri n g , J . C h e m . S o c . , 3 6 0 3 ･ 3 6 0 4

( 1 9 5 2) .

M a s si ot
-
G .

-
M ･ Z e ch e s , C ･ Mir a n d , L ･ L e M e n - Oti vi e r , C . D el a u d e , K . H .C . B a s e r

,
R .

B a v o v a d a . N ･ G ･ Bis s et
,
P ･J ･ H yl a n d s , J ･ S t r o m b o m a n d R ･ V e rp o o rt e , J . O rg .

C h e m ･ S o c ･ , 4 8 , 1 8 6 9 - 1 8 7 2 (1 9 8 3)

M at hi s , C ･ a n d P ･ D u q u e n ois , A n n a/s . P h a r m . F r .
,
2 1 , 1 7 - 2 6 (1 9.6 3) .

M cJ n ty r e , A ･ R ･ , C u r a r e : Its H /
'

s t o ry , N a t u r e a n d CI/
'

nI
'

c a/ U s e ･ , U ni v e rsit y of C hi c a g o

P r e s s , C hi c a g o (1 9 4 7) .

M ois s et d e E s p a n e s , E ･ , C o m p t . r e n d . s a c . b I
'

0 / . , 1 2 7 , 1 0 0 2 -1 0 0 4 (1 9 3 8 a); C h e m .

A b s t r . , 3 2 , 5 0 6 8
4
( 1 9 3 8) .

M oi s s et d e E s p a n e s , E .
,
/b I

'

d .
,
1 2 7 , 1 1 7 6 - 1 1 7 8 (1 9 3 8 b); C h e m . A b s tr . , 3 2 ,

5 0 6 8 5 (1 9 3 8ト

M oi s s et d e E s p a n e s , E ” lb ]
'

d .

, 1 2 7 , l 1 7 8 11 1 7 9 (1 9 3 8 c); C h e m . A b s t r ” 3 2 ,

5 0 6 8 5 (1 9 3 8) .

M ois s et d e E s p a n e s , E .

, Ibid . ,
1 2 9

,
5 4 6 - 5 4 8 (1 9 3 8 d);

I
C h e m A b s(r ” 3 3 , 1 0 3 9

1

( 1 9 3 9) .

M o o re , C ･ W ･

,
J ･ C h e m . S o c .

,

･

9 7 , 2 2 2 3 - 2 2 2 4 (1 9 1 0) .

M o o r e , C ･ W
”
J ･ C h e m ･ S o c

”
9 9

,
1 2 3 l -1 2 4 0 (1 9 1 1) .

N a g a k u r a , N .
, M . R uff e r a n d M . ”. Z e n k . , J . C h e m . S o c . P e rk /

'

n I . , 23 0 8 - 2 3 1 2

( 1 9 T 9 ) .
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Nikif o r o v , A . , J . L at z eJ , K . W a m u z a , M . W i c htJ, M o n a t s h . C h e m . , 1 0 5(6) , 1 2 9 2 1

1 2 9 8 (1 9 74); C h e m . A b str . 8 2 , 5 8 0 , 1 7 1 2 7 0 X (1 9 7 5) 4

0 h a s hi
,
M り H . B u d ヱj ki e w ]

'

c z , J . M .
W ‖s o n , C . Dj e ra s si , J . L e v y , J . G o s s et , J .

L e m e n a n d M . ”. J a n ot , T e t r a h e d r o n , 1 9 , 2 2 4 1
1 2 2 4 6 (1 9 6 3) .

O k a ni s hi , T .
,
J a p a n . J . M a d . S c]

'

. ” P h a r m a c o/A 7
,
N o ･1

,
P r o c ･ J a p a n P h a r m a c o/ ･

s o o .
,
6 2 - 6 3 (1 9 3 3); C h e m . A b s t r . 2 9

,
6 9 5 1 8 (1 9 3 5) .

O n a n g a , M . a n d F . K h u o n g
- H u u , C .F7 . S e a n c e s A c a d . S ci･

,
S e r ･ C , 2 9 1(6) , 1 9 1 - 1 9 3

(1 9 8 0); C h e m . A b s tr
”
9 4 , 4 4 0 4 6 q (1 9 8 1) ･

O r n d uff
,
R

”
J . A r m . A rb o r . , 5 1 (i) , 1 -1 5 (1 9 7 0) .

P a ris
,
R . a n d H . M o y s e

- M ig n o n , C o m p t . R e n d ･ A c a d ･ S cj･ , 2 2 9 , 8 6 (1 9 4 9) A

P e= eti e r, S . W .
,

”

T h e N at u r e a n d D efi niti o n o f a n Alk aJ oid
' .

i n A /k a lo id s , ed . b y S ｡ W .

