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A3, LU OREE R OFREIL FREO L 9 ITHEFL LTz,

Ac : Acetyl

AZADOL : 2-Hydroxy-2-azaadamantane

BINAP : 2,2°-Bis(diphenylphosphino)-1,1’-binaphthyl
Bn : Benzyl

Boc : tert-Butoxycarbonyl

CAN : Diammonium cerium(IV)nitrate
m-CPBA : 3-Chloroperoxybenzoic acid

DBA : Dibenzylideneacetone

DIBAL-H : Diisobutylaluminium hydride

DIPEA : N,N-Diisopropylethylamine

DMAP : N,N-Dimethyl-4-aminopyridine

DMF : N,N-Dimethylformamide

DMSO : Dimethyl sulfoxide

DPPE : 1,2-Bis(diphenylphosphino)ethane
DPPF : 1,1’-Bis(diphenylphosphino)ferrocene
Et : Ethyl

Glu : Glucose

HG-II cat. : Hoveyda-Grubbs Catalyst™ 2nd Generation
HMPA : Hexamethylphosphoric triamide
IBDA : lodobenzene diacetate

IBX : 2-lodoxybenzoic acid

LDA : Lithium diisopropylamide

LiHMDS : Lithium bis(trimethylsilyl)amide

Me : Methyl

MOM : Methoxymethyl

NBS : N-Bromosuccinimide

NIS : N-Iodosuccinimide

Ph : Phenyl



: 1,2,2,6,6-Pentamethylpiperidine
: i-Propyl

: n-Propyl

: p-Methoxybenzyl

: Phosphazene base Pi-fert-bu-tris(tetramethylene)
: Tetra-n-butylammonium iodide

: Tetra-n-butylammonium fluoride
: tert-Butyldiphenylchlorosilane

: tert-Butyldimethylsilyl

: Trifluoromethanesulfonic

: Trifluoroacetic acid

: Tetrahydrofuran

: Triisopropylsilyl

: Trimethylsilyl
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vt 27 AR (Gelsemiaceae) Gelsemium JEFEWIZ 1L, Gelsemium elegans Benth. .
Gelsemium sempervirens Ait.. Gelsemium rankinii Small O =FE2RN M LN TW5D, T bH
Gelsemium JEREWIL. HEHkO HMEORY T, BIIGRZHHE LT, B3 L., Ak
DIEEDT D ENFETH D, £lo. REFORFEIIT VA0 A FRGHIN. A8
R E LTHRIDALTN D,

G. elegans I EMENSEM T P TICALE T EREH TH D, PTEICB WV CIXEm -
PRI PUBIEBHAIE, B 2 VLB Ol & LY v~ FIRRIE S TWD,
S BT, B CIEATEY O fh H = % 2 A3 KB O &8 0l O 16 BRI BRIRIIC v H i
rwékmﬁ%%@é“oit\mﬁﬁ%%%:ﬁﬁﬁm%w1\$@%ﬁ%1%0%%@
HERMERELVBGETL2EHO—->TH2D NAH] ORFMMTH D Z &2 41 7t=E by
A FER L 72 2,

G. sempervirens 13ALT A U AFEHFIMAI 0 T A FENLHE T T T~ F 1T TAAEL
TWb, V¥ AIVRORERATEY OO LIE ST LI E0D e IdfF Yy Ay
Mz e =% A | OATHLIL, HRIZEWTHZDRZFENE SN TWD,
— WY, Z OO F AN EKEFEF I bR S L, RIVRIEHE L L TER ST,

G. rankinii (347 A U BFEHEHICEA L TS, REMLHFEELTHE Y, 2.5~8 cm 2D
I REZFHEDL, 25~4 cm BOBEADOT v NEOHE ST H%E, £ DA T G
sempervirens &FNEZ RT A, ARG EMEILR WV, o, BHEICEAET L2 205
W2 ENDL, TRV TV ZI ) [FUF Vv A3 OLATHLHLNA TV,

ZIS Gelsemium JBFEWDHIX, ZiLE TIZ 140 FEFEELL LD Gelsemium 7 VJ1vA R
DHEESNTEBY, BFOE ) TN A R—=LT e Rl ZER ORI -
AT LT L BEZX DN LDBHETOTHOND ol A R—=b - XAV F=AT L
IaA RMEHER SN TNWD, £, TN O 1THEE EOFH®) S sarpagine 2, koumine %,
humantenine %!, gelsemine !, gelsedine !, yohimbane M DK E < 6 DD 7NV —FIZ/55E
sha

LLFIZ, SHECICHBES NI Gelsemium TV HiaA ROH5H, RE\EWLRbOEL AT
BNZRd (Figure 1),



Sarpagine %! :  Corynanthe H.® 5 {if & 16 (LG LI- AR E A FF>A v F—L7
JvAiv A K (Figure 1-1), Gelsemium 7 /v 0 A ROELGEKRO EFICirE L, fthofl L
b U TR L BERE S HE A CunZevy, E 72 sarpagine RO 7 v i A RiZr vt 7 A
BOBBROLTTaXE - FavF o7 FUBREOHEMIEZIGARINTND,

HO

Koumidine (1) 19(2)-Anhydrovobasinediol (2) 16-epi-Voacarpine (3)

Figure 1-1. Structures of sarpagine-type alkaloids

Koumine % : Sarpagine B> 7 fiz & 20 (i3 FEET 5 2 LI X 0 Apk Lo RS &
AL, AV L= FiE3Ar R EKEZR L TWS (Figure 1-2), KA L7 1 v
EHETHEWITI HNMR 2BWTAHL 7 o077 e b RERROEELZZ T TE

G2 7 T 20OBRBICTh D, £72. G elegans FiED TV ivaA RTh b,

7"~
9 9

Koumine (4) 1,2-Dihydrokoumine (5)

Figure 1-2. Structures of Koumine-type alkaloids



Humantenine %! : Sarpagine H DA > K— VERL A A ¥ 2 A o F— /L~ & BR{LERAL L 72
15 % 1> (Figure 1-3), Ny Zi1Z OMe &2 H T HbEWMN %< | MBIRFEEIL 21 Atk
T, G. rankinii 75 OHBEFINRZ VN, F/o, ¥4 R—/LBRO NI-C2 fE 03 A
L.C2-N4 #iANER SNz adF oAy F=LFKkiz b tambRESNTND

Humantenine (6) Rankinidine (7) Gelsemamide (8)

Figure 1-3. Structures of humantenine-type alkaloids

Gelsemine %! : Humantenine D 6 it & 20 fiBfEETHZ LIV AERKR L 6 Bt
DIgEZH T 5 (Figure 1-4), AF A > R—/VEKZFFOZ LITMA, TOL LR
WAL 7 4 v EHLTWS, $£72. 3 D Gelsemium BHEMDETIZBWTET VD
oA RO—>E LTEEND, 728, gelsemine (9) 1% Gelsemium JEFEW 7> 546D T3
REhi=7rvhaAf RThHD,

Gelsemine (9) Gelsevirine (10) 19(S)-Hydroxydihydrogelsevirine (11)

Figure 1-4. Structures of gelsemine-type alkaloids



Gelsedine %! : Humantenine %! 21 fLRFEN KN L 7=t %~ > (Figure 1-5), G.
elegans \ZiHEZ < EHEINTWAHILEMHETHY . FITILE /) T AN 2=y MK
BLIEE AT AL LD Y,

Gelselegine (14) 14-Hydroxygelsedilam (15)

Gelsefranidine (16) Gelsemoxonine (17) Elegansamine (18)

Figure 1-5. Structures of gelsemine-type alkaloids

Yohimbane B! : A R—/L'BkZA LEEICIE Lz 5 BYEO LR REEZ AT 5
(Figure 1-6), #/RFEHIT 19 FiE T, sp” HHELKD 15 LLEE BV ERRBBRNTH 5,
Flo, ZOROT N TIaA RidZA Yy R ¥ A2 (Rauwolfia serpentina; % 2 U F 27 v
By icz<afsntnsd,

| A
N
N
X
Sempervirine (19) Sempervilam (20) Ourouparine (21)

Figure 1-6. Structures of yohimbane-type alkaloids



F7o. ZNETIE Gelsemium JEREY D> & B - ISR E SN LEW XV | Gelsemium 7
NI a A ROESREBREIZLLTO L 5 Ic#E Sh T g * (Scheme 1),

L-Tryptophan (ZH1 k7 % tryptamine, X U7 7 =/ =VU 8 (= GPP) ICHKT 5
secologanin DHEAIZ & 0 strictosidine (22) WA T 5, Z D%, BN ENT VT
t R (Intermediate A) &7e->7-%%& . Ny & 21 (L7 VT & FIRFETRILTHZ LT D BHIF
S A, 4 RMALEY) (Intermediate B) 234% 7 % (Scheme 1-1), Z @ Intermediate B 7> 5
C17-C18 fLIEI DS BT A D Z LI K V| yohimbane RO FHNIEKL SN D, —TT
Intermediate B @ C5-C16 (ZHICHAEENEE S D Z L IZ KV sarpagine B D5 4% 23 A A%
T 5,

%8 T sarpagine ¢ koumidine (1) @ C/D BEDRIZL, C3-C17 il THOTZ—F LiEE D
JERIZ £V . 19(Z)-anhydrovobasinediol (2) 23415, 7235, 2 13 yohimbane B LI4+ D
Gelsemium 7 /V71 0 A ROAGRIZEBIT 2@ FRIKLEZ 2 6D,

CO,H ™
H

-CO, ™
L-Tryptophan Tryptamine

OPP

Strictosidine (22)

GPP

Yohimbane type

MeO,C 16X
Sempervirine (19) Intermediate B Intermediate A

Sarpagine type

16-epi-Voacarpine (3) Koumidine (1)

Scheme 1-1. Possible biosynthetic route of yohimbane- and sarpagine-type alkaloids



RIZ., 19(Z)-anhydrovobasinediol (2) 75 & HIZELEEBE N2, 18 LR DER{L. C7-C20
NI COENEITT 5 &, koumine OB IHEL XD (Scheme 1-2),

P
\ﬂz
I

Koumine (4)

Scheme 1-2. Possible biosynthetic route of koumine-type alkaloids



Flo. 2 D TARFEO B L, KOERMEZRTEF A R— il d L,
humantenine % OFHE N S5 (Scheme 1-3),

Gelsemine BIDOFEH#IL, 2 O B MILIZHi< C6-CT7 AL TO —FEHEE DAL, C19-C20 fif
MO ZEEGHD 6 MRFE~OREERIC L DB, KOA XA v =L ~DOiRb%
BTERSIND EFZZDHID (route A), F£7-. humantenine (6) @ 6 [ RFEDPILIND
Z & C 6-hydroxyhumantenine (23) £ 720, Z® C6-C20 (il TREGDER I NS Z & TH

Humantenine type

|
OMe
Humantenine (6)

|

Gelsemine type

6-Hydroxyhumantenine (23) Gelsevirine (10)

Scheme 1-3. Possible biosynthetic route of humantenine- and gelsemine-type alkaloids
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Gelsedine /%, humantenine 4D 21 (LRFBV KA LT FZFFON, 20 21 fLfRFE
PREFE LTV D gelsedine 7 L A R gelselegine (14) NHEBES -2 e D #
DEABITRD L HI2EZHHD (Scheme 1-4), 97235 humantenine B Ny 75 20
MERFENDORBEEIZ LD T VY D=0 LA T 3B L, 21 (LRFE~ HO D3 RIEH
THZEIWZEY 14 BEoNRD, TOHRIBIT 21 (REOHB(LIBIZL A T gelsenicine
(13) £720 ., F<EITIZL Y gelsedine (12) NEPNDH EEZHND,

Humantenine type

Gelselegine (14) Gelsenicine (13) Gelsedine (12)

Scheme 1-4. Possible biosynthetic route of Gelsedine-type alkaloids
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UWFIEETIX, LRI D Gelsemium BRI EH T Vv A RIZBET D082 K /IHIIC R
PRL TRV . Gelsemium JBIEY) 3 FORGRFEMIEL, 7 I T AT AT aA ROEK
WHE 21T > TE T2, BOTERBENITEIX. G. elegans DR < ¢ - /N - FEEB - F 1| G. sempervirens
DR - 8 - TR, G. rankinii OFE - XL TR S, FrRREEL AT 288 Gelsemium
TAHEA REEE L BTS2 Lk L ) (Figure 2),

OAc
.wH

I
OMe
R=OH : Gelsefranidine (16) R'=OH, R2=H, R3=H : 14-Hydroxygelsedilam (15)
R=H : 14-Dehydroxygelsefranidine (27) R'=H, R2=H, R3=Me : N,-Methylgelsedilam (28)
R'=H, R?=0H, R3=Me : 15-Hydroxy-N,-methylgelsedilam (29)

Figure 2. Structures of new Gelsemium alkaloids isolated in our previous studies

B RAFSE TlE, @2 o 6-exo-dig B D BRALIIE 2 §EROG & LT, 3D sarpagine
MOT NF A e koumine (4) DRFEGH 'Y 2R L TW5 (Figure 3),

OTIPS

Gold (I) Catalyzed

6-exo-dig Cyclization

R'=OMe, R2=H : Gardnerine (30) R Hydroxygardnutine (33) OH Koumine (4)

R'=OMe, R2=0OH : Hydroxygardnerine (31)
R'=H, R?=H : (E)-16-epi-Normacusine B (32)

Figure 3. Asymmetric total synthesis of sarpagine-type alkaloids and koumine
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Fo, U RRICBW T VI AT VA ROEYTEEICET 22TV, 2
N E TIZ gelsedine A3 LY yohimbane LD 7 /L0 v A R 2SEEHIEIC % L CH8 ) 22 i
HBHEREZAETDZ e 2L L 7, BRI, B D gelsedine L7 L oA FIZBWT,
b MR R A A431 1Tk LT, AT T F & BIRL S R ) 2 BRI R A A5 23R
» 5Lz (Figure 4),

Cytotoxity (ECsy, uM) for A431 epidermoid carcinoma cells

(;)I
Cl—Pt-NH,
NH3
(I)Me (I)Me : :
R=H : Gelsedine (12) 0.35 R'=H, R2=H : Gelsenicine (13) 37 , Cisplatin 3.5 '
R=OMe : Gelsemicine (34) 0.75  R'-QH, R®=OH : 14,15-Dihydroxygelsenicine (35) 025 T ’
R'=0Ac, R?=H : 14-Acetoxygelsenicine (36) 36

R'=0Ac, R?=0OH : 14-Acetoxy-15-hydroxygelsenicine (37) 1.3

Figure 4. Cytotoxic activity of gelsedine-type Gelsemium alkaloids

DT LD, gelsedine BT VT v A RITAIFEY — NMeaW & U CHIBRE LA R &
SR D, FETOMENRME LT 33-AatF A v R—=LEKkE2R->Z LIz,
Ny AL A X VEEZAET R0, MEICHRESNICRBEZFORR EE T o, &k
LN HIEF I LEMRETH D, DD Enb . AMeEWEHT IR F oL
FOEHEZED, OB LRI TONTND, T2 5 FIZR->T
b 7 B OHmTHE T 20 L OFH gelsedine BT LA v A RS HEERE Shi,

il 2 1E. 2017 4B Ye %12 X - Tgelsekoumidines A (38), B (39)'® | 2018 4E(Z Wang %
12 & 5T gelsecorydine A (40) 2V e E D ~F o ZEERT L oA REEERRE S
(Figure 5),

Gelsekoumidine A (38) : R = OH Gelsecorydine A (40)
Gelsekoumidine B (39) : R=H

Figure 5. Structures of new Gelsemium alkaloids
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S BIZHERAMFZEIZ IV TIEL 1999 42000 41 Hiemstra 23 #E L7z ent-gelsedine (12)
DAEARIZE 272 % FZ 810 1T (Scheme 2-1), Carreira 25| X % (+)-gelsemoxonine (17) %27,
Zhao |2 L% (#)-gelsedilam (41)°”, Ferreira %512 1 % (4)-gelsenicine (13)°" ®»F & Ik
TO gelsedine BT /LT v A ROREKDNEHE ST,

> Hiemstra’s route (1999, 2000)

,7 Iodide-Promoted H
HO \\\\\J Allene N-Ac_'ylin?inium = 2OCHO
Ion Cyclization
I—
Et O N~ =0
N Bn

Bn

> Carreira’s route (2013, 2015)

o Isoxazolidine o
HO /] Ring Contraction HO /‘
= = o e
N
H

HN-q4

> Zhao’s route (2016)

Diastereoselective
Thiol Conjugate Addition-

> Ferreira’s route (2016)
Ph

/\/\)\ Pt Catalyzed
0 NG CO,Me Cycloisomerization

S then Cope Rearrangement
A "Pr
"Pr

(I)Me
(x)-Gelsenicine (13)

Scheme 2-1. Synthesis of gelsedine-type alkaloids by Hiemstra, Carreira, Zhao, and Ferreira
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FmEIl, FIIEIC X 5T 2011 4EIC1E (O)-gelsemoxonine (17) D HIDAF A 2.
2016 2% 17 2GR LIEBEOHRIED G | gelsedine (12) 5 Tr 5 D gelsedine !
TG A FORFEREGH 3 034 47 (Scheme 2-2), & 512, 2018 El2I1E Ma %
12 & 5T (-)-gelsemoxonine (17) # & e 4 FidD gelsedine 7 /L H oA RORFLEERK
DR ST,

> Fukuyama’s route (2011, 2016)

(I)Me

, R'=H, R2=H : (-)-Gelsenicine (13)
OMe ) R'=0OH, R?=H : (-)-14-Hydroxygelsenicine (42)
(-)-Gelsemoxonine (17) R1=OH, R2=OH : (-)-14,15-Dihydroxygelsenicine (35)

> Ma’s route (2018)
Asymmetric Michael Addition,

NO, Tandem Oxidation-
| Aldol Cyclization
N RO o and Pinacol Rearrangement
e ") I
=

Iy
N~ O H

(-)-Gelsemoxonine (17) (-)-Gelsedine (12) (-)-Gelsenicine (13)

Scheme 2-1. Synthesis of Gelsedine-type alkaloids by Fukuyama and Ma
LLED & 51T gelsedine BT Ly v o RIS B TREAICERAIIER 2SN TE 2, Lo

L. TOEHN— b DL ITL TR, S, T TEEIHRS VLI U L RPUEEKD
BIRLZHIg L., AT v aA REORNZ2ERIEDOHESL Z BRI Z2iTH) 2 L & Lz,

15



F/o. THE TICHBERS Sz 70 O gelsedine BT VoA KD HH 35 flL
BOEWN 14 fICBBEEREELZALTEBY ., 2068 OPITITIIERSTEMER H 5
ICEMHHFIET D, L L, ZHRE TICREGM SN 14 (LICBBAERELZ AT 2D gelsedine
B 7 v 1w A4 K& (-)-gelsemoxonine (17) . (-)-14,15-dihydroxygelsenicine (35) .
(-)-14-hydroxygelsenicine (42) @ 3 FEOHLTH 5, £ Z CTEHIL 14 (ICBBEREZ AT
% gelsedine 7 /L1 v A R OMFERI G AL A FHE L7z (Figure 6), Z OAFZEDOFEMILEH —=
(2 TRk 42,

R = O, Et, and any other functional groups
R'=H, Ac
R2=H, OH

Figure 6. Targets for gelsedine-type alkaloid synthesis
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— 05 B EOBEHIL, NNFAE G elegans DFE DR RFEM L ETT/2 -7 (Figure
7)o HMESIT-FE - 498.55 g DO LIZAY /— /L X 2 71.26 g IR ELL TROILTZH
WAy 7 g K HBULEY 3 FELBLAL G 14 FEZ B -IEIE LT,

Dried seeds of Gelsemium elegans Benth.
collected in Vietnam (498.55 g)

ﬂ extracted with MeOH

|MeOH extract (71.26 g) |

ﬂ liquid-liquid distribution

3 new alkaloids
| Crude base (7.00 g) | column 14 known alkaloids

chromatography

Figure 7. New Gelsemium alkaloids from seeds of G. elegans

GSB-1~3 (43~45) CARFRLIZHT T v uAR 3 Fi% Figure 8 (2”7, WINHINETH
B S Dol S N BT AT A aA R L R DR A R D | REBREVMLAEY ThHDH, L
ML, ZNBT A RIIFEREARI ML T —H L5 TEDOREEHEE L72b DD | Mk N AEL
B FEMAEE XL TR, 22T, 2O E A K. HOVITRRAHEL
BYNOHET DI EIZL > TEDOFEMAEEZ IO T HIEE LT, Z OWFIEOFEMITE
CEICTIR T D,

HO
AP

0
H HO

GSB-1 (43) GSB-2 (44) GSB-3 (45)

Figure 8. Estimated structures of 3 new Gelsemium alkaloids
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i
H—H  Gelsedine 7 VI VAT Vv A REORFERLEK
F—Hi (£)-14-Hydroxygelsedilam D45k

14 PLDNEE(L &7z gelsedine U7 L v A ROMWBEAREITHIICHZD  ZORKOFHE
L35 72 14-hydroxygelsedilam (15) Z & W DEL BAEEIZHRE L. EARFIEICETF LT,

DA RFENT 2 LL N IR T (Scheme 3),

15 07 F 78 Frb T VBRED, 14 L ZfoKigIiE, GRORKEICT L3 —L 46 )
BAT DL L L7746 D Ni-A FFXU33-A0AFT A0 R—LBRIZEPEETH D
E=L b 77—k 48 7=V va=y b 47T EOINVE=NLEHEI DY TV T
JZHELS . 3 F Heek RUSICK > THEETELH DL L, 48 137 v 49 L0 &E#id
HZ &L, 49 O T-azabicyclo[4.2.1]nonane ‘H#(E7 < K 50 £V Staudinger It <
TR Ko THETE LB 272, £72, 50 1E= /> 51 ITxF % azide DR
M7 1AM K > TR B S & L, 51 IZSTHRBEAN 22 B 2TE 72 T 7 b v (8)-527°9 &7
X ALAI 5377 LD o LT AFAAUICKE BB A 4 2 U ARIGICE o T 2L & Lz,

Aniline unit

Heck Rxn.
©[ .OMe
O 47
p— d :
o\
MeO” \\\ /\O
Couplmg Rxn.
Staudinger L\l 3
Rxn.
f— 0 ‘ [e)
£
s0 ©

7-azabicyclo[4.2.1]nonane
skeleton

O_o0 TBSO
pr—

1, 4-Addition N

of Azide
6] 6]
j— oy <
< f\o
36,
51{ a-Alkylation (5)-52 ) 53 37)

Scheme 3. Retrosynthetic plan for 14-hydroxygelsedilam (15)
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¥, Kieseritzky D571 O I2H> THEFETHD T 7 b (552 DAKREIT- 1=
(Scheme 4),

(S)-1-Benzylmethylamine

Triethyl orthoacetate o
O__o Ti(O'Pr)4 THF, 75 °C;

Hydroquinone
HO/\/\/OH 0 O \;j
120 C;%;SO C = then Optical resolution
trans-2-Butene-1,4-diol y ° rac-52 y. 19%
\ 0
HO\/:\)L NH conc. Hy,SO, O0_o
H»0, 1,4-Dioxane ﬁ
80 °C
y. 79% (> 99% ee)
(5,5)-54 (9)-52

Scheme 4

MR trans-2-butene-1,4-diol (2%} L T, triethyl orthoacetate & hydroquinone % JIZAS{H:
TERHISE22LTI7EIRKDTZ MY rae52 ZEK Lz, Zhicxt LT
(S)-1-benzylmethylamine % Ti(O'Pr); ZfHWNWTT 7 Fr 27 2 Vv A Lz, HRMmIC K
WOT ATV A~Y—%20ET 25 L TRPERERT IR (5954 21572, K&IZ.
1,4-dioxane, H,0 DIREGWHET CRMMZ/EMSE L2 & T 4 TRIE 13% THHIO
(8)-52 AR LTo, oz (5)-52 ONFMEEILF T v H T L& Mz HPLC 34 L
>99% ee THDHIEZMER LI, SHITHENRESLZOATEANRY MV ICEME & B AT
—F AR Lz, BHD (5)-52 THDH LHIE LT,

FTIETEIERDT 7 b rac-52 ZHWTERL— FEERZA L, L— M (S)-52
ZHWTAREFEAER~EEBET A ZEE LT,

19



%—IH 7-Azabicyclo[4.2.1]nonane ‘B HEAEZE DMt

WDIZ. T 7 FAR 52 IZHEHE L TEATD72OICRE L 25T L% /L3 — FK 53 O
B %Z1T72 > 72 (Scheme 5), Acrolein & tert-butyl acetate % LDA % F\\ /=27 aldol #i&
IZEVIE 86% TT U AT a—/ 55 L LItk ZOKEER%Z TBS ATHREL., &
Bz TBS 1K 56 #1%7-, Z D%, 56 O tert-7 T /L= AT LVENALD DIBAL-H, XV
NaBHy & HW 7o ZEEPEETIC L VIR 66% TT/va—/L 57 2457, &#%IZ L ZHn
7= Appel FUSIC LW BHEIDO T VX AALE] 53 ZULR 83% TAM L7Z, 53 ORI NMR
2BV T 84090 (9H, s). 0.10 3H, s). 0.05 (3H,s) I& TBS HEfEDOE—2 L 6y5.78 (1H,
ddd, J=16.8, 10.4, 6.4 Hz), 5.21 (1H,d,J=16.8 Hz), 5.09 (1H, d,J=10.4 Hz) |ZK¥iA+ 1L 7 ¢
VHROE—S EFHERLIZI LR, TMOT—4 7D LRI BER LI LIS K D iIRE
L7,

TBSCI
(@] LDA Imidazole TBSO O
O

P a _
~ )kofsu THE, —78 °C \MO’BU THF, rt thBu
Acrolein Butyl acetate Y- 86% 55 y. quant 56
1) DIBAL-H l2, PPh3

Toluene, —78 °C TBSO Imidazole TBSO

A X

2) NaBH4 OH CHzclz, rt |

MeOH, 0 °C 57 y. 83% 53

y. 66% in 2 steps

Scheme 5

TNXNALA] 53 OERBHKZTZD, ZEHWT rac-52 DNV KR=L a fLDT IV

X)Lt %1T > 72 (Scheme 6),
N
O TBSO—7 O
(0]

0o TBSO LDA, HMPA }l
TBSO—7
tjj Wl THF, 78 °C o
(e}
rac-52 53 rac-58 epi-rac-58
(2.0eq.) (1.0eq.) y. 66% y. 4%

Scheme 6
FEEL YMEOT AT LA 53 12 LT 2 YEDTF Y b rac-52 % LDA, HMPA %

HAWT =78 °C FTTHIGSHEDZ LT, IR 66%., mWOIMARZEIRMECTT L ALK rac-58
BELZLENTE, ZONVBEIRVEI rac-52 DE = AVEONVKEECLALDEEZ D
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N, AMEEWOMEIT NMR IZBNT 7 (LOT T AT LA~ —iRaWL LT &
5.80-5.74 (2H, overlapped). 5.73-5.67 (2H, overlapped), 5.22-5.13 (6H, overlapped). 5.04-5.03 (2H,
overlapped) IZZNFN O D KA LV 7 4 VHKOE -7 2HEL-Z L, 12

ESI-MS (28T 333 [M+Na]™ O#RS FA 4 B —27 2R L= 2 & X0 Z Otk

ZRGE LTco SEAETEIZ B LT3 NOE JIEDRR LD 7 FELE L IR7E L 72 (Figure 9).
FENH/ LN B~ —1IK epi-rac-58 DREEHFERIC, NMR ([2HBWT 7 (DY T

TUA~—IREYE LT 6y 5.78-5.68 (4H, overlapped). 5.19-5.11 (6H, overlapped), 5.02-5.03

(2H, overlapped) (Z =D DOKEGA L7 4 VHROE— 7 ZfEEd L2 2 & L0 £ O fikgiE

ZPRE LTz, MAEFEICB L THRERIZZE NOE HIEDORR I > Bl & e LT,

N\ L
= TBSO ol

%/: rac-58 0 '%

epi-rac-58
O . dif. NOE O _— . diff. NOE

Figure 9

S 517 rac-58 % 5 X Hoveyda-Grubbs fililit & FV 72 BAER A &% & o ARRIZfT L
TRIMEEY rac-59 ~LEE . ZDth TBAF T TBS EOBift#E+* T 52 L TT
Jba—)b rac-60 %437- (Scheme 7)., L2, o727 VT L a— L4 AZADOL
ZRWCEEL., BRO ZBYELAEY rac-51 ZH LTz, rac-51 OEEIL NMR (280
T 8u6.49 (1H, dd, J = 12.0, 2.4 Hz), 6.20 (1H, ddd, J=12.0,2.8, 1.2 Hz), 8c140.5, 135.6 O~
fafn sy FrOF VLT 4 VHEOE— 7 BHER L, S HIZ 6c201.0, 1762 IZ OO LK =
IVIRFEHRDOE — 7 2R LI E XV RE LT,

HG-II . TBAF
G-Il cat TBSO 4@/\0
CH,Cly, rt \<

THF, rt
94% 88%
Y- 9 rac-59 y. 887
AZADOL
HO—*(:::T’\O IBDA O=4<:::r’\o
‘\SD CH2C|2, rt \<O
y. quant
rac-60 rac-51
Scheme 7
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MO B TH - 7= BBMEALEY rac-51 NAERH K720, HERNZRT VRO 1,4-
HMORGE 21772 > 7= (Table 1),

5 N, source N3 N3
0 % 0 AcOH, additive <
""" P o e o T
5 solv., temp. \< \<
rac-51 see table rac-50 © epi-rac-50

result (%)
rac-50 epi-rac-50

entry  Nj source solv. additive  temp.

