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(1) Ireland-Claisen $&{\/ [ it~

Claisen $&NZIFNEHR[S, 3]lv /'~ b B—ditO—>THY, 7V E=/L=—TF )L
Doy, -AREMANKR=NbEMEHE 252 L THMLA TS, RIS, 1912 42
Ludwig Claisen |2 & 0 5 S TLCR, #Hx 20FOBEIHA SN TE Y, ZOHfT
%y, Ireland-Claisen #=(\7i% R. E. Ireland (2 X - T#HA &7z Claisen H5(L DAL T
b, TINVZEAT NG YA T T —VEFHBL, TO®KFRTHZ LT, K
B CENRRINEIZ[S, 8]v 7'~ b a B — (i3T5 2 E XA STV 5 2 (Scheme 1),

Scheme 1
H 2
i. base Sy R « R
R ORI > ﬁ — o \
’\n/ ii. TMSCI OH
(0] TMSO

WHFFEE O &G 51X, psychotrimine (DD AFEEKICBWNT, TUNLTZ AT DT U
IR B RO Z R o 12 FE 2 RFIREGRIO Ireland-Claisen (R ftd 2 iz ko
T P LORESEIZRE) LT 5 9 (Scheme 2),

Scheme 2
NHMe

1) KHMDS, Znl,
THF, - 78 °C;

N —
) 2) HATU, lPerEt Ph  —
D NH,CI, DMF, rt c0NH2
O Ph 79%, 74% ee Br @ ]
Br
(2 steps)
NHMe

psychotrimine (1)

ERO LS T VAL AF R LER - - EE TR, NEREBIREICBWTT U v
AT NDT = =T, SRR EO DI T U T AN EIS, %035%‘3 BT AR
T 5 MUEAFHF DO, =/ F7— MIBITF LA LT 4 OB L > TikE
% (Scheme 3), = Z T, flg{IcF L— 3 VEEIDEV MEM %%%)\Tﬂ X, =/ 77—
kDR LB OERE & ORICEBIFETIZL DX L— RS, AL 7 ¢ D% E
HEHlEcE s EE 2505 2 (Figure 1),



Scheme 3

R1

i. base
o — >
2
R J\[r m ii. TMSCI
O Ph

R1
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R2 :,_ RZ d
/ 0=/ pn > o Ph
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Figure 1
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EFIIANE, ERICRLEL 97 MEM EZ2HWiEE2HWT, REEBEEMO
Ireland-Claisen #5177/ )iix % FI] ] L 7= kopsiyunnanine K (2). & U KAM1 (8) D ARF A K

Moe x24T o Z & & Li=(Figure 2),
Figure 2
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N
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kopsiyunnanine K (2)

KAM1 (3)



QE/ TN A KL R=LT A K

EL o, HEWIIREEAEE LTRSS TE 2, 19 EHEE  Figure 3
\Z. Papaver somniferum 7>% . $#%F « S5 %244 % morphine (4,
Figure 3)3 5 EFIOT v im A K& LTI TLER, HE O
WRIERRENBICEBB SN CTE -, ZORR., BEE T < OEEML A g
LEMBERSNTEY | MEHHROERESIT, 4 BFHSTHSEE
Eﬁ':]@ 4 ﬁj\@ 1 '[;LJ:LT_O)§£§) k%bﬂ‘(k\é 5)0 analgenic activity

ZDOHTYH, B/ TN A4 KAV R=AThuA RiIFRREMEEE oL 0K
ZLHFEL TS 0, Bz X, IMERE FHD reserpine (5). HiEEA|D vinblastine (6)<°
vincristine (7)., #i~ 7 U 7HID quinine (8)7¢ &', 5817 EMiEE 2 L LR T Vv a
A RPRHSNTE R, 2D OS2 kk7ekiE X, HBailA T 25 strictosidine (9)7)> 5HE
MWD ZEMIESBFESNTWD, 728, 9 1%, L-tryptophan (10) 23 fifkfE L CTE 7=
tryptamine (11) &, geranyl pyrophosphate (12)7> 5331 % secologanin (13)23fF 4 L T
AT D 2 EMFEH STV D ™9 (Scheme 4),

Scheme 4
O _H
COH ~ NX-"opp
I —COZ I ‘\\O-Glc -
NH, NH, -
—_—
N N 0 |
H H MeO,C
-tryptophan (10 t ine (11 1 in(1
L-tryptophan (10) ryptamine (11) secologanin (13) geranyl pyrophosphate
N ) (12)
HO strictosidine
synthase
HL \No)
NRZ 'OH wMe
Me 5 =
H
ajmaline ajmalicine

anti-arrhythmic activity antihypertensive activity

R =Me: vinblastine (6)
R = CHO: vincristine (7)
antitumor activity

reserpine (5)
antihypertensive activity

camptothecin
antitumor activity

quinine (8)
antimalarial activity



INnHoEED 9 B, secologanin (13)FHK D Co F721% Cro D= FEZIE 5 DDA
AEH. (A) Corynanthe type. (B)Strichnos type. (C) Iboga type. (D)Aspidosperma
type. (E) Eburnamine-Vincamine type ({270 TE 5 6,

(A) Corynanthe type |3 strictosidine (9)?® secologanin (13) Hi3kDER5y M3EER A INK
SRLTR. BIET D2 LIk TERT S, £/ T A~/ A FA Y R=AT v uA K
DAEBRIREE DI b M OEARTH T 5, ANEHPEEN S 2 B0 x OREE52 1T T,
(B)Strichnos type. (C) Ibogatype, (D)Aspidospermatype. (E) Eburnamine-Vincamine
type \ZIRET D, $72bL, Cs=y bR LK, RARDEHMICHKEET DI LI
D, FNENOBEEBERIND EEZ LTS (Scheme 5),

Scheme 5

MeOZC
(B) Strychnos type

N
S

=z

18] 21 N

CO,Me

U

N %N gN
| . 2 1
H s N 16 I:> N 16 E>

COzMe H Co,Me H co,Me
(C) Iboga type (D) Aspidosperma type

(E) Eburnamine-
Vincamine type

UEDXSz, F) TN A KL R—=AT A aA KL, AEROMEE i L
fix DEWAEZ T D20, ZRRRERE L OLOREREL RO TWnh, ZbT LT
a4 FOMEEIIL, F& LTHa vF 2 b 7R (Apocynaceae), ~ F > F(Loganiaceae).
Z LCT % % FH(Rubiaceae) D 3 Bt TH L0, BRI L > TT VI n A ROAERSES
d 27 I aA FICERDNRBD LN TWND 9,



(3) Kopsia arborea

FavF s bURHT 220 B 1300 fE 5722 5 WA T, @A HEARE TEEERIE
REAFFD 10, ZOH T, Kopsia BREMIIHIE 23 FEAHEGE S TR Y . £ORTHHE 2
~15m DARFIEY) ThH 5 W, TEEHENORMT V7, ZLTAH—Z FF U TR BAE
LTW%, ¥avF 2 FUR Kopsia BREYMIBROT Vv A Rid, ZHRRRFEKEA
L. ARREMENEZRObOBRRE A FET DL ETMOLN TS, BIFEETIIAEY
EMEEFF STV mA NICER L, PEEMEICALELTRY, 23 bS5 Kopsia JEH
Mo 5t ME—REMEARK E L THWLILTE 72 Kopsia arborea DRy RSB 21T - 72,
AHEIEBEET Y U~ T, RkK, WHEERK 2 Ekk 2 R OERICHWO N TE R, 20
BRNRSY . W ONTIEEN R DOFBMEFIZHOWT, RIEZ 2RI 2 2bi T,
DT, KW ORI TRENTE, T ORE I K DIEVERHE T o 7 v O IE, AlFES
— ROAIKICE#RT 5 Z 13 WIS 5,

ZIVE TIZHFSEEE T K arborea 7)> & i « f&E R E S # UL &% O—15 % Figure
4 \ZRT, Al IS HFHT VA RO H b, kopsiyunnanine K (2) D ARF AL,
J OV KAM1 (8) & ik L 7B DA A AR 21T o 72,



Figure 4

CO,Me
/\N_O 19Z : kopsiyunnanine J1
2, A~ 19E : kopsiyunnanine J2
O g 19
N

H
H o Come

198, 20R: kopsiyunnanine F1
19R, 20R: kopsiyunnanine F2
198, 20S: kopsiyunnanine F3

MeO,C”%

kopsiyunnanine K (2)

kopsiyunnanine B

©
HO\ (I)
®
N— _CO;Me
R N
H
/ N
Z N—, OH H
N | H ‘Me
H fo} | o kopsiyunnanine L
R = CH,OMe : kopsiyunnanine C1 N Y
R = CH,OEt : kopsiyunnanine C2 H OH
R = CH,0H : kopsiyunnanine C3

kopsiyunnanine H

I
N

N

OMe

kopsiyunnanine D

CO,Et KAM1 (3)

kopsiyunnanine-l



(4) #HHl Kopsia 7 V71 v A4 K kopsiyunnanine K Db 244 i

Kopsiyunnanine K (2)i%, M= D/NNUIZ X > T K arborea 76 HEfS 7=, FiHTE
TN A RA Y R=AThuA RTho, AMeahoriEd, 1D XU 2D NMR (2
X Y. azepane (14) & tetrahydro-B-carboline (15)23 58 L7z, €/ T /X/ A RA ¥ R—
NT I uA RE LTI TR SN ERK 2R &2 S 7= (Figure 5),

Figure 5
I 16R H
N N
N |
H H N NH
?OR H
MeOZC z
S~
kopsiyunnanine K (2) azepane (14) tetrahydro-f-carboline (15)

REEWIT C-16, 20 MLIZARFHLERD, C-16 MLOMKI SRR E X, AL OWME L F;
B M SARECEREAI CTd 5 decarbomethoxydihydrogambirtannine (16) &, CD A~XZ
MEHKT 2 Z EICkiiEESNT, T78bbH, 2D CD A7 FUE 16 LoD =y
MURIRAERLTZIZ), 2 O 16 ALICHY 5 3 0Y SELED 16 LI, REE TH
% L HEE iz (Figure 6),

Figure 6
8™ +7.3(210) Tor
k +5.6 (233) N
S 20R
+4 - H wavelength MeO,C* 2
: [nm] ~
+0.9(277) 2
Ag O o
17 (287)
4
— kopsiyunnanine K (2, ¢ 0.23 mM) 16
8 i decarbomethoxydihydrogambirtannine (16, ¢ 0.37 mM)
-9.0 (231)

—J5. C-20 (ML DOHMEXI SRR E X AEAROBLEND REEE CTh D EHE I, T72b
H. 21%. MU K arborea H»5 HEfE S 17-(-)-eburnamine (A7) 5. C-20 (i DKL
PR LI-EE, A END &5 2 7-(Scheme 6), XU I, C-2/rD7 1 b AkIZ



EoT. C2f-C-21 LA DREEBAZ L. PRIKABERT D, KIS, ADAI=T L
LA RS ND ZE T, TATE REBREL D, WTT VT b R0k, =R
TbEZT, C-16 LD~ 7 I F— RN BRRET 2 2 & T, FREC & D, &%
(2 C DRI X D SLAREIRA) Pictet-Spengler fUG A% T CTERIb L, 242405, UL ED
X 91z, 2D C-20 fLiF(-)-eburnamine A7) DAL F % K L7~ RECE TH D L HEE S

i,

H
E 21
HO HO
H,0
A
H@

||HO Iy [0

— N —— N —
. GHO
HO HO”
B

MeO,C”2

C C kopsiyunnanine K (2)

AHEEREEE T L, AEWIEVEREI O A 2 T 572010, AMEAMORFERE
REIToT, TOFMICOVTIE, # 1 EICTHRT 5,



(5) HiHl Kopsia 7V A K KAM1 Ot 4 1E

KAM1 3)i%, HHWFIE=E DI~ RIZ L - T K arborea 7> b HEES =, BillE /71~
JARAL Y R=nATNIaA RThDH 1D, KMEHOMHEEIL, 1D KO 2D NMR 2LV,
W U< K. arborea /> B S 117~ quebrachamine (18)?® 7 iZiZ syringalcohol (19)Hi3kE D
BEHILNFES Uiz, BRAEBEEZF LT D Z LRS- (Figure 7), AMLAEWIT T,
20 NLIZAH WUk R 3% 2 FFD,  C-20 NLOHMERI SRR E 1T, AEMROBLALY ., REETH
HEMEE LT, Thbh, RRIFET D RIE, S{ED quebrachamine @ 5 5, AfE#)
MHIZ20R D DDOHNPHBES NI Z LD, 31X20R Th D EHELE I,

Figure 7

OH
N MeO. OMe
\ 7
20
N
H
OH

KAM 1 (3) (R)-quebrachamine (18) syringalcohol (19)

F72. C-THLIZ 2V TIE, MacroModel FH&E % & L IZHEE S vz, AALEH D C-20 (LD
HaSTARCE 2 RIEEE LI X, C-7T MONAREIZCE ST, RO 25D T AF LA
~—MNA[EETH % (Figure 8),

Figure 8
(A) syn (B) anti
mMeo, OH
Q—OMe
Z/6 N
7R 21
P 20R

Trbb, C-7THiA SEEDOET syn K(A), RELEOKIL anti tkB) L7225, ZD 2o
DIEIEZE N Z DUV T MacroModel FHREICE » CTIREEREZFIRE L, ThaikiczE
NOE HIE#1T H Z & TARLAY OFIX NLARRL & & #EE L 7= (Figure 9), 9725, H-21a
O7a R ERELZEZA, H6a BLOH-16 7' 1 b AHHENRRO b, FHEL
TR REREIZ L D &, H-6a & H-21a OfT, NOE MM EE XA DA TH 5,

10



$72, H-2la & H-16a 7’2 h > & D NOE M, ZoOHEELZ IR L7, i, 6 (LD
§2.49 (1H, ddd, /~14.3, 14.3, 4.8 Hz, H-6a) O~ 11 k iz oW\ i, BlEA) & B)Eh <
ML TH w7V 7805 Figure 9 [ RT XY IZRE SN, T74bb, 6a 7
Foateb 7m b b= IF A TRELEN, 5T hrORGETF, o) —HD
SA7m b d—vaDEEL L > TVND EBERINT,

Figure 9

AHEERE ZRE L. 2 EWTENERHE O 720 O TV 2 e 5720 KAM1 OR
FEGHMIEIAETF LT, LOFEMIZOWTITH 2 B Timt+ 5,

11



ZA
A

H—% Fr#l Kopsia 7 V71 v A K kopsiyunnanine K @
ARE A

Kopsiyunnanine K Q) D ARFEEKIZOWNWT, Ficd X 2 W AT 217 -7-, 2 1%
J¥-5 Scheme 6 |27~ L2 HEEAA RIS ICI1T D, 7 /4T & F{K C @ Pictet-Spengler )iy
ko ThHbonsbDE LTz, ClE. AV F—1 20 LT AT E FE 21 OT AF1k, #i
< Ns BOBMREIC LIV AWM TE D LB R Te, 7T b RV ITEFTEMER T V7R o 22
D AF A, MEM HOBiR#E, 7 I 0EA, #< A L7 4 v OBMERZICLELR
HEBZT, ANRUEE 22 OMHEAFHLIE, 7 VLT RA7 )L 28 & RAHEEA Ireland-
Claisen $A(ZJNMIAT T Z & THETE LB X T-, TV AT AT R 28 1, filkD
d—valerolactone (24) & Y272 T U LT /b3 — UK 25 I BET 5 L& 2 T,

Scheme 7

diastereoselective

H
Pictet-Spengler w 20 o
reaction N7, HN SN ONHNs
A\
7

kopsiyunnanine K

(2)
o)
@,
asymmetric
Ireland-Claisen Q Ph 3-valerolactone
~ rearrangement 0 N\F (24)
— Ph/\/F(CO\ZH/\oMEM > p— "
OMEM HOZ N\F
22 23 25

12



Sipe

W ARG Ireland-Claisen $5070IC X A DA HL
DAEEE

ARFURE Treland-Claisen BN T K 2 SEAKRIRPEOFHIFEIZ DWW TIZ, kDX H I
B LT, £, BHREEART VAT L a— 25 EPHR Lo 2T L 23 [THIFEZ VR
EHTCTINVTZAT VT ) T — 26 5RESED, 22T, FL— b MIRZETLIEEE
Mz %z &7T, =/ 77— FOWFEELE MEM XOBEOMICEREFIZLSF L — FTS12
RS, mT o F AR R A A LA T X 5 &5 % 72(Scheme 8),

Scheme 8
O Ph OM Ph
OM i. base, metal Z OM
OMEM OMEM
23 26

f//j;éé’ Ph i OMEM
O o H : /;)/\
f .

< P 4
OmN! : /inh
(o g : MO H
TS-1 TS-2
chelation-controlled non-chelation-controlled
; OMEM
R 7 H s
"y '
/ H 'y
Ho' © Ph : 07F'h
MEMO : HO
22 27

......................................

13



T, VA B UEBNKICDOIRE L2 DT VLT AT VIR 28 AR LTz, HilkoO
d—valerolactone (24)% HIEJFEIE L. H&AID 3 BRIEIILEMMNMEHSTH D Z LICHEL
RINE . AIVR= VoL D=F )AL, A K )Y A —#kkEREE D MEM 4 k5 ©
1To77. ZORER, 99%DINETHHDT AT /L 28 21525 Z L 1Z2jk*h L 7-(Scheme 9).