P e n eti e r
,
A W ‖e y

-1 nt e rs ci e n c e P u bli c ati o n , V o u , p p .1 - 3 1 (1 9 8 3) ～

P hi川p s o n , J .D . a n d M . H
.
Z e n k ,

-'

P r ef a c e
' '

i n ln d o/ a a n d B I
'

o g e n etic a//y 月e/ at e d

A Ik a loid s
,
e d ･ b y J : D ･ P hnH p s o n a n d M ･H ･ Z e n k

,
A c a d e m i c P r e s s (1 9 8 0) ･

P o n gJ u x , D ･

,
S . W o n g s e ripip at a n a , S . S u bh a d hir a s a k uI , H ･ T a k a y a m a , M ･ Y o k o t a ,

K ･ O g at a , C . P hi s ala p h o n g . N . Ai m i a n d S . S a k ai
,
T e t r a h e d r o n

,
4 4(l l) ,

5 0 7 5 - 5 0 9 4 (1 9 8 8ト

P o n gl u x , D . , S . W o n g s e r
,
ipip at a n a , H . T a k a y a m a , K . O g at a , N . Ai m s a n d S . S a k ai

,

T e tr a h e d r o n L e ft . , 2 9 (4 2) , 5 3 9 5 - 5 3 9 6 (1 9 8 8 a) .

R o bi n s o n , T . , T h e B /
'

o ch e m /
'

s tr y o f A Ik alo I
'

d s
,
S p ri n g e r

- V e rl ag , N e w Y o rk , (1 9 6 8) I

R o e , A .山. a n d M . G at e s
,
T e tr a h e d r o n

,
l l

,
1 4 8 -1 5 3 (1 9 6 0) .

S a k ai
,
S .

,
H e t e r o cy c/ e s , 4(1) , 1 3 1 -1 6 8 (1 9 7 6) .

S a k ai
,
S .

,
N . Ai m i

,
A . K u b o , M . Kit a g a w a , M . S hi r at o ri a n d J . H a gi ni w a ,

T e t r a h e d r o n L e ft .
,
2 3
,
2 0 5 7 - 2 0 6 0 (1 9 7 1) .

S a k ai
,
S .

,
N . Ai m i

,
K . Y a m a g u chi, K . H o ri a n d J . H a gi ni w a , Y a k u g a k u Z a s s h /

'

,

7 9 (4) , 3 9 9 - 4 0 9 (1 9 7 7) .
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S a k ai
･
S ･ , N ･ A i m i, K ･ Y a m a g u c hi , H ･ O h hir a

,
K

･ = o ri a n d J . H a giniw a ,

T e t r a h e d r o n ･ L e tt ･
,
1 0

,
7 1 5 - 7 1 8 (1 9 7 5) .

S a k aj
, S ･

,
N

･ Ai m j , K ･ Y a m ag u chi , E ･ Y a m a n a k a a n d J ･ H a gi niw a , J . C h e m . S o c .

P e r k /
.

n T r a n s /
,
6
,
1 2 5 7 - 1 2 6 2 (1 9 8 2) .

S a k aj
,
S ･

･
A ･ K u b o J a n d J I H a gi ni w a , T e tr a h e d r o n L e ft . , 1 9 , 1 4 8 5 -1 4 8 8 (1 9 6 9) .

S a k aj, S ･ , A ･ K u b o
,
T ･ H a m a m ot o

,
M ･ W a k a b ay a s hi , K . T a k a b a s hi , Y . O ht a nJ

･

a n d J .

H a gi ni w a , T e tr a h e d r o n L e tt ” 1 9 , 1 4 8 9
-1 4 9 2 (1 9 6 9) .

S a k ai･ S ･
･
S ･ W o = g s e rtptp at a n a , D ･ P o ng 山x , M ･ Y o k ot a , K ･ O g at a , = ･ T a k ay a m a a n d

N ･ Ai m i
,
C h e m ･ P h a r m ･ B u/I . , 3 5(l l) , 4 6 6 8 - 4 6 7 1 (1 9 8 7) .

S a xt o n
7
J

･
E
り

●'

Alk aloid s of G e /s e m /
'

u m S p e ci e s
■-

i n T h e A Ik a/ oI
･

d s C h e m /
･

stry a n d

P h y s I
'

0 /O g y ･ e d ･ b y R ･ H ･ F ･ M a n s k e , A c a d e m i c P r e s s , V ol ･ Vt] , p p ･9 3 - 1 1 7

( 1 9 6 5 ト

S ay r e , L ･ E ･
,
J ･ A m ･ P h a r m ･ A s s o c .

,
8
,
7 0 8 - 7 1 1 (1 9 1 9); C h e m A b s tr . , 1 3 , 2 9 7 2

( 1 9 1 9) .

S c h u n . Y ･ a n d G I A ･ C o rd eI[
,
J ･ N a t . P r o d .

,
4 8(5) , 7 8 8 - 7 9 1 (1 9 8 5) .

S c h u n , Y ･ a n d G ･ A I C o rd e‡l
,
J ･ N a t . P r o d . , 4 9 (5) , 8 0 6

- 8 0 8 ( 1 9 8 6) .

S c h u n
, Y ･ . G ･ A ･ C o rd elI, a n d M , G a rl a n d J N at . P ro d . , 4 9(3) , 4 8 3 - 4 8 7 (1 98 6) .