1 NaNj THF H,0 rt 40 40

2 ‘ \ 0°C 20 80

3 70 °C 37 57

4 TMSN;  CH.Cl, EtsN rt 42 58
Table 3

Entry 1 TiX THF &8, AcOH, H,O fZ(E I, =i T NaN3 & rac-51 I[ZfEH S €7,
ZOBE, 16 MIRFBIZBWT B AL THERLIZT 7 brONKREEIZLY . 7Y R o @
DEBIRIC 14T 22 2 M]fF L7z, LavL, THICKR U T AAEsEIRME TR BT,
rac-50 & epi-rac-50 % 1:1 CTHEDIFERLE2-o7, ZOREERE 2, BEICL > Corffs
RYEZHIE SRR 0 E B 2 NaN; & entry 2 Tlid 0°C TEMH &+, entry3 TiE 70 °C
TIEHIEZR, WTIICEBWTH Y — (K Th D epi-rac-50 2% FHHEFR LR o7,
T/, entry 4 TILEBEWT YV RRTH D TMSN; & H W 72A, [FREICAT L ORI %
FHIED Z LITHRR D 2T, rac-50 OEEIL NMR ICTHREFTHII SNz 2 sk
DE—7 BNHI L, 8¢ 2074, 176.1 [Z - ODHNVR=VHKOE—7 MR L2, &
512 IR (ATR) (ZBWT 2124 cm ' (27 2 FEICHBM R Y — 7 2R L LIk vk
E LTz, F£72, 72 NOE HIEIC LY 5 MONIR(bF % MR8 L7 (Figure 10)

Figure 10
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LLEX Y= v rac-51 (T/$ 23R8I 7 ¥ RO 14N & 5 2R ILE
NIRETH L LHWr L, BRI R AR Lz, Bb, ZBRIET 7 b rac-59 (2%
LTT R UV RZTVWERBFREDEAZIT R > Tc%, REMT b2 rac-61 ~ & 29
Ll LlE, 2O%,. N azaMichael fF MK JE %4795 2 & THH D
7-azabicyclo[4.2.1]nonane ‘B 4% & FiD rac-49 % &R CT& 5 &5 %27~ (Scheme 8),

Q
; 8 Stereoselective
P 1, 4-Addition N3
of Azide N
@] o - SN
\< _ o} 0O L
Y lowyield “ ¥

/4/4 rac-51 rac50 O
. , Aza-Michael
TBSO o Aminolysis o /@ it
\< T ]/NHF’1 ----------- -
(e

o]
rac-59 rac-61
7-azabicyclo[4.2.1]nonane
skeleton
Scheme 8

rac-59 \ZKLTT X/ U AZAT OB, W2 ERIFITITAR 2 R & CTHIRERTRE TH
L RSO LIS THME D H D p-methoxybenzyl % 35 PMBNH, % iR L 7=
(Scheme 9),

TBDPSCI
PMBNH, Imidazole OTBDPS
DIBAL-H DMAP
B
mso—~ ] <o TBSO*U\NHPMB SOgNHPMB
\o THF, 1t CH,Cly, 1t i
y. quant )
rac-59 rac-62
AZADOL
INHClag 4o OTBDPS  IBDA OTBDPS
,,,,, NHPMB \.._NHPMB
THF, 60 °C g CHaCl, 1t g
y. 92% 4;?; y. 92% 0
(one pot) rac rac-64
Scheme 9

F3°, Deng %D J1E® #BEIZ. rac-59 12xH LT PMBNH, & DIBAL-H XV FH#lL
72 DIBAL-HNPMB complex Z{EH S®H5Z2 & T7 I/ U v A&7V, EEIZT I R
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rac-62 %471, i\ T rac-62 OKEEFZ%Z TBDPS J:CHEF#E L. SUGTALL 2l E 8 X%, 5
bh7-FkiE A THF CiAfiESE, 2RI INHClaq. Z1Ef &% Z & T onepot IR 92%
TT VAT V3 —)v rac-63 %1F7-, IKIZ AZADOL % M\ T rac-63 DOER{LZ 1TV
92% TAREAFIZ b2 rac-64 ZER U712, rac-64 OHERIX NMR (2L - T &y 6.48 (1H, dd,
J=11.4,48 Hz), 6.02 (1H, ddd, J= 11.4, 1.2, 1.2 Hz) ORI b DA V7 ¢ DIFEAE % Hie
AL, EHIT 8¢ 2039, 1742 D OO HNVAKR=)VHKOE =7 2R LIZZ &, KO
ESI-LRMS (B W B FA 4 B —7 542 [M+H] 28I L7 Z Lick v ikE LT,

HEID rac-64 B55NT-D T, 453FWN aza-Michael NG DRGE 21T > 7= (Table 4),

5 TBDPSO
o) OTBDPS base s 16)nnH 16
1 ]/NHPMB o | o ¥ )
THF, temp. - -
0 N"=0 N0
see table PMB PMB
rac-64 rac-65 rac-66
result (%)
entry base temp.

rac65 rac-66

1 NaH O°Ctort 76 24

2 NaOMe 0°Ctort 49 23

3 LIHMDS -78°Ctort 920 9
Table 4

Entry | TlZ. REAFI47 b2 rac-64 % THF ([ZIEMESE7-1% 0°C T NaH Z{EH &4,
ZO®%ERICHE SIS, #55H%, HD 7-azabicyclo[4.2.1]nonane ‘H A& DB Z L7z rac-65
ZILE 77% THREZLOO, BIERME L TX VAL T 4 rac-66 HAEK LTZ, £7-,
entry 2 (23T NaOMe % W22, rac-65 OILRPME T4 257217 T2 < | rac-66 DAL
RIS A Z L b kAo, D rac-66 (X, rac-64 O 16 i b U RNEILIZL 5T
Sl & $khiu, EleB #ROBETY T 7 — L3 Bl L. & D% 453 F W aza-Michael MG L
TbDEEZT, TITEEWEREEZHWSZ LT 16 fi7a brE5l&HiTR R,
rac-66 DERZMH TE D LB X2, i entry 3 ITBWTEESWEETH S LIHMDS %
—78°C FTIEH&E7L A, K 90% T rac-65 #1545 Z ENTE, £z rac-66 DAL
b 9% LIl SEH I ENTE,
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rac-65 OEIEIL NMR ([ZR W B TRl SN ) VHROE—7 NHE LT & &
R L, & HIT 643.68 (IH, m) (ZH7212 C-N #EE2MR LT 7 7w b —7 &
L2 &, ROEHERIE NMR OfEFTIC L0 iE L7z (Figure 11), rac-66 O i%
NMR (ZBWT 645.06 (1H,s), 4.96 (1H,s) =¥V 4L 7 4 VHKEOE —27 MR L, &
SICHEFE " KIE NMR OfiEtT, ESI-LRMS ([ZH W THELLY 1 A4 B —2 286 [M+H]" %
B Lz Ll kvikiELT,

OTBDPS 7-azabicyclo[4.2.1]
H nonane skeleton
Y o)
O 1N —
H =
H
- COSY
:HMBC
MeO a
Figure 11

PEXY., 7AxH 53 ZHREFEEHC 6 TRIUE 20% T 14-hydroxygelsedilam
(15) OEEF TH H D T-azabicyclo[4.2.1]nonane ‘B ZAEHE T H Z LR TX 7=,
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B Ne A RFU33-AE T AF LA L R LB OB

RISEIZEU T, HIIO T-azabicyclo[4.2.1]nonane s & 55 rac-65 OARMNTET L7z
W, AR LFIA v R IV ERERO-DE =L N 7T — ] rac-61 ODEROWME 21T
5 Z & & L7 (Table5),

TBDPSO TBDPSO
Tf source
weH base wH
0 . THF TfO 7,
s N~ SO0 T v ’N/‘QO
PMB see table PMB
rac-65 rac-67
entry  Tf source base temp. result
PhNTf, LiIHMDS —78 °C
1 1.4 eq. 1.3 eq. St almost N.R.
0°Ctort
PhNTf, P1 base N
2 3.0 eq. 2.0 eq. - 50°C  almost N.R.
— reflux
Tf0 EtsN 0°Ctort
8 1.5 eq. 3.0 eq. S 450c  @mostN.R.
TH0 PMP 0°Ctort
4 1.5 eq. 3.0 eq. = 45°C almost N.R.
Table 5

KIS T LAV R=VED — oD o fidWN C3-C7 (BRI ) T — k&34
SH, NV 77— METHDRLERDD, 2 CamWiliEEks s 2 & TRz L v
ZENTWND 3 AOBRIIC T e b aglEhs, fFohdT /7 — MIx LT McMurry &
WEAERA S ZETHHO= ) — NV U 7T —] rac671 1552 N TEHEEZT-,
ZZ T, entry 1 TIEEmEWIRERETH S LIHMDS % —78 °C FCT# b rac-65 \[Z/EH &
7%, McMurry iR 2Nz, ISR ERBICHFR L2, L L, KSR E A CH#ITE
T, FEEZFEIN LA TH -T2, Entry2 TIEIHEHIZ Pl-base ZHWT U 77— Mbzx
AT, RERICIER Z B L 72D A TH o7, KIC entry 3, 4 TIX U 7T — MeAZ
THO [ZZAR L, AL ANTICEEWAKRELTH D EN ° PMP Z W oy, Rk
RO ITEATE T RE A [EU L 72D BT o 72,

26



TS ORIED KRB K do o T 3 22 FURNIE AR B Tl d 2 23, rac-65 (Zxt L C LiHMDS
PEASET-%, ERZNATRINE LD EZA, BE 6 fLOAPEAKFILIND &
WO R Z1S7- (Scheme 10), ZDZ & XV rac-65 O 3 (ERMICHIGNZEITSE D 2
CITHEETH D Z LRSI, KGR IIMET 52 & L L,

TBDPSO . TBDPSO TBDPSO
H LiIHMDS H H
. ' THF, —78 °C; 6 " D.s "
(0] %, then D,O (0] %, (0] >
3 ‘N&O 2 b 0 N \O 3 ’NAO
PMB PMB PMB
rac-65 rac-65a rac-65b
0% 100%
Scheme 10

FZTWRICUTICRTFETZ ) — L h) 7T — b rac-61 ODERERBLLZ &L LT
(Scheme 11), 7725 rac-65 @ C3-Cl14 (il ZEE(L L CAREEF 7 b2 rac-68 & L7214,
Gin %0 1L 3 #5#12 L-Selectride % T 1438217\, FFEON @RI =

/T — hERAEIE, ZO% McMurry REZEH I E5H Z & T rac-67 2155 2 L3 Hk
HEBZI,

TBDPSO TBDPSO
weH Ox. wH L-Selectride;
(0] / N > e} T >
3 14 ’N/‘QQ 3 14’N/§O
PMB PMB
rac-65 rac-68
TBDPSO TBDPSO
wH 1 then PhNTT, wiH
o \ ----------- ~ Tio d N
® 3 14 N/\O N/\O
Li PMB PMB
rac-67
Scheme 11

F9 rac-65 OEELORRFTIZ1T>72 (Scheme 12), 7 b MO AREF7 b 25572800
—E R TR LT SR RN ST DY, O ERRER A E 2. ik - Gk

BibickB s>V > ) — Vo —T UK EGH Z IR TH D & F5 2, IBX bz SR
L7,
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TBDPSO TBDPSO
wiH IBX wH
0 e pmso  © 2N

PMB PMB
rac-65 rac-68
Scheme 12

LU G, 7 b rac-65 129 % IBX LI & A EH#EITET . B ZEIT 5
DIHTIhoTz, T, rac-65 DRIEKETH 5 A 83F7 N2 rac-64 |2kt L CE{LEG A3
Frlok Z A, DMSO ¥ IBX f77E F 65 °C (2T 5 Z & TR 53% & HREE DI
RIQWBYT ) rac-69 ZEKT 5 Z LR (Scheme 13),

AZADOL
o OTBDPS iBDA OTBDPS  |Bx o OTBDPS
.., _NHPMB ..,_NHPMB \.,,_NHPMB
T " T

CH,Cly, rt DMSO, 65 °C
y. 92% 0 y. 53% 0
rac-63 rac-64 rac-69
IBX
EtOAc/DMSO, 65 °C
y. 55%
TBDPSO L-Selectride TBDPSO
LiHMDS wH THF, —78 °C; weH
— HMBC ,,
THF, =78 °C O=‘d\ 20 then PhNTY, Tfod\ﬂN o
y. 87% Ns -78°C Oto rt PMB
rac-68 Y. 87% rac-67
7-azabicyclo[4.2.1]
non-2-ene skeleton
Scheme 13

= ZCRIT, rac-64 DRIEMATH DT VLT Va3 —)b rac-63 (Zxtd DL il
& A, FRREDINERT rac-69 ©13%5 2 & KT, rac-69 DHEIEIL NMR ([ZHBWT by
6.45 (1H, dd, J = 12.6, 7.2 Hz), 6.45 (1H, dd,J=12.6,7.2 Hz). 6.20 (1H, ddd, J = 12.6, 2.4 Hz),
6.20 (1H, ddd, J = 12.6, 24 Hz) IZ — oD /) DALV 7 4 VHFKOE—7 2R L, £7-
ESI-LRMS (B W TS FA A B —7 540 [M+H] 28I L7-Z Lick v ikE LT,

N T . rac-69 (Z%f LT LIHMDS #AEMH &¥ T4+ W aza-Michael NG 21772 -
22 A E 8% TREAFIT M EEL T E Y7 0k rac-68 2155 2 L3k,
D%, 5T rac-68 (2% LT L-Selectride % HAWT 1,4-325C L72%%. McMurry 73K
EEHSELZET, = /= YT T — ] rac-67 Z#UHE 87% THDHZ LTI LT,
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rac-67 OfEEEITX NMR 2BV T 85566 (IH,m) (A V7 4 VHKOE—7 2R L, &
HIZ 6c1184(q) I MY 7t a AF VB RO — 7 28 Lz Z & L TVESI-LRMS (2
BWTEES A 4B —27 674 [M+H] 2B L7 SI2 X viE LT,

T )= YT T— ]k rac-67 EAKT DI EDNHEKETZD, N-A FFT-33- A 04
FLA Y P VERIEIZLERT =V UFEE 47 OGRICEFTHZ & & L. UITFIDR
TEREIE AR L7 (Scheme 14), 3726, Tilk?® 1-bromo-2-nitrobenzene % %8 JFUE}
EL, BETHZlTeRaxuArT Iy 70 #5528 L L, 0%k, JIGHEOEN
TV ERERELLE, O-ATFMMEEITV, RBICER EORELZNREST L2 L
T 47 Z Bk D EEZT,

Br Br

©:Br Reduction (:[ @[
N,OH N,OH
H P

NO,
1-Bromo- 70 71 . .
2-nitrobenzene Aniline unit
Br Br
Methylation @ ©:
N,OMe N,OMe
P H
72 47
Scheme 14

9. Ngai ®FE 28E1C L, #lKD 1-bromo-2-nitrobenzene (2% L T 5% Rh/C.
NoH,H, O W TETL L7, AcCl ZHWTT =) VERER#ET DL L TT TR
H#K 73 & 2 TFIUER 86% TH37- (Scheme 15), 73 DREE LA T — & M CHE D & D
ERIFR—HEE R LI LICEDIRE LTz, fiW T, Mel, KoCOz 2 HIVTKREEEED A F /L
LEATV, BRI O-AF MUK 74 2GR LTz, 74 OFEIL NMR (ZEBWTHZIC &
3.75(BH,s) ICAF VRO -7 2R LIZZ ik vikE LT,

5% Rh/C Br AcCl Br

@Br NoH,H,0 @[ NaHCO5 @
_.OH .OH
NO, THF, 0 °C N Et,0,0°Ctort N
H y. 86% in 2 steps Ac
1-Bromo- 70 73
2-nitrobenzene
Mel
B
.OM .
DMF, 1t N OMe H OMe
. quant c
¥-d 74 47
Scheme 15
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FEDRT BT NEORREORGI 21Tz, BEBEEOEL L EEH S EREICE
WTCHHMOT =V VFER 47 2155 2 SIdHRT, RER ST AR L oo, Th
X, TEFAEORBIREOKI & 47 BEROARZEMICHKRT 5 EE X, K BiEtsED
mWwreaerTtvFAEEHWS Z &L L7- (Scheme 16),

5% Rh/C Br CICOCH,CI Br

@EBF NoH,-HoO @ NaHCOs, o)
.OH Cl
NO, THF0°C N Et,0, 0°Ctort I}IJK/
H y. 92% in 2 steps OH
1-Bromo- 70 75
2-nitrobenzene
Scheme 16

He & [RIBED 1 THiIRD 1-bromo-2-nitrobenzene ZiE 7t LT 70 #4537-% . 7 oo 7 k&F
nrual REESE5Z8 T Zrna 7B FAR#ER 715 &+ 2 TRIEE 92% TH:,
75 OREIEIL NMR 1BV T 65438 BH, brs) ICZ nu 7w F LEE RO — 7 ZHER L,
ESI-LRMS (B W B FA 4 B —7 264 [M+H] 28I L7-Z Lk v ikE LT,

W, IKEEFED A F WAL DIRFE 21T > 72 (Table 6),

Br Me source Br
o base o

Nl Nl

| solv., temp. )

OH OMe

75 see table 76

entry Me source base solv. temp. result (%)
1 Mel K>CO3 DMF rt complex mixt.
2 Me,SO, NaHCO; THF rt to 60 °C 55
3 Me;OBF, - CH,Cl, rtto40°C  almost N.R.
4 TMSCHN, - Et,O/MeOH 0°Ctort 22
5 CH2N2 - Etgo rt 88
Table 6

Entry 1 TIE7 2 F/LRHER 73 OB L RIERIC Mel 2 HWTAF AL Z R TR0
ML DR 72 o7, Entry 2 TIE LD RISEREWE S D MeSOy ZEH S & 2
A, 60 °C T THIERT D Z & TRISHHEIT L, IR 55% & PRIEDIRT A F LK 76
DDA, entry 3 TiE Meerwein i3 2 W=, KIS IEIFE & A EHEIT L7220 > 7=, Entry
4 TIE, 75 e ReX T ABHERTHL L 2HE X, BET 2 o X F AN
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5% TMSCHN, # Wizt 24, RUSRITFEN, IR E 22% SARINRICE £ -2 =
BT CRISHTERE L, A TF UK 76 2455 Z L3 HkT-, £ Z T.entry 5 {28V T CHyN,
AEH SHTZ & 2 ARUNTMBICHEIT LILE 88% T 76 6T 2 Z LAikiz, 76 @
& T NMR (28T 633.79 BH, s) IZAFIVERRO Y — 7 28 L. £7- ESI-LRMS
BT TA A E—2 278 [M+H]” Z8I L= Lic X W ikiE LTz,

VT, 76 1% LT MeOH &M NaOMe #Ef & T2 mu 7 & F Vo Btk %
AATz L A MFE Y SOSHETT LUIE 57% T7 =V U iFEK 47 #1537 (Scheme 17),
47 OREEIL NMR L0 JERCBRI SN -7 na T v F LR RO E— 7 RNk L= &,
ESI-LRMS (28T 145 [M-Br+Na]' 7 7 7 A =27 ZBHILIZZ LIk v iEL
77

Aniline unit

Br Br
NaOMe
JK/CI .OMe
MeOH, rt N
OMe y. 57% H
76 47

Scheme 17

7=V UFHEK 47 AR, RiEonz=/ — Vv U 7T — |k rac-67 & H
WT Np- A RFT33- A8 BAFT A0 R=VEREEZHET 52 & L L7 (Scheme 18),

©iBr
N,OMe

47 H TBDPSO
TBDPSO Pd(OAC),, PPhs o wH TBDPSO
«+H  Et3N, CO balloon 2 Pd(0)
z — %
TfO d o MeO-N N~=0 d
1N’§O DMF, 30 °C PMB decomp. VoG \\\
PMB y. 0% B B
rac-67 rac-77 rac-78
A
Br 5
Pd (0) Pyl \g X
@E "0 :
N[0 [
dMe . NPMB
Concave o
Scheme 18
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FTP. rac-67 BLO 47 (6 L T—EILRFAFFFASK T, Pd(OAc),. PPh;, EGN ZfE &
B INVR=MMEEED 7 a2y 7Y U TRISETV, IR 60% T7 X R rac-11 26
B L7, rac-77 OFEEIT NMR (B W THEBRERIC 18H 47, 6u5.91 (1H,m) (= / D
LT 4 VHEROEY =7 BHER L, £ 61759, 1709 ([Z OO AI)VEAR=)VHFKOE—7
EHER LI L, &5 ESI-LRMS ([ZBW TRy A 4 ¥ —2 753 [M+H]" Z28H L
T2 &Ik RE L,

RENT L rac-77 (IZXF L TANT V0 A2 EH S SLRSRIRAY 2250 7N Heck IS %
17528 Ui, L LOSIFETES, MIRRHFEICT 52 L T rac-77 DA b ED
Bt nlel, BENGMT HRER oz, Zhuk, BB O TBDPS M NLIRREE & 72

BALS 2 5, BAORSITEITEFICRE NN LI ER L, 22T, &I
TBDPS 4 BifRa# L 721250 F W Heck SULZEATV, AR AF A R— /L 2 4
T5H2ELELT,

TBDPSO
wH EtsN-3HF
' EtsN '
MeO N /\O THF, rt MeO N
PMB y. 92%
Br Br
rac-78 rac-79

Scheme 19

F 9. rac-78 1ZxF LT EuN-3HF Z{EH S, IE 92% Tl TBDPS 1K rac-79 %1547
(Scheme 19), rac-79 Oi&EIE NMR (2 THEFCELHI <77z TBDPS Db — 7 23 HA LT
Z &R0, ESI-LRMS [ZBWTHHU A A B —2 537 [M+Na]” 28 L7-Z ik vk
E L7,

BT, 07N Heck IGSDOMETZ1T72 > 72 (Table 7), £7 entry 1 TIE toluene IALE
i Pdy(dba);:CHCl; Z W TR E T/ o7z & 2 A, WifFiE U BRALBUG DS EIT L, IR 25%
RN D B HIO A R A R—)UK rac-80 %G T 52 &N TE7, Entry 2 T
3T T LDY H 2 RIZ DPPF Z W& 2 A, HEDICIERKELZLOD, EE b
SR 2 A LT epi-rac-80 HiF LN DMER & o7, Entry 3 Ti& DPPE, entry 4 Tl
(£)-BINAP Z HWTRATZA, WL IMMBGERSFME THIE L2 S ODOFEL rac-79 1374
SewP . RINRICE £ -7, Entry 5 (BT Pd(PPhy)y Z Wiz & Z A, =~ —(k
epi-rac-80 H 13% HHNTZ b DD, 70% L bHEmWIET rac-80 Mo/, KK
Jin O Fc Ji il % PA(PPhs)y (ZE D 7=,
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HO
H Pd cat

HO
(RN . O ,
e L wo, L
MeO-N N-=0 d S -

Toluene, temp. S PSS
PMB : N“ O
MeO’ \\\ {;‘MB @ PMB
Br see table
rac-79 rac-80 epi-rac-80
result (%)
entry Pd cat. temp.
rac-80 epi-rac-80 rac-79

1 Pd,(dba)s*CHCl, 60°C 25 trace 73

2 Pd(dppf)Cl,*CH,Cl, 80 °C 46 6 46

3 Pd,(dba);*CHCl3, DPPE reflux 32 trace 65

4 Pdy(dba)3*CHClIg, (+)-BINAP  reflux 40 trace 47

5 Pd(PPhs), 85°C 70 13 9

Table 7

rac-80 DIEEIL NMR (28T 646.02 (1H, dd, J=10.2, 10.2 Hz). 5.21 (1H, d, J = 10.2 Hz)
ALV 7 4 KO — 27 2R L., ESI-LRMS ([ZBWTHEMS 114 4> v —7 457
[M+Na]" 2B L7722 & EBICAF VA > R/ LKA 72 UV(MeOH): Apax = 258, 227,
205mm ZBI L7722 LI X VIRE LT, 72, 2 NOE HIEDRER LV i oSk by %
HLTWAZ & LR L= (Figure 12), epi-rac-80 D& & [AAERIZ NMR (23T 646.01
(1H, dd, J = 12.0, 9.0 Hz), 5.32 (1H, d, J = 12.0 Hz) |24 VL 7 4 VHEKDOE— 7 Z R L
ESI-LRMS (2B W TH#HBIY T4 A B —27 457 [M+Na]” 28 L2 &, &5
UV(MeOH): Amax = 258, 226, 204 mm Z@IMIL72Z LICKVIRE L, £72. 7 NOE
EDOFRERL VWO IMEFEEZBE LTSI & bR LT,

OH
HO
QH H w MeO. o)
oy )
- N \\\&O H & N /§O
peYo MO, Pvs PMB
MeQ O — diff. NOE rac-80 N\ diff. NOE OMe epi-rac-80
Figure 12

AR D k. 38 L ONRERIRMEICOW T 2 STk 3 5,
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% —=IH (£)-14-Hydroxygelsedilam D25

BIHICTHTED Ny A X U33- A 4%/ 0 R VBREBET LI Z LN TE
W, RIZ Heck MURTHRONTA VT 1 VEMLZEN 22D & LT, rac-82 OFRTRLICE
FrEZ URBEOD 14 fKBEEZHEET HZ L & L7z (Scheme 20), ZDERIESE LT,
rac-80 \Zxt L CABBEEEOKINICE Y B FrE T VEREAME L%, HO0 FIZLD SN2
FOSIZE VAR TED LB XTI,

O

MeO’ \\\ 3 1) /\O

rac-80

Scheme 20

FF. entry 1, 2 IZBWT L, ° NIS ZHWVWT oB{ba2RkAi- b 2 AEMRNRA Y%
525D TéH-7- (Table8), Entry3 T NBS Z /=& Z A, HEEREICITE-> TV

17 H
HO \ X source
dditi
IIIIIIIII 0 additive
©\ H ’I;’IMB solv., temp.
N O
OMe see table
rac-80 rac-81
entry X Xsource additive solv. temp. result
1 I [ Na,CO4 MeCN rtto 50 °C  complex mixt.
2 I NIS - MeCN/H,O 50 °C complex mixt.
3 Br NBS - MeCN rt complex mixt.
4 O m-CPBA - CH,Cl, 0°Ctort almost N.R.
Table 8
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WREETOAF A R—=1X PMB EOFFR LICRENEAINZLEZ LN LK
BB EONT, TOZENLAREEITITI N m BN ZEIS TE W E M LT, £
entry 4 I[ZBWTCIX m-CPBA Z\\, X T U2 RHALTE R T VEREBE TX
WA To N, 1T & A ERIGITET Lo T2,

% Z TWIZ, Hiemstra HDORIE Y 2B EIC A% KM 2R AT, TE R=hI L
I WEREKERZ 50 °C F TR SE 721, fafn &k 2Nz Tl TR+ 5 2 & T,
17 frKEE L 3 LA —R o TERAEDELT L2 AbAKERIER rac-82 Z LR 73% TR

(Scheme 21),
7 H R
HO™ ™ Hg(OAc), Q7.
MeCN, 50 °C; 3
L vonsmesiaar L =
H N then sat. NaCl aq, rt ©\
N™ "0 PMB y. 73%
OMe
rac-80
Scheme 21

rac-82 OIEIEIL "Rt NMR % &% F NMR OfENT 217>, NMR (28T &y 3.95
(IH,d,J=42Hz) IZ 3 fii7u hrOE—2 643.31 (1H,dd, J=9.0, 7.2 Hz) | 14 i7" w2 ko
DY —7 Z g8 L, ESI-LRMS ([ZBWTHELY A 4> B —2 693 [M+Na]” 28I L7 2
XV PE L7 (Figure 13), £7-. 72 NOE JIEIZBWT 14 fp7 v hond 17 AL
2RO ESGLZE LY 14 fLOKBHREIRNR LB P2 R LTS 2 &
R LT,

3 1

: o
HgCI N
N0 g = COSY
4\ key HMBC

|
OMe +—~ diff. NOE
rac-82

Figure 13

BT, 3O KERIR rac-82 1ZxF L CIRFE T AR T LA 2 EH S, K
BACRIS 24TV, 14 (LICKkBEZEAT 5 2 & & Lz 2% (Scheme 22),
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by NaBHsCN 0]
O, balloon z
Sy onn (1 .
CH,Cly, rt N
MB N Yo PMB
1 /—\ 1
OMe it NOE
rac-83 rac-84 rac-80
y. 37% y. 22% y. 33%
Scheme 22

fiR, Yrwmm A Z T BEFET AGFIHATY NaBHsCN Z/ERl S 728 2 A, IR
37% THTEDONARRINAZ KRN E AN ST rac-83 #H5Z LW TE, LaL, 14
fe7m b AE rac-84 2. U b RUSHETT LT rac-80 HiFHM T,

rac-83 OHEYEIL NMR (ZFWT dy4.64 (1H, br-s) I 14 17w ho o —2 | §43.80 (1H,
brs) 12 3 fi7m b DO —7 ZHEFR L, ESI-LRMS IZB W TH#LY A 4> B —2 473
[M+Na]” ZBH L7 Z LIC K ViRE Lz, £/, 14 0137 NOE JIEDOHER L r s
M2 HLTWAHZ & bR LT, rac-84 OfEEIT NMR 2B WT 642.55 (1H, d, J =
144 Hz). 234 (1H,m) (2 14 fiAF LD — 27 ZHER L, ESI-LRMS (23 THES F
A A E—7 457 [M+Na]” 28I L7=Z Lo X0 RiE Lz,

KRB D FOEPE, 3 KL OSBRI DWW TIEE 2 fiTik5,

%12 rac-83 12xf L C MeOH &IEH  H,O fE(E F.CAN Z{Efi &% % - & TPMB i
DRARFEEZITOIER 40% TlEdH Db DD, (+)-14-hydroxygelsedilam (rac-15) D7 & KT
DA% R L. (Scheme 23),

CAN
MeOH, H,0, rt
y. 40% \
OMe
(+)-14-Hydroxygelsedilam (rac-15)
Scheme 23

F o7z PMB EBRERDZEFEA LY NLT — X X KIRD 14-hydroxygelsedilam @ %
DL L TR AR LT, LEXD ., 7Axnfbhl 53 L o8Itk T 7 o
rac-52 % WMFEFENC 13 TREBINER 0.9% T (£)-14-hydroxygelsedilam (rac-15) ® 7 & Ik
TOREMZERN LTz, FEMRERATILR 2 fiTik~5,
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% " fHi ()-14-Hydroxygelsedilam DARF 25K

(+)-14-Hydroxygelsedilam (rac-15) ® 7 & IR TOREREZEK LT b OO, 2L OL
FECHBENE LR L > TS, £ Z T, (-)-14-hydroxygelsedilam (15) DRHFEAKZIT
D& EBIT, WERBEORFTBITR>TWNZEE LT,