WG R T U AT L a—)L 25 &, AFILT AT )L 28 DT L7 VKSR L - TH
SN ANVR B EBAMEET D 28T, 7 I7ABUVIBMIEDIEE 28 % VT AT LA~
—RAWE L5z, 28 OfiEiE, ESI-MS (X Yy 74 4 B —2 m/z 373 [M +
Nal*Z&8lHl L, #Z, 1 H-NMR 2B\ TH L 7 1 256.00 (2X1H, ddd, J= 16.8, 9.9, 6.2
Hz), % 1'65.31 (1H, ddd, J=16.8, 1.4, 1.4 Hz), §5.30 (1H, ddd, J=16.8, 1.4, 1.4 Hz).
65.25 (1H, dd, J=9.9, 1.4 Hz), 65.24 (1H, dd, J= 9.9, 1.4 H2) X " FEHRKDO E— 7 %
B LT EMBPE LT,

Scheme 9
1) LiOH-H,0
o 1) LDA, Etl, HMPA o THE-H,0 (1:1) 0 Ph
THF, -78 °C, 18 h 2
s , t,23 h
(o] > OMe ’ > o NF
2) cat. H,SO,, MeOH 2) EDCI-HCI, DMAP
rt, 20 h DMF, rt, 23 h
3) MEMCI, DIPEA OMEM 91% in 2 steps OMEM
CH,Cl,, rt, 17 h Ph
S-valerolactone 99% in 3 steps H
(24) 28 Ho/\/ 23
25

mE, AFMBIEL /DT VAT V3 —/L 251%, Han & OIHR DIZHEV, LLFDO XS
IZFH#L L 72, Benzaldehyde (29)iC Grignard SRIEZEH S5 2 L CE= LV EAE AL,
BER AV TFENET D2 L TI9% ee L EDOT VAT IV=—1 25 2157, 7d. K
LB OIFHMEE L chiral HPLC TIRIE L, e SLAELE 1T HE L EE 2 SCikfiE & b 92 2
& TURJE L 7= (Scheme 10).

Scheme 10
o Ph vinyl acetate Ph
A MgBr }\% Novozyme 435 P + ﬂ/
_——
—_——
H HO toluene, rt HO N AcO
THF, 0 °C ,
1.5 h, quant.
benzaldehyde 25 30
(29) 29%, > 99% ee 69%

[0]p?® -8.7
(c 2.19, benzene)

14



FEWN T, #ELUE TH D AF Ireland-Claisen H&NSUGZ DWW TRET L7,

F9°. THF Z¥8E UTHY, I E LT KHMDS #xC 1 B L, 7=
AT NE ) T — FEH L7212, TMSCI 20 2 CRIAEIZ SR IC F-R L 72 (Scheme 11),
ZOfER, (8, 8l 7~ B SOGA IICHEIT L, 83% ee &, RAfle—F v F A
BIRMEZ R LT, KVERF L —a VEMRSE DL, entry 2-6 T, AFEeERIE
EWMUTZ, LU G, entry 2-5 CTIXILEN R L, ME—US23 ST L72 Ti(OiPr)s
I L7256 (entry 6) T H W HIEMER KIRIZIK T L72(63% ee). € D7=, entry 7 Tl
GJEFEEOUNMIATH T, WL LT toluene Z V2 & 25, 92% ee & RifiexF v
?‘Z“i@*ﬁ‘l‘ii)i‘%\éfﬁ L7, 728, entry 7 E[REROSEM T, AL LT LHMDS, NHMDS
ZHAWESAITIE, BOSIKIE E A E#EFT L7205 7 (Table 1),

Scheme 11

Q ©En base, additive /\%‘/
z , addit /d#Ph TMSCI, rt
OM solvent, -78 °C, 1 h 20 min S

»| 0 o H LU Dl

o <0"|M/ |* CO,R
OMEN K,o\ TMSCHN, 22:R=H
Table 1
Entry base additive solvent 31 (%, 2 steps) e.e. (%)?
1 KHMDS — THF 87 83
2 KHMDS Znl; THF decomp. —
3 KHMDS MgCly THF decomp. —
4 KHMDS Et.Zn toluene decomp. —
5 KHMDS Me2AICI toluene decomp. —
6 KHMDS Ti(Oi-Pr)4 toluene 92 63
7 KHMDS — toluene 90 92
8 LHMDS — toluene N.R. —
9 NHMDS — toluene trace —

a) determined by chiral HPLC

15



ARSI HT D MEM OFRAMEZ#ED D 53, TBS &, MOM M4 {f#H - L CH
WIEHRETHORA R T2, TOME, = FARIRMET TBS A TiE 0.5% ee. MOM
FETIE 81% ee ([T E~Toe ZORRIT. KBUGHRFL—2a VETAZRBELTWS &
WO Z XL T 5D,

B ABUGITRIT DML, BONTAVRVERE AT THZEICED, A
FNVTATNAARBL ~EFFEL THLHE L, EOMHEIL, ESI-MS IZ X 0Ly 1 4
v —27 m/z387 M+ Nal+Z##lI L. ®iZ, TH-NMR (28 Ts6.42 (1H, d, J=15.4 Hz).,
56.08 (1H, ddd, J=15.0,7.2, 72H2)IC b T AF L7 4 v HKDOE—7 | K 153.69 (3H,
NATNVTZATNVHEOE—7 BRI L2 L DR L, 7ok, MxtidEld, %k
T2 LT, FHEERD X BT LV REL TN D,

Scheme 12
0 Ph
N o SN op
> Po, b e * “CO,R
oP (“‘)""'0 O?Ph TMSCHN, | 33:R=H
%2 TSt Mer(t),g’ocn:'ifwmz ( 34: R = Me
Table 2
Entry P base solvent 31 (%, 2 steps) e.e. (%)?
1 TBS KHMDS toluene 71 0.5
2 MOM KHMDS toluene 85 81
3 MOM KHMDS THF 82 67
4 MOM LHMDS THF trace —
5 MOM NHMDS THF N.R. —

a) determined by chiral HPLC

16



% " fi Kopsiyunnanine K D R~F2HE K

BoNTZ AT LT AT /L 31 O MEM % iff7# L, Mitsunobu SJSIZE D 7 I N385 %
A LTz, 85 OffiEIX, ESI-MS IZ XV HS A4 4 ¥ —7 m/z 483 [M + Nal+Z &l
L. ®IZ, H-NMR (25T Ns RO E—7 #8H L7 Z LIC XV B L7, RN T
3554V U RICL VT AT e RIK21 & LTD, BLIZIA v R—la2=v 20 &
TIXMMEICKLVEATEZ LT, A2 R—/UEK 36 ZBRIFRINRTHESL Z LTl Lz
(Scheme 13), 7 /L7 b Rk 21 oL, 1 H-NMR 2B\ T69.71 1H, t, J=1.8 H2)IZ T
NTE ROE—IZBRILI-Z LICEVIREL, A > F—/1{k 36 OffitlL ESI-MS (1 X
LA A —2 m/z6562 M+ Nal*Z 8l L, iz, tH-NMR IC XY §9.73 (1H,
t, J=2.0 H)IZ7 /LTt FOE—2 UVIZHEWT 293.5 nm, K 256.5 nm (ZA > F—
KRB e — 7 B L7 Z I KD IRE LT,

728, 7T b RIK 21 % Mitsunobu £5£12C tryptophol & OIS LT, A v K—
IWDOBNERARTZE Z A, FUNTESEIT LR T,

Scheme 13
N
P "3 "SOMEM 1) AcCl, MeOH, rt, 59 h PR NHNs
CO,Me > R CO.Me
2) NsNH,, PPh;, DEAD | 2
THF, rt, 12 h
31 90% (2 steps) 35

| | ] ]
I
N
20 NsN
N S

. 2) DMF, K,CO, rt B
1) 03, CH,Cl,, -78 °C; 2C03 oc
) O3, CHoCl o 16 h, 93% (2 steps)
Me,S, rt, 3 h WNHN
> S s L.CO,Me
7 2

| CO,Me

Y

21 36

Rtk |2, AREIC PhSH 2 VT 36 O Ns Jh & Bifhi L7ot2I2, BEMESAIFCT 3 M, =
RCHRART -, ZORR, BRWEEZR -7 AT L A~v—L LT, EENICHLZ
EIRRII L=, 2o Z &5, Pictet-Spengler FUGR YT AT L A RIRAIZHELT L T D
Z & D3RS T % 72(Scheme 14),

17



Scheme 14

|

Boc MeCN, rt,1.5 h
CO,Me
o/ 3

Z 2) TFA, CH,Cl,, rt
36 I 3 days, quant. (2 steps)

Y

kopsiyunnanine K (2)

¥, AREOGE 24 KR0S LR TN EF LS ¥ 2A, HIWEIZH—DTT
AT LAY —L LT, 3NDINETHLNTC, TDIEND, KRISHTT AT L AR
BT L7 BRI, EERNARER THD EBELR LTS, T72bb, HERE DA
=T LA FUNTBIT D AT NELASLIRREE & 72 o T, MRl MU A o R—/LERAL
BT LTV 5D &% 2 5115 (Scheme 15),

Scheme 15

I| H
N
H

MeO,C”:
—

kopsiyunnanine K (2)

Tz kv, 13 T, IV 68% C. kopsiyunnanine K (2) D ARF A Z K L7,
Fo. HobEWE AcOEt & Et2O Z W THART L2 LT, AFEGM Y T 48
VEEALORRE RN D 92% ee T o o P A 99.6% ee L BICmbTz, F7-, X #ifban
REEFRNTIC K0 . AMEE P OHEXISLIRELE S 16 R, 20RThH 5 Z L ZHEsE L 7=(Figure 10),
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Figure 10

AEERK LT 6 D% KIKD kopsiyunnanine K (2) & fHEE L7- & Z A, et E [synthetic:
[a]28p —68.1 (¢ 0.04, MeOH), natural: [a]24p —60.0 (¢ 0.02, MeOH)] % & 7= K fE AT |
NT—HN—F LT=-Z L5, kopsiyunnanine K (2) DS & PJoE L7z,
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1H NMR spectra for natural and synthetic kopsiyunnanine K (2)

1H NMR (600 MHz in CDCls) Natural

1.0l

EDM
T T T T T 1
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13C NMR spectra for natural and synthetic kopsiyunnanine K (2)

13C NMR (150 MHz in CDCls) Natural

(8] oo o o el ~ ™~ L=
g 8 5 £ TEHY @ s

— 1Z6.9

_—1z1.7
— — 119.0
T L1BL0
— 110.8

TFL.a

17o.2

.2
—_ 24.3

— Z1.7
— o«
—_

| L \

1
o

200 175 150 128 100 75 1-10) 25
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B HH Kopsia 7 v 1A K KAM1 OARF A AL

KAM1 @)D AHF 2B FAMILIZDOWT, FFed £ 2 IZihE RN % 1T - 7= (Scheme 16),
LG DA » L= OFUIERORMEERETITHO>Z L & L, AiBMEAIZB DO =/
—NWAEKERIEEDOT 2 bic I ESNDL b D EE X, AMEAY TRERE L RIS L
BEROMFL, FE C. D, E, Frb, Thtne T /b RY Uy EHWZT VL, 5
W Horner-Wadsworth-Emmons i, PSR A £ ARG, XY P UER NS DSy
FHN SN2 UG EANDL— FEBR L, ZhbOREL, KAEEREXY PV GO
Mk HOAy 7V 71k Ui, £z, H I VRVEE 87 HHifiEd
HZ L& L, 87T OVFEAF L 88 DAF Ireland-Claisen HA(L S IZ L D IEH T % &

B2,
Scheme 16
Meo_ POH
ome indolenine Buchwald-Hartwig construction of
synthesis BocHN Ar amination R po Ar 9-membered ring\
<N > SN N
N 7 S 7
o) (o)
KAM 1 (3) A i MeQ : B
: TsO—in = Ar
i MeO :
intramolecular
Stork method Horner-Wadsworth RCM Sn2 reaction
-Emmons reaction
po Ar oo Ar F
"
SN \\J PN
CN
EEO o
OTs
¢ D E F
P
N
HO
asymmetric
PO Ar Ar Ireland-Claisen Ar
G oa~_LG MEMO rearrangement  MEMOQ o
oy, A Ph
— oy —— O % D O
CO,H O Ph
H 37 38
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T3, YMIEEOEEN R L2FIEICHEN, 727 bR 39 DA Z1T - 7= 19(Scheme
17), HRD 2-t Fr ¥ 7 = = LERE0) & HFREHD . A F Lo 27 (b, MEM {fi#
ATV 41 245372, RIT A1 2T VT U DK U TG BALIZ VAR Ul &L s T
VT va—L 25 EOBKFEAIZED 42 ARk LT-, Hi\ T 43 T -7 %1k
EATWY TA BN IGDO N EE L7025 88 % 111 OV T AT VARG E L THET-,
KEE 2. KHMDS % W= AR5 Ireland-Claisen Ba{I SIS L=, BB SE .
BELEHETH 2 LK > T, MEM KEOlifRi#E, 77 Mz, 727 hofk 39 %
86%ee TiFiz, X BT, AIEEFHMT 22 & T, HFEMEE 99% ee UL B2 EX+
7=

Scheme 17
1) SOCI,, MeOH 3) 1 M NaOH aq.
OH 2) NaH, MEMCI OMEM 4) CDI, DBU Ei:I/\Ir \IZN\
THF, rt,1h MeCN, rt, 1.5 h
2-hydroxyphenyl 41 85% (4 steps) 42
acetic acid (40)
Ph
MeO H 2
: e : HOT N\F
' TsO §= Ar: 25
i\ Med :
Ar
Br Ar .
—/ MEMO i) KHMDS, THF e
Ar OFLPh i) tmsci
43 (0) -78 °C 0 i)
— > 1A§ —_— > (F H —_—
KHMDS, THF O Ph ovK
-78°C,3h, 71% 38 o
TS-3
Ar Ar
MEMO iii) sat. NH,Cl aq. 2 Ph
o, P 85%, 87% ee \ o
CO,H - o
39
B 37 i recrystallization C 87% ee
(acetone) > 99% ee

ARa=y P EEFEERERY DLy 7Y o7 &SR TK, WRRBRIEORR &
T2 AT o7z, WHILIETIE, TORRIZONTHERD,
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B A
R

B 7/t RU ARG DR

NEBROARIEL LT, £F. 7 /b R UV ZHAWVWESFNT LR, T7hbb
Stork {E&EAADL Z &L Lz 19, RENMITEEROBEIZFEENILY ., SERELERED,
FOS BMASLAREC i E O\ B B DRSNS 3 5 (Scheme 18),

Scheme 18

AcO
OEE
OTs oBoM

NC

H

OH i
BzO

Baccatin lll

TIFEODTETEONZTZ 89 &iET L, A THLIREAT Y v AZFIH LT,
2O0BHLKEEED DO BT = ) — MK EREEZ ERINAIIC Bn (B L T 44 ~EFELZ, RIC,
— KR EEDERKIZ LY, TAT B R 45 ~Li#EW-, 45 OT LT REfiAZ> 7 /& K

Do ~EBH L, K AZ T v o F VETHRHET L ZEICID, 462 4 DDV T AT
LA~ —iBEME L1577 (Scheme 19).

Scheme 19
Ar BnO Ar DMP, CH,ClI,
. n t, 1 h, 92%
1) LiBH,, THF, rt, 18 h rt, 1 h,
SN P ) : > SNANpp 5
(o] 2) BnBr, K,CO3 OH
(o} acetone, rt, 15 h
0,
39 70% (2 steps) 44
Ar
BnO Ar 1) KCN, AcOH, EtOH, rt, 5 h Bno Z
s ; , It o
SN ph » N
=0 2) (+)-CSA, EVE, CH,Cl, OEE
rt, 4 h, 97% (2 steps) NC
45 46

ZF LT, HHEEARE LY D 47 L 46 DA LT 4 v OBEHZIC L v B R=T L
T b NiFEMAR 48 L OETH T I /{bER T, 49 #1572, 48 D&, ESI-MS (2 LV ##
LA A =2 m/z710 [M + Nal* 28 L, FiZ, H-NMR (Z51T59.91 (0.24H,
s). 09.55 (0.43H, s), 69.40 (0.34H, )IZZNENT LT L ROE—7 BRI LTI Z &»
B, F£7-. 49 OffElE, ESI-MS IC X 0114 A B —2 m/z829 M + HI* 8Ll L .
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F(Z, I H-NMR (2B T60.79 (83H, t, J=6.8 H2)IC XY P ra=y kO F LA kD
E— 7 28 L2 Z 212 X 0 #EER L 72 (Scheme 20),

Scheme 20

1) 0sO,, NMO BnoO
o A acetone / H,0, rt, 3 h 3) NaBH;CN, CH,Cl, no Ar

“‘\/\Ph 2) Pb(OAc),, Na,CO4 rt,2h §/\N
OEE CH,Cly, rt, 1.5 h 82% (3 steps)
> CN
NC H
N EEO on
46 ’%) 49
47

B, HFEMER AR D2 AT I SERICHE S TR LTZE R v BO6a) s, | FRLIC
7~ U7 i T8 L7~ (Scheme 21),

Scheme 21
ﬁoc TFA, CH,CI, H
rt, 30 min, 29%
HO — ¥ o
50 47

LML S, 49 O/KEEREIZ Ts A8 A LT Stork i EDFEE b1 24k L L > Lz
A, BENPOLORBEENSEL D, FUKT =7 L B2 MR L TLE->72(Scheme
22), 52 OffIEIX, ESI-MS IC X WLy 14 4 B —72 m/z 811 IMIFABII L7 LI
L VMR LI, LLEORERIZEY | REC KD IWBROMEL R LT,

Scheme 22
BnO Ar B T
~N TsCl, NEt; BnO Ar BnO Ar
S CH,Cl, o~ o~
s N S N
N 0°C,1h
EEO ' CN —H Eeo
OH EEO NC
OTs
49 51
- l &
52
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B8 45+ Horner-Wadsworth-Emmons G2 K 5 BB D
R