S c h w a r z , H ･ a n d L ･ M a rio n
,
C a n . J . Ch e m . , 3 1 , 9 5 8 - 9 7 5 (1 9 5 3) .

S h a w
･
F ･ H ･ a n d J ･ S ･ D e L a L a n d e , A u s t ･ J ･ E xp t/ ･ B jo/･ M o d . S c I

･

” 2 6 , 1 9 9 - 2 0 5

( 1 9 4 8 ) .

S m■itin a n d
,
T ･

,
T h a /

'

P/ a n t s N a m e (B o t a n ic a/ N a m e s - V e m a c u/a r N a m e s) , B a n g k o k ,

T h ai( a n d
, p .1 61 (1 9 8 0) .

S o cj et e B o uf o n n aip e d e R e c h e r ch e s et d e Diff u si o n P h a r m a c e utjq u e
叩

S o b o r e
■■

S . A . ,

B e[g ･ 6 3 9 3 2 3
,
A p ril 2 9 , 1 9 6 4 , 8 p p . ,

C h e m . A b s [r .
,
6 2

,
8 9 4 9 b (1 9 6 5) .

S t o ckigt , J .

-

”

T h e Bi o s y nt h e si s of H et e r o y o hi m bi n e
･t y p e AJk al oid s

･.

i = /n d o/ e a n d

B / o g e h et/
'

c a/Iy F7 e/ at e d A Ik a/ o ]
'

d s
.
e d ･ b y J ･ D ･ P h 川ip s o n a n d M ･H ･ Z e n k

,

A c a d e m ic P r e s s
,
L o n d o n

, p p . 1 1 3 - 1 4 2 (1 9 8 0) .



2 0 7

S u n . F .
,
Q . Y . Xi n g a n d X . T . Li a n g , J . N a t . P t10 d . 5 2(5) , 1 1 8 0

- 1 1 8 2 (1 9 8 9) .

T a k a y a m a , H . , M . Kit a gi m a , S . W o n g s e n p(p at a n a a n d S ･ S a k ai , J - C h e m ･ S o c d ,

P e rk in T r a n s a cti o n s 1
,
1 0 7 5 -1 0 7 6 (1 9 8 9) .

T a m b a
,
G . , A ct a S c h oI . M o d . K I

'

o t a , 4 , 8 5
-1 0 4 (1 9 21); C h e m . A b s t r .

,
1 9

,
1 2 6

( 1 9 2 5 ) .

一 丁a y
lo r

,
W J .

,
/n d oJ e A Ik alo I

'

d s l st e d . , P e rg a m o n P r e s s , L o n d o n (1 9 6 6) .

T o rs s eII
,
K .a . G .

,
N a t u r a / P r o d u c t C h e m is try , A M e ch a n /

'

stic a n d B J
'

o s y n th e tI
'

c

A p p r o a c h t o S e c o n d a ry M e t a b o /is m . , J o h n W H e y & S o n s Li m it e d , N e w Y o rk ,

p p . 5 8 ･ 5 9
. (1 9 8 3) .

V e rp o o rt e , R .
,
J . N a t . P r o d .

, 年9(1) , 1 - 2 5 (1 9 8 6) .

W a r n at
,
K . , H e/ v . C h J

'

m . A c t a , 1 4 , 9 9 7 - 1 0 07 (1 9 3 1) .

W e n k e rt
,
E . , C .J . C h a n g , D . W . C o ch r a n a n d R . P e = c cia n

'

, E x p e r/
l

e n t/
'

a
,
2 8(4) ,

3 7 7 - 3 7 9 (1 9 7 2) .

W e n k e rt , E .
,
J . C . O rr , S . G a rr att

,
J . H . H a n s e n , B . W ! c kb e rg a n d C .L . L ei c ht

,
J .

O rg . C h e m .

,
2 7(2) , 4 1 2 3 - 4 1 2 6 (1 9 6 3) ,

W i c htI
,
M .

,
A . N J

'

kifo ro v , S . S p o n e r , K . J e ntヱS C h , M o n a t s h . C h e m . , 1 0 4(1), 8 7 1

9 8 (1 9 7 3); C h e m . A b s t r . , 7 8 , 5 0 5 , 1 2 4 7 8 7 s (1 9 7 3) .

Y a n g , J ･ a n d Y . C h e n , A c t a P h a r m a c e ut/
'

c a S /
.

ni c a . , X VtI (8) , 6 3 4
- 6 3 5 (1 9 8 2) .

Y a n g , J . a n d Y . C h e n , Y a o x u e T o n g b a o .

,
1 7(2) , 1 1 9 -1 2 0 (1 9 8 2 a) ; C h e m A b st r ･ ,

9 7 , 3 6 0 9 9 f (1 9 8 2) .

Y a n g , J . a n d Y . C h e n , Y a o x u e X u e b a o , 1 8(2) , 1 0 4 - 1 1 2 (1 9 8 3) .

Y a n g , J . a n d Y . C h e n , X a o x u e X u e b a o , 1 9(9) , 6 8 6 - 6 9 0 (1 9 8 4) .