5 steps
o)
a4
Z y. 47%
o
acrolein TBSO
x
o 53 (2 eq.)
O LiHMDS, HMPA HG-Il cat.
o)
TBSO{ O |TBSO o) TBSOm
_ THF, 78 °C to 0 °C CH,Cly, 1t \3
(o] y. 98%
(S)-52 (1 eq.) epi-58 59
y. 59% y. 8%
Scheme 24

F7T. 58 OERICEBNTT ¥ IKRDOBEIEDICAFARETH 7277 M rac-52 =7
VX ALE] 53 12kt L GREIE 2 M) AT, BFRIEHER (5)-52 %2 1 MiE
T 5 &M MF 21T > 72 (Scheme 24), F55H. (5)-52 (2% LT -78 °C F LiHMDS #Z{Ef] &
Hicth, 2 YEDOT VX ALA] 53 @ THF WK AEMNZ. £ O®%RAEIZ 0°C IZART 52
& TR 59% & PREDINRTHED LML FAEAH/ LT VI ALK 58 2155 Z &
T&ETz, Z20%, 7 IEGHROER & FERIZE X Hoveyda-Grubbs it 2 i\ 7= PHER 2

XY ARREATV, IR 98% T _ERMALEaW 59 =157,
L7226, TwET X ALA] 53 OJFEFTH D acrolein NZF D EEDE I HEN

TOMRFEZ T Lz, —fEM/y— FORE L 23 2 0ENH -7, £ Z T, acrolein &
Dt —KFEEV crotonaldehyde % HFEFEHZHWTT VX LAl 84 25 L. ZaxH
WTT 7 by (852 DT VFMAL, i PR A X BV ARORIT X0 ZBRMALEY 59 245
HZENTEROVWDRAAT (Scheme 25), £ Z TET T IF LA 84 OEKEITIR T,

Scheme 25
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M ethyl acetate, crotonealdehyde % LDA Z#HWTAZET LV K—AMEE L, S5
TUNTVa— 86 ZHWEDEE TBSCl ([Z L DHR#EZTT\V .2 TR 88% T TBS
&R 87 Z & L7= (Scheme 26) , Hi\ T, Z#iZxtL T —40 °C F DIBAL-H %{EH
SHT-H%, 20 °C ICHEB LT AT VAT )La—LE T—20@0 LR 86% T7/La—
v 88 HAF7-, Ff%IZ 1o, PPhy, imidazole DT Appel SUGEFTV, IR 82% THIW
DT IVFALH] 84 (TN,

84 OFEEITI NMR 128V T 645.61 (1H, dq, J = 15.2, 6.4 Hz), 5.38 (1H, ddd, J = 15.2, 7.2,
1.6 Hz) (2 b 7 > AR RSB ERE R LA L 7 0 U E— T 2R LIZZ R0, &
3CHEFICEME Y 7 b LI UEMTRORFZOE—7 2B Lo LICLVRE LT,

0] LDA OH O TBSCI, Imidazole TBSO O

SO /\)\)J\ /\)\/U\

)J\OEt THF, —78 °C x OEt  THF it N Ot
crotonaldehyde ethyl acetate 86 y. 88% in 2 steps 87

I, PPhg,
DIBAL-H TBSO Imidazole TBSO
N ™
CH,Cly, —40 °C to —20 °C OH CH,Cl,, rt I
y. 97% 88 y. 82% 84
Scheme 26

BNT, FoNneT vx A 84 ZHW, 77 Fv (852 DANKR=/V o fLDIK
IR 2T LV F L1772 > 72 (Scheme 27),

TBSO
A |
84 (2 eq.) /
O._0  LHMDS, HMPA N
TBSO TBSO 0
— THF, =78 °C t0 0 °C
(5)-52 (1 eq.) epi-85
y. 60% y. 10%
T NaOMe
MeOH, reflux

85:epi-85=7.5:1

Scheme 27

FER, —IREDWR LI LI DEBITIE LA L2 MR 60% THED SR LFE:%
BLIET VX MUEK 85 21537, 728, ILE 10% TH LIV UK epi-85 1 MeOH
WL NaOMe ZEf &, BRI T 2 2 & TT o FAINE 85 ~m b5 Z &R
T&7- (85:¢pi-85=17.5:1),
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85 DOEEEIL NMR I2BWT 6y 5.74-5.16 OFEILIC 5 Ya bS04V 7 4 B — 0 %
MR L7= 2 & KO ESI-LRMS B W TS T4 4 B — 2 347 [M+Na]™ 2800l L7 =
LIk E LT,

PMBNH,

HG-Il cat. - DIBAL-H OH
0
CH,Cly, 40 °C ' THF, 1t i
y. 95% y. 99% o)
59 62

TBDPSCI

Imidazole, DMAP

CHLClo, ;45 OTBDPS IBX o OTBDPS | 1vDs
v,,/rNHPMB -,,,]/NHPMB

then 1N HCl aq | EtOAc/DMSO, 65 °C I THF, —78 °C
THF, 50 °C 0 y. 54% o y. 98%
y. 97% 63 69
TBDPSO L-Selectride TBDPSO
ﬁ-nH THF, -78 °C; ﬁH
0 4 % thenPhNTf, 11O g go
PMB -78°Ctort PMB

68 y- 98% 67

Scheme 28

D%, TR IKREGROBE LR UL CHEEA X BV ARG EITRo7eh, iR T Tk
F & AERISHETET, —REWEER L EICEDIRISHEDIER TR AR ONT-72%, 40 °C
ZHIR Lz & 2 ABOSIEFICHETT UL IR 95% T BRI EY 59 #1505 2 &N TE -
(Scheme 28), i< 7 2/ U T RALUBKDOKIGET ¥ IIREROEE &R UISSEMHETITV, F
3* PMBNH,'DIBAL-H #7272/ UL AIZE DT IR 62 IR 99% THM L=,
Bohiz 1 foklEio TBDPS {R# L 7 U AN OME#ED TBS KONiR#% one pot &
TITWIER 97% TT U AT va—)b 63 Gz, WIZ, IBX ZHWTT U7 va—)u
MHYT ) 69 ~O B L & ULE 54% TITW, Fi< 29+ aza-Michael NG IE
—~78°C T LIHMDS Z{EH ¥ 2 Z & TITV ., L= 98% T 7-azabicyclo[4.2.1]non-2-ene “§
FOREZEE I NI 68 ~LE =, BT ) —/L FU 7T — MbbdE L [RIEEIC L-selectride
IZ& D 1L4BILEIT o 721% . McMurry iR3EZ N2 25 2 & TITWILEE 98% THEFEIA 67
AR LT,
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BT, Np-A RFv33-2n4F o4 0 R—VRIBEOHRNZ BT 21T
ST, FHH-H _HICBW T 7 EIROEEEZH N TAE A XA v R—/LE; rac-80
EREE LIRS, £ =2/ b ) T7T—hb rac-67 7=V 2=y 47 L% 0 flirx7
VU LA RN NV R =B Dy TV RIS LT 2R rac-77 £ LT2
(Scheme 29), Z Df%, TBDPS MODMIR#EAITVNT VT —)b rac-719 ~EL B L7145, HE
0 flirx7 2 Ll AER S D Z L THFN Heek BUSEITV., rac-80 % 3 THREILE
39% TEM LT, 20 3 TERO—EOERMHEDOT T 0 li/NT 7 L2 AT
L7280, INE—ARILTDHZENTEELY RN N-A FFv33-Aa4F A
VR VBRFUE LN CE D B2, BRtTH2 &b L,

Br
©:N'OM6 TBDPSO
TBDPSO 47 H o wiH
wH Pd(0) 5 Deprotection
TfO g ’1’\ y. 60% MeO-N N"=0 y. 92%

0 PMB
PMB Carbonylative Br
coupling reaction
rac-67 rac-77
HO
wH HO
Q 3 Pd(0) wH
MeO-N N"=0 .
y. 70% /N S g e
PMB MeO \\\ N"=0
Br Intramolecular e} PMB
Heck reaction
rac-79 rac-80
Scheme 29

[T CIZ, TBDPS RF#(K 67 (27 =V U FEEK 47 20 v 7V 7 S¥E&, RUSKRT
D—fbiRFZ T NI ER, D% 3HF-EGN Z k. #3252 & T TBDPS 0
iR & 537N Heck G Z e IICAT 2 72V ik 772 (Scheme 30), fi55%, 7 /12— LK
79 ZAEINTARFTo DI TRISFRITIEAL, Heck RUSHAERE 80 21525 Z LixTERh o,

VT, 67 @ TBDPS JAJCICHIfREL, T/ —/L 86 & L7, 47 LOHLKR=)L
bzt By 7Y o Z OGS E 53 F W Heek SUSZHEREAIICAT 9 Z L A HRR WAL Z
L L7, £, 67 I THF AL+ 3HF-EsN B L EsN Z2{EH & TBDPS Ao fife
FEZATV, IR 92% THRER 86 2157, T D%, 86 (X L TUNR=/AbZES D
v PV TR HIICHEIT T 20 Et L2 & 2 AR 20% CTH o 7Y U 7R 19 %45
7o DDOEHER RN 15 DR & Te oz, THVUTELE T D IKEE B DSOS ITAT B 7> D 52 %
HHEZTT2DEBEZ, RL— ML NEETH D Z &R I LT,
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O
N-OMe TBDPSO

HO
H 47
TBDPSO Pd(OAC), PPhg o ~H | Ar balloon o ~H
-nH  Et3N, CO balloon 3HF<Et;N
Z A AN
TfO DME. rt MeO-N N~~0 A MeO-N N0
/’F\’II\/II: O Carbonylative PMB . PMB
67 coupling reaction Br 77 Deprotection Br 79
3HF-Et3N, EtsN - - - -
THF, reflux Intramolecular A
y. 92% Deprotection Heck Reaction
HO
HO 47 WH HO
Pd(OAc),, PPhs 0 ‘ H
~H EtsN, CO balloon ._; ’
d; _ z //§ """""""" > \ o
TfO "N:"Q DMF, 30 °C Meo N ’lglMB O Intramolecu'lar M O'N\\\\: ’fN /‘§O
PMB y. 20% Br@ Heck Reaction W€ 5 PMB
86 Carbonylative 79 80

coupling reaction

Scheme 30

WIZ, 7 IERERDOEIC TBDPS JED@Em S 0650 FW Heck RUSHEIT LR - T
ZLEEEEZ. 67 O TBDPS EAEHDORKEL RWRERICELETHZ LT, hy TV 7
i & 57F W Heck his% one pot TIT2 D EHBxT=, £7 . KA/NSIWRELTH D
MOM M TR L7 Heck SULHIBEARZ AR L. 40 FW Heck SULDEITT 2 0MERT 5
Z & & L7z (Scheme3l), D7, BV o T%DT Va—/L{K 79 % MOMCI, DIPEA
Z VTR 89% T MOM {RAEMR 88 ~&ZHa L7, D% LA U4 CTH W Heck
RS DS LIz & Z A BIOSLIRILF %A L7z Heck RUSHAEAE 89 ZILEHE 69% T
BJHrELbic, TOZE~Y—(K epi-89 ZILE 16% Tz, 2D D, 79 OKEEHIT
7Y =T/ Eb MOM ERREDFO/NSWRELTH 272 BIF, ARV IR
TT2b0OD, 53 FW Heck UGS BERITIHIEIZHEITT D Z LA LT,

kv, MOM ECHR#EINTET /) — AV NI 7T — T =V UiFEk 47 Lo
U7 T&EiUX, onepot T/ W Heck BUG~BITTE D EHE T, £ T TRIT, KEgHE
ZHFox /) —/LhU 75—k 86 (2% LT MOMCI, DIPEA Z{Ef &4, L% 92% T
MOM Rk 87 AR L7ct, 7=V U FEEK 47 LDOANVKR=ALZ D By 7Y
IS T I T, RER. BUOSRITEHML L. > 7Y o 7 REIR 88 1N/ HILD D
HThol, LEXY | JRKIIARATHLINARD v 7Y o RISIZEBWNT, 17 AKEEEEE
fi7iX TBDPS DL 2 2@ DR EWVREIEDMFNTNDZENRETHD Z ENRBI T,
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N/\O PMB
PMB Br
86 79

MOMCI, DIPEA MOMCI, DIPEA
CH2C|2, 0 °C to reflux CH2C|2, 0°Ctort
y. 92% y. 89% (brsm. 99%)
MOMO
MOMO a7

.mH
Pd(0
.H ( )

(0]

EtsN, CO balloon

— Z %
TfO ‘- N

=0 Carbonylative MeO-N

PMB
N . .

PMB coupling reaction Br @

87 88

.

MOMO
Pd(PPh3),

EtsN H

Toluene, reflux N z /‘§
. N (0]
Intramolecular MeO \\EJ PMB
Heck Reaction 89 epi-89
69% 16%
Scheme 31

PLEDZ EE Ny A FFT33-2 4% 40 R—/LBD X V2R 1724 RED B
FIINETHD LWL, T IRAROBE LR CFETAEKREHERET LI L L LT,

Br
C[N,OMe

N a7 TBDPSO
TBDPSO Pd(OAC),, PPhg o wH  TBAF
EtzN, CO balloon ] AcOH
_ A
DMF, 30 °C MeO-N Nug O THF.50°C
% . quant
y. 68% B y. q
77
Pd(PPhs), H
Et3N
Br o PMB
79 80 epi-80
y. 84% y. 12%

Scheme 32
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FPRICAR LI )=V Y 7T —k 67 LRIBHR LT =V ik 47 237
DU LA AN VIR = AR E D By 7Y o T ROSITAT LI 68% TT X K 77
#1372, AcOH f77E F TBAF Z{Efl &¥ 5% Z & TERMIZ TBDPS KOMiiRi# LT/ -
7= (Scheme 32), Z D%, Pd(PPhs)y; & W TH N Heck UGS ZATWVIIEE 84% T N,-A b
F33-AvRAFUA L R—L 80 24 LT,

Z D45y TN Heck SUSONIRRIRMEZE 25 ET, ZhE THONZERIMA L FA
LI L DREREZLTICE L DT,

1) 17 (i/KEeF% TBDPS 2 CHR# L72 rac-77 % A\ 7243 W Heck BGIE—UIHEST
L7220y o7=DIZ%f L, TBDPS A% Bifhi# L7z rac-79 % AW BITBRILAET L2 Z &)
5. TBDPS ROFEENFISHEICE G LTS Z EI3HATH D,

2) BRALDBEOSLAERPED 17 (KEEIEAZ MOM TR LT 88 & 17 fi/kEEik~”
V=D 79 ZAWTEERE TRERBVRRONR -T2 L SERERMIZ 17 7K
LI MA TIT W2 E DRI ST,

3) DPPF X° DPPE. (+)-BINAP & o 7z im v AL T & FH O T2 BRICBRAE O SR IR
PEsA L, ZO— CROMMEDIR TR R 6T,

4) Heck SMUGHTBRIATH D 719 DL ERE% Gaussian 16 (21 %5 DFT #HHE TRH =,
ZORERFETRLIE 7 BERO o HIXT7 7% 207 I REEAEISL PMB 2L > Thr
KEEEICR > TNDZ R0, RV E VR EORFR TN B mANZHN TS Z EANb
77 (Figure 14),

HO—_ 17
W.MH
O% »
~ MeO-N N"=0
PMB
Br
79

DFT calcd. structure, Gaussian 16, RB3LYP, 6-31+G(d,p)

Figure 14
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PLEDOFN R Z JTCICAR RS DO SARERIRVEZ Z 22 U2RER, RE 79 @ o MiX Concave i
Thh, 72 PMB EOVAKEENH D720, HEHIZENTWD B HED bR HEIT LT
&I 72 (Figure 15), 17 ArKERESELME L 720 | SROBIPEICHE L TWDH 2 &
HEZ DA, MOM ZETHRE LT 88 ICBWTHBIMEN KRB L2 L, ZOH
RPN &R STz, £, B A2 AW BRIS@EIRER M E L7k, 2
DINERHER A2 LV R Z T el &R TWD,

Less hinder
L = Ligand
HO
fast O wH
N K /"Qo
Ho17 MeO \\E) PMB
wH  Pd cat. 80
0 Ligand .
3 9 OMe (major)
L |::> V.S.
MeO-N N0 H on
PMB 2
Br HT H HO
? owly MeO. wH
79 slowly eO,
= = ﬁ)
2N

o ; ey
] \ N
Pd-»., PMB
l “L
L epi-80

Hinder OMe (minor) 5

Figure 15

T, A F AKREMERISIZ DWW T ESAFMFT L7 (Table 9),

O HO H HO reagent
" MeCN, t 5
4!' = [0 —— 7
S Z * 7 N
MeO/N\\\ N~=0 N OH pyp then sat. NaCl aq
0 PMB ) rt
OMe
80 see table
. result (%)
entry  reagent (eq.) condition -

82 80
1 Hg(OAc), (4.0)  rt,42h 75 10

2 Hg(TFA), (1.1) t,5h 31

3 Hg(TFA), (1.1) —-20°C,5h 78 21

Table 9
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Entry | TIET7 & IEEMOEELFE L Hg(OAc), W& Z A, INFE 75% (brsm 83%)
& BAFIRIGR TR 82 #1520 2 & HRIED, BEAMOKE WVKERELZ 4 YEL
WRBEBHWNTEY, £72 42 Kb ORISR AZZ L7z, Entry 2 TIE X 0 ISPED &
Hg(TFA), (1.1 4 &) Z2=E FEHSE-E 2 A 5 Bl & ) LA R CEUBHITE &
L72b 0D, RISKRITTRINGERIT 31% KT L7, £Z T, entry3 IZBWWT -20°C FT
Hg(TFA), (1.1 M &) 2SS E 2 A5 R TREHITER L., IR 78% (brsm 99%) &
IR - RIS HE T D 2 L R,

KR FEAC S DWW TS FREESRAEMFT 21772 © 72 (Table 10), Entry 1 (%7 & J{LG KD
BOMERTHY . BEFHEK T, EILANZ NaBHCN 2 AW TG EIT R 2 A, 7T
O TF TR EN B A ST 83 ZULE 37% THD & L BT, 14 fiKkHE
bR 84 ZULE 22%. L b aSUGAHETT L7z 80 Z IR 33% CTHELMEHR L 72 -7, Entry
2 TIXETLAIZ NaBHy ICEHE L& 25 83 OULEMN 45% & LU=, LIFEOET
FllEx NaBHy THRFIT D2 L & Lz, 2R E TORFHIB W TIEE AT A & g3 UG
WITL EBZONDRIAERDE BTN LD, entry 3 TIIBHEN R %GR H
WZRT V7 Lzl 2 A, 83 OIURM 54% 1Zk#FE LT, £Z T entry 4 TIEEL VLKL
BB AZNT YT Ll ZARIERYO 84 X° 80 OARAZMEI L, HIWTH D 83
D% 86% F Tl LS5 &IZkEh LT,

(I)Me
84 80

result (%)

entry reductant 0O,
83 84 80
1* NaBH;CN balloon 37 22 33
2 NaBH, balloon 45 trace 15
3 NaBH, bubbling 54 trace 27
bubbling
4 NaBH, vigorously 86 4 3

* Racemic compound was used.

Table 10

45



AIED A T3 = X5 L ONERBERIRVEIZLL TSR L7 L 9 I2EZ LT (Figure 16),

NaBH, | Reduction

OMe

Figure 16

F£ 97, NaBH, 23/KERIK 82 @ —HgCl #Z&iEc L HgH (LW 1 &7eo>7-1%, C-Hg #
ANFEYABALI AR I BAELC D, ZHICK L TEOSEBIZENTND
Convex M2 HIEH Y FFIET 2 Z & THEDO SRR KEEE P EA I 7z 83 »°
/Bond LB 2T, —T Ik L COKEEMNOET D 2 & T 14 fik#EE 84 3G
INTEBEBEZIOND, 72 17 BRI AN CONVEBRNEZ VBET A IV
Elpoleth, KFEWREPISTHZ ETL brSME 80 RGO EE X, LLEXD,
R AZLLNANT Y TFTH28T, IV I BBESTFLEOVHERISL, B
D 83 L <FHONDMRIZER T2 B R T,
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Flo, ZOBROMRFTORTH X VARBULEIS E AT o Tt OSHEEZBIEREEL. £
DF% one pot TKEFACKIEZAITH T & TUHE 77% (brsm 92%) EUEZ LV \ ExE 5
Z LT L7= (Scheme 33),

HO NaBH,
H  Hg(TFA), 0, bubbling
Ney q: <~ MeCN, -20 °C DMF, 0 °C
MeO' \\\ ’F\’II\/AEO 77%
© i OMe | (brsm. 92%) OMe
80 Oxymercuration Hydroxylation 83

Scheme 33

%2, PMB OB #IES CAN 2 X 2B AL O | anisole fF7E F TFA &
PR CINBGETE T 5 HIEICEE T 25 2 L TR 77% (brsm 91%) (2 #ET 5 2 L3 H k7=
(Scheme 34),

TFA
Anisole

reflux
77% (brsm. 91%)

CI)Me
(-)-14-Hydroxygelsedilam (15)
[0]?*p =—109 (¢ 0.08, MeOH)

Scheme 34

PLEX Y | (-)-14-hydroxygelsedilam (15) OFIDORF R L 12 LEABINE 9.6% T
% L7,
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LLFIT (9)-14-hydroxygelsedilam (15) DA kbl & K& D "H-NMR, “C-NMR O F  —
F., BELO CD A7 ML&2##id 5 (Table 11, Chart 1~3), KW DFT — % L il LT
Blf7e—E%E=mR LT,

(-)-14-Hydroxygelsedilam (15)

TH- and '3C-NMR data for (-)-14-hydroxygelsedilam (15)

Synthetic ("H 600 Hz, 13C 150 Hz, CD;0D)| Natural ('H 400 Hz, '3C 125 Hz, CD;0D)
position | dy oS ox S
2 L 173.0 1729
3 3.64 (br-s) i 805 3.64 (br-s) i 805
5 4.08 (m) ! 578 | 4.08(m) ! 57.8
6 2.47 (dd, 15.6, 4.2) i 374 | 247(dd, 15.7,3.8) 374
2.00 (dd, 15.6, 2.4) 5 2.00 (br dd, 15.7, 2.5)
7 i 552 i 55.1
8 1329 1328
9 7.55 (d, 7.8) i 125.8 | 7.55(d,7.7) i 125.8
10 7.12 (ddd, 7.8, 7.8) ! 1248 | 7.12(ddd,7.7,7.7,1.1) i 1248
11 7.32 (ddd, 7.8, 7.8) i 1296 | 7.32(ddd,7.7,7.7,1.1) | 129.6
12 6.98 (d, 7.8) i 108.1 | 6.99(d,7.7) i 108.1
13 i 139.3 i 139.3
14 4.49 (d, 1.8) i 621 | 4.49(brd,2.2) P 62.1
15 2.53(d, 7.8) i 477 | 253(d, 8.4) L4717
16 2.87 (m) i 370 | 2.87(m) i 37.0
17 4.35 (dd, 10.8, 3.6) i 675 | 4.35(dd, 10.9, 3.0) ! 675
4.29 (d, 10.8) g 4.29 (d, 10.9) g
20 i 1796 i 179.6
N,;-OMe | 3.95 (3H, s) i 640 | 3.95(3H,s) P 64.0
Table 11
Ae +10
[0 O S N
Mol. CD
-10
CD spectra in MeOH
0 —: Synthetic (c 0.436 mM, 24 °C)

— : Natural (¢ 0.280 mM, 24 °C)

200 250 300 350 400
Wavelength [nm]

Chart 1
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'H-NMR of synthetic 14-hydroxygelsedilam (15) (600 MHz in CDs0D)

)

uﬂu

i

'H-NMR of natural 14-hydroxygelsedilam (15) (400 MHz in CD;0D)

uuw

L

Chart 2

4
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BC-NMR of synthetic 14-hydroxygelsedilam (15) (150 MHz in CD50D)

- 1|) . H o

C-NMR of natural 14-hydroxygelsedilam (15) (125 MHz in CD3;0D)

" “ ll o Y T WJI}A Logdad f o i " " n
o I Wity L o st ¥ v
=
T T T T

Chart 3
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% =F  Gelsedine 7 /LI T LT VI v A REDAREFREHK

MDA RIEH)TH - 7= 14-hydroxygelsedilam (15) D ARFEAMREER L1720, KIT
gelsedine M7 /LI U ATV aA REOMBENRFEREGRICE T Lo, SEEGRIERD &
L72D13 gelsefuranidine (16), gelselegandine B (90). glselegandine C (91), & L T gelsemolenene
A92) ® 4 FETH% (Scheme 35),

Cl)Me

Gelselegandine B (90) Gelselegandine C (91) Gelsemolenine A (92)

Scheme 35

- Gelsefuranidine (16) : 2006 4, YHFIREDLIHNZ A FED G. elegans DIE LV Hiff - #iE
WeiE L=7BuA B 14-Hydroxygelsenicine (42) @ 19 fiZic 7 F v B =y FRfES
L 72 R R 2 R o,

- Gelselegandines B (90), C (91) : 2018 4F, Luo ZIZ L > CTHEEMAED G. elegans DIR
L0 W - fERES R T A u A RO Wb 16 LFERIC 42 O 19 (LI EER
2=y NBMEA LTALEWM TH D, F72. gelselegandine C (91) (I EFIC 2241V 7 4 v %
BT DR RPEELF > TV D EDBRHEE, &6 6 0MEW MRt ZARELE X ECD 12X
LHEEIZEE > TV D,

- Gelsemolenine A (92) : 2011 %, Ye ZHZ X > THEIAHAEAED G. elegans O EE LY
B BEERE ST A uA R Y, 42 O Ny BT B F L ERTH, N-C20 FEAAN
KROMREL. S 61T 14 (KRIEDRBK LTeiE 2 A3 5, AMEEW b AR E X ECD
ICRDHEICHEE > TV D,
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INBIEEWIT VT IUE  14-hydroxygelsenicine (42) M H BB TX 5 B 2, 42 1%
14-hydroxygelsedilam (15) LV #FEETHZ & & LT,

Ac,O
Et;N, DMAP

CH,Cly, rt
y. quant

14-Hydroxygelsedilam (15) (-)-14-Acetoxygelsedilam (93)

Scheme 36

F7. 15 O 14 (KBEZEENICT EF L L, 14-acetoxygelsedilam (93) ~ & Z5H#i L
72 (Scheme 36), 93 (FU4HFFE=RITI VT gelsefuranidine (16) & (2 HAEE - MG E Sz
KFAHIAED P THY ., ZRADBVORFREKE 25, AR LT 93 OFFEALY h L
T—HIRERMOT — & L L TR/ —E %/~ L7z (Table 12),

"H- and '3C-NMR data for (-)-14-acetoxygelsedilam (93)

Synthetic ("H 600 Hz, 13C 150 Hz, CDCl3) | Natural ('H 400 Hz, '3C 125 Hz, CDCls)
position | &y & M e

2 P 1707 P 170.7

3 3.64 (br-s) i 756 | 3.88(brt, 1.7) i 756

5 4.14 (m) i 559 | 4.14(m) i 559

6 2.38(dd, 16.2, 3.6) i 360 | 238(dd, 15.6,3.2) i 359
2.16 (dd, 16.2, 2.4) : 2.17 (dd, 15.6, 2.0) :

7 i 537 i 537

8 i 1304 i 1305

9 7.44 (d, 7.8) P 1241 7.43 (d, 7.6) P 124.1

10 7.08 (ddd, 7.8, 7.8) ' 1235 | 7.07(dd,7.6,7.6) i 1235

11 7.28 (ddd, 7.8, 7.8) i 1286 | 7.28(dd,7.6,7.6) i 1286

12 6.90 (d, 7.8) ' 1072 | 6.89(d,7.6) L 107.2

13 i 1385 i 1385

14 5.63 (d, 2.4) i 692 | 563(d, 20) i 692

15 2.71 (dd, 84 1.2) {428 | 2.71(dd,84,1.2) 428

16 2.90 (m) i 355 | 2.91(brdd, 6.2,6.4) . 355

17 4.36 (dd, 10.8, 3.6) i 616 | 4.36(dd, 11.2,3.2) i 616
4.28 (dd, 10.8, 1.2) ; 4.28 (dd, 11.2, 1.0) ;

20 i 175.9 i 176.8

N,-OMe | 3.92 (3H, s) ! 637 | 3.94(3H,s) ! 63.3
Ny-H | 6.32(s) | 6.30 (s) |

COCH; i 169.8 i 169.8

COCHjy | 2.02(3H, s) {211 | 202(3H,s) P21

Table 12
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eV T, 14-acetoxygelsedilam (93) D F 7 % AEML OREEZE#A%Z Hiemstra D Jiik 7 %%
BT T,

Boc,0

DMAP EtMgBr (6.0 eq.)
THF, rt THF, -78 °C
y. 64%

6Me
(—)-14-Acetoxygelsedilam (93)

TFA

—_—_—

CH2C|2, rt
y. 87% in 2 steps

(I)Me
(-)-14-Hydroxygelsenicine (42)

Scheme 37

£7 93 ® N, & Boc;O. DMAP % H\THR# L Boc fRiEK 94 ZULE 64% TH
i L7 (Scheme 37), & D% 5472 Boc 1 94 (ZxF L T —-78°C T EtMgBr Z/EH S+,
20 (ORI =T VELZEA LTz, ZOFE, EtMgBr & 6 YEHW =720, 14 (i7&F
NVEES ZOBEBECHRE SN, VT, BN~ IT I — L OHMEICK LT TFA
ZER & Boc HEDREEITH Z & T, 2 LRI 87% T l4-hydroxygelsenicine (42) @
G &N LTz, & L72 14-hydroxygelsenicine (42) & KIAFMI{LEHTHY . T OEKME
ARG NVT— IR DT — & L g L TR/ —% %/~ L7z (Table 13),
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(-)-14-Hydroxygelsenicine (42)

TH- and "3C-NMR data for (—)-14-hydroxygelsenicine (42)