&Iz, 43+ Horner-Wadsworth-Emmons St Z K D TLEBR OS2 3 7=, STHREE
HOERY P 50160 % FER 7Y — 3 S 2 Lk v | 53 Z3i# L 7-(Scheme 23),
53 DL, ESI-MS (2 XV ## Ly F4 4> E—72 m/z 262 [M + Nal+Z 8L L, iz,
TH-NMR (23 T65.59 (1H, dd, J=16.9, 6.0 Hz), §5.12-5.10 (1H, m), §5.01 (1H, d,
J=169H)IZA L7 4> DO~ 28R LI=Z LI L VR LT,

Scheme 23
Boc  0.NO,PhSeCN, n-BusP Boc
THF, rt, 3 h;
HO > N\
H,0, aq., rt, 20 h, 72%
50 53

—F. T PR8I AV USRRIC LI W T VT KB4 & LT, 53 D Boc ik % ifi#E L
THB L7272 e XY 0 b5 LRIty X LSS T 2 LI LY 56 ~&H W
7=(Scheme 24), 56 Offitix, ESI-MS 2 XV #1144 E—2 m/z620 M + HI*%
BHL, FiZ, THNMRIZBW TV Y U593 QH, s)ZIZUHE L7277 b iRH
kov—2r, A7 426548 (1H, dd, J=17.8,11.0 Hz), §4.98 (1H, d, J=11.0 Hz), &
478 (1H, d, J=179H2)Z XL L LR VUvHkot—r 22N ER L2 &
WX VR LT,

Scheme 24
Ar 0,, CH,Cl,, -78 °C, 1 h; Ar
PPh, rt, 1.5 h, 90% o
SN pn > g
o) o

Ar

° ° NaBH(OAc); R
39 54 (CH,CI),, rt, 2.5 h, 95% S
(0]

Boc conc-HCI, AcOEt

H
N 0°C,2h N
S "M
55

53
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56 % DIBALZLCTT 7 Fh—/WKBT L LIz, AFNHRARVERV AFILOU F T A
WEERSEDLZEICLY, VUBBT AT VB8 2V T AT LA~—REHE L THE
(Scheme 25), 58 Df&itix, ESI-MS (2 X WLl 1A 4> B —72 m/z746 M + HI* % #]
HL., HiZ, TH-NMR 2B\ T53.72 (8H, s), §3.70 (6H, s), 63.68 (3H, )T A&
CAFIVHRORMI e — 7 2B Z LI X0 ER LT,

Scheme 25
DIBAL-H Ar L@ 0
o P—OMe
N toluene, -78 °C N o-
S 2h,91% S OMe
0 OH >
o o THF, —78 °C> 50 °C
\ \ 1.5h,91% Ozp
MeO OMe

56 57

58 & k1 U U LMFAE T, 7 =/ — WEKEEIE & BN BIZ Bn JECIR#E L7, 59 O
THoKEEE A DMP 2 XV B LT, 60 ~ & E\ /- (Scheme 26), 60 DL, ESI-MS
WX VB FA A —2 m/z834 M+ HI* A8 L, (2, 1BC-NMR 2B\ T
S 2145 ZHANR= VD=7 ZBIRIL Z LI KR LT,

Scheme 26

BnBr, K,CO3 DMP, CH,Cl,
acetone, rt, 23 h rt,2 h, 70%
—_—
t.
O:P\ \ quan O:P\ \
MeO OMe MeO OMe
58 59 60
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B o7z 60 A4 2V ofiEd % Z & T, Horner-Wadsworth-Emmons SO #E 61 %
Ak L7-(Scheme 27), 61 Offi&EiL, ESI-MS (I XV Py A A E—2 m/z836 M +
HI+ 28 L. #iZ, 1 H-NMR 2BV T59.49 UH, )7 VT & ROE—7 Z28IL Z &
WX VR LT,

L L7e2i s, 61 %Flix Horner-Wadsworth-Emmons SOt CHVY B 40 D HE M SRIRIC
L7223, BOSIZE<EIT Lo T,

Scheme 27
Bno Ar 03, CH,Cl, BnO Ar
-78 °C, 5 min; a,borc \\/\N
_— [/ "
77 >
Me,S, rt a) K,C03, 18-c-6, benzene, 50 °C lo) —
O=p 5.5 h, 24% o o
o b) KHMDS, THF, —78 °C to 80 °C
MeO e ¢) DBU, LiCl, MeCN, rt to 80 °C
60 61 62
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o = Hi

PHER A & & o A RS D7

Wz, BOSTEDE Grubbs 3K 2 W A X v o AR W= LB R OHESE 4

RADZEE LT, 77 b—/UKBT71Z Grignard i3EIZ LV |

o VEAEAL, AL T

4 K63 & L7z, 63 DifEIX, ESI-MS 12 L0 #lo+A 4 v —2 m/z650 M+ H]*
ZBIIL, ®Z, TH-NMR (28 T55.74-5.69 (1H, m), 55.64 (1H, dd, J=17.6, 10.9
Hz). §5.37(1H, d, J=16.8 Hz), §5.13 QH,d, J=10.6 H)IZA L 7 4 > D — 7 %l
PLIZ EIC L ViR LIz, 20X I L THHEE 63 2 RCM SUSSEIFIZA L7z
(Scheme 28), Entryl Ti% 40 ‘CTHIGNMIfF L72b DD, FAEISHHEIT LD > 72,
Entry 2 T2 80 CIZHIE L7z, HEWWEAZHL Z LILTERoTc, KIEFDOEHRN
St DOMEFT 2 GHTF T D A[EEME A2 B 2. entry 8 TlX pr MV U ALK U EEEZ TSN L 72
N, BRI EZGH Z ERHKZ o7, Entry 4 Tid 140 CETHIB L7220y, FED RREE
L. BB ET2WEIIE LTV eh - 7=(Table 3),

o E/,,,, >

57

Scheme 28

%MgBr

OH

THF, 0°C, 1 h, 89%

"

Table 3

N >
£ t
{ HO" \=

HO Ar
~—SN

64

Table 3
Entry catalyst additive solvent condition Results

1 Grubbs 2nd — CH:Cl; 40°C, 12 h S.M. (63) mixt.

2 Hoveyda- — toluene 80°C, 12 h T.M. (64) wasn’t detected
Grubbs 2

3 Grubbs 2 p-TsOH toluene 80°C, 24 h T.M. (64) wasn’t detected

4 Hoveyda- p-benzo- xylene 140°C, 24 h complex mixture
Grubbs 2 quinone
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RCM SUSANEST L7 BRI, [ISHBRLA BB V2012, Grubbs SEEAHEE © &
ol ThDH EE R, £ T, I, relayRCM #iA 5 Z & & L7=, Relay-
RCM Tid, HEISAREEDDI2NF LT 4 IBABAT D Z & T, LT =7 Afilifi
DNEEBERIZ SOS mAZH#23T3 % (Scheme 29), & D728, ARFIEIILUSELOHIE & | &
WISERAL T ORUGIZE LTV D Z E DRI TN D 18),

Scheme 29

L p—
=\_-0 [RuI=\-0 [R[u]

il 2 1Z. penostatin B (65)DEARL 12BN T, FHE 66 % v 7= RCM it CliE(b
R 87 DARITINE 4T%IZHE £ > 7273, FEE 68 % v 7= relay-RCM TlL, 83% & B/
IR CERALIK 67 %1% T2 (Scheme 30),

Scheme 30

Grubbs 2nd
CH,CI,, reflux
8 h,47%

BnO Grubbs 2nd
CH,Cl,, reflux
2 h, 83%

{1111
nIT
Ny
T

67 penostatin B (65)
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Relay RCM O L LT, B O AN A R LT 69 L. b5 —FinbAl
LAY L= HE 70 Z25%EF L 7= (Figure 11),

Figure 11
o Ar HO Ar
N N
HO HO
7\ !\
o/ =\_d
69 70

F7. AHE 69 OFREIZOWTIRA D, SCEEEA O FEEZR Y 0 T3 LT,
Bz HEofiff#,. #:< LAH &, €0 Boc (%#A4T52 L1k ->T 72 ~L ML=
(Scheme 31), 354172 72 (2%F L, Pd itz AV CKEREEDE A & Z S S ONE ML
2R IATH) LT, T8 ~ELFHE LT, 78 D Ac JEDOBiE#, #i< Allyl JEDOHBAZITH
TET, T4 ~EEW LT, T4 OfEIL. TH-NMR I238T65.95-5.88 (1H, m),
5.53-5.45 (1H, m), 5.47 (1H, d, J=16.0 Hz), §5.27 (1H, d, J=17.4 Hz), §5.18 (1H, d,
J=101H2IZA LV 7 4 O —27 2B L2 LI X VR LT,

Scheme 31
1) LIOH/H,0
MeOH/H,0, rt, 20 h Pd(OAc),
5, 2)LiAlHy ELO go, NaOAc. AcOH
0s_N 40°C, 38 h Boc  40°c,15h,61%
> —>
4\p 3) Boc,0, DMAP z \/\/E)
Et;N, THF, rt, 18 h °
7 74% (3 steps) 72
1) KoCO3, MeOH Boc
rt, 1.5 h (%
—_—
2) NaH, AllylBr o\/§/p
THF, rt, 15 h
72% (2 steps) 74

74 O Boc L& WifRi#ET HZ LIZX D, HFHEERERY D75 RL-, 75 LTV
Tt R4 &I T 2 SRS 2 & T, 76 24K L7-(Scheme 32), 76 D#si&EIx
ESI-MS i2 X WIS FA F o v —2 m/z690 M + H+Z8 L. ¥iZ, I H-NMR (2B
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TV U HNES593 QH, 9)Z1Z U L7777 b fRfkor—2r L7 4 -565.93-
5.84 (1H, m). §5.38-5.30 (2H, overlapped). §5.24 (1H, d, J=17.2 Hz). §5.15(1H, d, J
=10.3H2) %I UL LR Dok — 7 28R L2 LI L fER LT,

Scheme 32
ﬁ°° conc-HCI H
A AcOEt A N _
0°C,1h A -
74 NaBH(OAc); $ N
75 (CH,CI),

0,
rt, 2 h, 62% o o

76 % DIBALETICf LCT 7 F— UK TT ~L55E L, Grignard iR3E & G SH 5
Z LT, 69 Ak L7-(Scheme 33), 69 Di#i&ix, ESI-MS (2 L v #5514
v'—27 m/z720 [M + Nal*Z#H L, ¥i(Z, TH-NMR 2B\ AL 7 1 §5.93-5.87 (1H,
m). 65.73-5.71 (1H, m), §5.47-5.38 (3H, overlapped). §5.26 (1H, d, J=17.2 Hz),
05.17-5.14 (1H, overlapped) D &°— 7 I L 7= Z 12 XV HER L 7=,

Scheme 33
é\MgBr
DIBAL-H
toluene THF, rt,1 h
_—
~78°C,1h 52%
quant.

69
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69 M OSFEEERL A EA LT HE A RCM RIS L=t oo, BALRSITHEI T3,
TS EE L7~ 38 81 ME BN D DA Th - 7-(Scheme 34), 723, N 5DAERRWIZH
WX, ESI-MS THEZ D TV D,

Scheme 34

OH Ar

—J, v=nr7nra~vA F82% t+Buli TUFA{LL T, 77 b= BT LKL HEDH T &
T, WHET0 %2V T AT VA~—{RAME L TH7=(Scheme 35), 70 OfEikEiL, ESI-MS (2
KBS FA A =2 mz720 M+ HIF 28 L, B2, tH-NMR ([ZBWTA L7 o«
VHEOE— 27 %2 8H 4y, B L7 Z LIT RV RERR LT,

Scheme 35
HO Ar
Ar vo N
N /\)
Br X 82
T A
t-BuLi,THF
\ -78°C, 2 h, 62%
=_J
57 70

RILE N O FROREIL A BN LT8R %2 VT relay'RCM [t ikA 7= & Z A, Bn
B ANLIEE 84 TOHR, BWME LR —OELUSD FA4 4 E— 7 PR Iz
(Scheme 36)., L72>L7enn, AWM ETH Y, KFEAXY MLT—% THHWE
EHERT DITITES ol vB, TNHOEEIZENTS, IS NRE L 72 55 81 2%
BlIELCWAZ &%, ESI-MS (TR L7,
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Scheme 36

HO Ar PO Af
N N Grubbs 2" PO
o Ar
toluene, 80 °C —~N
PO a,borc >
HO / \ — / \
PO” \—

70: P=H : a) Ti(Oi-Pr)4, N.R.

=_J =9 83: P = MOM: b) N.R.
84: P=Bn :c)Ti(Oi-Pr), trace* 80

70 83,84 * ESI-MS: m/z 824 [M+Na]*, 802 [M+H]*

PLEDFER %252 C, RBISMZOW TS TLEFAA L72 & 2 A, (D-callipeltoside
A 85 DA WIZIB T, [AEROMISHA LA L 7= ARk (86, 8D NFHALTND Z &
WA &I CTU 5 (Scheme 37),

Scheme 37

Grubbs 1st
Grubbs 2nd
_—
OH O O
Me,,, o
M OTBS —
© OPMB
OH O O
Meo™ (/ 2 Me Me,, o
O Grubbs 1st Me OTBS
Grubbs 2nd OPMB
>
OH O O MeO Me
Mel,, o) 87
Me OTBS
OPMB
MeO Me -
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ORI, N L L 0 BRREED D IR WA LT IEE & DSy BSR DME
HLTRERISTEMRETHD LA I TV S 19 (Scheme 38),

Scheme 38
-0

/

l Grubs cat. O =\-0 o /
ﬁ’ [gl - W ' [Rul=\-0
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HUET XY DUEEND DLW SN2 SURNT K DB DA

AIETE CORERN O SREEO K E WA F KBS OTLEBROHEIINETH
HEBZ, BERVDUBERENDD SN2 FISZ KD NBRBGFEARARDL Z & & LT,

FP. BRY U881, HAEEOT I R T1ID B8 L, A v fi#, Comins k3%
W=7 v AR E R CiSL L 7= (Scheme 40), 88 DL, ESI-MS (2 X v ##Ll5y 1
A= m/z228 IM+HIF 4B L, %2, H-NMR (CBW\T52.15 AH, IZ 7 & F
VRO — 7 2B L2 LI K VAR LT,

Scheme 40
Bz LiAlH,, Et,0 Bn 03, TFA, CH,Cl, Bn
O N 40°C, 48 h N ~78°C, 5 min; N
. —_—
— — o=
quant. Me,S, rt, 5 h, 95%

71

ci
Z N
N7 ONTH,
LDA, THF =
-40°C >0 °C

1.5 h, quant. 88

—H T P AR89 B A UBIRICAT L, T3 — Lk 89 ~ L X —fkKEE M A TBS
FETHR#E LT 90 #15%7-(Scheme 41), 90 DAL, ESI-MS (2 L W ##{EyA A4 B—2
m/z 613 M + H*Z##8H L, ®iZ, ' H-NMR 28\ T50.76 (9H,s). §-0.16 (3H,s).
5-0.25 BH,8)IC TBS D — 7 28I L7122 LIc L VR LT,

Scheme 41
Ar ?_;éfgzg:fmin_ Ar TBSCI, imid. Ar
SNph ; ; W~_OH CHyCly, rt W _0TBS
—_— \ —_—
o
o NaBH,, MeOH o 2h,93% o °
0°C, 2 h, 94% o
39 89 20
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T bAK 90 BHFAENR LU 88 DT EF Y K h v TN 7/ EEDH I LT,
HIASFENMEIR 91a, 91b #4537 (Scheme 42), 91a/b D& L, ESI-MS (2 X 0 Bl FA 4
YE—7 m/z840 M+ HI* A B L, HiZ, 'TH-NMRIZEBW T U o HVEED A hF 5
53,41, 3.40 6H, sX &I UL LT 7 briEkmkor—7 2#8H L, 7o,
52.58-2.50 (0.5H, m). 62.21-2.04 (3.5H, overlapped)|Z XY P U BROERMO L —7
ZBHIL-Z SIC X 0B L,

Scheme 42

Ar /j()
=
WN_-0TBS

—_—
o
o t-Buli, (CH,CI),
-50 °C>rt, 17 h
90 quant.

feW T, 9lalb O—#RKEER D TBS K4 il Lictkic, ~ 7~V —il3Eic k> T—#k
KIEHESRINAGIC TE A EA LT 2 A, B DUBEENS ORBEEIC L LEERN
kS, AABMHERTHDEIUMRT =72 92a, 92b DERIZHKEN LTz, 92a/b %
KRB LI 2 A, TAFUBNEILIIL, 98a, 93b 157, AEED T = /) —
NAEKEEFEZ TEL L, 94 #H—D(bEM L L H47- (Scheme 43), 7235, 92a/b. 93a/b
D& EN I, ESIF'MS I XV B0 A 4> ¥ —2 m/z708 IMI*. m/z712 [M]+%
BUAIL7=Z 006, F72, 94 OfEIC >V TiE, TH-NMR (238 T54.36-4.21 (2H, m)
RV NANDE—7 . §3.66-3.56 (4H, overlapped). 63.38-3.36 (1H, overlapped).
53.22-3.18 (1H, overlapped) |2 MU 7 > E =7 LhafiidDE—27 | §2.35-2.29 (2H, m)IZ
TR =)VaLD B — 7 B L, 2 1BC-NMR (2B VTS 212.6 [IZH /LR =)L D E—
7. 6120.5 (q, Jor=321.8 H)IZ Tf FH KO VY —7 2@ L7 Z LIC X VB LT=,

Scheme 43
1) Pd(OH),, H,
1) TBAF, THF MeOH, 5 atm
rt,5h rt,10 h
91a+91b —0 —_——

2) NaH, PhNTf,
THF, -5°C, 18 h
71% (2 steps)

2) t-BuLi, PhNTf,

Ar Bn
HO o~ Af/\‘?" CH,Cly, 1,3 h Tio Ar Bn
5 s N 44% (2 steps) g N
—_— ® S
—~—
o (0} o
HO
93a 93b 94
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At 94 DT I /b, A FL=ralafk T, KAML @ORF2E MR T %5t
i C & % (Scheme 44),