54

Synthetic ("H 600 Hz, 13C 150 Hz, CDCl3) | Natural (*H 500 Hz, '3C 125 Hz, CDCls)
position | dy o M I
2 170.8 170.9
3 3.67 (br-s) 79.2 3.68 (br-s) 79.2
5 4.41 (m) 717 | 4.41(m) 71.9
6 2.41 (dd, 15.6, 4.8) 375 2.42 (dd, 15.6, 4.6) 37.5
2.30 (dd, 15.6, 1.8) 2.31(dd, 15.6, 2.1)
7 53.7 53.7
8 131.6 131.6
9 7.50 (d, 7.8) 124.5 7.51(d, 7.6) 124.6
10 7.07 (dd, 7.8.7.8) 123.5 7.09 (br-t, 7.6) 123.5
11 7.26 (dd, 7.8.7.8) 128.3 7.27 (br-t, 7.6) 128.3
12 6.87 (d, 7.8) 106.8 6.89 (d, 7.6) 106.8
13 138.0 138.0
14 4.45 (br-s) 66.4 4.44 (overlapped) 66.4
15 2.89 (d, 8.4) 52.2 2.89 (d, 8.5) 52.2
16 2.59 (td, 8.5, 3.3) 38.3 2.59 (td, 8.5, 3.3) 38.3
17 4.44 (dd, 10.8, 3.6) 61.7 4.44 (overlapped) 61.8
4.31(d, 10.8) 4.33 (d, 11.0)
18 1.29 (dd, 7.2, 7.2) 9.9 1.30 (, 7.3) 10.0
19 2.77 (dq, 17.4,7.2) 26.0 2.77 (dg, 17.1, 7.3) 26.0
2.50 (dq, 17.4, 7.2) 2.49 (dq, 17.1, 7.3)
20 181.1 181.1
N;-OMe | 3.93 (3H, s) 63.4 3.94 (3H, s) 63.4
Table 13




HHYPD 14-hydroxygelsenicine (42) ~&FHET D Z L RHPRZTZD, KMELa s L
LCHix TV aA ROMEBEGHRIZETF LTz, £7 . gelsefuranidine (16) OB AZTTAR > 72,

ooy

TFA
(CH4CI),, 50 °C
) y. 56% )
OMe OMe
(-)-14-Hydroxygelsenicine (42) (-)-Gelsefuranidine (16)
Scheme 38

WHFIER DA O FiEE 552, 14-hydroxygelsenicine (42) (2% L C (CH,Cl), ¥EEH
TFA f#{E T 2-furaldehyde % 50 °C IZCTIEHSH® 5 Z & T, ¥ 56% T gelsefuranidine
(16) DHDARF2AE M ZERK L7z  (Scheme 38), 47/ L 7= gelsefuranidine (16) @ CD A%
7 M EGDRBEARY MVT — X IR OT — 2 Lkl LW BRI —EE R
L7o7o, O/ NRBLE & MIEZ R T 5 2 &3 HKk7Z  (Chart 4~6, Table 14),

Ae
Ol N\ AT
Mol. CD
-10
CD spectra in MeOH
—: Synthetic (¢ 0.252 mM, 24 °C)
20 —: Natural (¢ 0.305 mM, 24 °C)

200 250 300 350 400
Wavelength [nm]

Chart 4
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(-)-Gelsefuranidine (16)

TH- and "3C-NMR data for (—)-gelsefuranidine (16)

56

Synthetic ("H 600 Hz, '3C 150 Hz, CDCl3) | Natural (*H 400 Hz, '3C 100 Hz, CDCls)
position | dy o N o
2 170.6 170.6
3 3.66 (br-s) 79.5 3.67 (br-s) 79.5
5 4.63 (m) 726 | 4.64(m) 72.7
6 2.50 (dd, 15.6, 4.8) 37.4 2.51 (dd, 15.6, 4.9) 37.4
2.39 (dd, 15.6, 1.8) 2.40 (dd, 15.6, 2.1)
7 53.7 53.7
8 131.5 131.5
9 7.53 (d, 7.8) 124.6 7.53 (d, 7.0) 124.6
10 7.09 (dd, 7.8.7.8) 123.5 7.10 (dd, 7.6, 7.6) 123.5
1 7.27 (dd, 7.8.7.8) 128.4 7.28 (overlapped) 128.4
12 6.88 (d, 7.8) 106.8 | 6.88(d, 7.9) 106.8
13 138.1 138.1
14 4.52 (br-s) 67.5 4.51 (overlapped) 67.6
15 3.43 (d, 9.0) 49.0 3.43 (dd, 8.5, 1.2) 49.0
16 2.67 (m) 38.3 2.68 (ddd, 8.2, 8.2, 3.6) 38.3
17 4.51 (dd, 10.8, 3.6) 61.9 4.51 (overlapped) 61.9
4.38 (d, 10.8) 4.39 (d, 11.0)
18 2.46 (3H, s) 15.0 | 2.47 (3H,s) 15.0
19 130.8 130.9
20 177.0 176.9
1 6.97 (s) 122.9 6.97 (s) 122.8
2 152.8 152.8
3 6.61 (d, 3.6) 112.9 6.61 (d, 3.4) 112.8
4 6.49 (br-s) 111.9 6.49 (dd, 3.4, 1.8) 111.9
5 7.49 (s) 142.9 7.50 (d, 1.8) 142.8
N,-OMe | 3.91 (3H, s) 63.4 3.92 (3H, s) 63.4
Table 14




'H-NMR of synthetic gelsefuranidine (16) (600 MHz in CDCl5;)

M JIH S ,hJL'l __,_ ’_IMJ ol I

'H-NMR of natural gelsefuranidine (16) (400 MHz in CDCls)

}\
MULJL“M” NI Y \L/ML

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

Chart 5
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BC-NMR of synthetic gelsefuranidine (16) (150 MHz in CDCls)

I.J A} ‘.‘}L “ " \’.‘H A sty 1‘ {

C-NMR of natural gelsefuranidine (16) (100 MHz in CDCl3;)

A J ‘z L L S —— ,JJL.J-,. . W.L‘ LW “ \J":

Chart 6
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WRIZ gelselegandine B (90) D&Y E1T72 > 7=,

TFA
(CH4CI),, 80 °C
y. 82%
CI)Me
(-)-14-Hydroxygelsenicine (42) (-)-Gelselegandine B (90)
Scheme 39

Gelselegandine B (90) & [FEEIC, 14-hydroxygelsenicine (42) (Z%f L C (CHyCl), ¥AMBEH,
TFA fF{ET 3-vinylbenzaldehyde % 80°C ([T TIEM S5 Z & TR 82% THIDORHE
B A R L72  (Scheme 39),

TFA
(CHLCI),, 80 °C
y. 95%
Riboflavin
Blue LED
MeCN, rt
y. 23%
95 (-)-Gelselegandine C (91)

Scheme 40

Z-F V7 4 v EHT % gelselegandine C (91) D ERICB W TILET, T E TERERIC
90 (Zxt LT (CHyCl), #HtH, TFA F#{E T 4-ethylbenzaldehyde % 80 °C [T CEHE® 2%
LT, B VT 4 AT LM 95 2N 95% THK LT (Scheme 40), < D%,
Gilmour S DA * %552 MeCN BT riboflavin f77E T LED Z M4 25 2 &
TAV T 4 COBRMALEZITD, IR 23% TiEdHDHH DD gelselegandine C (91) =155 =
LT LTz,
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A H L7z gelselegandine B (92). 35 L O gelselegandine C (93) DFAFEA T hLT —H %
WTHS R OT —H LI L TR —ERLTEY | Z O ARELE 2 P E L
WIERE A2 95 Z L 3 HI3k7- (Table 15, 16, Chart 7, 8),

'H- and '3C-NMR data for (-)-gelselegandine B (90)

(-)-Gelselegandine B (90)
Synthetic: [0]?°p = —64.1 (¢ 0.23, MeOH)
Natural: [0]?*p = —65.0 (¢ 0.1, MeOH)

60

Synthetic ('H 600 Hz, '3C 150 Hz, CD;0D)| Natural (*H 600 Hz, '3C 150 Hz, CD30D)
position | 4 S M S
2 173.0 173.5
3 3.61 (br-s) 80.7 3.61 (br-s) 81.2
5 4.57 (m) 73.5 4.56 (m) 741
6 2.64 (dd, 15.6, 4.8) 38.2 2.63 (dd, 15.7, 4.8) 38.7
2.22 (br-d, 15.6) 2.21(d, 15.7)
7 55.5 56.0
8 133.2 133.7
9 7.61(d, 7.8) 126.0 7.60 (d, 7.5) 126.5
10 7.14 (dd, 7.8, 7.8) 124.8 713 (1, 7.5) 125.1
11 7.32(dd, 7.8,7.8) 129.6 7.31(t, 7.5) 130.0
12 6.96 (d, 7.8) 108.0 6.96 (d, 7.5) 108.5
13 139.1 139.6
14 4.47 (br-d, 1.8) 68.2 4.47 (d, 1.8) 68.7
15 3.50 (d, 8.4) 50.4 3.49(d, 8.1) 51.1
16 2.71 (m) 39.6 2.70 (m) 401
17 4.40 (d, 10.8) 62.1 4.40 (d, 10.9) 62.6
4.51 (dd, 10.8, 3.0) 4.50 (dd, 10.9, 3.9)
18 2.29 (3H, s) 15.1 2.28 (3H, s) 15.6
19 134.3 134.9
20 180.0 180.5
1 7.36 (s) 137.7 7.35 (s) 138.1
2 139.1 139.7
3 7.57 (s) 128.6 7.55 (br-s) 129.0
4 138.5 139.0
5 7.40 (overlapped) 130.1 7.39 (overlapped) 130.5
6’ 7.40 (overlapped) 129.5 7.29 (t, 7.9) 130.0
4 7.40 (overlapped) 126.6 7.39 (overlapped) 1271
8 6.80 (dd, 10.8, 17.4) 138.0 6.78 (dd, 10.9, 17.6) 138.5
9 5.28 (d, 10.8) 114.6 5.28 (d, 10.9) 115.0
5.85(d, 17.4) 5.84 (d, 17.6)
N;-OMe | 3.91 (3H, s) 64.0 3.90 (3H, s) 64.5
Table 15




'H-NMR of synthetic gelselegandine B (90) (600 MHz in CD;0D)

BC-NMR of synthetic gelselegandine B (90) (150 MHz in CD;0D)

o lﬁ JJJ
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3 9 *

Chart 7
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TH- and "3C-NMR data for (—)-gelselegandine C (91)

(-)-Gelselegandine C (91)
Synthetic: [a]?*"p = —49.3 (¢ 0.07, MeOH)
Natural: [0]%5p = —35.6 (¢ 0.09, MeOH)

62

Synthetic ('H 600 Hz, 3C 150 Hz, CD;0D)| Natural (H 600 Hz, '3C 150 Hz, CD30D)
position | &y P& &y S
2 173.1 i 173.6
3 3.38 (br-s) i 814 | 3.37(brs) i 819
5 4.50 (m) b 731 | 4.49(m) . 736
6 2.58-2.53 (overlapped) | 38.0 | 2.55(dd, 15.9, 5.3) i 385
2.26 (br-d, 15.6) = 2.25(d, 15.9) =
7 55.0 55.5
8 P 132.9 ' 1334
9 7.51(d, 7.8) i 1263 | 7.50(d, 7.5) i 126.0
10 7.11(dd, 7.8, 7.8) P 1247 | 742(,7.5) P 1252
11 7.31(dd, 7.8, 7.8) 1 1295 | 7.30(t, 7.5) i 1300
12 6.97-6.96 (overlapped) | 108.0 | 6.96 (d, 75) i 1085
13 i 139.3 | 139.8
14 4.20 (d, 1.2) i 669 | 4.19(d, 1.7) i 674
15 2.79 (d, 8.4) {531 | 2.76(d,8.0) . 532
16 2.58-2.53 (overlapped) | 38.9 | 2.52(dd,8.0,3.7) i 394
17 4.32 (d, 10.8) ! 62.0 | 4.31(d, 10.9) ! 60.6
4.22 (dd, 10.8, 4.2) § 4.21 (dd, 10.9, 4.0) ;
18 2.48 (3H, s) ! 242 | 247(3H,d, 1.4) L2438
19 i 1344 1349
20 i 180.4 ' 180.9
1 6.97-6.96 (overlapped) | 135.1 6.94 (br-s) i 1356
2 ' 136.4 '\ 136.9
3 7.14 (d, 7.8) i 129.7 | 7.13(d, 8.0) i 130.2
4 7.18(d, 7.8) 11289 | 7.17(d, 8.0) P 1293
5 i 1452 i 1457
6 7.18(d, 7.8) P 1289 | 7.17(d, 8.0) 1293
7 7.14(d, 7.8) i 1297 | 7.13(d, 8.0) i 1302
8 2.64 (2H, q, 7.8) ! 296 | 263(2H,q,7.6) P 301
o 1.23 (3H, t, 7.8) ! 160 | 1.22(3H,t,7.6) i 165
Ny-OMe | 3.94 (3H, s) i 639 | 3.92(3H,s) | 643
Table 16




'H-NMR of synthetic gelselegandine C (91) (600 MHz in CD;0D)

LULU S \LJJ'JUI\ __J&__%_Jb \wWLMLLJL_

BC-NMR of synthetic gelselegandine C (91) (150 MHz in CD;0D)
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Chart 8
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OAc
ACQO O: wnH
Et;N, DMAP f /, 1N HCl aq
CH,Cly, 1t ©\ """" ) MeOH, reflux

. 82% 759
| y. 82% N"So 5 )\ y. 75%
OMe @) s

(-)-14-Hydroxygelsenicine (42) g6 diff. NOE (—)-Gelsemolenine A (92)

Scheme 41

%7 14-hydroxygelsenicine (42) @ 14 (iKEEIR K A I U HL % Ac,O, EN, DMAP %
HWTT7EF b L, Y7 8F LK 96 ~LIHE 82% TEHL7- (Scheme 41), 96 D
&1L NMR 128V T 652.37 BH, s), 2.06 (3H,s) (2 2D 7 BF/VIHE KD E— 7 %R
L. ESI-LRMS (2B W MBS F A4 4 B —7 449 [M+Na]” 28I L7=Z &, £7-7% NOE
BWEIZEY 19 f7 8 Fr2 b Ny-Ac ZE~OHBEZMR LIZZ LICXVRE L,

TDO%., FFHiLlc 96 (2% LT MeOH &+ IN HCl aq #EFH ¥ 52 & T2 I
HALOT 7 M AGIC K VAR LT A 2 =7 AERIEOMKSIRE 14 (L7 & b 2RO
N2 ZHEIT L. IE 75% T gelsemolenine A (92) DHIDARF AR EER LIz, BHHIL
7= gelsemolenine A (92) DFKFEARY MILT —H IRV DOT — % L L TR —
ERLTEZ NG, O NAREE 2R E LBGEIEH 252 2 & 3 HH2k72 (Table 17,
Chart 9),
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TH- and "3C-NMR data for (—)-gelsemolenine A (92)

(—-)-Gelsemolenine A (92)
Synthetic: [0]%°p = —142 (¢ 0.05, MeOH)
Natural: [a]?®y = -19.4 (¢ 0.31, MeOH)

65

Synthetic (*H 600 Hz, 13C 150 Hz, CDCl;) | Natural (H 400 Hz, '3C 100 Hz, CDCl3)
position | 9y d¢ Oy d¢

2 171.7 171.7

3 4.29 (d, 5.4) 72.0 4.28 (d, 6.5) 72.0

5 4.40 (m) 471 4.41 (m) 471

6 2.05(dd, 13.8, 4.8) 354 2.04 (dd, 14.0, 5.2) 35.4

1.61 (dd, 13.8, 10.2) 1.61 (dd, 14.0, 10.1)

7 53.0 53.0

8 126.8 126.8

9 7.47 (d, 7.8) 126.5 7.47 (d, 7.4) 126.4

10 7.15(dd, 7.8, 7.8) 123.7 7.15(ddd, 7.6, 7.4, 1.0) 123.7

1 7.35(dd, 7.8, 7.8) 128.8 7.35(ddd, 7.8, 7.6, 1.1) 128.7

12 7.01(d, 7.8) 107.5 7.00 (d, 7.8) 107.5

13 139.0 139.0

14 7.30 (dd, 6.0, 1.2) 137.5 7.30 (dd, 6.1, 1.8) 137.5

15 139.7 139.7

16 3.31 (br-d, 1.2) 38.1 3.31 (br-s) 38.1

17 4.26 (d, 9.6) 67.5 4.26 (d, 8.9) 67.5

3.71 (dd, 9.6, 3.0) 3.71 (dd, 9 3,1.8)
18 1.21(dd, 7.2, 7.2) 8.3 1.21 (1, 7.3) 8.2
19 3.04 (dq, 18.0, 7.2) 30.6 3.02 (dq, 17.5, 7.3) 30.6
2.78 (dq, 18.0, 7.2) 2.77 (dq, 17.5, 7.3)

20 201.2 201.2
COCH3 169.0 169.1
COCH3 | 1.94 (s) 234 1.94 (s) 233
N,-OMe | 3.99 (3H, s) 63.6 3.94 (3H, s) 63.5

NH 6.44 (br-d, 7.8) 6.46 (d, 7.8)

Table 17




'H-NMR of synthetic gelsemolenine A (94) (600 MHz in CDCls)

- i 4 S ;JJ SN Uu . _A_,vjl_,J'a__w, i

BC-NMR of synthetic gelsemolenine A (94) (150 MHz in CDCls)

Chart 9
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%3 Gelsemium elegans S AT Vv A NIZEET Db FRIASE

BB TR, SREICB VT N APE G elegans DFET ORI PRIEMIFEIT K » TH
BES L, AT MAFIRICEOVEBERITTSNTZHHE TV Ie 4 K GSB-1 43) BX W
GSB-3 (45) DA FALFHITIEIC X A HEREIC OV TR T 5,

H—H1  Gelsedine BTV a4 K GSB-1 ORFLEERK

GSB-1 LT 2T A H v A RIFEFEALT RIVIENT ORGSR, gelsedine B /p3H &
1% 14-hydroxygelsenicine (90) @ 17 (LIZ/KEEILZ FFOMEiE (43) 32 S 7 (Figure

18),

OH
diff. NoE/ Heel OH,
Q 17 H

(I)Me OMe
GSB-1 (43) 14-Hydroxygelsenicine (42)

Figure 17

GSB-1 @ 17 (L DOIAKRELE X, 72 NOE HIEIZHNT 17 firm honb 6 firm by
~OMEEMER LI Z ENOHEE STV D, Gelsedine 7 /L a A RIZEBWT 17 (LA
S HICBE I NTALEI Z NP OFTH Y | DM SLRELE X 90 & D CD A~XY
RV DHERIC X A HEEICE £ > TV 5728 (Chart 10), REEAMT D 2 & THER SRR
EEEOBEZHLNCT LI L LT,

4 410
O __________________
Mol. CD
-10 CD spectra in MeOH
—— 14-Hydroxygelsenicine (42) (¢ 0.36 mM, 24 °C)
—:GSB-1 (43) (c0.22 mM, 24 °C)

200 250 300 350 400
Wavelength [nm]

Chart 10

67



T OWE RN & LU IZR T (Scheme 42),

HO OHy

(I)Me

GSB-1 (43)
Oxymercuration
and Hydroxylation Ox.
:::::::::j[::]i 00—
Scheme 42

GSB-1 43) @ 17 fi~I 78 ¥ —VELITAERDOER®KRIZT 7 b 97 OFZIEITTITEY
/ol Lz, 97T OAIVENLIZT 7 X 98 LVERTEXDHEL, 98 DTV b Kk
O 14 (AKEEFIT A VAR R 99 K0 A% VKL » KEEFELIISIZ L - THRETE % &
Fxl, 99 IFE - CTHE LEAFLEHMV— O/ RIE 80 @ 17 (iKEEEEZ B L
RUMBETHRILT A ETHRKTHZEE LT,

T UOICH VR EE 99 OERKEIT/: > 7= (Scheme 43),

AZADOL
IBDA

CH,CI»/H,0, 0 °C
y. quant

Scheme 43

WG T 7 v (S)-52 A HREEENE L, 10 TRUGE 16% THEW=T/La—/L 80
% CH,Cly/H,O0 DIRAVABEH . AZADOL, IBDA % 0°C TEHS® % Z & TEEMIZH IV
RUE 99 ~LEHLT-, 99 OREEILZ '"H-NMR (CBWT 17 271 F o HRD B — 7 8
HEL, "C-NMR 2B WT & 1751 12 17 LAV R U BBOE— 27 2R L2 L,
ESI-LRMS [ZBWTHBSFA 4 B —27 471 [M+Na]” 8 L= Z Lk vikE LT,
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BT, A F Tk - KEEEALISE DRRGET 21772 > 72 (Table 18), /LA 99 (T
MeCN ¥&@EH —20°C F Hg(TFA), Z{EH S, TLC IZTRISZEH LZ & 2 AMITK
JIEREIT L TWD Z 2R LT, LrL, ZD% sat. NaClaq CREEAZT 5 & L kK&
DHEITT 5 2 & THE 99 L < EUX S AL, BRYDOHALKERE 100 DOICGRIT 39% 128 &
FORERE o, T TE —BOMAICHESE, 4% kL - KEEIEALEE%Z one pot
b2 &L L, 99 ([ZX LT —20°C F Hg(TFA), % )i SH, TLC IZBWTHEOH K
EHesSth, R AT E L, DMF 2%, 0°C FTMETAZE LI AT ) v 7 EEo50
NaBH; #{Ef 872 (entry 1), #5F. TAICK LEBO 14 (LKEEHEAE 98 1TULE 25% T
B"BONTZOHRT, FE 99 % 66% [T 5 LW I FERICAR -7, 2k, G EED Z
CHNENRELETHDHIZDEEZ, entry 2 TIL 50 °C FTIT7o7l2 & ZANKITE S
WA R L7z, Entry3 TEHBET AFIZEENDLKAKIN L he IS ERESETNHDT
T2V EBEL, iR N Ty T RN LT HIRIRE T A WL 2 A IR 74% L BRAT
TRUNHRT 98 #1555 Z LITEEI LTz, 98 OfEiEIL NMR (2T 84 4.57 (1H, s) ([TAKRES
Y7 RLTZ 4T a b OE— 7 EZRER LT Z &R, ESI-LRMS IZBWTHES 1A A
VB —7 487 [M+Na]” ZBHIL7ZZ L, &5(22 NOE HIEICE T 14 fi7 e hrnb
Na-OMe (ZxF L COFBENBII S 722 LIk » TIRIE L7,

Hg(TFA),
MeCN, —-20 °C;

then sat. NaCl aq, rt
39% (brsm. 71%)

NaBH,
Hg(TFA), O, bubbling
MeCN, —20 °C DMF, temp.
see table (I)Me diff. NOE
98
t o X result (%)
entr emp. T

y 2 P 98 99

1 wet O, 0°C 25 66

2 wet O, -50°C 11 54

3 dry O, 0°C 74 21

Table 18
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T, 98 ~ORIFEAIZ L DA I UK 97 ~DOEWEITIR -T2,

PMB {#:#({K 98 % TFA. anisole, 120 °C DO THLEE L T PMB RO #EEITV,
BLARFER 101 ZULE 66% (brsm. 99%) THH7Z, HEVT 101 O 14 (LKEEH, Ny-H 50L&
12 Boc #ETHR#E L di-Boc iR 102 & L7z, ZD#%, 102 (23 LT -78°C F/NMEE
i (1.1 %4 &) © EtMgBr #/EH S5 2 LT 20 (i W VR = /W iRFERWIZZTF L EE
WA LTtk TFA ZHWVWTZ20D Boc HEEFRELA I K 97 ~LE W=, 97 OffEI
NMR 28T 84281 (1H, qd, J=17.4, 7.2 Hz), 2.54 (1H, qd, J= 17.4, 7.2 Hz), 1.33 3H, t, J=7.2
Hz) ICEA LT VEHKEO T b B =7 BfEGE L2 L, 6c179.3 124 2 v D H—R
V=7 BHER LI Z . £ LT ESI-LRMS [ZBWTHHELY A 4> B —2 357 [M+Na]’
EBAILIZZ LB IRE L,

TFA
Anisole

120 °C @
y. 66% (brsm. 99%)

EtMgBr (1.1 eq.) TFA

CHLCly, rt
y. 39% in 2 steps

THF, =78 °C

Scheme 44

BBIZT 7 FrOWGETEITIR ST,
Z7 k99 ITH LT —78°C F 2 ¥ &E®D DIBAL-H Z{EA&E/-L A, TREDIL
RBTEHHHLDOD GSB-1(43) #1552 LN TET-,

DIBAL-H (2.0 eq.)

CH,Cl,, 78 °C
y. 56% \
OMe
GSB-1 (43)
Scheme 45
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AP DSEARTEIRVEIZLL T O X H1I2%%2 L7- (Figure 18), £9° 1 % &® DIBAL-H "7
7 by 97 O 14 fKEREE L BUG L O-Al $5EZ B L=, 2 X & H® DIBAL-H »®
O-Al $8RIZ K > Tami< o272 Si A BT, Re WNDUGPEITLIZEEZTWD, 72
B, ARISIZBNTIE 17 fimbE~v—¢&E X 0N LEMbBENTHE LR TWD N, Bl
TEE TITFEM RS MRITIZ T E TR,

KOAI(’Bu)z

DIBAL-H
(1.0 eq.)

DIBAL-H

Al
H_ 0
Q H,O
- o\ - m
<T@ [:L
N
|
B OMe ] GSB-1 (43)

Figure 18

B LT GSB-1 (43) @ CD A7 M ZEGTLEFEARY MTF— X I RKY DT — 4
LI L COPRG B EA R LD E D, RERAMICEZHRT Aol R
GSB-1(43) OHEEREZTE T LT,

de 110

Mol. CD

-10 CD spectra in MeOH
——: Synthetic (¢ 0.279 mM, 24 °C)

—: Natural (¢ 0.223 mM, 24 °C)

200 250 300 350 400
Wavelength [nm]

Chart 11
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GSB-1 (43)

"H-NMR data for GSB-1 (43)

Synthetic ("H 600 Hz, CDCl3)

Natural (*H 600 Hz, CDCl3)

position OH O
2
3 4.00 (s) 4.00 (s)
5 4.50-4.47 (overlapped) 4.49 (overlapped)
6 2.33 (dd, 15.6, 3.6) 2.32 (2H, m)

2.28 (d, 15.6)
7
8
9 7.52(d, 7.2) 7.51(d, 7.8)
10 7.07 (dd, 7.2, 7.2) 7.07 (dd, 7.8, 7.8)
11 7.27(dd, 7.2,7.2 7.28 (dd, 7.8, 7.8)
12 6.89 (d, 7.2) 6.89 (d, 7.8)
13
14 4.50-4.47 (overlapped) 4.49 (overlapped)
15 3.12(d, 8.4) 3.15(d, 7.8)
16 2.83-2.79 (overlapped) 2.86-2.82 (overlapped)
17 5.77 (s) 5.77 (s)
18 1.30 (3H, dd, 7.2, 7.2) 1.31(3H, dd, 7.8, 7.8)
19 2.83-2.79 (overlapped) 2.86-2.82 (overlapped)
2.53 (m) 2.54 (m)

20

N;-OMe |  3.94 (3H, s) 3.94 (3H, s)

Table 19
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% " Hi  Sarpagine MHIHT L w2 A K GSB-3 DAk

GSB-3 LARFRT H2HHLT Va4 RIZEFEANT MAITORER, £ OfE R S
7= sarpagine B3I N DAY TH D (Figure 19),

GSB-3 (45)

Figure 19

K7V haA RO—FEOHBIINITRIC= e v EBREEALTWSLHETHY, KIRAEH
EAEMICBNT= by 2T 5 6O T O, ¥1C Gelsemium 7 V7104 RTIEYIO
Bl TH D, GSB3 OA L7 4 VOSNMMEILTFIT 19 fi7 e hond 21 fire hr~nzE
NOE B L » TIREESNTVDN, 16 MDONARLFIZE L TUIATF LT AT LD AT
VIED TH-NMR DALY 7 MMCESWEHEEICE 8 E - TS (Figure 20), $72bbH,
GB-3 (45) Lo EZ=A L, 16 L R /KD 16-epi-voacarpine (3) D A F /LT AT )LD A
FNIEDFEL T B 043.68 THDHOX LT, 16 it § KD 19(Z)-akuammidine (103) T
ERAFNT AT IVENA » R—)VER OB ESZ T D720 8y 2.96 (S 7 M4 5, 45
DAFIVIZATIVDAFNVIEONTFT T ML 64377 THDHZ b A R—/LER DR
EZTnZ2wamErnm<<, 16 if RIKEHEL TS, 22 THEEBEMO
16-epi-voacarpine (3) % W CEA{LEUGICZ LV 45 (LA T 5 2 LN TE UL, il T
NHraA K45 OREEZRETE D EB AT,

54377 (3H, s) 543.68 (3H, s) (
GSB-3 (45) 16-epi-Voacarpine (3) 19(2)-Akuammidine (103)
Figure 20
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£ 16-epi-voacarpine (3) (2% LT (CH,Cl), &#EF . 0°C FT m-CPBA Z{EfH &H7-
& Z AT GSB-3 (45) =155 Z LN TE 7= (Table 20, entry 1), & Z C. entry 2 Tl
MeOH i, IR T T 2 H&ED H,0, ZEHI & A, IR 40% & PREOIE
45 X/ HT N TEI,

CO,Me
oxidant (2.0 eq.)
solv., temp.
see table
16-epi-Voacarpine (3) GSB-3 (45)
entry  oxidant solv. temp.  result (%)
1 mCPBA  (CHXCI, o0°C <11
2 H20, MeOH rt 40
Table 20

AR L7- GSB-1(43) OFBFEANRY MVTF — X B RIRMDT — 2 L g LTz,

'H-NMR [Z K%M L i L TR —%%Z L= 00, “C-NMR % GSB-3 (45) @
CDCly (Zxt 3 DM MRS . RIRHEINE AR AT N2 TO—2 28T 252 L TER
MoTe, =, RENMITHBESNTZEN T METH 7272, CDCl; {E#H Cryo NMR 2
THEZITR> TS, £Z T, CDCL (2 2 {iid CD;OD Z A, 45 Z¥fE L 7-% . NMR
ZRPELIZE A, Bafr—EE R LT,
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TH- and '3C-NMR data for GSB-3 (45)

75

Synthetic (H 600 Hz, '3C 150 Hz, Synthetic Natural
CDCl, & 2 drops of CD;0D) (TH 600 Hz, 13C 150 Hz, CDCls) (H 600 Hz, 13C 150 Hz, CDClg)
position | oy Y o b oc o Lo
2 | 134.4 P x P 132.1
3 | 188.6 ! 188.2 ! 188.9
5 4.95 (d, 10.2) i 64.3 | 4.97(d, 10.2) i 64.7 | 4.97(d, 10.8) o647
6 4.18 (dd, 15.0, 10.2) 214 | 4.21(dd, 16.2,10.2) | 21.6 | 4.21(dd, 16.2,10.8) : 21.5
3.43 (d, 15.0) : 3.42 (d, 16.2) ’ 3.42 (d, 16.2) '
7 : 116.6 : x i 116.4
8 i 1295 i 1297 i 129.6
9 7.83 (d, 7.8) 11214 | 7.82(d, 8.4) i 121.4 | 7.82(d, 8.4) P 121.4
10 7.16 (dd, 7.8, 7.8) {1210 | 7.16(dd, 8.4,8.4) | 1211 | 7.16(dd, 8.4,8.4) | 121.1
11 7.33-7.31 (overlapped) : 127.2 | 7.32(dd, 8.4,8.4) | 127.2 | 7.33(dd, 8.4,8.4) : 127.2
12 7.33-7.31 (overlapped) | 111.8 | 7.29 (d, 8.4) 1117 | 7.29 (d, 8.4) P17
13 i 136.2 Pox i 135.9
14 3.48 (d, 14.4) i 381 | 3.44(d, 14.4) i 381 | 3.44(d, 12.6) 38.1
3.13 (dd, 12.6, 14.4) 3.18 (dd, 12.6, 14.4) | 3.18 (dd, 12.6, 12.6) |
15 3.88 (d, 12.6) 28.1 | 3.91(d, 12.6) i 276 | 3.94(d, 12.6) 1 276
16 55.3 54.8 54.5
17 4.34 (d, 11.4) 63.2 | 4.34(d, 12.0) 63.4 | 4.37(d, 11.5) 63.4
4.20 (d, 11.4) 4.31(d, 12.0) 4.34 (d, 11.5)
18 1.89 (3H, d, 7.2) 159 | 1.89(3H,d,7.2) 14.9 | 1.89 (3H,d, 7.2) P14.9
19 5.70 (q, 7.2) i 1821 | 5.61(q,7.2) x | 5.61(q,7.2) {13817
20 ! 130.5 x ! 130.6
21 6.75 (s) i 138.9 | 6.74(s) : x | 6.74(s) i 1375
CO,Me ' 173.0 ' 173.0 P 1729
CO,Me | 3.74 (3H, s) 53.3 | 3.77 (3H, s) 535 | 3.77 (3H, s) 53.5
x : unobserved peak
Table 21




T 16 MLDONARILF- ORER %1772 - 7= (Figure 21),

9. 04343(d,J=150Hz) ® 6 fi7F o hid, TOMABEHN Y =T DT Y v
T OHERLTNDZ END 57 a M EDZHMITH 90° THY, B EETHDZ
ENRBENT, FIFEIC, 04348 (d,J=144Hz) O 14 fi7 1 b, ZORETERNY
I FTNB TV T OHRERLTNDZ END 15 fi7m b kO A 90° T
HO, BEETHDLZLENREINT,

J=0Hz /%45;’-43 348~ J=0Hz

6,4.95 (d, 10.2) /—\ ey (d, 15.0) oH (d, 14.4) e &, 3.88 (d, 12.6)

\he W,
J=1o.2Hz(' . e ~ “ >J_126Hz
5,418 ‘ 5515
(dd, 15.0, 10.2) - .