Scheme 44

Meo_ PTs

Indolenine

Buchwald-Hartwig P
synthesis

amination

KAM1 (3)
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M r=T N
L=1:]=]

[3, 8l 7~ hrB—isfiO—>THY, YV NANTrT o784 — L& FNT 5 Ireland-
Claisen #A(ZLUGIE, A MR IUHRAFT P OMEEIED —2>TH D, AURIE, WITERIR
BT 52 & T, EUERRIICAFRELZSGD ZERHkD, FHIL, 74X
TIDT VIVIEICARFRLEREEL, hOMEHIcF L — g VREDOEW MEM £ 472
KEHEARFEGH Y T 4 B UM T 2 S XD ET T v T A BR A I AR 5 IR A% 4
LaERBRFEL, ZhEMMTLZLIcky, WEEMEAEDOX 2 vF 27 N UR K arborea i)
O HEE - IEIRE ST HTLT L 2 A R kopsiyunnanine K, &Y KAM1 O ARF AR
W EAT > 72,

%—3 ClX. kopsiyunnanine K O RF A ML % 1T > 72, kopsiyunnanine K /%,
azepane & tetrahydro-p-carboline 23R L7=, €/ 7L~/ A KA F—LT vl A
F& LTI TR SN B ZF2, AMEEMIE C-16, 20 (LI AFTLERL, £
b DRI SLREC BT, BEEMEEM E D CD A7 "LV, M OVESROBLEND 16R,
20R LHEE STz, FHEITZOHEEMEICHESE, ERLOARFEEGR Y J A B 0Lk
ZRAT 22L& Ui, BUOSSMZTE L2 G LoRER, BT 90%, JEFINER 92% ee
T 20 PLOVIFRAF RSB DORESEITREN LT, AT, ¥ 7 A7 LAERE Pictet-Spengler
i %6 b C 13 BRp, #RUVEE 68% T kopsiyunnanine K O REF A A R L. F OHfoxt
SEARRLE ZIRET D Z LB LT,

B E T, KAM1 ORFEREIFIEE#1T -7, KAM1 |X, quebrachamine ® 7 fi
|2 syringalcohol HURODEHILNHKES Lo, FrEpEZ 6 L T\ D, KXMeaWwix, C-1,
20 FLICARF IR RFE A RS, E0 O ORI STARBLE XA SR OBLA, O MacroModel #f
FUCEESS NOE FHBIC LD | 78 20R L HEE S N7z, ZOHEEMIEICE ST, LRtORFE
WG Y F A B UM RIS A VT 7 Lo PRAF R LEREE LT, AT, fHx LR
DOEFIEERF UIZFER, Y DUEHREND O SN2 St a AW TILE RO
WLz, 5%, 7= /) —WMKBREOT 2 ik, £ v RL=UAE R T, KAM1 O~
HEOGKEER L, FBRARYOMEEZRET DRI TH 5,
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EBRDER

FHEMRER

6 -Valerolactone 7> 5 D A F /Lt A7 )UK 28 DE K

Ar ZPAAF. LDA (2.0 M in THF/heptane/ethylbenzene, 26.8 mL, 53.6
mmol) Z THF (40 mL) [Z¥AEfif <&, 78 ClcwmHA L=, Z 212, &
valerolactone (5.00 g, 50 mmol)?® THF (75 mL)IA#E &% F L. 30 58 # L

omem 7=, EtI(8 mL, 100 mmol) & HMPA (19.1 mL, 110 mmol) DR &¥&IE & 7 F
28 L. [FHET 18 Wpf##H L7-, sat. NH4Cl aq. 202 CTRIG 215 R S 7214,
e — NMIB L, KEZ% Et:0 T 3 [l L=, HifE % 51 T brine ##%. Na2SO04
THIR L, A4 BIER 2 L72(200 mmHg/40 °C, 2 h), & oA RYm%Z MeOH (50
mL) ([Z¥FfiESHE, 0 CT 10% H2SO4 -MeOH % (50 mL) /1%, FIRICHE L T 20
FERTEFE L7, 1M NaOH aq.Z2/MxTpH 7 & L, AT E L%, e — hZ
B L. KE% CHCl: C 3 [l L7, AHE%Z &t T NaxSOs THZEE L, I A T
Z: L 72(100 mmHg/40 °C, 2 h), &b =AY % CH2Cl: (50 mI)IZIAfiE S+, 0 CT
DIPEA (26 mL, 149 mmol) & MEMCI (17 mL, 149 mmol) Z /%, SEiEICHIE L. 17 B¢
R LT, BEUKZ M TG A RS2k, e — MIB L, KE%z CHCl; T 3
A L7, A %2 A T NaeSOs THzME L, I 2 J8UE R % L 72(50 mmHg/40 °C, 2
h), &5 7255 % SiOq flash column chromatography (;-hexane/AcOEt = 80/20)(Z THg
fL, 2812.3 g (99%, 3 steps) ZHEADF A L & LTHT-,

28: IR vmax (ATR) cm1: 2933, 2875, 1732, 1457, 1384, 1195, 1164, 1114, 1094, 1040, 983,
849. 1H NMR (CDCls, 600 MHz) & ppm: 4.71 (2H, s), 3.70-3.68 (2H, overlapped), 3.68
(8H, s), 3.57-3.52 (4H, overlapped), 3.40 (3H, s), 2.33-2.29 (1H, m), 1.68-1.51 (6H,
overlapped), 0.89 (3H, t, 7.8). 13C NMR (CDCls, 150 MHz) 6 ppm: 176.6, 95.4, 71.8, 67.5,
66.7, 59.0, 51.4, 46.9, 28.6, 27.6, 25.5, 11.8. ESI-MS m/z 271 [M+Nal+. HRESI-MS: calcd.
for C12H2405Na [M+Nal+271.1521; found 271.1533.

(o}

OMe
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Allyl alcohol 23

0 Ph Ar FHE T, 28 (4.96 g, 26.1 mmol) % THF/H20 (1:1, 198 mL)IZ %%
o7 X4, 0 °CT LiOH - H:0 (1.54 g, 36.7 mmol) # % . SRR LT

23 FFE#E#FEL7Z, 1 M HCl %M % T pH 1.0 & L7=t%, ke — K
OMEM — |z®% L. KE% CHCly/MeOH (9:1)T 3 [l L7=, AHEEAbET
% NazSOs THE L, WA WITRE L, BbNiHAERY L 25 % DMF
(89 mL) ICiAfE &1, =iE T DMAP (3.51 g, 28.7mmol) & EDCI-HCI1(15.0 g, 78.2 mmol)
EINZ, ZOFEFE 23 BRI L7z, HRUKE M TS EEIES 2%, oiRe— MIB

L. /KJE% nhexane/AcOEt (4:1)T 3 [l L7z, AHESE %2 AT NaeSOs TRz L |
A 2 JE B £ L 72 (50 mmHg/40 °C, 2 h), & 577 % SiO:2 flash column
chromatography (m-hexane/AcOEt = 70/30)IZ TH5HL L. 28 6.35 g (91%, 2 steps) & A

A e LTHT,

23: UV (MeOH) Amaxnm: 258.0, 207.5. IR vmax (ATR) cm1: 2931, 2874, 1730, 1454, 1383,
1159, 1113, 1096, 1041, 981, 848. 'H NMR (CDCls, 600 MHz) & ppm: 7.37-7.33 (8H,
overlapped), 7.32-7.28 (2H, overlapped), 6.30 (2H, dd, 6.2, 1.4), 6.29 (2H, dd, 6.2, 1.4),
6.00 (2H, ddd, 16.8, 9.9, 6.2), 5.31 (1H, ddd, 16.8, 1.4, 1.4), 5.30 (1H, ddd, 16.8, 1.4, 1.4),
5.25 (1H, dd, 9.9, 1.4), 5.24 (1H, dd, 9.9, 1.4) 4.69 (2H, s), 4.67 (2H, s), 3.68-3.65 (4H,
overlapped), 3.56-3.45 (8H, overlapped), 3.40 (3H, s), 3.39 (3H, s), 2.39-2.34 (2H,
overlapped), 1.71-1.47 (12H, overlapped), 0.88 (3H, t, 7.6), 0.83 (3H, t, 7.6). 13C NMR
(CDCls, 150 MHz) & ppm: 175.0, 139.0, 136.4, 128.5, 128.0, 127.1, 117.0, 95.37, 95.35,
75.8, 71.8, 67.43, 617.40, 66.6, 59.0, 47.06, 47.03, 28.6, 27.4, 27.3, 25.4, 11.72, 11.65. ESI-
MS m/z 373 [M+Nal*. HRESI-MS: calcd. for C20Hs00sNa [M+Nal+ 373.1991; found
373.1987.

Methyl ester 31 (Table 1, run 7)

PN ouey AT TSR, 28 (1 g, 2.86 mmol) % toluene (10 mL) |Z¥#fif S
‘ conlte . -78 C 1ZWmHA L7=, KHMDS (0.5 M in toluene, 34.3 mL,
3 17.1 mmol) # 1% T 1 W+ L. TMSCI (3.62 mL, 28.6

mmol) % 1 BRI T F L7728, BEHICREB~EFIR L, TOEE 2008 L, sat.
NH4Cl aq.Z Nz TS ZFIES ¥, /pike— MIB L, KiE4 CHCL T 3 [Eflit L7z,
HHIE %25 T NaeSOs TR L, WIEAERE £ LTz, GO/ MAERY%Z CHCle
(30 mL) & MeOH (6 mL)IZiAfi# <+, 0 CTTMSCHN: (2 M in hexane, 1.43 mL, 2.86
mmol) ZMNx ., FRIZFE L7z, 30 /5@ L. AcOH #Nx CRIGEEILSH, B4
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BERE £ L=, &6 7-5%#% SiO2 flash column chromatography (z-hexane/AcOEt =
70/30)IC THERLL . 81 0.937 g (90%, 92% ee, 2 steps) & HADA A L& L TIET-, .

31: UV (MeOH) Amax nm: 293.0, 284.0, 251.5, 205.5. IR vmax (ATR) cm: 2946, 2876,
1726, 1498, 1449, 1384, 1235, 1198, 1172, 1114, 1039, 966, 849. 'H NMR (CDCls, 600
MHz) sppm: 7.33 (2H, d, 7.6), 7.29 (2H, d, 7.6), 7.21 (1H, t, 6.6), 6.42 (1H, d, 15.4), 6.08
(1H, ddd, 15.0, 7.2, 7.2), 4.70 (2H, s), 3.69 (3H, s), 3.68-3.67 (2H, overlapped), 3.55-3.51
(4H, overlapped), 3.39 (3H, s), 2.50 (2H, d, 7.2), 1.68-1.48 (6H, overlapped), 0.84 (3H, t,
7.2). 13C NMR (CDCls, 150 MHz) 6 ppm: 176.8, 137.4, 132.9, 128.4, 127.1, 126.0, 125.6,
95.4, 71.8, 68.0, 66.7, 58.9, 51.5, 49.8, 37.1, 31.1, 27.7, 24.4, 8.5. ESI-MS m/z 387
[M+Nal+. HRESI-MS: calcd. for C21Hs20sNa [M+Nal+ 387.2147; found 387.2156. [a]26p
+20.0 (c0.31, CHCls, 93% ee).

Chiral HPLC analysis: Daicel Chiralpak® (25 cm x 0.46
cm) AD-H, eluent: mhexane:EtOH = 95:5, flow rate: 0.4
mL/min, temperature: 40 °C, retention time: fr = 17.09

(major), 21.20 (minor).

J L__/A‘\_/
T T T T
160 18.0 20,0 220

Amine 35
Ph/WNHN Ar FZPHS T, 381 (79 mg, 0.217 mmol) % MeOH (0.1 mL)
s

" CO,Me IR S, 0 CTMeOH (0.117 mL) & AcCl (155 pL) Tl
172 MeOH + HCl % F L7=, KISIAIRZ SBIRICHIE L,
59 WFE#E#E L7=, 1 M NaOH aq.% Iz Ttz 45 1 &8,
SiRe— NI L, K% CHCl: C 3 [l L7z, AHfE %2 Ao T NaxSOs THZE L |
WA ER = L-, SO MAERY % THF (4 mL) (ZEMSE, 0 CT NsNH: (126
mg, 0.623 mmol), PPhs (163 mg, 0.622 mmol), DEAD (40% in toluene, 270 uL, 0.621
mmol) ZMMZ ., WRICHFIR L7z, 12 BB L, BRKEZ M2 TRISEZE RS, &
Kk — M L, K% CHCI: T 3 [mlfhi L7c, fAifE4 A8 T NagSOs THZE L, &
BEAWIERE 2 L=, 55 7-5%i % SiO: flash column chromatography (CHCls/AcOEt =
98T THML L. 35 90.0 mg (90%, 2 steps) Z E DA A /L & LTIET-,
35: UV (MeOH) Amax nm: 292.5, 283.0, 250.5, 205.0. IR vmax (ATR) cm™: 3341, 3026,
2948, 2359, 1720, 1595, 1539, 1496, 1441, 1415, 1342, 1236, 1195, 1164, 1124, 1073, 967,

35
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911, 853. 'H NMR (CDCls, 600 MHz) & ppm: 8.11-8.09 (1H, m), 7.81-7.79 (1H, m), 7.71-
7.70 (2H, overlapped), 7.32-7.29 (4H, overlapped), 7.22 (1H, t, 6.9), 6.39 (1H, d, 15.3),
6.00 (1H, ddd, 15.3, 7.5, 7.5), 5.32 (1H, t, 6.2), 3.68 (3H, s), 3.08 (2H, q, 6.2), 2.44 (2H, d,
7.5), 1.63-1.43 (6H, overlapped), 0.80 (3H, t, 7.8). 13C NMR (CDCls, 150 MHz) & ppm:
176.5, 148.1, 137.2, 133.6, 133.5, 133.1, 132.7, 131.0, 128.5, 127.3, 126.1, 125.4, 125.1,
51.8, 49.6, 44.1, 37.2, 31.4, 27.8, 24.6, 8.5. ESI-MS m/7z 483 [M+Nal+. HRESI-MS: calcd.
for C23H2sN206SNa [M+Nal* 483.1566; found 483.1574. [a24p +4.0 (¢ 0.82, CHCls, 92%

ee).

Indole 20
W Ar A F. 3-(2-iodoethyl)indole!® (271 mg, 1 mmol) %2 DMF (10 mL)
N" IZIAfiE S8, 0 °C T Boc20 (655 ul, 3 mmol) and K2COs (414 mg, 3 mmol)
20 AN, F|IRICAR L2, 11 R Lok, BRUK A2 N2 CROG % 15 11
¥, ke — MIB L, KJE% nhexane/AcOEt (4:1) T 3 i L=, AHEL &b
BT NagSOs TR L., W ZERE E L=, GO /-EE % SiO: flash column
chromatography (mhexane/toluene = 90:10)(Z THHEI L, 20 179 mg (48%) % A& K &
L TH7,

20: UV (MeOH) Amax nm: 293.5, 285.5, 258.0, 231.0, 226.0. IR vmax (ATR) cm™: 2973,
2362, 1901, 1720, 1449, 1422, 1385, 1366, 1351, 1304, 1246, 1153, 1100, 1081, 1020, 848,
823. 'TH NMR (CDCls, 600 MHz) & ppm: 8.13 (1H, br s), 7.51 (1H, d, 7.8), 7.47 (1H, br s),
7.33(1H, t, 7.8), 7.25 (1H, t, 7.8), 3.42 (2H, t, 7.8), 3.29 (2H, t, 7.8), 1.67 (9H, s). 13C NMR
(CDCls, 150 MHz) Sppm: 149.6, 135.4, 129.7, 124.5, 123.0, 122.5, 119.7, 118.5, 115.4, 83.6,
29.9, 28.2, 3.8. Melting point: 67.8-68.1°C.

Aldehyde 36

Ar FPHSR T, 35 (36.5 mg, 0.079 mmol) % CH2Cl: (30
mL) ([ZIEfE S, 78 CIZHmHAILTZ, O3 T AZRZ AL
NH 5 SRR L7, Me:S(ImL) MMz CRIRICHIEL
_co,Me 7o, 3 HFIfEFR L7ctk, WMELAIER B L, BohiofAk
: W% Ar %A% F DMF (89 mL) [/ S, 0 CT
K2COs (32.8 mg, 0.237 mmol) & 20 (29.3 mg, 0.079 mmol)
Iz CEIBICHE Lz, 16 BB L2tk BEUKZ X TG EEIE S ¥, DR
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m— MMZB L, KE% CHCls T 3 [mfhH Lz, AHE %2 A8 T NaeSOs THMR L, IR
PREREE LT, 5575k % SiO: flash column chromatography (CHCls/AcOEt =
98T THEML L, 36 37.3 mg (93%, 2 steps) Z MADA A /L & LTIET-,

36: UV (MeOH) Amax nm: 293.5, 285.0, 256.5, 228.5. IR vmax (ATR) cm: 2974, 2944,
1720, 1542, 1452, 1369, 1345, 1255, 1209, 1154, 1124, 1090, 1018, 851. 1H NMR (CDCls,
600 MHz) § ppm: 9.73 (1H, t, 2.0), 8.05 (1H, br d, 6.2), 7.81 (1H, d, 7.6), 7.57-7.53 (2H,
overlapped), 7.45 (1H, d, 7.6), 7.38 (1H, t, 7.6), 7.35 (1H, s), 7.29 (1H, t, 7.6), 7.23 (1H, t,
7.6), 3.69 (3H, s), 3.58 (2H, t, 6.9), 3.43 (2H, dd, 11.0, 8.2), 2.93 (2H, t, 6.9), 2.65 (1H, dd,
17.2, 2.0), 2.59 (1H, dd, 17.2, 2.0), 1.66 (9H, s), 1.76-1.45 (6H, overlapped), 0.82 (3H, t,
7.6). 13C NMR (CDCls, 150 MHz) 6 ppm: 200.7, 175.8, 149.4, 147.5, 135.4, 133.4, 133.2,
131.4, 130.6, 129.9, 124.5, 124.0, 123.7, 122.6, 118.5, 116.3, 115.4, 83.7, 52.1, 47.4, 47.3,
46.6, 43.9, 32.3, 28.8, 28.2, 24.0, 22.9, 8.5. ESI-MS m/z 652 [M+Nal+. HRESI-MS: calcd.
for Cs1H39N309SNa [M+Nal* 652.2305; found 652.2347. [a]22p +1.1 (¢ 0.29, CHCls, 93%

ee).