N, C C3 20 (dd, 14,4, 12.6)
C6 = C5 ® Newman &&= C14 - C15 ® Newman &&=

Figure 21

I, NOE i€ #1772 -7 (Figure 22), H-17a L{RFAL 7= o434 O7 o b IZRE L
7oBRIT H-6B, H-14f, H-5 IZMBEMR RO, £z, H-17b EARFRLTZ 6y 420 O 1 b
YirbIix H-6B, H-148, H-15 I[ZHBEN A SN, U EDORREIDY 16 fild R BLETH D
ZENFEATE,
&4 4.34 (d, 11.4) OH

OH
8 4.20 (d, 11.4) o

w M OMe
j

GSB-3 (45)
Oy 4.34 D Hy7, I NOE 7% BR5Y — diff. NOE 34 4.20 D Hyp I NOE %= BR&Y
- H6|3‘ H14[5‘ H5 CU{‘EE@ - H6[3‘ H14|3\ H15 (UFHB@
Figure 22
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Bz, REMED CD AT MLVOHEEIT/R -T2, FER., BMEICERNHDI OO

s
v b RII R & — B L7z (Chart 12),
+10
Ae
0
Mol. CD CD spectra in MeOH

—— : Synthetic (¢ 0.297 mM, 24 °C)
——: Natural (c0.157 mM, 24 °C)

250 300 350 400
Wavelength [nm]

Chart 12

-10

PLEORER XY, GSB-3 OffE%E 45 NERETHZENTE -,
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i e

¥—H  Gelsedine B!t I AT IV A REOREFEERK

B TIX 14 (AL STz gelsedine ! Gelsemium 7 V71 v A RE ORI ARA 2
B EATIR 5T,

F TR OFHELNE S 72 14-hydroxygelsedilam (15) % &R & L CHFZEIZE L=
(Scheme 46), SCEREEIN DN 2IEMER T 7 F v (5)-52 ZHRFEENE L, TXL1LA| 84 %
FHWTESIIREIR I VR = o AT VFARICE D 85 & L7tk PR A ¥ B AKIER
DIBAL-H ZH W77 I/ Vv 2A%&25T 4 TRZKET 15 0OFEFHKETLH D
7-azabicyclo[4.2.1]non-2-ene ‘HH5% H D 68 ~&E o, W TETLHT /) — /LR T7T—
MElZ LV SR 67 ~L &Mk, HIREMR LT =V V8K 47 2T 3 BT
Ny A PFTU33-ABAFT A R—/VREZHBEL 80 &157-, mEIC, A F T KBIL—IK
MBEAKISH T oAy FTITH 2L T Rr b5 VBRI IO 14 (L~ KEEEE A %
17y, PMB EDREICE Y 15 OYIOREFREGHKE 12 TREBICGE 9.6% THER LT,

TBSO
N [
84 1) HG-ll cat., y. 95%
O._0 LHMDS, HMPA N 2) PMBNH,, DIBAL-H, y. 99% O:©/\OTBDPS
-, _NHPMB
o)
ﬁ y. 60% TBSO 3) TBDPSCI, Im., DMAP; i
5 then 1N HCl aq., y. 97% o
(5)-52 85 4) IBX, y. 54% 69

7-azabicyclo[4.2.1] Aniline unit

non-2-ene Br
TBDPSO @EN,OMe
L-Selectride; .nH 47 H
then PhNTF TiO d 1) Pd(OAC),, PPhg, EtsN
2 =0 2 3, Elg

y. 98% CO balloon, y. 68%
2) TBAF, AcOH, y. quant

LiIHMDS

y. 98%

67 3) Pd(PPhg), EtN, v. 84%
HO 1) Hg(TFA)y;
then NaBH,, O, bubbling
’-"‘H y. 77% (brsm. 92%)
N Z /§ 2) TFA, Anisole
MeO \\\O Nig © Y. 77% (brsm. 91%)
80 (-)-14-Hydroxygelsedilam (15)
Scheme 46
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RIZ, 14-hydroxygelsedilam (15) @ 14 {\/KEEH: % 7 & F/1{k L 14-acetoxygelsedilam (93)
AR L7TZ (Scheme 47), = D%, 93 O T 7 X LEEFHD Boc {LIZHIK HIVR= /L ~DTF
NVIEDE N B Boc FEAFET 16 TREMRILE 53% T l4-hydroxygelsenicine (42) ORA 4
ARk & R LT,

Ac,0
EtsN, DMAP 1) Boc,0, DMAP, y. 64%
15
y. quant 2) EtMgBr

3) TFA, y. 87% in 2 steps

(-)-14-Acetoxygelsedilam (93) (-)-14-Hydroxygelsenicine (42)

Scheme 47

VT, 14-hydroxygelsenicine (42) Z#FICHfiAx TV ia A RAZE#]MTHZ L L LT,

Gelsefuranidine (16) |£ 2006 FIC U MBI CHEE L -FHH 7 v e RTHD
(Scheme 48), 16 % 42 (Zxf L C TFA f#{E [ 2-furaldehyde Z1EFH ¥ 52 & T, 17 L
BILE 3.0% TEOHIDOAEFREKEER LT,

Gelselegandines B (90), C (91) (% 2018 4%, Luo Z§(Z & - CHiE - &R ESINT=T VA
2o RThsb, £7. 42 |2k LT TFA f#1E F 3-vinylbenzaldehyde Z/Ef ¥ 5 Z & T,
17 TRMINE 43% T 90 OHDORFREMAEEM LT, 91 1T 42 (% LT TFA fF(E
T 4-cthylbenzaldehyde Z{E &H2 2L T E-AL 7 4295 ZAKR LT-#%. JCRGICE -

THLV 7 4 B EE, 18 TEBIGE 1.2% TEOPORFEEMEER LT,

B @v
OHC/Q OHC 7
TFA TFA
4

2
y. 56% y. 82%
|
OMe TFA OMe
(—)-Gelsefuranidine (16) y. 95% OHG (-)-Gelselegandine B (90)
Riboflavin
Blue LED
y. 23%
95 (-)-Gelselegandine C (91)

Scheme 48
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Gelsemolenine A (92) 1L 2011 4£. Ye %52 X - THiflf - & EShE=T A A T
b5, 92 1% 42 O 14 fKEERK, A I UM EY T EF A L L2, INHClaq Z1EH S
HDHZ LT, 18 TERINE 33% TZOHDOAFRAREER LT,

OAc
ACZO .
EtsN, DMAP 1N HCl aq
42
y. 82% y. 75%
(—)-Gelsemolenine A (92)
Scheme 50

PLEXv . 14 (LB S 372 gelsedine % Gelsemium 7 v v A4 K THD
14-hydroxygelsedilam (15), 14-acetoxygelsedilam (93). 14-hydroxygelsenicine (42), gelsefuranidine
(16). gelselegandine B (90). gelselegandine C (91), gelsemolenine A (92) DMERENI R A 2 E K
ZIERR LTZ, KIS, 15, 93, 16, 90, 91, TL T 92 ([ZOWVWTIEHHIOARFEGMTH Y |
AW L > TZ i ra
TFaA RO AR E 2 GG A2sEN T 52 &N TE T,
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% HE  Gelsemium elegans &H T Vv A NIZET H{bERIafse

R TIE, UIFEEICBW TR N APE G. elegans OFE1 DT REMICIZ L - TH
Bl - RS E ST BHL T L 1 A K GSB-1 (43). GSB-3 (45) D& ALFEHITFIEIC L DK%

EREZAT T,

GSB-1 (43) X gelsedine AT 43¥E & 41, 14-hydroxygelsenicine (42) @ 17 (LIZ/KEREE % FF
OfE LHEE STV D, —5, 43 OHEXIRRLEIL 42 £ D CD A7 LD I K
HDHWEICHE > TNDHID, REREGKT D 2 & THIXILIRELE % & b -2 P 5 i
THZLE Lz, fER, HEMR T 7 by (552 L0 10 TRETEWZ 80 @ 17 Ak
ezt Ltk A% U REUL—KBEALEOSIZ E D T 27 P U BROMEE, BLO 14 (LK
Fe3L B AN %17 - 7= (Scheme 51), D% A I K 97 ~ 4 TR TEH L 7-%. DIBAL-H
ERWCTT 7 hUEEBRIETHIET 43 OFRFRAREER L, AL 43 ® CD
AR MNEEGOLRFEANRY MTFT—ZIREMOT — 2 LB LTIy RAF72—E
ERLIEZZEND AFEARICLDEH T V04 K GSB-1 (43) OREERELEET Lz,

HO+7 AZADOL
IBDA

O__o 10steps

:;_/V/ y. 16% ©\

i N CHCl/H0,0°C

N~ ~O . quant
(5)-52 y-q
1) TFA, Anisole
1) Hg(TFA), y. 66% (brsm. 99%)

2) Boc,O, DMAP

2) NaBHjy, dry O, bubbling
N 5 y. 86%

y. 74% (brsm 94%)

1) EtMgBr DIBAL-H
2) TFA y. 56%
y. 39% in 2 steos .
OMe
GSB-1 (43)
Scheme 51
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GSB-3 (45) LRFRT 28T v v A R sarpagine BUC SN HILEMTH Y | 55+
WIZ= br U BEEREZH L TV D ABPRENTHD, —FHT 16 MONRILEITE L CTIE A
FNTAT D AFILIED 'HINMR Oy 7 MoESWEHEICE EE-TW5, 22
THEXEREAN O 16-epi-voacarpine (3) Z W CTEALEISIZ LY 45 ([T/LFEHBTHZ LN T
UL, FET AR A 45 OEEZRETE L LB 27,

A3 1% LT MeOH T Hy0, ZAEMSED LT 45 2 BaMT 52 LnTE
7= (Scheme 52), 45 @ CD A7 ML EFLREMANY M T —XIIRKIMOT— % LIk
LTINS RR—EERLIZZ &0, GSB-3 OffiEZE 45 XNEWRETHZ LNRT
=7,

COzMe
H,0, (2.0 eq.)
MeOH, rt
y. 40%
16-epi-Voacarpine (3) GSB-3 (45)
Scheme 52
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FHEABL T,

uv
IR

W lie st
[alp

"H-NMR

BC-NMR

LIF of&aRE 2 L7,

. AL (JASCO) V-560
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FHE T EER

o (0] LDA OH O
%
= )J\O{Bu THF, —78 °C thBu
Acrolein Butyl acetate Y- 86% 55

To a freshly prepared solution of LDA from n-BuLi (2.69 M in n-hexane, 12.5 mL, 1.12 equiv)
and diisopropylamine (4.77 mL, 33.7 mmol) in dry THF (11.8 mL) was added dropwise tert-butyl
acetate (3.5 g, 30.1 mmol, 1.0 equiv) in dry THF (5.9 mL) at —78 °C under Ar atmosphere. The
reaction mixture was stirred for 15 minutes at the same temperature before acrolein monomer (2.00
mL, 30.1 mmol, 1.0 equiv) was added drop by drop at —78° C. The reaction mixture was stirred for
1.5 hours at the same temperature. The reaction was quenched by adding saturated aqueous NH4Cl
and then diluted with EtOAc. After separation of the two layers, the aqueous layer was extracted
three times with EtOAc. The combined organic layers were washed with brine, dried over Na,SOy,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (Et,O/n-hexane = 1/1) to afford 55 (4.47 g, 26.0 mmol) in 86% yield as a colorless
oil.

55

'H-NMR (CDCl;, 400 MHz) & ppm: 5.92-5.83 (1H, m), 5.31 (1H, d, J = 18.0 Hz), 5.15 (1H, d, J =
10.4 Hz), 5.52-4.46 (1H, m), 3.14 (1H, d, /= 4.0 Hz), 2.52 (1H, dd, J = 16.4, 4.0 Hz), 2.43 (1H, dd,
J=28.8,16.4 Hz), 1.47 (9H, s).

TBSCI
OH O Imidazole TBSO O
Wj\otBu THF, rt Wj\otBu
55 y. quant 56

To a stirred solution of 55 (1.00 g, 5.81 mmol, 1.0 equiv) in dry THF (19.4 mL) were added
tert-butyldimethylchlorosilane (1.75 g, 11.6 mmol, 2.0 equiv), imidazole (1.19 g, 17.4 mmol, 3.0
equiv) at room temperature under Ar atmosphere. The reaction mixture was stirred for 1 hour at the
same temperature. The reaction was quenched by adding water at 0 °C and then diluted with EtOAc.
After separation of the two layers, the aqueous layer was extracted three times with EtOAc. The
combined organic layers were washed with brine, dried over Na,SQy, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography

(EtOAc/n-hexane = 20/80) to afford 56 (1.97 g, 5.81 mmol) in quantitative yield as a colorless oil.
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56
'H-NMR (CDCls, 400 MHz) & ppm: 5.83 (1H, ddd, J = 17.2, 10.8, 6.4 Hz), 5.26 (1H, dt, J = 17.2,
1.2 Hz), 5.05 (1H, dt, J = 10.8, 1.2 Hz), 4.54 (1H, m), 2.46 (1H, dd, J = 14.8, 7.6 Hz), 2.34 (1H, dd,
J=14.8,5.6 Hz), 1.44 (9H, s), 0.88 (9H, s), 0.07 (3H, s), 0.05 (3H, s).

1) DIBAL-H
TBSO O Toluene, —78 °C TBSO
N AN
OBU  2)NaBH, OH
MeOH, 0 °C
56 57

y. 66% in 2 steps

To a stirred solution of 56 (1.22 g, 4.19 mmol, 1.0 equiv) in dry Toluene (24.6 mL) was added
dropwise diisobutylaluminium hydride (1.03 M in n-hexane, 4.88 mL, 1.2 equiv) at —78 °C under Ar
atmosphere. The reaction mixture was stirred for 1.5 hours at the same temperature. The reaction
was quenched by adding saturated aqueous potassium sodium L-(+)-tartrate tetrahydrate and then
diluted with EtOAc. After separation of the two layers, the aqueous layer was extracted two times
with EtOAc. The combined organic layers were washed with brine, dried over Na,SQy, filtered, and
evaporated under reduced pressure.

The residue was dissolved in dry Et,O (14.0 mL). To this solution, NaBH,4 (174 mg, 4.61 mmol,
1.1 equiv) was added at 0 °C under Ar atmosphere. The reaction mixture was warmed to room
temperature and then stirred for 30 minutes at the same temperature. The reaction was evaporated
under reduced pressure. The residue was purified by silica gel preparative thin-layer chromatography
(EtOAc/n-hexane = 1/4) to afford 57 (596 mg, 2.75 mmol) in 66% yield in two steps as a colorless
oil.

57

'H-NMR (400 MHz, CDCls) ¢ ppm: 5.85 (1H, ddd, J = 17.6, 10.4, 6.0 Hz), 5.23 (1H, dt, J = 17.6,
1.6 Hz), 5.10 (1H, dt, J = 10.4, 1.6 Hz), 4.42 (1H, m), 3.83 (1H, m), 3.71 (1H, m), 2.46 (1H, br-t, J =
5.2 Hz), 1.86 (1H, m), 1.71 (1H, m), 0.91 (9H, s), 0.10 (3H, s), 0.06 (3H, s).
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I, PPhg

TBSO Imidazole TBSO
X OH  CH,Cly, rt Wl
57 y. 83% 53

To a solution of 57 (595 mg, 2.75 mmol, 1.0 equiv) in dry CH,Cl, (27.5 mL) was added
triphenylphosphine (1.05 g, 4.12 mmo, 1.5 equiv), imidazole (374 mg, 5.50 mmol, 2.0 equiv), iodine
(1.05g, 4.12 mmol, 1.5 equiv) at room temperature under Ar atmosphere, and the reaction mixture
was stirred for 1.5 hours at the same temperature. The reaction was quenched by adding saturated
aqueous Na,S,03 and then diluted with CHClj;. After separation of the two layers, the aqueous layer
was extracted two times with CHCI;. The combined organic layers were washed with brine, dried
over MgSO0y, filtered, and evaporated under reduced pressure. The residue was purified by silica gel
flash column chromatography (EtOAc/n-hexane = 4/96) to afford 53 (751 mg, 2.28 mmol) in 83%
yield as a colorless oil.

53

'H-NMR (CDCls, 400 MHz) 6 ppm: 5.78 (1H, ddd, J = 16.8, 10.4, 6.4 Hz), 5.21 (1H, br-d, J = 16.8
Hz), 5.09 (1H, br-d, J = 10.4 Hz), 4.18 (1H, dd, J = 11.6, 6.4 Hz), 3.22 (2H, m), 1.99 (2H, m), 0.90
(9H, s), 0.10 (3H, s), 0.05 (3H, s).

TBAF
TBSO ‘U\O HO 4C>1/\0
,,,,, ,\< e u,,,\<
(e} (@]

THF, rt

y. 88%

rac-59 rac-60

To a solution of rac-59 (115 mg, 407 umol, 1.0 equiv) in THF (410 pL) was added
tetrabutylammonium fluoride (1 M in THF, 1.22 mL, 3.0 equiv) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 5 hours at the same temperature. The reaction
mixture was diluted with water and EtOAc at room temperature. After separation of the two layers,
the aqueous layer was extracted two times with EtOAc. The combined organic layers were washed
with brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (EtOAc/n-hexane = 3/1) to afford rac-60 (60.5
mg, 360 umol, diastereomixture) in 88 yield as a colorless oil.
rac-60 (diastereomixtur)

'H-NMR (400 MHz, CDCl3) 6 ppm: 5.97-5.92 (2H, overlapped), 5.66-5.61 (2H, overlapped),
4.49-4.43 (4H, overlapped), 3.95 (1H, dd, J = 11.2, 8.8 Hz), 3.83 (1H, dd, J = 11.6, 8.4 Hz), 3.32
(1H, m), 2.99 (1H, m), 2.50-2.37 (2H, overlapped), 2.25-1.60 (10H, overlapped).
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AZADOL

IBDA
HOO/\O O:®/\o
€ oo (

. quant
rac-60 ¥-q rac-51

To a solution of rac-60 (52.0 mg, 309 wmol, 1.0 equiv) in CH,Cl, (3.1 mL) was added

AZADOL" (4.7 mg, 30.9 umol, 10 mol%), iodobenzene diacetate (149 mg, 464 umol, 1.5 equiv) at
0 °C under Ar atmosphere. The reaction mixture was warmed to room temperature and then stirred
for 3 hours at the same temperature. The reaction was quenched by adding saturated aqueous
Na,S,05 at 0 °C. After separation of the two layers, the aqueous layer was extracted two times with
EtOAc. The combined organic layers were washed with brine, dried over Na,SOy, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel preparative thin-layer
chromatography (EtOAc/n-hexane = 2/1) to afford rac-51 (51.0 mg, 309 umol) in quantitative yield
as a white solid.

rac-51

'H-NMR (400 MHz, CDCl;) 6 ppm: 6.49 (1H, dd, J = 12.0, 2.4 Hz), 6.20 (1H, ddd, J=12.0, 2.8, 1.2
Hz), 4.64 (1H, dd, J = 8.8, 8.8 Hz), 3.98 (1H, dd, J = 10.8, 8.8 Hz), 3.40 (1H, m), 2.81-2.69 (2H,
overlapped), 2.61 (1H, dt, J=11.6, 7.2 Hz, H-4), 2.29 (1H, m), 1.95 (1H, m).

BC-NMR (100 MHz, CDCls) § ppm: 201.0, 176.2, 140.5, 135.6, 68.8, 44.9, 42.2, 41.5, 21.4.
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NaN3 3
o o ACOH, H0
"""" \< 0] ’ O * O , 0]
o  THRM “ 8

O
rac-51 rac-50 epi-rac-50
40% 40%

To a stirred solution of rac-51 (4.0 mg, 241 umol, 1.0 equiv) in dry THF (60 pL) was added
AcOH (60 pL) and sodium azide (10.3 mg, 0.158 umol) in H,O (32 pL) at room temperature under
Ar atmosphere. The reaction was quenched by adding saturated aqueous NaHCO; and then diluted
with EtOAc. After separation of the two layers, the aqueous layer was extracted two times with
EtOAc. The combined organic layers were washed with brine, dried over Na,SQOy, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (EtOAc/n-hexane = 4/6) to afford rac-50 (2.0 mg, 9.6 pmol) in 40% yield as a
yellow oil and epi-rac-50 (2.0 mg, 9.6 pmol) in 40% yield as a yellow oil.
rac-50
'H-NMR (600 MHz, CDCls) 6 ppm: 4.53 (1H, dd, J = 6.4, 5.2 Hz), 3.91 (1H, dd, J = 7.2, 6.4 Hz),
3.59 (1H, ddd, J = 6.8, 6.0, 4.0 Hz), 2.96-2.94 (2H, overlapped), 2.76 (1H, m), 2.59-2.50 (2H,
overlapped), 2.43 (1H, m), 2.13 (1H, ddd, J= 8.4, 7.2, 1.2 Hz), 2.43 (1H, m).

BC-NMR (150 MHz, CDCl;) § ppm: 206.8, 175.5, 69.4, 60.3, 50.2, 48.3, 42.9, 42.0, 22.6.

IR (ATR) Vinax [cm™]: 2099, 1770, 1698.

epi-rac-50

'H-NMR (600 MHz, CDCl3)  ppm: 4.36 (1H, dd, J = 8.8, 7.2 Hz), 4.12-4.07 (2H, overlapped), 3.04
(1H, dd, J=14.8, 5.2 Hz), 2.89 (1H, dd, J = 14.8, 3.6 Hz), 2.76-2.41 (5H, overlapped), 1.60 (1H, m).
BC-NMR (150 MHz, CDCl;) 6 ppm: 207.4, 176.1, 67.1, 54.6, 48.8, 47.8, 42.3, 40.3, 23.1.

IR (ATR) Vinax [cm™]: 2124, 1770, 1697.
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OTBS

X [
LiIHMDS
0 _o HMPA N N
TBSO TBSO 0
THF
= —78°Ct0 0°C
o}
(5)-52 58 epi-58
59% 8%

To a stirred solution of (S)-52 (>99% ee, 702 mg, 6.26 mmol, 1.0 equiv) in dry THF (21.9 mL)
was added dropwise lithium bis(trimethylsilyl)amide (1.0 M in THF, 31.3 mL, 1.0 equiv) at —78 °C
under Ar atmosphere. The reaction mixture was stirred at —78 °C for 30 minutes before a solution of
53 (4.09 g, 12.5 mmol, 2.0 equiv) and hexamethylphosphoric triamide (2.18 mL, 6.26 mmol, 1.0
equiv) in dry THF (9.4 mL) was added drop by drop. The reaction mixture was warmed slowly to
0 °C and then stirred for 18 hours at the same temperature. The reaction was quenched by adding
saturated aqueous NH4Cl and then diluted with EtOAc. After separation of the two layers, the
aqueous layer was extracted two times with EtOAc. The combined organic layers were washed with
brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue was purified
by silica gel flash column chromatography (EtOAc/n-hexane = 1/9) to afford 58 (1.15 g, 3.70 mmol,
diastereomixture) in 59% yield as a colorless oil and epi-58 (146 mg, 0.47 mmol, diastereomixture)
in 8% yield as a colorless oil.

58 (diastereomixture)

'H-NMR (CDCl;, 600 MHz) 6 ppm: 5.80-5.74 (2H, overlapped), 5.73-5.67 (2H, overlapped),
5.22-5.13 (6H, overlapped), 5.04-5.03 (2H, overlapped), 4.35-4.32 (2H, overlapped), 4.14-4.09 (2H,
overlapped), 3.88-3.85 (2H, overlapped), 2.91-2.84 (2H, overlapped), 2.37-2.29 (2H, overlapped),
1.84-1.55 (8H, overlapped), 0.88 (18H, s), 0.04 (6H, s), 0.02 (6H, s).

BC-NMR (CDCls, 150 MHz) & ppm: 178.1, 144.1, 141.0, 135.5, 118.62, 118.58, 114.11, 114.08,
73.4,73.3, 69.8,46.7,46.4,44.7,34.8,34.4,25.8,24.3, 23.9, 18.2, -4.41, -4.43, -4.9.

IR (ATR) Vinax [cm™']: 2938, 2857, 1777, 1468, 1367, 1252, 1157, 1077, 1021, 922, 835.
HR-ESIMS: calcd. for C;7H30NaO3Si [M+Na]" 333.1862; found 333.1878.

epi-58 (diastereomixture)

'H-NMR (CDCl;3, 600 MHz) 6 ppm: 5.78-5.68 (4H, overlapped), 5.19-5.11 (6H, overlapped),
5.02-5.03 (2H, overlapped), 4.30-4.27 (2H, overlapped), 4.14-4.05 (4H, overlapped), 3.15-3.11 (2H,
overlapped), 2.59-2.55 (2H, overlapped), 1.77-1.67 (2H, overlapped), 1.61-1.40 (6H, overlapped),
0.87-0.86 (18H, overlapped), 0.02-0.00 (12H, overlapped).

90



3C-NMR (CDCls, 150 MHz) 6 ppm: 178.14, 178.06, 141.0, 140.9, 133.54, 133.50, 118.42, 118.37,
114.2, 114.0, 73.42, 73.33, 70.96, 70.92, 43.42, 43.39, 43.3, 43.2, 35.4, 35.2, 25.8, 21.6, 21.2, 18.1,
—4.49, -4.52,-4.96, -4.99.

IR (ATR) Vax [em™']: 2954, 2929, 2857, 1776, 1253, 1026, 836, 776.

HR-ESIMS: caled. for C;7H3oNaO:Si [M+Na]" 333.1862; found 333.1865.

, Hedloat TBSO«@_AO
_— .,,‘\<
o)

CH20|2, rt

0,
O y.98% 59

To a solution of 58 (1.02 g, 3.28 mmol, 1.0 equiv) in dry CH,Cl, (219 mL) was added Hoveyda-
Grubbs catalyst® 2nd generation (103 mg, 0.164 mmol, 5 mol%) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 66 hours at the same temperature. The resultant
mixture was evaporated under reduced pressure. The residue was purified by amino-silica gel flash
column chromatography (EtOAc/n-hexane = 1/9) to afford 59 (905 mg, 3.20 mmol,
diastereomixture) in 98% yield as a white solid.