Kopsiyunnanine K (2)

Ar PR T, 36 (32.4 mg, 0.051 mmol) % MeCN (0.4 mL) IZ¥%fiR &
., 0 ‘CT Cs2C03(50.5 mg, 0.155 mmol) & thiophenol (10.6 pL, 0.104
mmol) ZNZ 7z, RIBICHIRE LT 1.5 B L2%, BRUKkZ2mz T
FSEAEIE S, piEu— MoK Lc, KE% CHCIs T 3 [t L, A
BéJE 2 5 T NaoSOa izl U, WA LR £ Lz, 557 MAERY
% Ar ZPAS T CH2Cl2 (0.5 mL) 2V S, —30 CCTFA(76 uL, 0.993 mmol) # /%,
SIS HIR Uz, W L CHEBMETIC 3 HREEH L. sat. NaHCOs aq.Z /2T
RS &SR S8z, ko — M L, CHCL. T 3 [\ L, AHE %2 A8 T Na:SO,
oL, W EZRER E L, S ook % SiO: flash column chromatography
(CHCIs/MeOH = 99:DIZ THML L, 216.8 mg (quant., 2 steps) Z H— 7 A7 L A~ —(F
BEER) & LTz, AMuaWE AcOEVEt0 R TARRKILKIEIZA T Z Lz L » TiEmib %
179 Z L2k V.| Ireland-Claisen #&{7SSIE AN D 92% ee THh o T2 HFHE % 99.5% ee
VL bz @& 7= kopsiyunnanine K (0.39 mg) #4537-, f$ 54172 2%, 'HNMR, 13C NMR,
LR-MS, HR-MS, IR. UV, JENEICOWT, RAEME—FE LT,

Synthetic 2: UV (MeOH) Amaxnm: 290.0 (sh), 280.0 (sh), 224.0. IR vmax (ATR) cm1: 3428,
2944, 1711, 1624, 1456, 1348, 1316, 1292, 1244, 1200, 1160, 1116. 1H NMR (CDCls, 600
MHz) sppm: 8.51 (1H, s), 7.46 (1H, d, 7.6), 7.36 (1H, d, 7.6), 7.13 (1H, t, 7.6), 7.07 (1H, t,
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7.6), 3.79 (3H, s), 3.62 (1H, d, 6.2), 3.11 (1H, ddd, 11.7, 6.2, 1.4), 3.02 (1H, ddd, 11.0, 4.1,
4.1), 2.90 (1H, dddd, 14.3, 9.3, 4.1, 1.1), 2.74 (1H, dddd, 14.3, 4.1, 4.1, 1.4), 2.62 (1H, d,
15.1), 2.58-2.53 (2H, overlapped), 2.12 (1H, dd, 14.4, 11.0), 1.93-1.76 (4H, overlapped),
1.70 (1H, dgq, 15.1, 7.6), 1.61 (1H, dq, 15.1, 7.6), 0.81 (3H, t, 7.6). 13C NMR (CDCls, 150
MHz) Sppm: 179.1, 136.7, 136.2, 126.9, 121.2, 119.0, 118.0, 110.8, 107.9, 60.7, 56.4, 52.2,
52.1, 49.9, 41.1, 36.7, 33.8, 24.3, 21.7, 9.2. ESI-MS m/z 327 [M+H]+*. HRESI-MS: calcd.
for C20H27N202 [M+H]* 327.2050; found 327.2073. [a23p —68.1 (¢ 0.04, MeOH). Melting
point: 130.0-130.4°C.

Chiral HPLC analysis: Daicel Chiralpak® (25 cm x 0.46 cm) AD-H, eluent: n-
hexane:EtOH = 95:5, flow rate: 0.4 mL/min, temperature: 40 °C, retention time: & =
17.67 (minor), 21.43 (major).
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syringaldehyde 7> 5 @ bromide 43 D&%
ore Ar ZZPHA T, syringaldehyde (8.00 g, 44 mmol) % CH2Cl2(80 mL)IZI&
MeO ome fi# X+, 0 °CT EtsN(10.7 mL, 77 mmol) & TsC1(10.1 @) &% 7=, 1 B
B L7212, WRUKZMZ CROEEEIES T, Hikae— MIB L, KE
Br Z CHCl3 T 3 [l L, AHE % Gt T NagSOs THZE L, IR % JlE
43 MELE, oA KY %2 MeOH(200 mL) ICIAfR SE, 0 CT
NaBH4 #0127z, 30 R L%, FKRUKZEMZ TRISZE RS, EEZRIEE L L
7= e — MZB L, CHCls T 3 [t L, AHiE % At T NaoSOs TR L, IR
EWTEREE L, B lAERY % CH2Cl2 (100 mI)IZiEME X, 0 “CT PBrs (6.5 mL,
68 mmol) ANz 7=, 1 WefEfEH: Lok, RMEUKAIMZ TRIGZIF 1L S, B A BEH
F L7, Hio— I L, AE%Z CHsCl T 3t L, AHE 4248 T NazSOs THz
L, WA BIEREE LZ, 55Nl % AcOEt THEEM L. 43 15.7 g (89%, 3 steps)
A ORERE & LT,
43: "H NMR (CDCls, 600 MHz) § ppm: 7.86 (2H, d, 8.3), 7.34 (2H, d, 7.8), 6.58 (2H, s),
4.42 (2H, s), 3.69 (6H, s), 2.46 (3H, s). 13C NMR (CDCls, 150 MHz) § ppm: 153.4, 144.5,
137.1, 134.9, 129.2, 128.4, 128.1, 105.7, 56.0, 33.3, 21.6.

2-hydroxyphenylacetic acid 7> 5 @ allyl ester 42 D& ik

MEMO Ar FPAAF. 2-hydroxyphenylacetic acid (8.2 g, 53.7 mmol) %
°Y MeOH (800 mL) IZfig S+, 0 “CT SOCL % F L, HiRICHIEL
o 7. 24 ISRIEFRL7-%. 1M NaOH aq. & WA 1L, VlLA T

WMELZ, niin— MIB L, KE% CHsCl T 3 [l L. AHE
ZE T NagSOs THME L, WA BIER 2% L= (200 mmHg/40 °C, 2 h), 55t 7-H
AR % THF (500 mLICIEMESHE, 0 CT NaH (2.94 g, 73.5 mmol) % 3 [EZ43 1 TH
Z. 30 3R L=, 0%, MEMCI (6.14 mL, 53.7 mmol) /%, H|RIZHE L=, 1
BRI HEER L=, RERUKZ N2 OS2Ik &7, e — Mo L., KE% CHCls T
Ml L., AfE %Gt T NaeSOs THzlE L, EIEZJUE R % L7z (200 mmHg/40 °C,
2 h), BonHAERY % dist. MeOH (150 mL) IZiEfE S+, 0 °CT 1 M NaOH aq.
(150mL) #MNx. =RICHIR L7z, 1R L72%. 1 M HCl ag. 2Nz CHFL, &
MAWTERE L Lz, miRe— MIB L, KE% CHCls/MeOH (9:1)T 3 [l L7z, A
JE % AT NaeSOs THz U, B4 & L7 (200 mmHg/40 °C, 2 h), &5/
HLER M %2 MeCN (300 mL )IZIAfig <&, 0 ‘CTCDI Z/MMx T30 Lz, =i,
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MeCN (100 mL)IZfi# L7= 25 (7.2 g, 53.7 mmoD) Z Wz, =iRICHE L7z, 1.5 B
Lo, FEROKEMZ CROSZEILE ST, iRe— MIB L, KiE% CHCl; T 3 [Elfli
L. AHEA 58 T NaeSOs THzME L, W2 ERE £ LT, 5575 % Si0z flash
column chromatography (z-hexane/AcOEt = 90/10)IZ THRLL . 42 16.3 g (85%, 4 steps)
OO F AV LT,

42: 'H NMR (CDCls, 600 MHz) & ppm: 7.34-7.27 (5H, overlapped), 7.22 (1H, dt, 7.9,
1.4),7.19 (1H, dd, 7.6, 1.4), 7.13 (1H, d, 8.2), 6.95 (1H, t, 7.6), 6.28 (1H, d, 5.5), 5.97 (1H,
ddd, 17.2, 10.3, 5.5), 5.24 (1H, dd, 17.2, 1.4), 5.20 (1H, dd, 10.3, 1.4), 5.14 (2H, s), 3.69
(2H, s), 3.68-3.61 (2H, m), 3.47-3.45 (2H, m), 3.35 (3H, s). 13C NMR (CDCls, 150 MHz) &
ppm: 170.5, 155.3, 139.0, 136.3, 131.0, 128.6, 128.4, 128.0, 127.1, 123.5, 121.6, 116.7,
113.9, 93.2, 76.1, 71.5, 67.5, 58.9, 36.5. HRESI-MS: calcd. for C21H2uNaOs [M+H]+
379.15214; found 379.14992.

allyl ester 38

OMe Ar FHS T, 42 (5.00 g, 14.0 mmol) Z THF (300 mL)IZ A S
O OTs 78 Cic##IL=, = Ziz. KHMDS (5.60 mL, 28.0 mmol, 0.5 M
MEMO OMe in toluene) Z#/NNZ. 30 Z#E#: L7=#%. THF (100 mL)IZ{AfE X 7=

Y Y 43567 g 14.1 mmol) EMIA. FIC 3 IR LTS, FEUKE I

TRIGEEILSE, Sk — MIB L, KiE% CHsCl € 3 Bl L.,

B8 % 5o T NaeSOs THEME L, IR A TR L, oz

¥ % SiOq flash column chromatography (;-hexane/AcOEt = 65/35)IZ THEHL L. 38 8.05
g (85%) Z A DA A L& L THZ,

38: 1H NMR (CDCls, 600 MHz) & ppm: 7.85-7.83 (2H, overlapped), 7.32-7.09 (10H,
overlapped), 6.96-6.94 (1H, m), 6.23-6.21 (1H, m), 6.21 (1H, s), 6.20 (1H, s), 5.88-5.85 (1H,
m), 5.16-4.99 (4H, overlapped), 4.50-4.28 (1H, m), 3.68-3.62 (3H, overlapped), 3.52 (3H,
s), 3.49 (3H, s), 3.40-3.37 (2H, overlaooed), 2.98-2.96 (1H, m). ESI-MS m/z 677 [M+H]*.

lactone 39

Ar FPASF. 38 (1.10 g, 1.63 mmol) % THF (50 mL)IZIAfE S 4,
—-78 C< KHMDS (19.5 mL, 9.75 mmol, 0.5 M in toluene) %7 F L.
1 BRI L7z, ok, TMSCI (38.5 mL) 2w -< Vi FL T,
FOSVEWE 2 B HIZSEmICHIE L, 1 FEfI#%IZ sat. NH4Cl aq. 200 %,
W2 15 RERFEHEEE L7, e — MSB L, K@% CHCls C 3 [\l L,
% B A YT NasSOs TR L., EIEA MRS L, fbnisk

47



i % SiO: flash column chromatography (m-hexane/AcOEt = 70/30)\Z THHL L. 39 0.719
g (85%, 87%ee) & MEADEIIK L L TR/, AHKE %, acetone ZHWTHAMT 52 LTk
D, HFHEZ 99% eell EiZ@E DT,

39: 1H NMR (CDCls, 600 MHz) 6 ppm: 7.76 (2H, d, 8.5), 7.30-7.16 (10H, overlapped),
6.91 (1H, d, 7.6), 6.44 (1H, d, 15.8), 6.00 (2H, s), 5.93 (1H, dt, 15.8, 7.6), 3.42 (6H, s), 3.22
(1H, d, 13.7), 3.12 (1H, d, 13.0), 2.88 (2H, d, 7.6), 2.44 (3H, s). 13C NMR (CDCls, 150 MHz)
Sppm: 178.3, 153.2, 152.7, 144.4, 136.7, 135.3, 134.7, 134.5, 129.1, 128.9, 128.5, 128.4,
127.7,127.1, 126.3, 123.9, 123.8, 122.2, 111.0, 106.5, 55.8, 54.5, 44.0, 41.4, 21.6. ESI-MS
m/z 571 [M+H]*.

alcohol 44
MeQ  OTs Ar FPHE T, 89 (61 mg, 0.107 mmol) % THF (1 mL)IZIAfiE S+,
Q ome 0 °CC LiBH4 (86 pL, 0.258 mmol, 3 M in THF) % F L. SSANE %
BnO ~P~pt FIRICHIR U7e, 18 IpfIfE#E L 721212, sat. NH4Cl aq. 2N % TG %

O oH  EIEXWTS, Ao — Mo L, KB4 CHCLs T 5 bl L, AHE
ZEDE T NagSOs T L, WA WIER £ Lz, oo ARY
61.5 mg @5 H, 11.2 mg % acetone (0.1 mI)IZEE S, 0 CT
K2COs, BnBr #h1x 7=, =IEICHE L. 15 BfHH L, BRKZIN2 TS ZEIE S
., e — M L, KE%E CHCLs T 3 mlhH L, AH#E %2 At T NaeSO4 THLE
L., WEEZWEE L Lz, B oN7-FkE % SiO:2 flash column chromatography (-
hexane/AcOEt = 50/50)IZ TR L, 44 9.1 mg (70%) & 15372,

44; "H NMR (CDCls, 400MHz) sppm: 7.81 (2H, d, 8.0), 7.46 (2H, d, 7.3), 7.41-7.17 (11H,
overlapped), 7.02 (2H, t, 7.7, 8.0), 6.89 (1H, t, 7.5, 7.7), 6.42 (1H, d, 15.8), 6.13-6.05 (1H,
m) 5.99 (2H, s), 5.16 (2H, s) 3.99 (1H, d, 10.6) 3.86 (1H, d, 10.6), 3.37 (6H, s), 3.26 (1H, d,
13.2), 3.16-3.04 (2H, overlapped), 2.70-2.65 (1H, m), 2.44 (3H, s)

44

aldehyde 45
MeQ ~ OTs Ar FFS T, 44 (1.30 g, 1.95 mmol)Z CH2Cls (60 mL)IZ ¥ S 4,
OMe (0 °CT DMP (2.50 g, 5.89 mmoD) Z Iz, KSR Z2 BiRICHIR L=,
o~I~p, 1R L72#2IC, sat. NaHCOs aq.. sat. Na2S20s aq. % X TG
AT STz, ke — MIB L, KEZ CHCl C© 3 Bt L. A
45 JEZ G T NasSOs THIMRE L, W ZERE LT, otz
SiO:2 flash column chromatography (mr-hexane/AcOEt = 80/20)I1Z CHHIL . 45 1.19 g
(92%) & 1572,
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45: "H NMR (CDCls, 400MHz) sppm: 9.71 (1H, s), 7.81 (2H, d, J= 8.0z, 7.39-7.14 (12H,
overlapped), 7.01-6.96 (2H, overlapped), 6.45 (1H, d, J = 15.8), 6.18-6.10 (1H, m), 5.83
(2H, s), 5.01 (1H, d, J=12.1), 4.93 (1H, d, J=12.1), 3.40 (1H, d, J=13.6), 3.34 (6H, s),
3.00 (1H, d, J=13.6), 2.88-2.83 (1H, m), 2.77-2.71 (1H, m), 2.44 (3H, s). ESI-MS m/z 685
[M+Nal+.

cyanohydrin 46
MeO  OTs Ar FPS T, 45 (7.7 mg, 11.6 pmol) Z EtOH (0.2 mI)IZI&fiFE S+,
0 °CTKCN (18.9 mg, 0.29 mmol), AcOH (21.6 pL) &1z, SUSIEIR
ZEIRICHR L7z, b RRRIREE L72%12, MIEUKZ M2 TRISZFIE S
Hiz, mike— MIB L, KE% CHCls T 3 Fifhi L, AEs Ao
H T NaxSOs4 THME L., W ZBERE L, GO MAERY %
46 CH:Clz (0.2 mL)IZ{EfiE S, 0 CTH)-CSA %t &N % 7=, Ethyl
vinyl ether (10 pL, 105 pmo) Z /1 x., M F F 2 KL L7z, Ethyl vinyl ether (50 uL,
524 pmol) ZBAN L. F(Z 2 B L 7=, sat. NaHCOs aq. I x2 CRUG &5 1L S, 4
Wr— MIB L, K@% CHCls T 3 [Eflith L7, A% Aot T NaaSOs THZEEL | &
A E R F L=, 7% SiO2 flash column chromatography (z-hexane/AcOEt = 2/1)iZ
THHEIL, 4688 mg (97T% % VT AT LA~—iREWE L THET-,

46: '"H NMR (CDCls, 400MHz) & ppm: 7.83-7.80 (2H, overlapped), 7.47-6.91 (16H,
overlapped), 6.52-6.34 (2H, overlapped), 5.94-5.91 (1H, overlapped), 5.81-5.77 (1H,
overlapped), 5.62 (0.3H, s), 5.55-5.52 (0.5H, overlapped), 5.38 (0.3H, s), 5.24-5.05 (2H,
overlapped), 4.81-4.75 (0.6H, overlapped), 4.55-4.53 (0.6H, overlapped), 4.31-4.28 (0.4H,
overlapped), 4.15-4.10 (0.4H, overlapped), 3.44-2.77 (12H, overlapped), 2.45 (3H, s), 1.17-
0.86 (6H, overlapped) ). ESI-MS m/z 784 [M+Nal*.