59 (diastereomixture)

'H-NMR (CDCl3, 600 MHz) 6 ppm: 5.95-5.90 (1.4H, overlapped), 5.60 (1H, dd, J = 15.6, 4.8 Hz),
5.56 (0.4H, m), 4.45-4.41 (1.4H, overlapped), 4.40-4.37 (1.4H, overlapped), 3.92 (0.4H, dd, J = 17 .4,
12.6 Hz), 3.82 (1H, dd, J = 17.4, 13.2 Hz), 3.35 (1H, m), 2.98 (0.4H, m), 2.44 (0.4H, m), 2.29 (1H,
ddd, J = 18.6, 18.6, 6.6 Hz), 2.21-2.10 (1.4H, overlapped), 2.04-1.86 (2.4H, overlapped), 1.72-0.89
(1.8H, overlapped), 0.90-0.89 (12.6H, overlapped), 0.07-0.05 (8.4H, overlapped).

BC-NMR (CDCl;, 150 MHz) & ppm: 178.0, 177.6, 142.9, 137.9, 128.1, 124.5, 72.3, 70.0, 69.7, 68.4,
44.5,43.6,42.6,41.1,34.6,32.9,26.8, 25.8, 23.3, 18.1, 4.7, -4.79, —4.84.

IR (ATR) Vmax [cm™']: 2937, 2857, 1781, 1465, 1376, 1300, 1254, 1152, 1085, 1017, 836, 777.
HR-ESIMS: calcd. for C;sHyNaO3Si [M+Na]" 305.1549; found 305.1538.
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o 0 LDA OH O TBSCI, Imidazole TBSO O
)J\OEt THF, —78 °C X OEt THF, rt X OEt

crotonaldehyde ethyl acetate 86 y. 88% in 2 steps 87

To a freshly prepared solution of lithium diisopropylamide from n-BuLi (2.80 M in n-hexane, 3.9
mL, 1.1 equiv) and diisopropylamine (1.6 mL, 11 mmol) in dry THF (20 mL) was added dropwise
EtOAc (980 uL, 10 mmol, 1.0 equiv) at —78 °C under Ar atmosphere. The reaction mixture was
stirred for 1 hour at the same temperature before crotonaldehyde (830 uL, 10 mmol, 1.0 equiv) was
added drop by drop at —78° C. The reaction mixture was stirred for 16 hours at the same temperature.
The reaction was quenched by adding saturated aqueous NH4Cl and then diluted with EtOAc. After
separation of the two layers, the aqueous layer was extracted three times with EtOAc. The combined
organic layers were washed with brine, dried over Na,SO,, filtered, and evaporated under reduced
pressure.

The residue was dissolved in THF (20 mL) and terz-butyldimethylchlorosilane (3.0 g, 20 mmol,
2.0 equiv), imidazole (2.0 g, 30 mmol, 3.0 equiv) were added to the solution at room temperature
under Ar atmosphere. The reaction mixture was stirred for 2 hours at the same temperature. The
reaction was quenched by adding water at 0 °C and then diluted with EtOAc. After separation of the
two layers, the aqueous layer was extracted three times with EtOAc. The combined organic layers
were washed with brine, dried over Na,SQy, filtered, and evaporated under reduced pressure. The
residue was purified by silica gel flash column chromatography (EtOAc/n-hexane = 2/98) to afford
87 (2.40 g, 8.8 mmol) in 88% yield in two steps as a colorless oil.

87

'H-NMR (CDCls, 400 MHz) 8 ppm: 5.61 (1H, dq, J = 15.2, 6.4 Hz), 5.42 (1H, dd, J = 15.2, 6.8 Hz),
4.52 (1H, m), 4.11 (2H, m), 2.49 (1H, dd, J = 14.0, 8.4 Hz), 2.29 (1H, dd, J = 14.0, 5.2 Hz), 1.66
(3H, d,J=6.4 Hz), 1.24 (3H, t,J= 7.2 Hz), 0.85 (9H, s), 0.03 (3H, s), 0.01 (3H, s).

C-NMR (CDCls, 100 MHz) & ppm: 171.3, 133.4, 126.0, 70.8, 60.3, 44.1, 25.7, 18.0, 17.5, 14.2, —
43,-5.1.
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TBSO O DIBAL-H TBSO

/WJ\OEt CH,Cly, —40 °C to —20 °C x OH

87 Y. 97% 88

To a stirred solution of 87 (2.06 g, 7.56 mmol, 1.0 equiv) in dry CH,Cl, (15 mL) was added
dropwise diisobutylaluminium hydride (1.03 M in n-hexane, 22.0 mL, 3.0 equiv) at —78 °C under Ar
atmosphere. The reaction mixture was warmed to —20 °C and then stirred for 2 hours at the same
temperature. The reaction was quenched by adding saturated aqueous potassium sodium
L-(+)-tartrate tetrahydrate and then diluted with EtOAc. After separation of the two layers, the
aqueous layer was extracted two times with EtOAc. The combined organic layers were washed with
brine, dried over MgSOQy,, filtered, and evaporated under reduced pressure. The residue was purified
by silica gel flash column chromatography (EtOAc/n-hexane = 15/85) to afford 88 (1.69 g, 7.35
mmol) in 97% yield as a colorless oil.

88

'H-NMR (CDCl3, 400 MHz) 6 ppm: 5.60 (1H, dq, J = 15.2, 6.4 Hz), 5.45 (1H, ddd, J=15.2, 6.8,
1.2 Hz), 4.34 (1H, m), 3.79 (1H, m), 3.69 (1H, m), 1.79 (1H, m), 1.69 (1H, m), 1.68 (3H, dd, J= 6.4,
1.2 Hz), 0.88 (9H, s), 0.07 (3H, s), 0.03 (3H, s).

BC-NMR (CDCl;, 100 MHz) & ppm: 133.7, 125.7, 73.4, 60.4, 39.6, 25.8, 18.0, 17.5, 4.2, -5.0.

IR (ATR) Vinax [em™']: 3357, 2954, 2929, 2885, 1251, 965, 834, 774.

HR-ESIMS: calcd. for Cj,HyNa0,Si [M+Na]” 253.1600; found 253.1601.

I, PPhg,
TBSO Imidazole TBSO
N X
OH CH20|2, rt |
88 y. 82% 84

To a solution of 88 (1.68 g, 7.29 mmol, 1.0 equiv) in dry CH,Cl, (73 mL) were added
triphenylphosphine (2.87 g, 10.9 mmol, 1.5 equiv), imidazole (993 mg, 14.6 mmol, 2.0 equiv),
iodine (2.77 g, 10.9 mmol, 1.5 equiv) at room temperature under Ar atmosphere, and the reaction
mixture was stirred for 25 hours at the same temperature. The reaction was quenched by adding
saturated aqueous Na,S,;0; and then diluted with CHCI;. After separation of the two layers, the
aqueous layer was extracted two times with CHCl;. The combined organic layers were washed with
brine, dried over MgSOQy,, filtered, and evaporated under reduced pressure. The residue was purified
by silica gel flash column chromatography (EtOAc/n-hexane = 5/95) to afford 84 (2.02 g, 5.95

mmol) in 82% yield as a colorless oil.
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84
'"H-NMR (CDCls, 400 MHz) 8 ppm: 5.61 (1H, dq, J = 15.2, 6.4 Hz), 5.38 (1H, ddd, J = 15.2, 7.2,
1.6 Hz), 4.12 (1H, ddd, J = 7.2, 6.8, 5.6 Hz), 3.18 (2H, m), 1.94 (2H, m), 1.67 (3H, dd, J = 6.4, 1.6
Hz), 0.88 (9H, s), 0.08 (3H, s), 0.03 (3H, s).

13C-NMR (CDCls, 100 MHz) 8 ppm: 133.5, 126.3, 73.5, 41.9, 25.9, 18.1, 17.6, 3.1, 4.1, ~4.7.

IR (ATR) Vinax [cm™']: 2954, 2928, 2856, 1252, 1069, 833, 774.

TBSO

X |

84 |
O_o0  LHMDS, HMPA N N
TBSO TBSO o]
— THF, —78 °C to 0 °C

(5)-52 85 epi-85
y. 60% y. 10%

To a stirred solution of (5)-52 (>99% ee, 1.00 g, 8.92 mmol, 1.0 equiv) in dry THF (35 mL) was
added dropwise lithium bis(trimethylsilyl)amide (1.0 M in THF, 8.9 mL, 1.0 equiv) at —78 °C under
Ar atmosphere. The reaction mixture was stirred at —78 °C for 30 minutes before a solution of 84
(6.07 g, 17.8 mmol, 2.0 equiv) and hexamethylphosphoric triamide (3.1 mL, 17.8 mmol, 2.0 equiv)
in dry THF (10 mL) was added drop by drop. The reaction mixture was warmed slowly to 0 °C and
then stirred for 15 hours at the same temperature. The reaction was quenched by adding saturated
aqueous NH4Cl and then diluted with EtOAc. After separation of the two layers, the aqueous layer
was extracted two times with EtOAc. The combined organic layers were washed with brine, dried
over Na,S0Oy, filtered, and evaporated under reduced pressure. The residue was purified by silica gel
flash column chromatography (EtOAc/n-hexane = 1/9) to afford 85 (1.74 g, 5.36 mmol,
diastereomixture) in 60% yield as a colorless oil and epi-85 (293 mg, 0.903 mmol, diastereomixture)
in 10% yield as a colorless oil.

85 (diastereomixture)

'H-NMR (CDCl;, 600 MHz) 6 ppm: 5.77-5.66 (2H, overlapped), 5.56-5.50 (2H, overlapped),
5.39-5.36 (2H, overlapped), 5.22-5.16 (4H, overlapped), 4.34-4.31 (2H, overlapped), 4.06-4.00 (2H,
overlapped), 3.88-3.84 (2H, overlapped), 2.91-2.84 (2H, overlapped), 2.37-2.28 (2H, overlapped),
1.84-1.53 (14H, overlapped), 0.87 (18H, s), 0.02 (6H, s), 0.00 (6H, s).

BC-NMR (CDCls, 150 MHz) & ppm: 178.22, 178.19, 135.6, 134.2, 134.1, 125.4, 118.54, 118.52,
73.3,73.2,69.8, 46.7, 46.3, 44.73, 44.70, 35.2, 34.8, 25.9, 24.6, 24.1, 18.2, 18.1, 17.5, -4.23, -4.25,
-4.8.
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IR (ATR) Vinax [cm™']: 2954, 2928, 2856, 1773, 964, 834, 774.

HR-ESIMS: calcd. for C gH3,NaO3Si [M+Na]" 347.2018; found 237.2056.

epi-85 (diastereomixture)

'H-NMR (CDCl;, 600 MHz) 6 ppm: 5.75-5.69 (2H, overlapped), 5.55-5.49 (2H, overlapped),
5.39-5.32 (2H, overlapped), 5.19-5.16 (4H, overlapped), 4.30-4.28 (2H, overlapped), 4.13-4.10 (2H,
overlapped), 4.04-3.99 (2H, overlapped), 3.16-3.11 (2H, overlapped), 2.60-2.55 (2H, overlapped),
1.79-1.73 (2H, overlapped), 1.71-1.36 (14H, overlapped), 0.86-0.85 (18H, overlapped), 0.01-0.00
(12H, overlapped).

BC-NMR (CDCl;, 150 MHz) & ppm: 178.24, 178.17, 134.2, 134.1, 133.6, 133.5, 125.5, 125.4,
118.38, 118.35, 73.4, 73.3, 71.00, 70.96, 43.44, 43.39, 43.32, 43.31, 35.8, 35.6, 25.8, 21.8, 21.4,
18.1,17.5,-4.28, -4.30, -4.8, —4.9.

IR (ATR) Vimax [cm™']: 2954, 2928, 2856, 1774, 964, 834, 774.

HR-ESIMS: calcd. for C gH3,NaO3Si [M+Na]" 347.2018; found 237.1977.

N HG-Il cat. TBSO‘C\QO
TBSO CH,Cly, 40 °C Y
o y. 95%
85 59

To a solution of 85 (2.18 g, 6.72 mmol, 1.0 equiv) in dry CH,Cl; (219 mL) was added Hoveyda-
Grubbs catalyst® 2nd generation (126 mg, 0.202 mmol, 3 mol%) at room temperature under Ar
atmosphere. The reaction mixture was warmed to 40 °C and then stirred for 24 hours at the same
temperature. The resultant mixture was evaporated under reduced pressure. The residue was purified
by amino-silica gel flash column chromatography (EtOAc/n-hexane = 6/94) to afford 59 (1.81 g,

6.41 mmol, diastereomixture) in 95% yield as a white solid.
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PMBNH,

- DIBAL-H OH
o]
TBSO«C@ TBSOOTNHPMB
S THF, rt T

y. 99% 0
59 62

To a stirred solution of 4-methoxybenzylamine (1.16 mL, 8.91 mmol, 3.0 equiv) in dry THF (3.3
mL) was added dropwise diisobutylaluminum hydride (1.02 M in n-hexane, 8.59 mL, 2.95 equiv) at
0 °C under Ar atmosphere. The reaction mixture was stirred at room temperature for 2 hours before a
solution of 59 (840 mg, 2.97 mmol, 1.0 equiv) in dry THF (6.6 mL) was added dropwise at 0 °C.
The reaction mixture was stirred at room temperature for 5 hours. The reaction was quenched by
adding water and 1N aqueous HCI, and then diluted with EtOAc. After separation of the two layers,
the aqueous layer was extracted two times with EtOAc. The combined organic layers were washed
with brine, dried over Na,SOy,, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (EtOAc/n-hexane = 1/1) to afford 62 (1.24 g,
2.95 mmol, diastereomixture) in 99% yield as a colorless amorphous solid.

62 (diastereomixture)

'H-NMR (CDCl;, 600 MHz) 6 ppm: 7.20-7.19 (3.3H, overlapped), 6.87-6.85 (3.3H, overlapped)
5.94- 593 (1.65H, overlapped), 5.83 (0.65H, m), 5.76 (1H, m), 5.54-5.49 (1.65H, overlapped),
4.38-4.34 (4.95H, overlapped), 3.79 (4.95H, s), 3.64-3.55 (3.3, overlapped), 2.85 (1H, m), 2.62
(0.65H, m), 2.49 (1H, ddd, J = 9.6, 9.6, 3.6 Hz), 2.15 (1H, ddd, J = 10.2, 10.2, 3.0 Hz), 2.11-1.75
(7.6H, overlapped), 1.56 (0.65H, m), 0.88-0.87 (14.85, overlapped), 0.06-0.04 (9.9H, overlapped).
BC-NMR (CDCls;, 100 MHz) & ppm: 175.6, 175.4, 159.0, 140.5, 137.1, 130.3, 129.5, 129.1, 128.7,
114.1, 72.1, 69.1, 65.4, 65.0, 60.4, 55.3, 46.9, 46.1, 43.6, 43.2, 43.0, 42.9, 35.2, 33.8, 30.7, 26.3,
25.8,18.2,14.2,-4.7,-4.8,-4.9.

IR (ATR) Vimax [em™']: 3300, 2941, 2861, 1516, 1461, 1250, 1072, 1034, 836.

HR-ESIMS: calcd. for Cy3H37NNaO4Si [M+Na]+ 442.2390; found 442.2392.
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TBDPSCI

Imidazole, DMAP
OH CH,Cl, rt; OTBDPS
TBSO@TNHPMB HO ., _NHPMB
i then 1N HCl aq i

o THF, 50 °C 0
62 y. 97% 63

To a solution of 62 (1.16 g, 2.76 mmol, 1.0 equiv) in dry CH,Cl, (27.6 mL) were added tert-
butyldiphenylchlorosilane (1.08 mL, 4.14 mmol, 1.5 equiv), imidazole (376 mg, 5.52 mmol, 2.0
equiv), and N,N-dimethyl-4-aminopyridine (33.7 mg, 0.276 mmol, 0.1 equiv) at room temperature
under Ar atmosphere, and the reaction mixture was stirred for 1 hour at the same temperature. The
resultant mixture was evaporated under reduced pressure. The residue was dissolved in THF (13.8
mL) and 1N aqueous HCI (13.8 mL) was added at room temperature. The reaction mixture was
stirred for 9 hours at 50 °C. The reaction was quenched by adding saturated aqueous NaHCOj; at 0
°C and then diluted with CHClj;. After separation of the two layers, the aqueous layer was extracted
two times with CHCl;. The combined organic layers were washed with brine, dried over Na,SOy,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (EtOAc/n-hexane = 1/1) to afford 63 (1.45 g, 2.67 mmol, diastereomixture) in 97%
yield as a colorless amorphous solid.

63 (diastereomixture)

'H-NMR (CDCl;, 600 MHz) 6 ppm: 7.63-7.60 (6H, overlapped), 7.44-7.40 (3H, overlapped),
7.38-7.35 (6H, overlapped), 7.09 (2H, d, J = 9.0 Hz), 6.80 (1H, d, /= 9.0 Hz), 6.80 (2H, d, J=9.0
Hz), 6.76 (1H, d, J = 9.0 Hz), 5.79-5.74 (1.5H, overlapped), 5.63-5.56 (3H, overlapped), 4.41-4.35
(2H, overlapped), 4.32 (1H, m), 4.13 (1H, dd, J = 14.4, 5.4 Hz) , 3.97 (0.5H, dd, J = 14.4, 4.2 Hz),
3.78 (3H, s), 3.77 (1.5H, s), 3.71-3.64 (3H, overlapped), 2.89 (1H, m), 2.69 (0.5H, m), 2.59 (1H, m),
2.24 (1H, m), 2.11- 1.88 (6H, overlapped), 1.75 (1H, m), 1.57 (0.5H, m), 1.04 (13.5H, s).

BC-NMR (CDCl;, 150 MHz) & ppm: 175.1, 174.8, 159.0, 137.4, 135.72, 135.68, 135.6, 135.0, 133.7,
133.6, 133.3, 133.2, 130.43, 130.36, 130.32, 130.27, 129.81, 129.75, 129.1, 127.7, 114.1, 71.3, 69.5,
66.1, 65.3, 55.3,46.8,45.2, 43.3, 43.0,42.9, 42.8, 34.8, 33.0, 29.9, 27.0, 26.9, 25.3, 19.4, 19.3.

IR (ATR) Vimax [em™']: 3300, 2933, 2866, 1651, 1520, 1461, 1241, 1111, 1026, 823, 701.
HR-ESIMS: calcd. for C33H4NNaO,Si [M+Na]" 566.2703; found 566.2681.

97



| EtOAc/DMSO, 65 °C
o y. 54%

63 69

OTBDPS IBX OTBDPS
HO@TNHPMB OgNHPMB
r i
0

To a solution of 63 (42.0 mg, 77.2 umol, 1.0 equiv) in EtOAc¢/DMSO (9/1, 386 uL) was added 2-
iodoxybenzoic acid (108 mg, 361 pmol, 5.0 equiv) at room temperature under Ar atmosphere, and
the reaction mixture was stirred for 44 hours at 65 °C. The reaction was quenched by adding water at
room temperature. The resulting emulsion was filtered through Celite” to give two separable layers.
The aqueous layer was extracted three times with EtOAc. The combined organic layers were washed
with brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (EtOAc/n-hexane = 3/7) to afford 69 (22.6 mg,
41.9 pmol) in 54% yield as a white solid.

69

'H-NMR (CDCls, 600 MHz) & ppm: 7.61 (4H, d, J = 6.6 Hz), 7.44 (2H, m), 7.38 (4H, m), 7.09 (2H,
d, /=9.0 Hz), 6.82 (2H, d, J = 9.0 Hz), 6.45 (1H, dd, J = 12.0, 6.0 Hz), 6.38 (1H, dd, J = 12.0, 7.2
Hz), 6.20 (1H, dd, J = 11.4, 1.2 Hz), 6.06 (1H, dd, J= 11.4, 2.4 Hz), 5.94 (1H, br-dd, /= 5.4, 54
Hz), 4.35 (1H, dd, J = 14.4, 5.4 Hz), 4.27 (1H, dd, J = 14.4, 5.4 Hz), 3.80-3.77 (5H, overlapped),
3.61 (1H, dd, J=10.2, 8.4 Hz), 3.51 (1H, m), 1.05 (9H, s).

BC-NMR (CDCls, 150 MHz) & ppm: 191.2, 169.8, 159.1, 143.5, 137.8, 135.7, 135.6, 135.5, 133.5,
132.9,129.97, 129.95, 129.6, 129.1, 127.8, 114.1, 63.6, 55.3, 47.1, 43.7, 43.5, 26.9, 19.2.

[a]p® =-197 (c 1.08, CHCL)

IR (ATR) Vinax [em™']: 2935, 2866, 1650, 1617, 1514, 1247, 1105, 820, 701.

HR-ESIMS: calcd. for C33H3;NNaO,Si [M+Na]" 562.2390; found 562.2355.
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TBDPSO

o OTBDPS LIHMDS H
.., _NHPMB _
I © -

THF, -78 °C i
O ’ /\O
y. 98% PMB

69 68

To a stirred solution of 69 (455 mg, 843 pmol, 1.0 equiv) in dry THF (843 pL) was added
dropwise lithium bis(trimethylsilyl)amide (1.0 M in THF, 1.01 mL, 1.2 equiv) at =78 °C under Ar
atmosphere. The reaction mixture was stirred at —78 °C for 2 hours before it was warmed to room
temperature and then stirred for 1 hour at the same temperature. The reaction was quenched by
adding saturated aqueous NH4Cl and then diluted with EtOAc. After separation of the two layers, the
aqueous layer was extracted two times with EtOAc. The combined organic layers were washed with
brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue was purified
by silica gel flash column chromatography (EtOAc/n-hexane = 4/6) to afford 68 (446 mg, 826 pmol)
in 98% yield as a white solid.

68

'H-NMR (CDCls, 600 MHz) & ppm: 7.56 (4H, m), 7.43 (2H, m), 7.36 (4H, m), 7.13 (2H, d, J = 9.0
Hz), 6.86 (2H, d, /= 9.0 Hz), 6.52 (1H, dd, J = 12.6, 3.0 Hz), 6.01 (1H, d, /= 12.6 Hz), 4.76 (1H, d,
J=15.0 Hz), 4.00 (1H, d, J = 15.0 Hz), 3.82-3.79 (4H, overlapped), 3.76 (1H, dd, /= 10.2, 7.8 Hz),
3.61 (1H, m), 3.37 (1H, dd, J=9.0, 6.0 Hz), 2.87 (1H, dd, J = 18.6, 4.2 Hz), 2.83 (1H, m) 2.54 (1H,
dd, J=18.6, 3.0 Hz), 1.01 (9H, s).

BC-NMR (CDCls, 150 MHz) & ppm: 198.9, 174.1, 159.3, 140.1, 135.44, 135.41, 134.9, 132.80,
132.78, 130.01, 129.97, 129.2, 128.0, 127.8, 114.3, 60.2, 55.3, 53.6, 46.7, 44.2, 43.6, 43.0, 26.8,
19.1.

[a]p>* =-98.2 (¢ 1.33, CHCL)

IR (ATR) Vinax [cm™']: 2937, 2861, 1697, 1655, 1507, 1422, 1245, 1111, 1026.

HR-ESIMS: calcd. for C33H3;NNaO,Si [M+Na]" 562.2390; found 562.2355.
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TBDPSO L-Selectride TBDPSO
H  THF,-78 °C; H

© TfO
A~  then PhNTI =0

PMB —78*Clort PMB
68 y. 98% 67

To a stirred solution of 68 (388 mg, 719 umol, 1.0 equiv) in dry THF (5.39 mL) was added
dropwise L-Selectride® (1.0 M in THF, 2.16 mL, 3.0 equiv) at —78 °C under Ar atmosphere. The
reaction mixture was stirred at —78 °C for 4 hours before a solution of N-phenyl-bis(trifluoromethane
sulfonimide) (722 mg, 2.16 mmol, 3.0 equiv) in dry THF (1.80 mL) was added dropwise at the same
temperature. The reaction mixture was warmed at room temperature and stirred for 17 hours at the
same temperature. The reaction was quenched by adding water and then diluted with EtOAc. After
separation of the two layers, the aqueous layer was extracted two times with EtOAc. The combined
organic layers were washed with brine, dried over Na,SO,, filtered, and evaporated under reduced
pressure. The residue was purified by silica gel flash column chromatography (EtOAc/n-hexane =
3/7) to afford 67 (476 mg, 706 umol) in 98% yield as a colorless oil.

67

'H-NMR (CDCls, 600 MHz) & ppm: 7.59 (4H, m), 7.43 (2H, m), 7.37 (4H, m), 7.17 (2H, d, J = 9.0
Hz), 6.88 (2H, d, J = 9.0 Hz), 5.66 (1H, m), 4.83 (1H, d, J = 15.0 Hz), 4.02 (1H, d, J = 15.0 Hz),
3.81 (3H, s), 3.79-3.75 (2H, overlapped), 3.66 (1H, m), 2.74 (1H, m), 2.70 (1H, m), 2.62-2.58 (3H,
overlapped), 2.27 (1H, m), 1.01 (9H, s).

BC-NMR (CDCls, 150 MHz) & ppm: 175.1, 159.3, 146.0, 135.42, 135.37, 132.9, 132.8, 129.97,
129.95, 129.3, 128.1, 127.9, 121.3, 118.4 (q, J = 318 Hz), 114.2, 60.7, 55.3, 53.9, 43.8, 42.0, 41.3,
33.5,26.7,24.3,19.1.

[a]p>* = +2.27 (c 1.46, CHCl;)

IR (ATR) Vinax [cm™']: 2933, 2866, 1697, 1507, 1416, 1211, 1140, 958.

HR-ESIMS: calcd. for C34H33F3NNaOgSSi [M+Na]™ 696.2039; found 696.2080.
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5% Rh/C Br AcCl

Br
@Br NoH,H,0 ©: NaHCO5 @[
_OH _OH
THF, 0 °C N Et,0, 0 °C to rt N

NO
2 y. 86% in 2 steps Ac
1-Bromo- 70 73
2-nitrobenzene

To a stirred solution of 1-bromo-2-nitrobenzene (500 mg, 2.48 mmol, 1.0 equiv) and rhodium 5%
on carbon (15.3 mg, 7.44 umol, 0.3 mol%) in dry THF (24.8 mL) was added dropwise N,H4 H,O
(144 pL, 2.98 mmol, 1.2 equiv) at 0 °C under Ar atmosphere. The reaction mixture was stirred at 0
°C for 2.5 hours. The resulting mixture was filtered through Celite®. The filtrate was evaporated
under reduced pressure.

The residue was dissolved in dry Et,0 (10.0 mL). To this solution, NaHCOj3 (250 mg, 2.98 mmol,
1.2 equiv) was added and acetyl chloride (212 pL, 2.98 mmol, 1.2 equiv) in dry Et,O (14.8 mL) was
added drop by drop at 0 °C under Ar atmosphere. The reaction mixture was warmed to room
temperature and then stirred for 30 minutes at the same temperature. The resulting mixture was
filtered through Celite®. The filtrate was evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (EtOAc/n-hexane = 2/1) to afford 73 (492 mg,
2.14 mmol) in 86% yield in two steps as a pale yellow solid.

73
'H-NMR (DMSO-ds, 400 MHz) 6 ppm: 10.64 (1H, s), 7.70 (1H, m), 7.44 (2H, m), 7.31 (1H, m),
3.35(3H, s).

Mel
Lo 2 CC
N o n-OMe
Ac y. quant Ac
73 74

To a solution of 73 (100 mg, 435 umol, 1.0 equiv) in DMF (870 pL) were added K,COj3 (72.1 mg,
522 pumol, 1.2 equiv) and iodomethane (32.5 pL, 522 umol, 1.2 equiv) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 4.5 hours at some temperature. The reaction
mixture was diluted with water and EtOAc at room temperature. After separation of the two layers,
the aqueous layer was extracted two times with EtOAc. The combined organic layers were washed
with brine, dried over Na,SOy,, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (EtOAc/n-hexane = 3/7) to afford 74 (108 mg,

435 pumol) in quantitative yield as a pale yellow oil.
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74
'H-NMR (CDCl3, 600 MHz, VT 55 °C) 6 ppm: 7.67 (1H, m), 7.40-7.37 (2H, overlapped), 7.40 (1H,
m), 3.75 (3H, s), 2.17 (3H, s).

5% Rh/C Br CICOCH,CI Br
@EBV NoHyH,0 @[ NaHCOj, o)
.OH Cl
NO, THF0°C N Et,0,0°Ctort l}l)k/
H y. 92% in 2 steps OH
1-Bromo- 70 75

2-nitrobenzene

To a stirred solution of 1-bromo-2-nitrobenzene (100 mg, 495 pumol, 1.0 equiv) and rhodium 5%
on carbon (3.1 mg, 1.49 umol, 0.3 mol%) in dry THF (4.95 mL) was added dropwise N,H4 H,O
(43.3 uL, 891 pumol, 1.8 equiv) at 0 °C under Ar atmosphere. The reaction mixture was stirred at 0 °C
for 3.5 hours. The resulting mixture was filtered through Celite®. The filtrate was evaporated under
reduced pressure.

The residue was dissolved in dry Et,0 (4.95 mL). To this solution, NaHCOj3 (49.9 mg, 594 umol,
1.2 equiv) was added and chloroacetyl chloride (47.2 puL, 594 pmol, 1.2 equiv) was added drop by
drop at 0 °C under Ar atmosphere. The reaction mixture was stirred at the same temperature for 30
minutes. The resulting mixture was filtered through Celite”. The filtrate was evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(EtOAc/n-hexane = 3/7) to afford 75 (120 mg, 454 umol) in 92% yield in two steps as a pale yellow
solid.

75

'H-NMR (Acetone-ds, 600 MHz, VT 50 °C) ¢ ppm: 9.72 (1H, br-s), 7.73 (1H, d, J = 7.2 Hz), 7.54
(1H, br-d, J = 7.2 Hz), 7.48 (1H, dd, J = 7.2, 7.2 Hz), 7.36 (1H, br-d, J = 7.2, 7.2 Hz), 4.52 (2H,
br-s).

C-NMR: Due to the mixture of rotational isomers of amide moiety, the peaks in complicated
spectrum could not be identified.

IR (ATR) Vinax [cm™']: 3202, 1656, 1476, 1410, 1266.

HR-ESIMS: calcd. for CgH;BrCINNaO, [M+Na]+ 285.9246; found 285.9217.
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CH2N2 in Etzo

BrO Bro
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OH OMe
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88%

75 76
A solution containing 75 (150 mg, 567 mmol, 1.0 equiv) and an Et,0 solution of freshly prepared

CH;N; (excess) was stirred for 3 hours at room temperature. The reaction was quenched by adding
AcOH and the resulting mixture was evaporated under reduced pressure. The residue was purified
by silica gel flash column chromatography (EtOAc/n-hexane = 3/7) to afford 76 (138 mg, 495
mmol) in 88% yield as a pale yellow solid.

76

'H-NMR (Acetone-ds, 600 MHz, VT 50 °C) & ppm: 7.76 (1H, d, J = 8.4 Hz), 7.52-7.50 (2H,
overlapped), 7.40 (1H, m), 4.49 (2H, br-s), 3.79 (3H, s).

BC-NMR (Acetone-ds, 150 MHz, VT 50 °C) & ppm: 138.8, 134.6, 132.1, 131.6, 129.6, 124.2, 62.7,
42.6; The signal of carbonyl carbon could not be detected.

IR (ATR) Vinax [em™']: 1698, 1469, 1375, 1259.

HR-ESIMS: calcd. for CoHoBrCINNaO, [M+Na]" 299.9403; found 299.9393.

©iBro NaOMe Br
c @E oM
N)K/ MeOH, rt N e

1
OMe y. 57% H
76 47

To a solution of 76 (1.17 g, 4.20 mmol, 1.0 equiv) in dry MeOH (41.0 mL) was added NaOMe
(227 mg, 4.20 mmol, 1.0 equiv) at 0 °C under Ar atmosphere. The reaction mixture was stirred for 1
hour at the same temperature. The reaction was quenched by adding water at room temperature. The
resulting mixture was evaporated under reduced pressure. The residue was purified by silica gel
flash column chromatography (toluene/n-hexane = 1/3) to afford 47 (634 mg, 3.14 mmol) in 75%
yield as a yellow oil.

47

'H-NMR (CDCls, 600 MHz) & ppm: 7.43 (1H, d, J = 7.8 Hz), 7.35 (1H, br-s), 7.28 (1H, dd, J = 7.8,
7.8 Hz), 7.18 (1H, d, /= 7.8 Hz), 6.82 (1H, dd, /= 7.8, 7.8 Hz), 3.81 (3H, s).

PC-NMR (CDCls, 150 MHz) & ppm: 145.6, 132.2, 128.4, 122.5, 115.2, 107.9, 63.5.

IR (ATR) Vimay [em™']: 3283, 1589, 1471, 1294.

HR-ESIMS: calcd. for C;HgNNaO [M—Br+Na]+ 145.0504; found 145.0492.
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TBDPSO 3HF-Et;N HO
J..\.H N JH
TfO I\E Ti;fbrzizux TfO I\E o
67 86
To a solution of 67 (58.2 mg, 86.4 umol, 1.0 equiv) in THF (864 uL) were added triethylamine
trihydrofluoride (70.4 puL, 432 umol, 5.0 equiv) and triethylamine (120 uL, 864 pmol, 10.0 equiv) at
room temperature under Ar atmosphere, and the reaction mixture was stirred under reflux for 22
hours. The reaction mixture was diluted with water and EtOAc at room temperature. After
separation of the two layers, the aqueous layer was extracted two times with EtOAc. The combined
organic layers were washed with brine, dried over Na,SO,, filtered, and evaporated under reduced
pressure. The residue was purified by silica gel flash column chromatography (EtOAc) to afford 86
(34.5 g, 79.2 umol) in 92% yield as a colorless amorphous powder.
86
'H-NMR (CDCl3, 400 MHz) 6 ppm: 7.16 (2H, d, J = 8.4 Hz), 6.85 (2H, d, J = 8.4 Hz), 5.75 (1H, m),
4.88 (1H, d, J = 15.2 Hz), 3.97 (1H, d, J = 15.2 Hz), 3.84 (1H, dd, J = 10.4, 6.0 Hz), 3.80 (3H, s),
3.76-3.71 (2H, overlapped), 2.75-3.64 (2H, overlapped), 2.40 (1H, m).
BC-NMR (CDCl;, 100 MHz) 6 ppm: 175.1, 159.3, 146.1, 129.3, 127.8, 121.3, 117.5 (q), 114.3, 59.4,
55.3,53.7,43.7,41.6, 41.3, 33.3, 24 4.

Br
@N,OMe

HO

47 H
HO Pd(OAG),, PPh; o H
-nH  EtsN, CO balloon ,;
TfO "'—,\ DMF, 30 °C MeO-N N0
N~=0 y. 20% PMB
PMB Br
86 79

A solution of 86 (5.6 mg, 14.9 pmol, 1.0 equiv), 47 (9.0 mg, 44.7 umol, 3.0 equiv), palladium(II)
acetate (0.5 mg, 2.2 ummol, 15 mol%), triphenylphosphine (1.2 mg, 4.4 umol, 30 mol%), and
triethylamine (10.4 uL, 74.5 umol, 5.0 equiv) in degassed dry DMF (150 uL) was stirred at 30 °C
under CO atmosphere. After 24 hours, the resulting mixture was filtered through Celite”. The filtrate
was evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (EtOAc/n-hexane = 1/1) to afford 79 (1.5 mg, 2.9 pmol) in 20% yield as a colorless

oil.
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HO MOMO
-nH MOMCI, DIPEA -nH
Tfo % CHyCly, 0°C to reflux TfO P
N y. 92% N
86 87
To a stirred solution of 86 (34.1 mg, 78.3 umol, 1.0 equiv) in dry CH,Cl, (390 nL) were added
dropwise chloromethyl methyl ether (17.6 pL, 221 umol, 3.0 equiv), N,N-diisopropylethylamine
(54.6 uL, 313 pmol, 4.0 equiv) at 0 °C under Ar atmosphere. The reaction mixture was stirred under
reflux for 10 hours. The reaction was quenched by adding saturated aqueous NH4Cl and then diluted
with CHCIl;. After separation of the two layers, the aqueous layer was extracted two times with
CHCIl;. The combined organic layers were washed with brine, dried over Na,SO,, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (EtOAc/n-hexane = 8/2) to afford 87 (34.5 mg, 72.0 umol) in 92% yield as a
colorless oil.
87
'H-NMR (600 MHz, CDCls) § 7.18 (2H, d, J = 8.8 Hz), 6.86 (2H, d, J = 8.8 Hz), 5.77 (1H, m), 4.90
(1H, d, J = 14.8 Hz), 4.58 (2H, s), 3.98 (1H, d, J = 14.8 Hz), 3.80 (3H, s), 3.69 (2H, m), 3.59 (1H,
m), 3.33 (3H, s), 2.85-2.69 (4H, overlapped), 2.38 (1H, m).
ESI-LRMS (m/z): 502 [M+Na]"
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N7 TBDPSO
TBDPSO Pd(OAC),, PPh, o wH
-H  Et3N, CO balloon 5

TiO " R MeO-N N~=0

{A~o DMF30°C NB

N 68%

PMB Y- Br

67 77

A solution of 67 (23.2 mg, 34.4 umol, 1.0 equiv), 47 (30.3 mg, 103 pmol, 3.0 equiv),
palladium(Il) acetate (0.4 mg, 1.7ummol, 5 mol%), triphenylphosphine (0.9 mg, 3.4 pmol, 10
mol%), and EN (24.0 mL, 172 pumol, 5.0 equiv) in degassed dry DMF (115 mL) was stirred at
room temperature under CO atmosphere. After 20 hours, the resulting mixture was filtered through
Celite™. The filtrate was evaporated under reduced pressure. The residue was purified by silica gel
flash column chromatography (EtOAc/n-hexane = 3/7) to afford 77 (17.6 mg, 23.3 pmol) in 68%
yield as a colorless oil.

77

'H-NMR (CDCls, 600 MHz) & ppm: 7.63 (1H, d, J = 7.8 Hz), 7.57 (4H, m), 7.43 (2H, m), 7.36 (4H,
m), 7.33-7.30 (2H, overlapped), 7.22 (1H, dd, /= 7.8, 7.8 Hz), 7.16 (2H, d, J= 9.0 Hz), 6.87 (2H, d,
J=9.0 Hz), 5.92 (1H, m), 4.94 (1H, d, J = 15.0 Hz), 3.81 (3H, s), 3.69-3.63 (7H, overlapped), 2.95
(1H, br-d, J = 18.6 Hz), 2.71-2.59 (3H, overlapped), 2.44 (1H, br-d, J= 18.6 Hz), 2.34 (1H, br-d, J =
18.6 Hz), 0.99 (9H, s).

BC-NMR (CDCls, 150 MHz) & ppm: 175.9, 170.9, 159.1, 135.5, 135.4, 133.9, 133.3, 133.2, 132.0,
130.6, 130.2, 129.9, 129.8, 129.3, 128.4, 128.3, 127.8, 123.4, 114.1, 61.9, 61.0, 55.3, 54.9, 42.8,
42.5,41.8,30.4,29.4,26.8,19.2.

[a]p® =-18.1 (¢ 0.70, CHCL)

IR (ATR) Vinax [cm™']: 2962, 2932, 2857, 1687, 1513, 1471, 1431, 1248, 1110.

HR-ESIMS: calcd. for C4;H4sBrN,NaOsSi [M+Na]+ 775.2179; found 775.2222.
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77 79
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To a solution of 77 (29.1 mg, 38.6 umol, 1.0 equiv) in THF (386 mL) were added
tetrabutylammonium fluoride (1 M in THF, 77.2 pL, 2.0 equiv) and AcOH (4.4 mL, 77.2 umol, 2.0
equiv) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 2 hours at
50 °C. The reaction mixture was diluted with water and EtOAc at room temperature. After
separation of the two layers, the aqueous layer was extracted two times with EtOAc. The combined
organic layers were washed with brine, dried over Na,SO,, filtered, and evaporated under reduced
pressure. The residue was purified by silica gel flash column chromatography (EtOAc/n-hexane =
1/1) to afford 79 (1.24 g, 2.95 pmol) in quantitative yield as a colorless amorphous powder.

79

'H-NMR (CDCls, 600 MHz) & ppm: 7.69 (1H, dd, J = 7.8, 1.2 Hz), 7.41 (1H, ddd, J = 7.8, 7.8, 1.2
Hz), 7.35 (1H, dd, J = 7.8, 1.2 Hz), 7.28 (1H, ddd, J = 7.8, 7.8, 1.2 Hz), 7.17 (2H, d, J = 9.0 Hz),
6.86 (2H, d, J = 9.0 Hz), 5.97 (1H, m), 4.97 (1H, d, J = 14.4 Hz), 3.80 (3H, s), 3.75-3.71 (5H,
overlapped), 3.64-3.62 (2H, overlapped), 3.00 (1H, br-d, J = 18.6 Hz), 2.77 (1H, br-d, J = 19.8 Hz),
2.67-2.64 (2H, overlapped), 2.52 (1H, br-d, J = 18.6 Hz), 2.40 (1H, br-d, J = 18.6 Hz).

BC-NMR (CDCls, 150 MHz) & ppm: 175.6, 171.0, 159.2, 138.3, 134.0, 132.3, 130.8, 130.4, 129.4,
128.4,128.2,123.5, 114.2, 62.0, 59.9, 55.3, 54.9, 42.9, 42.2, 41.7, 30.3, 29.6.

[a]p® =-31.2 (¢ 0.373, CHCl;)

IR (ATR) Vimax [em™']: 1729, 1673, 1614, 1513, 1464, 1245, 1035.

HR-ESIMS: calcd. for C,5H,7BrN;NaOs [M+Na]" 537.1001; found 537.0953.

107



HO MOMO
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Q ] MOMCI, DIPEA Q
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Br Br
79 88

To a stirred solution of 79 (4.4 mg, 8.07 wmol, 1.0 equiv) in dry CH,Cl, (160 uL) were added
dropwise chloromethyl methyl ether (1.8 uL, 24.2 umol, 3.0 equiv), N,N-diisopropylethylamine (7.0
uL, 40.4 pmol, 5.0 equiv) at 0 °C under Ar atmosphere. The reaction mixture was warmed to room
temperature and then stirred for 22 hours at the same temperature. The reaction was quenched by
adding H,O and then diluted with CHCIl;. After separation of the two layers, the aqueous layer was
extracted two times with CHCl;. The combined organic layers were washed with brine, dried over
Na,SOy, filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash
column chromatography (MeOH/CHCI; = 5/95) to afford 88 (4.0 mg, 7.1 umol) in 89% yield as a
colorless oil together with recovered starting material 79 (0.5 mg, 0.1 umol) in 11% yield.

88

'H-NMR (600 MHz, CDCls) 6 7.69 (1H, dd, J = 7.8, 1.2 Hz), 7.41 (1H, ddd, J = 7.8, 7.8, 1.2 Hz),
7.35 (1H, dd, J = 7.8, 1.2 Hz), 7.28 (1H, ddd, J = 7.8, 7.8, 1.2 Hz), 7.18, (2H, d, J = 8.4 Hz), 6.86
(2H, d, /= 8.4 Hz), 5.97 (1H, m), 4.98 (1H, d, J = 15.6 Hz), 4.53 (2H, s), 3.80 (3H, s), 3.76 (3H, s),
3.70-3.62 (2H, overlapped), 3.55 (1H, m), 3.47 (1H, m), 3.31 (3H, s), 3.01 (1H, br-d, J = 18.6 Hz),
2.79-2.68 (3H, overlapped), 2.47 (1H, br-d, J = 18.6 Hz), 2.37 (1H, br-d, J = 18.6 Hz).

ESI-LRMS (m/z): 581, 583 [M+Na]"
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MOMO

MOMO
wH  Pd(PPhg), MOMO o .
Q | EtsN “H [ Meo. .
g T d N =
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Toluene, reflux N 2 Al S =0
PMB : ) N0 N
Br MeO \\}) PMB PMB
88 89 epi-89
69% 16%

A solution of 88 (3.8 mg, 6.79 umol, 1.0 equiv), tetrakis(triphenylphosphine)palladium(0) (3.1 mg,
2.7 umol, 0.4 equiv), and triethylamine (9.5 pL, 67.9 pmol, 10 equiv) in degassed dry toluene (230
pL) was stirred under reflux for 13 hours under Ar atmosphere. The resulting mixture was filtered
through Celite™. The filtrate was evaporated under reduced pressure. The residue was purified by
silica gel preparative thin-layer chromatography (MeOH/CHCIl; = 2/98) to afford 89 (2.2 mg, 4.6
umol) in 69% yield as a white solid and epi-89 (0.5 mg, 1.0 pmol) in 16% yield as a white solid.

89

'H-NMR (600 MHz, CDCl;) 6 7.32 (1H, dd, J = 7.8, 7.8 Hz), 7.31 (1H, d, J = 7.8 Hz), 7.17 (2H, d, J =
8.4 Hz), 7.12 (1H, dd, /= 7.8, 7.8 Hz), 6.98 (1H, d, /= 7.2 Hz), 6.84 (2H, d, J = 8.4 Hz), 6.06 (1H, dd, J
=11.4,9.6 Hz), 5.28 (1H, d, J= 16.2 Hz), 5.23 (1H, d, J = 11.4 Hz), 4.66 (1H, d, J = 7.2 Hz), 4.64 (1H, d,
J=1.2 Hz), 4.02 (3H, s), 3.99 (1H, dd, J = 9.6, 9.6 Hz), 3.85-3.80 (2H, overlapped), 3.78 (3H, s), 3.76
(1H, m), 3.34 (3H, s), 3.24 (1H, dd, J = 9.0, 6.6 Hz), 2.81 (1H, dddd, J = 7.2, 7.2, 7.2, 7.2 Hz), 2.35 (1H,
dd, J =10.8, 4.8 Hz), 2.21 (1H, br-d, J = 10.8 Hz).

ESI-LRMS (m/z): 501 [M+Na]"

epi-89

'H-NMR (400 MHz, CDCl3) § 7.33 (1H, m), 7.12 (2H, d, J = 7.8 Hz), 7.09 (1H, d, J = 9.0 Hz), 7.01
(1H, d, J= 7.8 Hz), 6.83 (2H, d, J=9.0 Hz), 5.99 (1H, dd, /= 11.4, 9.0 Hz), 533 (1H,d, /=114
Hz), 5.21 (1H, d, J = 15.0 Hz), 4.68 (1H, d, J = 7.2 Hz), 4.62 (1H, d, J = 7.2 Hz), 4.04 (3H, s), 3.99
(1H, m), 3.80 (1H, m), 3.78 (3H, s), 3.38 (1H, d, J = 15.0 Hz), 3.36 (3H, s), 3.27 (1H, dd, J = 9.0,
7.2 Hz),2.75 (1H, ddd, J=7.2, 7.2, 7.2 Hz), 2.55 (1H, dd, /= 15.6, 1.2 Hz), 2.13 (1H, dd, J = 15.6,
4.8 Hz).

ESI-LRMS (m/z): 501 [M+Na]"
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79 80 epi-80
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A solution of 79 (19.1 mg, 37.1 umol, 1.0 equiv), tetrakis(triphenylphosphine)palladium(0) (17.1
mg, 14.8 pmol, 0.4 equiv), and Et;N (51.7 mL, 371 pmol, 10 equiv) in degassed dry MeCN (1.24
mL) was stirred under reflux for 90 hours under Ar atmosphere. The resulting mixture was filtered
through Celite™. The filtrate was evaporated under reduced pressure. The residue was purified by
silica gel flash column chromatography (MeOH/CHCI; = 3/97) to afford 80 (13.5 mg, 31.1 pmol) in
84% yield as a white solid and epi-80 (2.0 mg, 4.6 umol) in 12% yield as a white solid.

80

'H-NMR (CDCls, 600 MHz) & ppm: 7.30 (1H, dd, J = 7.8, 7.8 Hz), 7.25 (1H, d, J = 7.8 Hz), 7.13
(2H, d,J=9.0 Hz), 7.08 (1H, dd, J= 7.8, 7.8 Hz), 6.96 (1H, d, /= 7.8 Hz), 6.80 (2H, d, /= 9.0 Hz),
6.02 (1H, dd, J=10.2, 10.2 Hz), 5.23 (1H, d, /= 15.0 Hz), 5.21 (1H, d, J= 10.2 Hz), 4.05-3.98 (5H,
overlapped), 3.81 (1H, d, J = 15.0 Hz), 3.77 (1H, m),3.76 (3H, s), 3.21 (1H, dd, J = 9.0, 7.2 Hz),
2.72 (1H, m), 2.35 (1H, br-s), 2.30 (1H, dd, /= 16.8, 3.6 Hz), 2.23 (1H, dd, J = 16.8, 1.8 Hz).
BC-NMR (CDCls, 150 MHz) & ppm: 174.3, 171.9, 158.9, 138.7, 131.5, 129.5, 129.3, 128.8, 123.8,
123.4, 114.0, 107.5, 63.5, 59.7, 56.4, 55.3, 54.0, 45.4, 45.1, 44.7, 33.1.

[a]p> = +15.9 (¢ 0.71, CHCI3)

IR (ATR) vmax [cm™']: 3389, 3006, 2936, 1725, 1670, 1613, 1512, 1463, 1243, 1174, 1033, 744.
HR-ESIMS: calcd. for C,5HyN,NaOs [M+Na]” 457.1739; found 457.1694.

UV (MeOH) Anax nm (log ¢€): 205 (2.63), 227 (1.25), 258 (0.46).

epi-80

'H-NMR (CDCls, 600 MHz) & ppm: 7.32 (1H, m), 7.13-7.12 (2H, overlapped), 7.08 (2H, d, J = 9.0
Hz), 7.01 (1H, d, J= 7.8 Hz), 6.82 (2H, d, /= 9.0 Hz), 6.01 (1H, dd, J=12.0,9.0 Hz), 5.32 (1H, d, J
=12.0 Hz), 5.20 (1H, d, J = 14.4 Hz), 4.09 (1H, dd, J = 10.8, 8.4 Hz), 4.05-4.02 (4H, overlapped),
3.81 (1H, m), 3.78 (3H, s), 3.38 (1H, d, J = 14.4 Hz), 3.28 (1H, dd, J = 9.0, 7.2 Hz), 2.71 (1H, m),
2.54 (1H, dd, J=15.0, 1.2 Hz), 2.13 (1H, dd, /= 15.0, 4.8 Hz).

BC-NMR (CDCls, 150 MHz) & ppm: 175.2, 174.9, 159.3, 138.7, 130.5, 130.3, 129.3, 128.8, 128.1,
127.5,125.7,124.0, 114.2, 107.7, 63.5, 59.3, 56.3, 55.3, 54.2, 45.1, 44.7, 44.5, 34.5.
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IR (ATR) Vinax [cm™']: 3402, 2934, 1730, 1672, 1613, 1513, 1464, 1245, 1034, 752.
HR-ESIMS: caled. for C55HagN>NaOs [M+Na]" 457.1739; found 457.1734.
UV (MeOH) Anae nm (log £): 204 (2.39), 226 (1.08), 258 (0.36).

HO Hg(TFA),
O -uH MeCN, —20 °C;
q ; sat. NaCl aq., rt ©\N

N S
MeO \\é) ’F\>IMB 0 78% (brsm. 99%)

80

To a stirred solution of 80 (3.4 mg, 7.8 pumol, 1.0 equiv) in dry MeCN (157 uL) was added
mercury(Il) trifluoroacetate (3.7 mg, 8.6 umol, 1.1 equiv) at —20 °C under Ar atmosphere. The
reaction mixture was stirred at —20 °C for 5 hours before saturated aqueous NaCl (157 pL) was
added at the same temperature. The reaction mixture was warmed to room temperature and stirred at
the same temperature for 14 hours. The reaction mixture was diluted with 5% MeOH-CHClI;. After
separation of the two layers, the aqueous layer was extracted two times with 5% MeOH-CHCl;. The
combined organic layers were washed with brine, dried over Na,SQy, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel preparative thin-layer chromatography
(MeOH/CHCI; = 3/97) to afford 82 (4.1 mg, 6.1 umol) in 78% yield as a white solid together with
recovered starting material 80 (0.7 mg, 1.6 umol) in 20% yield.

82

'H-NMR (CDCls, 600 MHz) § ppm: 7.50 (1H, d, J = 7.8 Hz), 7.32 (1H, dd, J = 7.8, 7.8 Hz), 7.15
(2H, d,J=9.0 Hz), 7.12 (1H, dd, J= 7.8, 7.8 Hz), 6.99 (1H, d, J= 7.8 Hz), 6.83 (2H, d, /= 9.0 Hz),
5.25 (1H, d, J = 15.0 Hz), 4.28 (1H, dd, J = 11.4, 3.0 Hz), 4.19 (1H, d, J = 11.4 Hz), 4.10 (3H, s),
3.95(1H, d, J=4.2 Hz), 3.91 (1H, m), 3.78 (3H, s), 3.73 (1H, d, J=15.0 Hz), 3.31 (1H, dd, J = 9.0,
4.2 Hz), 2.97 (1H, m), 2.74 (1H, m), 2.27 (1H, dd, /= 16.2, 3.0 Hz), 2.23 (1H, dd, /= 16.2, 2.4 Hz).
BC-NMR (CDCls, 150 MHz) 6 ppm: 179.2, 173.1, 159.1, 138.0, 131.3, 129.5, 128.7, 128.3, 124.7,
124.0, 114.1, 107.4, 79.8, 64.4, 61.5, 59.0, 56.7, 55.3, 46.1, 44.1, 43 .4, 36.8, 32.7.

[a]p® =-14.5 (¢ 0.27, CHCL)

IR (ATR) Vimax [cm™']: 3008, 2930, 1698, 1666, 1614, 1512, 1464, 1241, 1104, 1036, 745.
HR-ESIMS: calcd. for C,5H,sCIHgN,NaOs [M+Na]™ 693.1056; found 693.1079.

UV (MeOH) Anax nm (log €): 204 (2.03), 263 (0.28).
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A stirred solution of 82 (61.3 mg, 91.6 pmol, 1.0 equiv) in dry DMF (2.44 mL) was vigorously
bubbled with O, and to this, a solution of NaBH4 (5.2 mg, 137 pmol, 1.5 equiv) in dry DMF (0.61
mL) was added at room temperature. O, was vigorously bubbled through the reaction mixture for 10
minutes at the same temperature. The reaction was quenched by adding water and then diluted with
5% MeOH-CHCls. After separation of the two layers, the aqueous layer was extracted two times
with 5% MeOH-CHCI;. The combined organic layers were washed with brine, dried over Na,SOy,
filtered, and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (MeOH/CHCIl; = 3/97) to afford 83 (35.6 mg, 79.0 umol) in 86% yield as a
colorless oil.

83

'H-NMR (CDCls, 600 MHz) & ppm: 7.48 (1H, d, J = 7.8 Hz), 7.30 (1H, dd, J = 7.8, 7.8 Hz), 7.13
(2H, d,J=9.0 Hz), 7.09 (1H, dd, J=7.8, 7.8 Hz), 6.95 (1H, d, J= 7.8 Hz), 6.83 (2H, d, /= 9.0 Hz),
5.21 (1H, d, J=15.0 Hz), 4.64 (1H, br-s), 4.39 (1H, dd, J=11.4, 2.4 Hz), 4.21 (1H, d, /= 11.4 Hz),
4.02 (3H, s), 3.80 (1H, br-s), 3.77 (3H, s), 3.76 (1H, m), 3.62 (1H, d, J = 15.0 Hz), 3.16 (1H, br-s),
2.85 (1H, d, J = 8.4 Hz), 2.66 (1H, m), 2.22 (1H, dd, J = 15.6, 3.6 Hz), 2.19 (1H, dd, J = 15.6, 1.8
Hz).

BC-NMR (CDCls, 150 MHz) & ppm: 173.3, 170.9, 159.1, 138.4, 130.8, 129.5, 128.7, 128.4, 124.5,
123.7, 114.1, 107.2, 79.4, 66.8, 63.9, 61.4, 57.8, 55.3, 53.6, 47.2, 43.9, 33.9, 31.9.

[a]p® =94 (¢ 0.07, CHCls)

IR (ATR) Vimax [em™']: 3390, 2923, 1722, 1673, 1614, 1513, 1464, 1320, 1245, 1034, 751.
HR-ESIMS: calcd. for C,5HysN,NaOg [M+Na]” 473.1689; found 473.1671.

UV (MeOH) Anax nm (log ¢€): 203 (1.55), 259 (0.20).
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To a stirred solution of 80 (5.0 mg, 11.5 umol, 1.0 equiv) in dry MeCN (230 uL) was added
mercury(Il) trifluoroacetate (5.4 mg, 12.7 umol, 1.1 equiv) at —20 °C under Ar atmosphere. The
reaction mixture was stirred for 2 hour at the same temperature, and the resultant mixture was
evaporated under reduced pressure.

The residue was dissolved in dry DMF (310 uL) and bubbled with O, at 0 °C. To a stirred this
solution was added NaBH,4 (0.7 mg, 17.4 wmol, 1.5 equiv) in dry DMF (80 uL) at 0 °C. O, was
vigorously bubbled through the reaction mixture for 15 minutes at the same temperature. The
resulting mixture was filtered through Celite®. The filtrate was evaporated under reduced pressure.
The residue was purified by silica gel preparative thin-layer chromatography (MeOH/CHCIl; = 2/98)
to afford 83 (4.0 mg, 8.88 umol) in 77% yield as a colorless oil together with recovered starting

material 80 (0.8 mg, 1.8 umol) in 16% yield.
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77% (brsm. 91%)

(-)-14-Hydroxygelsedilam (15)

A solution of 83 (28.0 mg, 62.2 umol, 1.0 equiv), anisole (311 pL), and trifluoroacetic acid (3.11
mL) was stirred under reflux for 49 hours under Ar atmosphere. The reaction was quenched by
adding saturated aqueous NaHCO; at 0 °C and then diluted with 10% MeOH-CHCIl;. After
separation of the two layers, the aqueous layer was extracted two times with 10% MeOH-CHCl;.
The combined organic layers were washed with brine, dried over Na,SO,, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel flash column chromatography
(MeOH/CHCI; = 1/9) to afford 14-hydroxygelsedilam (15) (15.7 mg, 47.5 pmol) in 77% yield as a
white solid together with recovered starting material 83 (4.3 mg, 9.5 umol) in 15% yield.

14-Hydroxygelsedilam (15)

'H-NMR (CD;0D, 600 MHz) § ppm: 7.55 (1H, d, J = 7.8 Hz), 7.32 (1H, dd, J = 7.8, 7.8 Hz), 7.12
(1H, dd, J=17.8, 7.8 Hz), 6.98 (1H, d, J = 7.8 Hz), 4.49 (1H, d, J = 1.8 Hz), 4.35 (1H, dd, J = 10.8,
3.6 Hz), 4.29 (1H, d, J = 10.8 Hz), 4.08 (1H, m), 3.95 (3H, s), 3.64 (1H, br-s), 2.87 (1H, m), 2.53
(1H, d,J=7.8 Hz), 2.47 (1H, dd, J= 15.6, 4.2 Hz), 2.00 (1H, dd, J= 15.6, 2.4 Hz).

C-NMR (CD;OD, 150 MHz) 6 ppm: 179.6, 173.0, 139.3, 132.9, 129.6, 125.8, 124.8, 108.1, 80.5,
67.5,64.0, 62.1,57.8,55.2,47.7,37.4, 37.0.

[a]p>* =109 (c 0.08, MeOH)

IR (ATR) Vinax [em™']: 3341, 2917, 1713, 1687, 1618, 1469, 1331, 1240, 1048, 754.

HR-ESIMS: calcd. for C;7H;sN;NaOs [M+Na]” 353.1113; found 353.1118.

UV (MeOH) A nm (log €): 204 (2.31), 256 (0.50).

CD (MeOH, 24 °C, ¢ 0.279 mM)

Ae (Anm): 0 (304), —1.49 (261), 0 (248), +1.57 (236), 0 (227), -7.71 (212).