piperidine 47
H Ar FPHA T, 50 162(10.0 mg, 38.9 umol)Z CH2Cls (0.5 mI)IZ MR S,
Ho 0 CT TFA (50 pl) &M % 7z, ZIIZHIR LT, 30 ok Liztk. SIS
)\j/\) %% D% F NH-Si02 open column chromatography (CHCls/MeOH = 95/5)
47 TR L, 47 1.8 mg (29%) 2157,
47: 'TH NMR (CDCls, 400MHz) & ppm: 3.78-3.74 (1H, m), 3.70-3.66 (1H, m), 3.01-2.99
(1H, m), 2.57-2.50 (1H, m), 2.34 (1H, d, 11.9), 1.68-1.52 (5H, overlapped), 1.29-1.21 (3H,
overlapped), 0.81 (3H, t, 7.3, 7.2).
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cyanohydrin 49

MeO  OTs Ar FPHA T, 46 (10.0 mg, 13.1 umol) % acetone/H20 (0.3 mL/ 0.06
mD)IZEfE S, 0 CT 0s04 (0.1 mL, 1 umol, 0.01 M in £BuOH),
NMO (3.1 mg, 26.5 pmol) & Mz . SR & EIRICHIR L7z, 3 R
R L 721212, sat. NaeSe0s aq. # MMz CRUnZEIE X7, ikn
— NMZB L., /KE% CHCla ThHEIHHH L, HHE%Z A D T NasSOs
THLE L, W ZBEEE L, Bon=HERY % CHCl: (0.2
mD)IZEfiE S, =5 ‘CC NagCO3(7.0 mg, 66.0 umol), Pb(OAc)4(7.0
mg, 15.8 pmo) ANz, ZDFEE 1.5 RefHlii#E L7z, sat. NaHCOs aq. 22 TG & 45 1k
SH, B4 FABLIERKZIZ, e — MIB LT, KE%Z CHCle T 3 [RIfhH L., A
J& %A HE T NaeSOs THoME L, BV 2 47 (4.2 mg, 26.7 pmol) & 1A L 72K CTIALE
ZRERE LT, BbnizEiE % CH2Cl: (0.2 mL)ICIEME S H, 0 °CT NaBH3CN (3.0 mg,
47.7TumoD) Z M % 7=, ZIRICHIR LT, 2RI Lo, AEAKEZINX TROGEEILE S
2o ia— B L, KE%E CHCl: T 4 [ L, GON7=AROAMKEZEbET
NagSOs THZME L, A A W/ER % L7=, NH-SiO2 open column chromatography (z-
hexane/AcOEt = 50/50)(C THRL L. 49 8.9 mg (82%)% V7 AT L A~—iRAaMWE L TH
77

49: 'TH NMR (CDCls, 600MHz) § ppm: 7.80 (2H, d, 8.3), 7.79-7.23 (8H, overlapped),
7.07-6.90 (3H, overlapped), 5.87, 5.85, 5.77, 5.74 (2H, s X 4, overlapped), 5.28-5.13 (0.5 H,
overlapped), 5.13 (2H, s), 5.13 (2H, s), 5.01-4.96 (0.5H, overlapped), 4.83 (0.4H, m), 4.57
(0.6H, m), 3.71-3.43 (4H, overlapped), 3.34, 3.32 (6H, s X2, overlapped), 3.19-3.01 (2H,
overlapped), 2.81-2.52 (4H, overlapped), 2.44 (3H, s), 2.33-1.46 (8H, overlapped), 1.30-
1.04 (11H, overlapped), 0.79 (3H, t, 6.9). 13C NMR (CDCls, 150 MHz) 6 ppm: 156.8, 156.7,
152.3, 152.2, 144.3, 136.3, 136.2, 136.0, 135.9, 134.9, 130.5, 129.9, 129.0, 128.9, 128.8,
128.6, 128.5, 128.3, 127.8, 127.6, 127.4, 126.6, 121.2, 120.9, 119.2, 118.3, 112.1, 112.0,
107.2, 107.1, 106.9, 106.8, 101.7, 99.6, 70.8, 70.6, 70.5, 68.3, 64.1, 63.9, 62.4, 60.7, 59.2,
55.53, 55.50, 55.0, 54.5, 54.0, 53.7, 49.9, 48.9, 48.0, 41.3, 40.2, 40.0, 35.9, 33.5, 33.3, 32.3,
29.2, 22.8, 22.7, 21.6, 20.0, 19.4, 19.2, 15.0, 14.9, 14.8, 7.4. ESI-MS m/7z 829 [M+H]-*.

49

quaternary ammonium 52

OTs Ar FHHAT, 49 (6.5 mg, 7.84 pmol)% CH2Cle (0.5 mIL)IZAf#
S, 0 CTEtsN (2.7 uL, 19.4 pmol), TsCl (1.8 mg, 9.44 pmol)
BNz, FOFFE 1KEFEE L7z, sat. NaHCOs aq. %z TG
S, e — MR L, KiE% CH:Cl/MeOH(9/DIRG
BT 3 |l L, A1 4 51 T NaaSOs THZME L, I 2 3
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JERE £ LTz, b=k % NH-SiO2 open column chromatography (CHCls/MeOH =
90/10IZ THERL L, 52 5.5 mg (86%)% U7 AT L A~—RAEME L TH,

52: 1H NMR (CDCls, 400MHz) sppm: 7.82 (2H, d, 8.2, H-1), 7.46-7.04 (11H, overlapped),
6.11 (1.5H, s, H-2), 5.88-5.85 (0.8H, overlapped, H-2), 5.08-4.89 (3H, overlapped, H-3),
3.82-3.06 (11H, overlapped, H-4), 2.44 (3H, s, H-5), 2.05-1.51 (11H, overlapped), 1.34-1.06
(11H, overlapped), 0.91-0.87 (5H, overlapped). ESI-MS m/z 811 [M]+.

piperidine 53
NS Ar BEFAT. 50 169(54.5 mg, 212 pmol)%Z THF (5 mL)IZHM S, o
%j/\) NO2PhSeCN (160 mg, 705 pmol), n-BusP (0.32 mL, 1.30 mmol) 1 2. T 3
B L7z, 0 CIZHmAEIL T 30% H20:2 aq. (0.6 mL)Z 1z, =iEICHIE L T
53 MH 20 FEEEH L7, KIS Z W EY E L SiO:z flash column
chromatography (2-hexane/AcOEt = 95/5)iZ THHLL . 53 36.8 mg (72%) & 157~

53: 1H NMR (CDCls, 600MHz) Sppm: § 5.59 (1H, dd, 16.9, 6.0), 5.12-5.10 (1H, m), 5.01
(1H, d, 16.9), 3.51-3.04 (4H, overlapped), 1.60-1.23 (14H, overlapped), 0.78 (3H, t, 7.8).
ESI-MS m/z 262 [M+Nal*. [a]20p+46.0 (¢ 0.20, CHCl3, 100% ee).

aldehyde 54
weo  OTe Ar FPSF. 89 (500 mg, 87.6 umol) % CH2Clz (80 mI)IZ VAR <1,
Q onte 78 CT O3 HAZMREIAIKIRI S 30 /3iE#: L7=, PPhs (225 mg, 87.6
umol) Z N 2 CEIRIZFHE LT 1.5 REMBEE L7k, RISEABIERE L,
O “\\\070 S o=k % SiO:2 flash column chromatography (n-hexane/AcOEt =
o 50/50)IZ CHERLL . 54 392 mg (90%) % #37=,,
54 54: 1H NMR (CDCls, 400 MHz) & ppm: 9.57 (1H, ), 7.77 (2H, d, 8.4),
7.30 (2H, d, 8.4), 7.25-7.12 (2H, m), 6.96 (1H, d, 8.1), 5.93 (2H, s), 3.42 (6H, s), 3.30 (2H,
d, 8.8), 3.07 (2H, d, 4.8), 2.45 (3H, s). ESI-MS m/z 497 [M+H]+

amine 56

Ar FPHAT, 53 (72.0 mg, 301 pmol) % AcOEt (2.4 mI)IZIAfR X1,
0 CT conc-HCl (1.6 mL) Zi F L, 2 KRR LE, ZTO®RIZ, X
JSRZIER £ L, & o7 MAERY & 54 % (CH2CD2 (8 mI)IZVEfR <
., 0 CT NaBH(OAc)s (96.2 mg, 452 pmol) & iz, =EIZHIE L T
2.5 IFIRFE L7z, ZD%, AEKEZMZ CRIGEFIESE, HiRe—
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MZB L., KE% CHCl C 3 [Eflitt L, AHE A G T NaaSOs THEME L, WIE A JUE
BME Lz, 5o 7-5%iE% SiOs flash column chromatography (;-hexane/AcOEt = 60/40)
ICTHSBLL . 56 178 mg (95%) & 15 7=,

56: 1H NMR (CDCls, 400 MHz) & ppm: 7.77 (2H, d, 8.2), 7.30-7.15 (5H, overlapped),
6.87 (1H, d, 7.8), 5.93 (2H, s), 5.48 (1H, dd, 17.8, 11.0), 4.98 (1H, d, 11.0), 4.78 (1H, d,
17.9), 3.41 (6H, s), 3.10 (1H, d, 12.8), 2.98 (1H, d, 12.8), 2.44 (3H, s), 2.40-2.22 (3H,
overlapped), 1.77-1.74 (3H, overlapped), 1.57-1.40 (5H, overlapped), 1.19-1.12 (3H,
overlapped), 0.61 (3H, t, 7.3). ESI-MS m/z 620 [M+H]*

lactol 57

Ar BT, 56 (200 mg, 32.3 pmol) % toluene (10 mL)IZIAf# S 4,
—78 “C< DIBAL-H (2.58 mL, 2.68 mmol, 1.04 M in n-hexane) % F
L. 2FEfEBHE L, 2%, MeOH, ffnn v o = LHE/KIRHL 2 N
A TR EEIESE, Hika— MIB L, KE% CHCl; T 3 [alfhi L,
GHJE %A HDH T NaeSOs TR L, WIHZWITER L Lz, Hohisk
# % SiO:2 flash column chromatography (z2-hexane/AcOEt = 65/35)1C
THRLL ., 57 182 mg (91%) Z157-,

57: 'TH NMR (CDCls, 400 MHz) s ppm: 7.81 (2H, d, 8.4), 7.30 (2H, d, 8.1), 7.12 (1H, m),
6.90-6.83 (2H, overlapped), 6.74 (1H, d, 8.0), 6.15 (2H, s), 5.74 (1H, s), 5.59-5.12 (1H, m),
5.06 (1H, m), 4.88-4.83 (1H, m), 3.48 (6H, s), 3.14 (1H, d, 13.5), 2.84 (1H, d, 13.9), 2.44
(3H, s), 2.20-1.88 (7H, overlapped), 1.65-1.11 (8H, overlapped), 0.71 (3H, t, 7.1). ESI-MS
m/z 622 [M+H]*.

57

phosphate 58
Ar ZPHA T, dimethyl methylphosphonate (75.7 pL, 708 umol) %
THF (10 mL)IZ¥#fig &, -78 ‘CT n-Buli (246, 638 2.59 M in n-
hexane) Z i F L, 1WH#EH L7z, =22, THF 2B L7 57 (73
mg, 116 pmol) Z i F L7, 20 532>F T-50 CIZHE L, 1.5 K[
L7, To®IC, BRKEZMA TRIGEEIESE, oiEe— MIB
L. KJg% CHCls T3 EHhH L, A58 25 ¥ T NasSOs THME L,
58 W2 ERE £ L, B 67k iE % SiO:2 flash column
chromatography (CHCIls/MeOH = 80/20){Z CTHHLL . 58 80 mg (91%)
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58: TH NMR (CDCls, 400 MHz) sppm: 7.79 (4H, d, 8.4), 7.29 (4H, d, 8.1), 7.15-7.12(4H,
overlapped),7.06 (2H, d, 7.6), 6.82 (2H, t, 7.0) 6.01 (4H, s), 5.61 (2H, dd, 11.4, 18.6), 5.17
(2H, m), 4.98 (2H, d, 18.6), 4.50 (2H, t, 10.6), 3.82-3.76 (4H, overlapped), 3.72 (6H, s),
3.70 (12H, s), 3.68 (6H, s), 3.42 (12H, s), 3.00 (2H, d, 13.9), 2.44 (6H, s), 2.20-1.42 (24H,
overlapped), 0.74 (6H, t, 7.7). 156.4, 152.7, 144.3, 142.6, 137.6, 135.2, 129.8, 129.1, 128.7,
128.3,127.3,126.9, 119.9, 119.7, 114.8, 114.7, 107.3, 70.0, 62.6, 61.7, 56.3, 56.0, 55.8, 55.4,
54.3, 53.2, 53.1, 52.93, 52.90, 52.72, 52.68, 50.7, 50.6, 39.9, 39.8, 31.9, 31.1, 30.4, 30.2,
29.8, 29.7, 29.3, 28.9, 28.0, 21.5, 20.9, 20.3, 7.6. ESI-MS m/z 746 [M+H]*.

phosphate 59

Ar T T, 58 (80 mg, 107 umol) % acetone (4 mI)IZIEfESH, 0 C
T K2COs (26.6 mg, 214 pmol), BnBr (12.4 pL, 107 umol) Z /1 2 T=ik
(CHHE LT 23 iR Lo, oIS, FRUKZMA TRIS 215 1E S,
SJEm— MIB L, KE4x CHCl3 T 3 FfiH L, fAtgfE 25T
NasSOs THzME L, WEEZBIEE E L, Bk % SiO: flash
column chromatography (CHCls/MeOH = 50/50)1C THifL L. 59 89.3
mg (quant.) & #47-,

59: 1TH NMR (CDCls, 400 MHz) & ppm: 7.80 (2H, d, 8.2), 7.41-7.20 (9H, overlapped),
6.99 (1H, d, 8.2), 6.91 (1H, t, 7.1), 5.85 (2H, s), 5.57 (1H, dd, 11.7, 17.5), 5.06-5.02 (3H,
overlapped), 4.85 (1H, m), 4.36 (1H, br-s), 3.75-3.46 (8H, overlapped), 3.36 (6H, s), 2.46
(3H, s), 2.20-1.28 (16H, overlapped), 0.66 (3H, t, 6.6). ESI-MS m/z 836 [M+H]*.

phosphate 60

Ar FPHA T, 59 (10 mg, 12.0 pmol) Z CH2Cls (0.3 mL)IZ¥AfE X4,
0 °CC DMP (15.2 mg, 36.0 umol) % /il . T =EIEIZHIE L T 2 WefEfi
L7z, £D#%IZ, sat. NaHCOs aq.. sat. Na2S203 aq. # I 2 Tt %
fFiE S, ke — MIB L, KE%Z CHCl; T 3 i L., Akl 4
Ozg \ AT NasSOs THEL, W ZRERE LT, BHohikiEz
MeO ;JOMe SiO2 flash column chromatography (CHCls/MeOH = 90/10)(Z T &L

L. 60 7.0 mg (70%) % 157-,

60: 'H NMR (CDCls, 400 MHz) & ppm: 7.79 (2H, d, 7.3), 7.40-7.21 (8H, overlapped),
6.94 (2H, d, 8.0), 6.86 (1H, t, 7.3), 5.67-5.59 (3H, overlapped), 5.20 (1H, d, 12.5), 5.09-5.06
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(2H, overlapped), 4.95 (1H, d, 12.4), 3.76-3.67 (6H, overlapped), 3.48-2.92 (8H,
overlapped), 2.63 (2H, s), 2.44 (3H, s), 2.18-1.26 (14H, overlapped), 0.74 (3H, t, 7.3). 13C
NMR (CDCls, 150 MHz) & ppm: 214.5, 155.5, 152.1, 144.3, 141.3, 140.2, 137.2, 136.2,
135.0, 130.5, 129.8, 129.6, 129.5, 128.6, 128.3, 128.0, 127.9, 126.5, 121.4, 111.8, 107.2,
93.5, 70.3, 69.8, 57.6, 55.6, 54.9, 52.9, 52.5, 39.9, 37.4, 36.6, 35.7, 31.7, 29.7, 29.3, 21.6,
7.7. ESI-MS m/z 834 [M+H]+.

phosphate 61

Ar FPHA T, 60 (13.2 mg, 15.8 pmol) Z CH2Clz (3 mL)|ZVAfiE X,
78 CT 03 HAZEREZIAZRIZNG 5 B L1=, Me2S (15 uL, 205
N umol) Z i 2 TEIRICHIR LT 3 FEffEE L2k, HIZ Me2S (15 plL,
2 205 umol) &M% T 2.5 WEf##E L7z, RISKRABIERE AL, 5o
\ ¥ % SiOq flash column chromatography (CHCls/MeOH = 80/20)(Z

O=p
s\
MeO OMe THRLL . 61 3.2 mg (24%) & 1537-,

61
61: 'H NMR (CDCls, 400 MHz) sppm: 9.49 (1H, s), 7.78 (2H, d, 7.8),

7.41-7.26 (7TH, overlapped), 7.03-6.83 4H, overlapped), 5.92 (2H, s), 5.18 (1H, d, 12.0),
5.09 (1H, d, 12.3), 3.79-3.64 (6H, overlapped), 3.40-3.14 (8H, overlapped), 2.63 (2H, s),
2.43 (3H, s), 2.20-1.25 (14H, overlapped), 0.83 (3H, t, 7.4). ESI-MS m/z 836 [M+H]+

vinyl derivative 63

Ar FPHA T, 57(59.7mg, 96 pmol)%Z THF (2 mL)IZIAfiE S8, 0°C
T vinylmagnesium bromide (0.48 mL, 0.48 mmol) Z i F L. 1 F¢fi
B L7-, £D1&IZ, sat. NHsClaq. Z N2 TN ZEFIE S, iR
— MIB L., KE% CHCI: T 3 [HlihiH L, AiE 4 A1 T NazSO4
THIE L, WA B E LT, B o7kl % SiO2 flash column

63 chromatography (CHCIs/AcOEt = 90/10)(Z CTH#. L. 63 55.8 mg
(89%) & 137-,

63: 'H NMR (CDCls, 400 MHz) §ppm: 7.84 (2H, d, 8.5), 7.32 (2H, d, 8.5), 7.18-7.13 (2H,
overlapped), 6.92 (1H, d, 7.7), 6.80-6.76 (1H, m), 6.36 (2H, s), 5.74-5.69 (1H, m), 5.64 (1H,
dd, 17.6, 10.9), 5.37 (1H, d, 16.8), 5.13 (2H, d, 10.6), 4.95 (1H, d, 17.6), 4.59 (1H, d, 5.5),
3.58 (6H, ), 3.14 (1H, d, 14.3), 2.46 (3H, s), 2.16-2.12 (2H, m), 1.63 (4H, overlapped), 0.79
(3H, t, 7.7). 13C NMR (CDCls, 125 MHz) § ppm: 156.1, 152.8, 144.5, 138.6, 136.9, 134.9,
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134.9, 130.1, 129.1, 128.3, 128.2, 126.8, 119.4, 119.1, 117.5, 112.5, 107.6, 74.8, 60.4, 55.9,
55.3, 50.6, 43.3, 40.1, 30.8, 21.6, 21.4, 21.0, 14.2, 7.7. ESI-MS m/z 650 [M+H]*

piperidine 72
Boc  Ar FFAT. 71160(13.6 mg, 43.2 pmol) Z MeOH/H20 (1 mL/0.4 mL)IZ#%¥
N fit <, LiOH - H20 (2.7 mg, 64.8 pmol) Z i F L. =R T 20 KfE#@# L=,
4\/@ ZOBIZ, BRAKEZMZ TRISEEESE, e —MBL, KEz
72 CHCIls T 3 [l L, A8 2 A8 T NagSOs THAME L, VASE A2 BT R 5
L7z, #oofARY % Et20 (1 mICEM S, 0 °CT LiAlH4 (9.8 mg, 259 umol) %
M%., 40 CIZHIE LT 38 Wil L7z, £ D%IZ, NaeS04, E/KT=—7T V&M Z TS
ZiEIE S, 18 BB Lz, MSiRE T4 FAB L, WEEZRIEREE L, Sohi-
HA R %2 THF (0.5 mL)ICIAfESH, 0 °CT BoczO (9.8 pL, 259 pmol), EtsN (36.1 uL,
259 pmol), DMAP (0.2 mg, 1.64 pmol) Z i %, =i T 18 BRI L7-, T %Iz, K
KEMA TG EEIESE, e — ML, KE% CHCls T 3 [Efhi L, AHEE 4
T NagSOs THME L, REAZBIERE LZ, S5/ % SiO: flash column
chromatography (CHCls/MeOH = 90/10)\1Z CTHHLL . 72 8.1 mg (74%, 3 steps) & 137,
72: 'H NMR (CDCls, 600 MHz) & ppm: 5.81-5.74 (1H, m), 5.05-5.03 (2H, overlapped),
3.03-3.08 (4H, overlapped), 3.33-2.98 (4H, overlapped), 1.61-1.25 (16H, overlapped), 0.78
(3H, t, 7.4), 2.04-1.94 (2H, overlapped), 1.51-1.21 (15H, overlapped), 0.83 (3H, t, 7.6). 13C
NMR (CDCls, 150 MHz) Sppm: 155.1, 134.2, 117.3, 79.1, 52.4, 43.8, 38.6, 36.0, 33.8, 28.4,
27.1, 21.0, 7.2. [a]24p +8.0 (¢ 0.21, CHCls, 95% ee).

piperidine 73
Boc Ar ZBHA T, Pd(OAc)2(36.2 mg, 161 umol), pbenzoquinone (43.5 mg,
Aco V\/E) 403 pmol), NaOAc (33.1 mg, 403 pmol)% AcOH (0.6 mL)IZiAfiE S+,
A RIET 15 04 e, 20, AcOH (0.4 mL)IZHfi# L7= 72 (10.2 mg,
73 40.3 pmol) Z M %, 40 ‘CIZHIE L T 15 KR4 # L 7=, SiO2 short
column (Zf} L TS &5 1 &8, 2N NaOH aq, # M2 CHRL7-%IZ, ke — M
L. /KJg% CHzCla C3EHlIH L, A% S T NaeSOs THzME L . WA ERE L
77 155172581 % SiO2 flash column chromatography (n2-hexane/AcOEt = 80/20)(Z THs
B, 78 7.7 mg (61%) 2157~
73: 'TH NMR (CDCls, 600 MHz) § ppm: 5.53-5.49 (2H, overlapped), 4.54 (2H, d, 5.0),
3.58-2.99 (4H, overlapped), 2.06 (3H, s), 1.61-1.25 (15H, overlapped), 0.78 (3H, t, 7.8)
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piperidine 74
Boc Ar FBHS T, 78 (50.0 mg, 161 pmol) Z MeOH (6 mL)IZ{AfifE X+,
o(l/p K2COs (444 mg, 3.22 mmol) # /N %, =R T 1.5 KR L7, =Dk, K
FKZMZ TRIGEEILSE, Sk — M L, KE% CHCL: T 3 Al
ML, AEAEZADE T NaxSOs THZME L, FIEABIERE LI, BN
ToHA R 42.3 mg F1. 36.9 mg % THF (45 mD)IZEMESH, 0 CT NaH (54.9 mg,1.23
mmol, 60% in mineral oi) Z /1%, 30 Z3###k L7z, Allyl bromide (119 pL, 1.23 mmol) %
Mzl=ob, FREICHE L CTI5REEEHR L, Z0%, HRUKEZIN 2 TS Z2E IR S+,
e — MIB L, Kig4a CHCL T 3 EMilitH L. AHEZ GO T Na:SOs THIEEL . &
BAMEE E L, 57 E % SiO: flash column chromatography ((n-
hexane/AcOEt = 50/50)IZ TR L, 74 30.6 mg (72%, 2 steps) & 157-.

74: 'H NMR (CDCls, 600 MHz) & ppm: 5.95-5.88 (1H, m), 5.53-5.45 (1H, m), 5.47 (1H,
d, 16.0), 5.27 (1H, d, 17.4), 5.18 (1H, d, 10.1), 3.99-3.95 (4H, overlapped), 3.43-3.07 (4H,
overlapped), 1.53-1.26 (6H, overlapped), 1.45 (9H, s), 0.79 (3H, t, 7.3). [a]25p +8.2 (¢ 0.19,
CHCls,95% ee).

74

lactone 76

OTs Ar FPHE T, 74 (6.0 mg, 19.4 pmol) % AcOEt (0.15 mL)IZIAEf#
O OMe S, 0 CTeoncHCL (0.1 mL) i F L., 1R LE, 20
Blo, KINRAEMEREE L, SO 7MAERY & 54 (9.7 mg,
O 19.4 pmol) % (CH2CDz (1 mI)IZ¥fiE S #, 0 CT NaBH(OAC)3(12.3
o’ © mg, 58.2 umo) Z M Z . ZIRIC FIR L C 2 BBk L7, Z ok, &
BAKEMA TS EAFIESE, fike— MIB L, KE4x CHCl; T
O~/ 3 L. HHRE % ADET NasSOs TR L, VLA LR L
2. b 7-FiE % SiO: flash column chromatography (-

hexane/AcOEt = 60/40)IZ TR L, 76 8.3 mg (62%) & 1537=,

76: 'TH NMR (CDCls, 600 MHz) § ppm: 7.77 (2H, d, 7.6), 7.23-7.15 (5H, overlapped),
6.86 (1H, d, 7.6), 5.93-5.84 (1H, m), 5.38-5.30 (2H, overlapped), (3H, overlapped), 5.24
(1H,d, 17.2),5.15 (1H, d, 10.3), 3.92-3.90 (4H, overlapped), 3.40 (6H, s), 3.09 (1H, d, 13.0),
2.97 (1H, d, 13.1), 2.44 (3H, s), 2.01-1.15 (14H, overlapped), 0.61 (3H, t, 7.6). 13C NMR
(CDCls, 150 MHz) & ppm: 178.6, 153.7, 144.3, 141.4, 134.8, 134.6, 134.3, 129.0, 128.7,
128.6, 128.3, 127.0, 123.7, 123.6, 123.3, 116.9, 111.0, 106.6, 71.3, 70.7, 64.5, 55.7, 54.8,
53.1, 52.8, 46.0, 39.2, 34.1, 32.1, 21.6, 20.9, 7.8. ESI-MS m/z 690 [M + H]+

76
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lactol 77
OTs Ar FPHE T, 76 (33.6 mg, 48.6 umol) % toluene (3 mL)IZVAf# &

MeO,
OMe ., -78 C T DIBAL-H (0.477 mL, 0.486 mmol, 1.04 M in n
\ hexane) % L. 1 R L7z, ZD%IZ, MeOH, fafim >
O T VKR Z M Z TRIGEEIES S, Sike— MIB L, KE
o °£g % CHCls T 3 [ L, A8 % &8 T NazSOs TR L, VAL
o/
77

ZEIERE E L, B 56Nk E % SiO2 flash column
chromatography (CHCls/MeOH = 90/10)(Z CTHH L. 77 33.6 mg
(quant.) z 157=
77:1H NMR (CDCls, 600 MHz) 6 ppm: 7.81 (2H, d, 8.3), 7.30 (2H, d, 8.3), 7.13 (1H, t,
6.2), 6.87-6.83 (2H, overlapped), 6.74 (1H, d, 8.3), 6.11 (2H, s), 5.92-5.86 (1H, m), 5.71
(1H, s,), 5.40-3.30 (2H, overlapped), 5.25 (1H, d, 17.9), 5.16 (1H, d, 10.3), 3.94 (4H,
overlapped), 3.47 (6H, s), 3.01 (1H, d, 13.7), 2.83 (1H, d, 13.7), 2.44 (3H, s), 2.20-1.26
(15H, overlapped), 0.70 (3H, t, 7.8). 13C NMR (CDCls, 150 MHz) § ppm: 1158.1, 152.5,
144.3, 136.7, 134.81, 134.76, 132.1, 132.0, 129.0, 128.7, 128.5, 128.43, 128.36, 126.8,
124.5, 119.8, 116.9, 109.9, 107.3, 71.1, 70.8, 55.7, 54.4, 53.8, 46.7, 44.1, 39.2, 32.3, 29.7,
22.6,21.6, 21.1, 14.1, 7.8.

vinyl derivative 69

meo_ POTs Ar FBHAT, 77 (9.1 mg, 13.2 umol) Z THF (0.4 mL)IZVAME X4,
O OMe 0 °C T vinylmagnesium bromide (65.8 pL, 65.8 pmoD i F L., =
v N RIS LT 1 SR LT, Z0%I2, sat. NHiClag. 2% TR
) RS AR I S, Jyier— MR L, AJE% CHCLa T 3 Bt L, #
AR Wl % A8 T NasSOs TR L, WA IER £ Lz, Abhik
¥t % NH-SiOz open column chromatography (CHCls/MeOH =

o=

9/ I THERL L. 69 5.0 mg (52%) & 1537=.,
69: 1TH NMR (CDCls, 600 MHz) sppm: 7.86 (2H, d, 8.2), 7.33 (2H,
d, 8.3), 7.20 (1H, d, 8.2), 7.15 (1H, t, 7.6), 6.93 (1H, d, 7.6), 6.81 (1H, t, 7.6). 6.41 (2H, s),
5.93-5.87 (1H, m), 5.73-5.71 (1H, m), 5.47-5.38 (4H, overlapped), 5.26 (1H, d, 17.2), 5.17-
5.14 (3H, overlapped), 3.96-3.95 (4H, overlapped), 3.61 (6H, s), 3.27 (1H, d, 14.5), 3.13
(1H, d, 14.5), 2.47 (3H, s), 2.04-0.87 (15H, overlapped), 0.78 (3H, t, 6.9). ESI-MS m/z 720
[M + Nal-.

69
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MOM-protected derivative 78

Ar FBHAT, 69 (3.1 mg, 4.31 umol) % CH2Clz (0.2 mL)IZ¥Afi#E <
. 0 C T ProNEt (4.3 pL, 25.4umol) ., MOMCI (1.6 pL,
21.2 umoD &M%, SIRIZHIR LT 18 Rt L=, =Dk, rEil
KEMZ TG EEIESE T, Hikr—MIB L, K@% CHCls T
3[EfhH L, AHEE % &8 T NaoSOs THAME L, A2 RIEREE L
7. & O3 7=5 ¥ % NH-SiO2 open column chromatography
Y/~ (CHCls/MeOH = 95/5)I2 THHI L, 78 2.1 mg (57%) & 157-,

78: 'TH NMR (CDCls, 600 MHz) s ppm: 7.80 (2H, d, 8.2), 7.30 (2H,

d, 8.2), 7.20 (1H, d, 8.2), 7.14 (1H, t, 7.6), 6.94 (1H, d, 7.6), 6.82 (1H, t, 7.6). 6.41 (2H, s),
6.02 (2H, s), 5.93-5.87 (1H, m), 5.73-5.71 (1H, m), 5.47-5.38 (6H, overlapped), 5.26 (1H,
d, 17.2), 5.17-5.14 (3H, overlapped), 3.96-3.61 (15H, overlapped), 3.60 (6H, s), 3.28-3.30
(7H, overlapped), 3.14 (1H, d, 14.5), 2.47 (3H, s), 2.04-0.87 (9H, overlapped), 0.78 (3H, t,
6.9). ESI-MS m/z 852 [M]+

MeO OTs

78

Bn-protected derivative 79
Ar FBHAT, 69 (2.2 mg, 3.10 umol) % DMF (0.2 mL)|ZV&fiE <,

MeO OTs
O OMe 0 °C NaH (0.4 mg, 10.4 pmol), BnBr (0.4 pL, 20.0 pmol) Z il %
Bno FERICHIR LT 4 BB L7, 20%, BRAKZMZ TRISZE
O N IE&E7, Hilu— MIB L, KJg% CHCLs T 3 [\ L, A=

ZEDHE T NaSOs Tz L, WA IERE L, Gonkiks
NH-SiO2 open column chromatography (mhexane/AcOEt = 2/1)iZ
b/ THM L. 791.9 mg (69%) %137~

79: TH NMR (CDCls, 600 MHz) s ppm: 7.86 (2H, d, 8.2), 7.33 (2H,
d, 8.3), 7.20 (1H, d, 8.2), 7.15 (1H, t, 7.6), 6.93 (1H, d, 7.6), 6.81 (1H, t, 7.6). 6.41 (2H, s),
5.93-5.87 (1H, m), 5.73-5.71 (1H, m), 5.47-5.38 (4H, overlapped), 5.26 (1H, d, 17.2), 5.17-
5.14 (3H, overlapped), 5.07 -5.06 (2H, overlapped), 4.72 (1H, s), 4.71 (1H, s), 3.96-3.94
(4H, overlapped), 3.61 (6H, s), 3.27 (1H, d, 14.5), 3.13 (1H, d, 14.5), 2.47 (3H, s), 2.04-0.87
(15H, overlapped), 0.78 (3H, t, 6.9). ESI-MS m/z 900 [M + H]*.

79
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vinyl derivative 70
Ar FPHA T, 82 (252 mg, 1.43 mmol) %z THF (4.5 mL)IZIEfME S
O oM ., =78 CT ¢tBuli (1.62 mL, 2.85 mmol, 1.77 M in n-pentane)%
FFLT, 1EMBE L2, ROC, 57 (29.6 mg, 47.6 umol) & 1%,
N ZOFF 2WRHBE L, BRUKEMZ TGS, Hikn
O — MI® L. /KE% CHCl: T 3 [mlH L, fHfE % A T NaxSOq4
/ \ TR L, WA MR L L, 35N % NH-SiO: open
=_d column chromatography (CHCIs/MeOH = 98/2){Z CTH5H. L. 70 21.2
mg (62%) % 147,
70: '"H NMR (CDCls, 600 MHz) 6 ppm: 7.80-7.77 (2H, overlapped),
7.31-7.29 (2H, overlapped) 7.15-7.09 (2H, overlapped) 6.92-5.98 (2H, overlapped), 6.00-
5.89 (3.37H, overlapped), 5.81-5.75 (2.13H, overlapped), 5.61-5.58 (1.66H, overlapped),
5.48-5.42 (1.85H, overlapped), 5.30-5.14 (4.50H, overlapped), 5.00-5.32 (3.47H,
overlapped), 3.76 (1H, d, 11.0) 3.66 (1H, d, 11.0) 3.41-3.39 (6H, overlapped), 2.45-2.44
(3H, overlapped), 2.37-1.25 (14H, overlapped), 0.75-0.72 (3H, overlapped). ESI-MS m/z
720 [M + H]+.

MOM-protected derivative 83

Ar FPHAF. 70 (6.1 mg, 8.48 umol) % CH2Clz (0.2 mL)IZ AR X
#. 0 CT iProNEt (8.6 pL, 50.9 umol) . MOMCI (3.2 pL,
42.4 pmo) A%, IRICHIE LT 20 B Lz, 0%, kil
KEMA TR ZEFIESE, e — MIB L, KE%Z CHCl; T 3
B L, AE %258 T NaeSOs TR L, I AT/ £ LT,
& b 7= 5% & NH-SiO2 open column chromatography
(CHCl3/MeOH = 95/5)iC THEHLL . 83 4.8 mg (53%) & 1537=,

83: 1TH NMR (CDCls, 600 MHz) 6 ppm: 7.78 (2H, d, 8.2), 7.28 (2H,
d, 8.2), 7.13 (1H, t, 6.9), 7.02 (1H, m), 6.90 (1H, d, 6.8), 6.77 (1H, m), 5.96-5.83 (5.4H,
overlapped), 5.66-5.51 (2.4H, overlapped), 5.43-5.37 (0.9H, overlapped), 5.32-5.01 (7.7H,
overlapped), 4.95-4.92 (1.6H, overlapped), 4.34-4.03 (2.9H, overlapped), 3.90-3.83 (2.9H,
overlapped), 3.78-3.47 (5.1H, overlapped), 3.36-3.34 (8.0H, overlapped), 2.44 (5H,
overlapped), 2.35-1.25 (12H, overlapped), 0.75 (3H, t, 7.6). ESI-MS m/z 852 [M]*
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Bn-protected derivative 84
Meo, OTs Ar FPHZ T, 70 (21.2 mg, 29.5 umol) % DMF (2.5 mL)IZiAfi# <
., 0 CT NaH (2.4 mg, 59.0 umol, 60% in mineral oil), BnBr
(10.1 uL, 88.5 umoD) M %, =IRICHIE LT 3 R L=, =D
%, BRKEMZ TG EEIESE R, Dn—MIB L, KEx
CHCl; T 3 [mlfhii L., AHfE 4 5t C NagSOs THIE L, WA
BWIEE E L7, 556475 #E % NH-SiO2 open column
chromatography (z-hexane/AcOEt = 2/1)IZ THHL L, 84 4.2 mg
84 (16%) % 157-,

84:1H NMR (CDCls, 600 MHz) & ppm: 7.79-7.78 (2H, overlapped), 7.40-7.26 (12H,
overlapped) 7.20-7.15 (2H, overlapped) 6.98 (1H, d, 8.5), 6.87 (1H, t, 7.1), 5.96-5.88
(1.7H, overlapped), 5.78-5.77 (2H, overlapped), 5.65-5.58 (1.4H, overlapped), 5.51-5.44
(1.2H, overlapped), 5.25-5.22 (1.5H, oveerlapped), 5.07-5.06 (3.0H, overlapped), 4.87-
4.84 (1.1H, overlapped), 4.71-4.70 (2.7H, overlapped) 4.67-4.65 (1.5H, overlapped),
4.57-4.51 (2.3H, overlapped), 4.08 (1H, overlapped), 3.48 (1H, d, 10.8), 3.33-3.32 (6H,
overlapped), 2.45-2.43 (5H, overlapped), 2.18-1.25 (12H, overlapped), 0.70-0.66 (3H,
overlapped). ESI-MS m/z 900 [M + H]+.

piperidine derivative a
Bin 71160(10 mg, 36.9 pmol)% Et20 (1 mI)IZIEME SE, 0 °CT LiAlH4 (14.0
;\jEJ mg, 369 umol) & %, 40 “CIZ 5 L C 48 W L=, ZDHIc,
Na2S0s, B/KT—7T VE MR TRISZFILESE, 10 KR L7z, KOGk %
a 74 hAML, WEAZFBEEE L, Bkl % SiOz flash column
chromatography (AcOEt)IZ THHL L, a 8.9 mg (quant.) &7,

a: 'H NMR (CDCls, 400 MHz) § ppm: 7.33-7.20 (5H, overlapped), 5.75-5.68 (1H, m),
5.02-4.95 (2H, overlapped), 3.40 (2H, s), 2.30-2.00 (6H, overlapped), 1.35-1.20 (6H,
overlapped), 0.76 (3H, t, 7.8). 13C NMR (CDCls, 100MHz) § ppm: 131.5, 128.1, 122.9,
122.4, 121.3, 113.2, 70.7, 70.1, 63.7, 51.6, 48.9, 46.7, 42.8, 37.5, 25.7. HRESI-MS: calcd.
for C17H2sNNa [M+Nal+ 244.20652; found 244.20485. [a]23p +8.0 (¢ 0.11, CHCls, 90 %

ee).
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piperidine derivative b
Bn  Ar FPAK T a(22.6 mg, 93.0 umol) % CH2Cls (80 mL)IZVAfESH, 0 CT
o ;\}N) TFA (35.6 pL,465 umol) Ziiii F L7z, 20 R L=, 78 ClmHA L. Os
T AZRZARIZIN G 5 43tk Lz, Me2S (0.35 mL) &M x CTEIRIZHAIR L
T 5 WEMBH L72%., FOSKEZBIER E L, FohzkiE4% SiO: flash
column chromatography (CHsCl/MeOH = 90/10)IZ CTHH L. b 21.7 mg (95%) & 157~
b: 1H NMR (CDCls, 400 MHz) s ppm: 9.59 (1H, s), 7.31-7.26 (5H, overlapped), 3.56 (2H,
s), 2.67-2.02 (6H, overlapped), 1.64-1.59 (6H, overlapped), 0.82 (3H, t, 7.8). 13C NMR
(CDCls, 100MHz) Sppm: 195.0, 129.2, 128.3, 127.3, 62.9, 54.4, 47.8, 38.1, 33.7, 30.8, 29.7,
21.5, 7.6. HRESI-MS: calcd. for C16H2aNO [M+H]*+ 246.18572; found 246.18549. [a24p
+5.0 (c0.08, CHCls, 90% ee).

b

piperidine 88
Bn  Ar FHSX T b (15.0 mg, 85.7 umol) % THF (0.5 mL)IZ¥AfE S, —40 “Cic
§ WAL, LDA(85.7 uL., 171 umol, 2 M in THF) &% F L C. 20 ¢ L7-,
%) Z 22, 1 mL @ THF (Z¥&»> L7z Comins #&#£(24.3 mg, 86.6 pmol) % /i1 z. T
8 0 CICHE L, 1.5 BEEHHE L=, Z0%, FRKEZNA TRIGZ 5 IR S,
i m— MIB L, KiE4a CHCL T 3 EHliH L, AHE A & T Na:SOs THIEEL . &
BAWEE E L, 556075 #E %2 NH-SiO2 open column chromatography (m-
hexane/AcOEt = 2/DIZTHERLI L, 88 4.2 mg (16%) & 157-,
88: 1H NMR (CDCls, 400 MHz) Sppm: 7.36-7.21 (5H, overlapped), 3.59 (1H, d, 13.8), 3.48
(1H, d, 13.8), 2.66-2.65 (2H, overlapped), 2.16-2.15 (1H, m), 2.15 (1H, s), 1.96-1.45 (6H,
overlapped), 1.25 (1H, m), 0.95 (3H, t, 7.3). 13C NMR (CDCls, 100MHz) & ppm: 138.3,
128.6, 127.9, 126.6, 89.4, 69.2, 62.7, 62.3, 54.0, 36.6, 34.9, 22.5, 8.3. ESI-MS m/z 228
[M+H]*. HRESI-MS: calcd. for C16H2eN [M+H]+ 228.17522; found 228.17424. [al24p +4.0
(c0.020, CHCls, 90% ee).

alcohol 89

MeO  OTs Ar FF% T 39 (205 mg, 359 pmol) % CH:Cls (10 mI)IZVEME S,
—78 CIZHMAEIL, O3 W AZREZIARILN L 30 /7i##E L7-, MeOH
(10mL), NaBHs (39 mg, 898 umol) & /N2 T 0 ‘CIZH-E L T 2 Wefijfi#
L7-th, WRKZMZ CRIGEZEESE, SiRae— ML, KEzr
CHCls T 3 [ElfhiH L., HHEE % 4ot T NagSOs THAME L, TAIE 2 I B
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£ L=, Bohi-iE% NH-SiO2 open column chromatography (m-hexane/AcOEt =
50/50)1 THEHL L. 89 168 mg (94%) & 157-,

89: 'TH NMR (CDCls, 400 MHz) 5 ppm: 7.81 (2H, d, 8.7), 7.31 (2H, d, 7.8), 7.25-7.16 (1H,
m), 7.00 (1H, dd, 7.8, 0.9), 6.05 (2H, s), 4.37-4.31 (1H, m), 4.22-4.17 (1H, m), 3.55-3.38
(2H, m), 3.48 (6H, s), 3.13-3.05 (1H, m), 2.81-2.74 (1H, m), 2.45 (3H, s). 13C NMR (CDCls,
100MHz) Sppm: 182.3, 155.5, 152.8, 144.5, 135.2, 134.7,129.8, 129.1, 128.3, 127.7, 123.6,
120.6, 119.2, 106.8, 67.0, 55.8, 52.7, 40.2, 32.3, 21.6.

lactone 90
Meo  OTs Ar FPHACF 89 (13.56 mg, 27.1 pmol) % CHzCle (1 mI)IZVASE S+,
@ ome 0 C \Z % #l L. imidazole (4.4 mg, 65.0 umol), TBSCl (8.6 mg,
56.9 umo) Z M %2 CEIBICHIE L, 2 B L=, To%, Kilks

Ww~_OTBS ) B e B

O o A CRISEELSE, Sike— ML, KE% CHCls T 3 [Efl
° L. AlfE2Z 5o T NaeSOs THzME L, I ZBIEREE LT, o
%0 7275 % SiOq flash column chromatography (;-hexane/AcOEt = 70/30)

ICTRRL L. 90 15.4 mg (93%) & 4537-,

90: 'H NMR (CDCls, 400 MHz) 6 ppm: 7.76 (2H, d, 8.2), 7.29 (2H, d, 8.2), 7.23-7.14 (3H,
overlapped), 6.89 (1H, d, 7.8), 5.94 (2H, s), 3.57-3.54 (1H, m), 3.39 (6H, s), 3.28 (dt, 10.5,
4.1), 3.10 (1H, d, 12.8), 3.00 (1H, d, 13.3), 2.58-2.50 (1H, m), 2.43 (3H, s), 2.12-2.07 (1H,
m), 0.76 (9H, s), -0.16 (3H, s), -0.25 (3H, s). 13C NMR (CDCls, 100MHz) 6 ppm: 178.7,
153.7, 152.4, 144.3, 134.6, 129.0, 128.7, 128.33, 128.28, 126.9, 123.8, 123.2, 110.8, 106.6,
59.0, 55.7, 51.8, 45.6, 39.5, 25.6, 21.6, 18.0. ESI-MS m/z613 [M + H]*.

tautomer 91a/b

Ar FPHR T, 90 (60.8 mg, 99.0 pmol),
88 (67.7 mg, 297umol) % (CH2Cl)2 (0.11
mL)IZVEfE S, -50 ‘CT ¢-Buli (1.62
mL, 2.85 mmol, 1.77 M in n-pentane)%
TFLT, 1 RefEsR L7k, 2 WEf
JTEEICHR L, TOFEFE 17 B
L7, BRUKZIA TS EEIE S+,
SriRm— NI L. KEZ%Z CH2Cle T 3[EHHH L, AHfE % AT NagSOs THIE L, &

91a
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BEAWITERE 2 L=, 55 7-7%i# % SiO: flash column chromatography (AcOEt)(Z THEHL
L. 91a/b 85.0 mg (quant.) = 57-,

91a/b: 'H NMR (CDCls, 600 MHz) 6 ppm: 7.79-7.76 (2H, overlapped), 7.32-7.26 (4.5H,
overlapped), 7.23-7.14 (4H, overlapped), 6.92-6.85 (2.5H, overlapped), 6.35 (1H, s), 5.95
(1H, s), 3.76-3.53 (3.5H, overlapped), 3.41, 3.40 (6H, s X2), 3.28-2.98 (2.5H, overlapped),
2.58-2.50 (0.5H, m), 2.45, 2.44 (3H, s x2), 2.21-2.04 (3.5H, overlapped), 1.85-1.25 (6H,
overlapped), 0.85-0.76 (12H, overlapped), —0.04 (3H, s), —-0.17 (1.5H, s), —0.25 (1.5H, s).
13C NMR (CDCls, 100MHz) & ppm: 178.8, 153.7, 152.5,152.2, 144.7, 144.4, 137.7, 134.7,
134.3, 129.1, 128.8, 128.6, 128.4, 128.2, 127.7, 127.0, 126.4, 123.8, 123.3, 119.9, 119.8,
116.1, 110.9, 107.6, 106.7, 60.6, 60.4, 59.0, 55.73, 55.71, 52.6, 51.9, 45.7, 41.0, 39.5, 25.9,
25.6,21.6, 18.2, 18.1, 14.2, 5.4, -5.5, -6.1, —-6.2. ESI-MS m/z 840 [M + HI*

tautomer 92a/b

Ar FHA T 91a/b (11.2 mg, 13.3 umol) %
THF (0.7 mL)\Z¥ i S, 0 ClomAl L,
TBAF (23.5 pL, 13.3 pmol, 1.0 M in THF) % i
X CERICHFIRL, 5 RFEBHL L, £k,
sat. NH4Cl aq. % M 2 Tt # 45 1L S, sat.
NaHCOs aq.#/Mx T pH 89 & L72#&IC, ik
m— ML, KEZRA%EKR (CH:C/MeOH
=90/10)C 3 [l L, AHEIEZ 5o T NasSO Tzl L, WA IER L Lz, Boh
MR A2 THF IR S8, -5 ‘CT PhNTf: (14.3 mg, 39.9 mmol)., NaH (1.28 mg,
31.9 mmol, 60% in mineral oil) Z 1 2 T 18 IFfiffesk L 7= 1%, MERUK 22 ThOS &5 1k &
B, e — MIB L, KE% CH:Cl: T 3 [l L. A#E 46O T NasSOs THIME
L, W2t E L, fF o7k % SiO:2 flash column chromatography
(CH3CY/MeOH = 95/5)IZ THERL L, 92a/b 8.0 mg (71%) %157,
92a/b: 'H NMR (CDCls, 600 MHz) & ppm: 7.82-7.79 (2H, overlapped), 7.45-7.02 (11H,
overlapped), 5.97 (0.8H, s), 5.87 (1.2H, s),3.95-3.09 (12 H, overlapped), 2.44 (3H, s),2.44-
2.28 (2H, overlapped), 1.75-1.25 (8H, overlapped), 0.98-0.92 (3H, overlapped). ESI-MS
m/z708 [M]*
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quarternary ammonium 94

Ar ZPHE T 92a/b (2.5 mg, 3.53 pmol) % MeOH (1 mI)IZIEME S,
PA(OH): (2.5 mg, 0.357 pmol) Z I % 7=%% ., /KFEH L T 5 atm (ZHNE
L CEIRT 10 K L7z, 20%IC, JUSKREEZ A FABL,
AT L Uiz, o oA % CHeClz ICIEfiR S #, —50 CT
¢Buli (12.0 puL, 21.2 umol 1.77 M in npentane) & ~ L7=1%. 30 %
23F T=5 ‘CIZHiE L. PhNTf2 (7.6 mg, 21.2 umol) & /1 2. CTHIRIZHIR
LT, 3 R L7, KAKZMA TS ZFEILSE, SlEe— ML, KEx
CHCIls T 3 [aliit L, A#¢/E 2 At C NagSOs THE L, IAEEABIERE L, BFoh
72 7% % SiO2 flash column chromatography (CHsCl/MeOH = 95/5)(Z TH5HL L. 94 1.3
mg (44%) % #537=,
93a/b: 'H NMR (CDCls, 600 MHz) & ppm: 7.80 (2H, d, 7.8), 7.52-7.28 (9H, overlapped),
7.23-7.19 (2H, overlapped), 7.03 (1H, t, 5.5), 5.97 (0.7H, s), 5.87 (1.3H, s), 4.30-4.28 (0.4H,
m), 3.97-3.94 (1.6H, overlapped), 3.75-3.68 (2H, overlapped), 3.59-3.49 (1.5H,
overlapped), 3.58 (2.1H, s), 3.38-3.31 (2.5H, overlapped), 3.37 (3.9H, s), 3.10 (0.3H, d,
13.2), 3.08 (0.7H, d, 13.8), 2.44 (3H, s), 2.33-2.30 (2H, overlapped), 1.67-1.25 (11H,
overlapped), 0.88 (3H, t, 6.6). 13C NMR (CDCls, 150MHz) § ppm: 213.0, 152.3, 151.3,
148.5, 144.4, 137.5, 136.1, 134.9, 133.3, 133.2, 129.9, 129.8, 129.6, 129.5, 129.1, 129.0,
128.4, 128.1, 128.0, 127.0, 126.6, 123.7, 120.3, 120.2, 107.4, 59.0, 58.9, 56.0, 55.7, 52.4,
39.4, 33.0, 32.9, 32.0, 31.6, 30.0, 29.7, 29.4, 29.1, 25.2, 22.7, 22.6, 21.6, 20.0, 14.2, 14.1,
13.5. ESI-MS m/z 712 [M]+
94: 'TH NMR (CDCls, 600 MHz) 6 ppm: 7.80 (2H, d, 8.2), 7.45-7.22 (11H, overlapped), 6.97
(1H, t, 6.8), 5.82 (2H, s), 4.36-4.21 (2H, m), 3.66-3.56 (4H, overlapped), 3.38-3.36 (2H,
overlapped), 3.36 (6H, s), 3.22-3.18 (2H, overlapped), 2.45 (3H, s), 2.35-2.31 (2H, m), 1.75-
1.25 (10H, overlapped), 0.88 (3H, t). 13C NMR (CDCls, 150MHz) & ppm: 212.6, 167.7,
152.9, 148.7, 144.3, 136.7, 135.4, 135.2, 132.4, 130.9, 130.0, 129.6, 129.3, 129.1,128.4,
127.9, 120.5 (q, 321.8), 120.4, 107.7, 65.7, 56.0, 50.4, 46.4, 39.6, 32.0, 30.4, 29.7, 29.4,
28.6, 28.5, 25.8, 22.70, 22.66, 21.6, 14.1.

MeO OTs
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