Natural product: CD (MeOH, 24 °C, ¢ 0.280 mM)

Ae (Anm): 0 (304), -3.11 (260), 0 (248), +4.33 (235), 0 (224), —12.65 (213).
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ACzO

Et;N, DMAP
CHQCIz, rt
y. quant
OMe OMe
14-Hydroxygelsedilam (15) (—)-14-Acetoxygelsedilam (93)

To a solution of 15 (3.9 mg, 12 umol, 1.0 equiv) in dry CH,Cl, (240 uL) were added acetic
anhydride (1.3 puL, 14 pmol, 1.2 equiv), EtsN (3.3 pL, 24 umol, 2.0 equiv), and
N,N-dimethyl-4-aminopyridine (0.3 mg, 2.4 pumol, 0.2 equiv) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 75 minutes at the same temperature. The
reaction was quenched by adding water and then diluted with CHCl;. After separation of the two
layers, the aqueous layer was extracted two times with CHCl;. The combined organic layers were
washed with brine, dried over Na,SOy, filtered, and evaporated under reduced pressure. The residue
was purified by silica gel flash column chromatography (MeOH/CHCl; = 1/9) to afford
14-acetoxygelsedilam (93) (4.6 mg, 12 umol) in quantitative yield as a colorless oil.

14-Acetoxygelsedilam (93)

'H-NMR (CDCls, 600 MHz) & ppm: 7.44 (1H, d, J = 7.8 Hz), 7.28 (1H, dd, J = 7.8, 7.8 Hz), 7.08
(1H, dd, J=17.8,7.8 Hz), 6.90 (1H, d, J = 7.8 Hz), 6.32 (1H, br-s), 5.63 (1H, d, J=2.4 Hz), 4.36 (1H,
dd, J=10.8, 3.6 Hz), 4.28 (1H, dd, /= 10.8, 1.2 Hz), 4.14 (1H, m), 3.92 (3H, s), 2.90 (1H, m), 2.71
(1H, dd, J= 8.4, 1.2 Hz), 2.38 (1H, dd, /= 16.2, 3.6 Hz), 2.16 (1H, dd, J = 16.2, 2.4 Hz), 2.02 (3H,
s).

BC-NMR (CDCls, 150 MHz) & ppm: 175.9, 170.7, 169.8, 138.5, 130.4, 128.6, 124.1, 123.5, 107.2,
75.6,69.2,63.7,61.6,55.9, 53.7, 42.8, 36.0, 35.5, 21.1.

[a]p>* =-81.4 (¢ 0.18, CHCLy)

IR (ATR) Vimax [em™']: 2925, 1724, 1615, 1464, 1235, 1055, 753.

HR-ESIMS: calcd. for C;9H,oN,NaOg [M+N.’:1]+ 395.1219; found 395.1241.

UV (MeOH) A nm (log €): 210 (2.67), 257 (0.61).

CD (MeOH, 24 °C, ¢ 0.166 mM)

Ag (Anm): 0 (306), —10.78 (261), 0 (248), +12.39 (236), 0 (226), —29.92 (212).

Natural product: CD (MeOH, 24 °C, ¢ 0.280 mM)

Ae (Anm): 0 (300), -5.07 (262), 0 (248), +7.72 (235), 0 (223), —15.10 (211).
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(-)-14-Acetoxygelsedilam (93) 94

To a solution of 93 (2.0 mg, 5.4 pmol, 1.0 equiv) in dry THF (270 pL) were added di-tert-butyl
dicarbonate (9.3 mL, 43 pumol, 8.0 equiv) and N,N-dimethyl-4-aminopyridine (3.9 mg, 32 umol, 6.0
equiv) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 19 hours
at the same temperature. The resultant mixture was evaporated under reduced pressure. The residue
was purified by silica gel preparative thin-layer chromatography (MeOH/CHCl; = 5/95) to afford 94
(1.6 mg, 3.4 umol) in 64% yield as a colorless oil.

94

'H-NMR (CDCls, 600 MHz) & ppm: 7.44 (1H, d, J = 7.8 Hz), 7.29 (1H, dd, J = 7.8, 7.8 Hz), 7.08
(1H, dd, J=17.8, 7.8 Hz), 6.92 (1H, d, J = 7.8 Hz), 5.67 (1H, br-s), 4.57 (1H, m), 4.33 (1H, dd, J =
10.8, 3.6 Hz), 4.30 (1H, br-d, J = 10.8 Hz), 3.97 (3H, s), 3.92 (1H, br-s), 2.90 (1H, d, J = 9.0 Hz),
2.78 (1H, m), 2.60 (1H, dd, J=15.6, 1.8 Hz), 2.35 (1H, dd, J = 15.6, 3.0 Hz), 2.03 (3H, s), 1.54 (9H,
s).

BC-NMR (CDCls, 150 MHz) & ppm: 171.6, 170.4, 169.6, 150.1, 138.6, 130.3, 128.8, 114.0, 123.6,
107.2, 83.3, 75.6, 68.8, 63.7, 61.1, 59.6, 53.6, 45.6, 32.9, 32.3, 28.1, 21.1.

[a]p>* = —28.5 (¢ 0.04, CHCLy)

IR (ATR) Vinax [em™']: 2975, 2930, 2887, 1789, 1721, 1312, 1230, 1146, 753.

HR-ESIMS: calcd. for C,yHosN,NaOg [M+Na]™ 495.1743; found 495.1750.

UV (MeOH) Anax nm (log €): 209 (1.99), 256 (0.36).
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EtMgBr TFA
THF, -78 °C CHzclz, rt
y. 87% \
in 2 steps OMe

(-)-14-Hydroxygelsenicine (42)

To a stirred solution of 94 (1.6 mg, 3.4 umol, 1.0 equiv) in dry THF (843 nL) was added dropwise
ethylmagnesium bromide (3.0 M in Et,0, 6.8 pL, 6.0 equiv) at —78 °C under Ar atmosphere. The
reaction mixture was stirred for 30 minutes at —78 °C before warming to room temperature and
stirred for another 15 minutes at the same temperature. The reaction was quenched by adding
saturated aqueous NH4Cl and then diluted with 10% MeOH-CHCI;. After separation of the two
layers, the aqueous layer was extracted two times with 10% MeOH-CHCI;. The combined organic
layers were washed with brine, dried over Na,SOy, filtered, and evaporated under reduced pressure.

The residue was dissolved in CH,Cl, (169 pL) and trifluoroacetic acid (3.4 pl) was added to the
solution at room temperature under Ar atmosphere. The reaction mixture was stirred for 2 hours at
the same temperature. The reaction was quenched by adding saturated aqueous NaHCOj at 0 °C and
then diluted with 5% MeOH-CHCI;. After separation of the two layers, the aqueous layer was
extracted two times with 5% MeOH-CHCIl;. The combined organic layers were washed with brine,
dried over Na,SOy,, filtered, and evaporated under reduced pressure. The residue was purified by
silica gel preparative thin-layer chromatography (MeOH/CHCl; = 7/93) to afford
14-hydroxygelsenicine (42) (1.0 mg, 2.9 pmol) in 87% yield in two steps as a colorless oil.

14-Hydroxygelsenicine (42)

'H-NMR (CDCls, 600 MHz) & ppm: 7.50 (1H, d, J = 7.8 Hz), 7.26 (1H, dd, J = 7.8, 7.8 Hz), 7.07
(1H, dd, J = 7.8, 7.8 Hz), 6.87 (1H, d, J = 7.8 Hz), 4.45 (1H, br-s), 4.44 (1H, dd, J = 10.8, 3.6 Hz),
4.41 (1H, m), 431 (1H, d, J = 10.8 Hz), 3.93 (3H, s), 3.67 (1H, br-s), 2.89 (1H, d, J = 8.4 Hz), 2.77
(1H, dq, J = 17.4, 7.2 Hz), 2.59 (1H, m), 2.50 (1H, dq, J = 17.4, 7.2 Hz), 2.41 (1H, dd, J = 15.6, 4.8
Hz), 2.30 (1H, dd, J=15.6, 1.8 Hz), 1.29 (1H, dd, J= 7.2, 7.2 Hz).

BC-NMR (CDCls, 150 MHz) 6 ppm: 181.4, 170.8, 138.0, 131.6, 128.3, 124.5, 123.5, 106.8, 79.2,
71.7, 66.4, 63.4,61.7,53.7, 52.2, 38.3,37.5, 26.0, 9.9.

[a]p>* =113 (¢ 0.05, CHCls), Natural product: [a]p>* =—116 (c 0.78, CHCL)

IR (ATR) Vmax [cm™']: 2936, 2909, 1719, 1643, 1616, 1464, 1319, 1232, 1040, 1013, 878, 747.
HR-ESIMS: calcd. for C1oH,3N,0,4 [M+H]" 343.1658; found 343,1703.

UV (MeOH) Apgx nm (log £): 210 (2.07), 258 (0.46).
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o>

(¢}
TFA
(CH,CI),, 50 °C
y. 56%
| |
OMe OMe
(-)-14-Hydroxygelsenicine (42) (-)-Gelsefuranidine (16)

To a solution of 42 (5.1 mg, 15 pumol, 1.0 equiv) in dry (CH,Cl); (300 pL) were added
2-furaldehyde (6.2 pL, 74.5 umol, 5.0 equiv) and trifluoroacetic acid (1.1 pL, 15 pmol, 1.0 equiv) at
room temperature under Ar atmosphere, and the reaction mixture was stirred for 41 hours at 50 °C.
The reaction was quenched by adding saturated aqueous NaHCOj; at 0 °C and then diluted with
CHCIl;. After separation of the two layers, the aqueous layer was extracted two times with CHCls.
The combined organic layers were washed with brine, dried over Na,SOy, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel MPLC (MeOH/CHCI; = 2/98) to
afford gelsefuranidine (16) (3.5 pg, 8.3 pmol) in 56% yield as a white solid.

Gelsefuranidine (16)

'H-NMR (CDCls, 600 MHz) & ppm: 7.53 (1H, d, J = 7.8 Hz), 7.49 (1H, s), 7.27 (1H, dd, J= 7.8, 7.8
Hz), 7.09 (1H, dd, J = 7.8, 7.8 Hz), 6.97 (1H, s), 6.88 (1H, d, J = 7.8 Hz), 6.61 (1H, d, J = 3.6 Hz),
6.49 (1H, br-s), 4.63 (1H, m), 4.52 (1H, br-s), 4.51 (1H, dd, J = 10.8, 3.6 Hz), 4.38 (1H, d, /= 10.8
Hz), 3.91 (3H, s), 3.66 (1H, br-s), 3.43 (1H, d, J = 9.0 Hz), 2.67 (1H, m), 2.50 (1H, dd, J = 15.6, 4.8
Hz), 2.46 (3H, s), 2.39 (1H, dd, J = 15.6, 1.8 Hz).

BC-NMR (CDCP’, 150 MHz) & ppm: 177.0, 170.6, 152.8, 142.9, 138.1, 131.5, 130.8, 128.4, 124.6,
123.5,122.9, 112.9, 111.9, 106.8, 79.5, 72.6, 67.5, 63.4, 61.9, 53.7, 49.0, 38.3, 37.4, 15.0.

[a]p? =152 (c 0.18, CHCls)

IR (ATR) Vinax [em™']: 2923, 2853, 1722, 1617, 1588, 1465, 1315, 1041, 1016, 748.

HR-ESIMS: caled. for Co4Hy5N205 [M+H]" 421.1764; found 421.1771.

UV (MeOH) Apa nm (log €): 204 (1.15), 308 (0.97).

CD (MeOH, 24 °C, ¢ 0.252 mM)

Ag (Anm): 0 (347), +2.65 (306), 0 (281), —9.04 (260), 0 (244), +2.23 (236), 0 (231), —20.51 (214).
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TFA
(CHCl),, 80 °C
y. 82%
(I)Me
(-)-14-Hydroxygelsenicine (42) (-)-Gelselegandine B (90)

To a solution of 42 (4.2 mg, 12 umol, 1.0 equiv) in dry (CH,Cl), (246 pL) were added 3-
vinylbenzaldehyde (7.8 pL, 61.3 pmol, 5.0 equiv) and trifluoroacetic acid (0.9 pL, 12 pmol, 1.0
equiv) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 18 hours
at 80 °C. The reaction was quenched by adding saturated aqueous NaHCOj; at 0 °C and then diluted
with CHCIl;. After separation of the two layers, the aqueous layer was extracted two times with
CHCIl;. The combined organic layers were washed with brine, dried over Na,SO,, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel MPLC (MeOH/CHCl; =
2/98) to afford gelselegandine B (90) (4.6 mg, 10 umol) in 82% yield as a white solid.
Gelselegandine B (90)

'H-NMR (CD;0D, 600 MHz) 6 ppm: 7.61 (1H, d, J = 7.8 Hz), 7.57 (1H, s), 7.40 (3H, overlapped),
7.36 (1H, s), 7.32 (1H, dd, J = 7.8, 7.8 Hz), 7.14 (1H, dd, J = 7.8, 7.8 Hz), 6.96 (1H, d, J = 7.8 Hz),
6.80 (1H, dd, J = 17.4, 10.8 Hz), 5.85 (1H, d, J = 17.4 Hz), 5.28 (1H, d, J = 10.8 Hz), 4.57 (1H, m),
4.51 (1H, dd, J = 10.8, 3.0 Hz), 4.47 (1H, br-d, J = 1.8 Hz), 4.40 (1H, d, J = 10.8 Hz), 3.91 (3H, s),
3.61 (1H, br-s), 3.50 (1H, d, J = 8.4 Hz), 2.71 (1H, m), 2.64 (1H, dd, J = 15.6, 4.8 Hz), 2.29 (3H, s),
2.22 (1H, br-d, J = 15.6 Hz).

BC-NMR (CD;OD, 150 MHz) & ppm: 180.0, 173.0, 139.14, 139.09, 138.5, 138.0, 137.7, 134.3,
133.2, 130.1, 129.57, 129.55, 128.6, 126.6, 126.0, 124.8, 114.6, 108.0, 80.7, 73.5, 68.2, 64.0, 62.1,
55.5,50.4,39.6,38.2. 15.1.

[a]p® =—64.1 (¢ 0.23, MeOH), Natural product: [a]p>* = —65.0 (c 0.1, MeOH)

IR (ATR) Vinax [cm™']: 2920, 2868, 1721, 1617, 1594, 1475, 1464, 1317, 1233, 1040, 747.
HR-ESIMS: calcd. for CosHoN,0,4 [M+H]" 457.2127; found 457.2104.

UV (MeOH) Apax nm (log €): 207 (2.35), 254 (2.48).
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TFA

(CHCl),, 80 °C
y. 95%

(-)-14-Hydroxygelsenicine (42)

To a solution of 42 (4.0 mg, 12 umol, 1.0 equiv) in dry (CH,Cl), (234 pL) were added 4-
ethylbenzaldehyde (7.8 pL, 58.4 umol, 5.0 equiv) and trifluoroacetic acid (0.9 uL, 12 pmol, 1.0
equiv) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 18 hours
at 80 °C. The reaction was quenched by adding saturated aqueous NaHCOj; at 0 °C and then diluted
with CHCIl;. After separation of the two layers, the aqueous layer was extracted two times with
CHCIl;. The combined organic layers were washed with brine, dried over Na,SO,, filtered, and
evaporated under reduced pressure. The residue was purified by silica gel preparative thin-layer
chromatography (MeOH/CHCIl; = 5/95) to afford 95 (5.1 mg, 11 pmol) in 95% yield as a white
solid.
95
'H-NMR (CD;0D, 600 MHz) & ppm: 7.49 (1H, d, J = 7.8 Hz), 7.33 (2H, d, J = 7.8 Hz), 7.24 (1H, s),
7.21 (1H,dd,J=7.8,7.8 Hz), 7.17 (2H, d, J= 7.8 Hz), 7.03 (1H, dd, /= 7.8, 7.8 Hz), 6.86 (1H, d, J
=7.8 Hz), 4.46 (1H, m), 4.40 (1H, dd, J=10.8, 3.6 Hz), 4.36 (1H, br-d, /= 1.8 Hz), 4.29 (1H, d, J =
10.8 Hz), 3.80 (3H, s), 3.50 (1H, br-s), 3.39 (1H, d, J = 8.4 Hz), 2.60-2.56 (3H, overlapped), 2.52
(1H, dd, J=15.0, 4.8 Hz), 2.19 (3H, s), 2.11 (1H, br-d, J= 15.0 Hz), 1.16 (1H, t, /= 7.2 Hz).
C-NMR (CD;0D, 150 MHz) & ppm: 180.2, 173.0, 145.5, 139.1, 138.1, 135.6, 133.3, 133.2, 130.9,
129.5, 128.8, 126.0, 124.8, 108.0, 80.8, 73.4, 68.3, 64.0, 62.2, 55.5, 50.3, 39.6, 38.2, 29.7, 16.0, 15.1.
[a]p? =—85.7 (¢ 0.26, MeOH)
IR (ATR) Vinax [cm™']: 2966, 2925, 2868, 1725, 1617, 1586, 1465, 1317, 1041, 748.
HR-ESIMS: calcd. for C,gH3;N,04 [M+H]" 459.2284; found 459.2253.
UV (MeOH) A nm (log €): 210 (2.11), 285 (1.82).
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Riboflavin
Blue LED

MeCN, rt
y. 23%

95 (-)-Gelselegandine C (91)

To a solution of 95 (4.7 mg, 10 umol, 1.0 equiv) in dry MeCN (152 uL) was added riboflavin (0.2
mg, 0.5 umol, 5 mol%) at room temperature under Ar atmosphere, and the reaction mixture was
stirred for 24 hours at the same temperature under blue LED irradiation (450 nm, radiant flux 10 W).
The resulting mixture was passed through a silica gel short column and the eluate was evaporated
under reduced pressure. The residue was purified by silica gel preparative thin-layer chromatography
(MeOH/CHCI; = 2/98) to afford gelselegandine C (91) (1.1 mg, 2.4 umol) in 23% yield as a white
solid together with 23% of the recovered starting material.

Gelselegandine C (91)

'H-NMR (CD;0D, 600 MHz) 6 ppm: 7.51 (1H, d, J = 7.8 Hz), 7.31 (1H, dd, J = 7.8, 7.8 Hz), 7.18
(2H, d, J = 7.8 Hz), 7.14 (2H, d, J = 7.8 Hz), 7.11 (1H, dd, J = 7.8, 7.8 Hz), 6.97-6.96 (2H,
overlapped), 4.50 (1H, m), 4.32 (1H, d, J = 10.8 Hz), 4.22 (1H, dd, J = 10.8, 4.2 Hz), 4.20 (1H, d, J
= 1.2 Hz), 3.94 (3H, s), 3.38 (1H, br-s), 2.79 (1H, d, J = 8.4 Hz), 2.64 (1H, q, J = 7.8 Hz), 2.58-2.53
(2H, overlapped), 2.48 (3H, s), 2.26 (1H, br-d, /= 15.6 Hz), 1.23 (1H, t, J = 7.8 Hz).

C-NMR (CD;0OD, 150 MHz) & ppm: 180.4, 173.1, 145.2, 139.3, 136.4, 135.1, 134.4, 132.9, 129.7,
129.5, 128.9, 126.3, 124.7, 108.0, 81.4, 73.1, 66.9, 63.9, 62.0, 55.0, 53.1, 38.9, 38.0, 29.6, 24.2, 16.0.
[a]p?’ =-49.3 (¢ 0.07, MeOH), Natural product: [a]p>> = —35.6 (c 0.09, MeOH)

IR (ATR) Viax [cm™']: 2962, 2917, 2868, 1726, 1615, 1581, 1464, 1232, 1041, 751.

HR-ESIMS: calcd. for CogH3N,04 [M+H]" 459.2284; found 459.2280.

UV (MeOH) Apax nm (log €): 203 (1.34), 282 (0.79).
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ACzO
Et;N, DMAP
e R
CHQC|2, rt H N
y. 82% N Yo Ac
I
OMe OMe H20
(-)-14-Hydroxygelsenicine (42) 96

To a solution of 94 (6.9 mg, 20 umol, 1.0 equiv) in dry CH,Cl, (240 uL) were added acetic
anhydride (5.7 pL, 61 pmol, 3.0 equiv), EtzN (14.1 pL, 101 pmol, 5.0 equiv), and
N,N-dimethyl-4-aminopyridine (2.5 mg, 20 umol, 1.0 equiv) at room temperature under Ar
atmosphere, and the reaction mixture was stirred for 18 hours at the same temperature. The reaction
was quenched by adding water and then diluted with 5% MeOH-CHCI;. After separation of the two
layers, the aqueous layer was extracted two times with 5% MeOH-CHCl;. The combined organic
layers were washed with brine, dried over Na,SOy, filtered, and evaporated under reduced pressure.
The residue was purified by silica gel MPLC (MeOH/CHCIl; = 3/97) to afford 96 (6.3 mg, 15 umol)
in 73% yield as a colorless oil.

96

'H-NMR (CDCls, 600 MHz) & ppm: 7.41 (1H, d, J = 7.8 Hz), 7.26 (1H, dd, J = 7.8, 7.8 Hz), 7.06
(1H, dd, J=17.8, 7.8 Hz), 6.89 (1H, d, /= 7.8 Hz), 5.61 (1H, br-s), 5.21 (1H, q, /= 6.6 Hz), 4.74 (1H,
m), 4.36 (1H, dd, /= 10.8, 3.6 Hz), 4.33 (1H, d, J = 10.8 Hz), 3.95 (3H, s), 3.70 (1H, br-s), 3.18 (1H,
d,J=8.4Hz),2.80 (1H, dd, J=16.2, 1.8 Hz), 2.56 (1H, m), 2.37 (3H, s), 2.11 (1H, dd, J=16.2, 3.6
Hz), 2.06 (3H, s), 1.76 (1H, d, J = 6.6 Hz).

BC-NMR (CDCls, 150 MHz) & ppm: 170.7, 170.6, 169.8, 141.1, 138.2, 130.9, 128.5, 124.3, 123 .4,
106.9, 103.8, 75.9, 71.3, 63.5, 61.9, 60.6, 53.6, 41.8, 34.2, 30.8, 26.0, 21.1, 14.2.

[a]p>* =-91.4 (¢ 0.12, CHCL)

IR (ATR) Vinax [cm™']: 2923, 2879, 2853, 1723, 1670, 1642, 1388, 1234, 1024, 750.

HR-ESIMS: calcd. for C,3HyN,NaOg [M+Na]™ 449.1689; found 449.1686.

UV (MeOH) Anax nm (log €): 207 (1.19), 254 (0.44).
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1N HCl aq

MeOH, reflux
y. 75%

(I)Me
96 (—)-Gelsemolenine A (92)

A solution of 96 (3.4 mg, 8.0 pmol, 1.0 equiv), MeOH (200 pL), and 1N aqueous HCI (80 puL)
was stirred under reflux for 22 hours under Ar atmosphere. The reaction was quenched by adding
saturated aqueous NaHCOj; at 0 °C and then diluted with 5% MeOH-CHCI;. After separation of the
two layers, the aqueous layer was extracted two times with 5% MeOH-CHCIl;. The combined
organic layers were washed with brine, dried over Na,SO,, filtered, and evaporated under reduced
pressure. The residue was purified by silica gel preparative thin-layer chromatography
(MeOH/CHCI; = 5/95) to afford gelsemolenine A (92) (2.3 mg, 6.0 umol) in 75% yield as a white
solid.

Gelsemolenine A (94)

'H-NMR (CDCls, 600 MHz) & ppm: 7.47 (1H, d, J = 7.8 Hz), 7.35 (1H, dd, J = 7.8, 7.8 Hz), 7.30
(1H, dd, J = 6.0, 1.2 Hz), 7.15 (1H, dd, J = 7.8, 7.8 Hz), 7.01 (1H, d, J = 7.8 Hz), 6.44 (1H, br-d, J =
7.8 Hz), 4.40 (1H, m), 4.29 (1H, d, J = 5.4 Hz), 4.26 (1H, d, J = 9.6 Hz), 3.99 (3H, s), 3.71 (1H, dd,
J=9.6,3.0 Hz), 3.31 (1H, br-d, J = 1.2 Hz), 3.04 (1H, dq, J = 18.0, 7.2 Hz), 2.78 (1H, dq, J = 18.0,
7.2 Hz), 2.05 (1H, dd, J = 13.8, 4.8 Hz), 1.94 (3H, s), 1.61 (1H, dd, J = 13.8, 10.2 Hz), 1.21 (3H, dd,
J=172,7.2Hz).

BC-NMR (CDCls, 150 MHz) & ppm: 201.2, 171.7, 169.0, 139.7, 139.0, 137.5, 128.8, 126.8, 126.5,
123.7,107.5, 72.0, 67.5, 63.6, 53.0, 47.1, 38.1, 35.4, 30.6, 23.4, 8.3.

[a]p® =142 (c 0.05, MeOH), Natural product: [a]p”’ = —19.4 (¢ 0.310, MeOH)

IR (ATR) Vinax [cm™']: 3304, 2923, 2852, 1718, 1660, 1617, 1525, 1463, 1190, 748.

HR-ESIMS: calcd. for C;;H,4N,NaOs [M+Na]” 407.1583; found 407.1582.

UV (MeOH) Amax nm (log €): 204 (2.14), 245 (1.01).

CD (MeOH, 24 °C, ¢ 0.466 mM)

Ae (Anm): 0 (377),-0.83 (325), 0 (301), +0.48 (287), 0 (268), —8.82 (231), 0 (218), +6.87 (207).
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To a solution of 80 (5.0 mg, 11.5 wmol, 1.0 equiv) in CH,Cl,/H,O (1/1, 1.0 mL) were added
AZADOL" (0.4 mg, 2.3 umol, 20 mol%), iodobenzene diacetate (9.3 mg, 29 umol, 2.5 equiv) at 0
°C under Ar atmosphere, and the reaction mixture was stirred for 10 hours at the same temperature.
The reaction was quenched by adding saturated aqueous Na,;S,03 at 0 °C. After separation of the two
layers, the aqueous layer was extracted two times with 5% MeOH-CHCl;. The combined organic
layers were washed with brine, dried over MgSQy, filtered, and evaporated under reduced pressure.
The residue was purified by silica gel preparative thin-layer chromatography (MeOH/CHCl; =
10/90) to afford 99 (5.2 mg, 11.5 wmol) in quantitative yield as a white solid.

99

'H-NMR (CD;0D, 600 MHz) ¢ ppm: 7.36 (1H, d, J = 7.2 Hz), 7.31 (1H, dd, J = 7.2, 7.2 Hz), 7.21
(2H,d,J=8.4Hz),7.11 (1H, dd, J=7.2,7.2 Hz), 7.01 (1H, d, J= 7.2 Hz), 6.88 (2H, d, J = 8.4 Hz),
6.21 (1H,dd, J = 11.4, 9.0 Hz), 5.06 (1H, d, J = 15.0 Hz), 5.01 (1H, d, J = 11.4 Hz), 3.99 (3H, s),
3.92 (1H, m), 3.91 (1H, d, J = 15.0 Hz), 3.76 (3H, s), 3.40 (1H, dd, J = 9.6, 6.6 Hz), 3.36 (1H, dd, J
=9.0, 6.6 Hz), 3.08 (1H, d, /= 16.2 Hz), 2.35 (1H, dd, /= 4.2, 16.2 Hz).

C-NMR (CD;0D, 150 MHz) 6 ppm: 176.8, 175.1, 174.4, 160.7, 139.6, 133.8, 133.5, 130.6, 130.3,
130.2, 129.6, 125.7, 125.1, 115.2, 108.3, 64.0, 58.7, 55.7, 55.1, 52.3, 49.9, 46.7, 34.3.

[a]p>* = +25.1 (¢ 1.15, MeOH)

IR (ATR) Vinax [cm™']: 3473, 1719, 1676, 1614, 1512, 1244,

HR-ESIMS: calcd. for C,5H24N,NaOg [M+Na]+ 471.1532; found 471.1540.

UV (MeOH) Anax nm (log €): 203.5 (2.70), 225 (1.28), 257 (0.43).
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NaBH,4
Hg(TFA), dry O, bubbling
MeCN, —20 °C DMF, 0 °C
y. 74%
(brsm. 94%) OMe

To a stirred solution of 99 (5.2 mg, 11.6 umol, 1.0 equiv) in dry MeCN (230 uL) was added
mercury(Il) trifluoroacetate (5.5 mg, 12.8 umol, 1.1 equiv) at —20 °C under Ar atmosphere. The
reaction mixture was stirred for 2 hours at the same temperature, and the resultant mixture was
evaporated under reduced pressure.

The residue was dissolved in dry DMF (330 uL) and bubbled with O, at 0 °C. To a stirred this
solution was added NaBH,4 (0.7 mg, 17.4 wmol, 1.5 equiv) in dry DMF (70 uL) at 0 °C. O, was
vigorously bubbled through the reaction mixture for 15 minutes at the same temperature. The
resulting mixture was filtered through Celite®. The filtrate was evaporated under reduced pressure.
The residue was purified by silica gel preparative thin-layer chromatography (MeOH/CHCI; = 1/9)
to afford 98 (3.7 mg, 7.97 umol) in 86% yield as a colorless oil.

98

'H-NMR (CDCls, 600 MHz,)  ppm: 7.48 (1H, d, J = 7.2 Hz), 7.35 (1H, dd, J = 7.2, 7.2 Hz), 7.14
(1H,dd,J=7.2,7.2 Hz), 7.11 (2H, d, J= 8.4 Hz), 7.00 (1H, d, /= 7.2 Hz), 6.83 (2H, d, J = 8.4 Hz),
5.15(1H, d, J=15.6 Hz), 4.88 (1H, s), 4.57 (1H, s), 4.06 (3H, s), 3.90 (1H, ddd, /= 9.0, 3.0, 3.0 Hz),
3.78 3H, s), 3.65 (1H, d, J = 15.6 Hz), 3.49 (1H, dd, J = 8.4, 8.4 Hz), 3.21 (1H, d, /= 8.4 Hz), 2.28
(1H, br-d, J = 15.6 Hz), 2.02 (1H, d, /= 15.6, 3.0 Hz).

BC-NMR (CDCls, 150 MHz) 6 ppm: 171.7, 169.6, 169.4, 159.4, 138.1, 129.5, 128.9, 127.1, 124.5,
124.4,114.4, 107.6, 85.5, 65.5, 64.1, 55.3, 53.4, 50.6, 50.4, 44.1, 41.5, 31.9.

[a]p® =-73.7 (¢ 0.318, CHCl;)

IR (ATR) Vinax [cm™']: 3394, 1753, 1725, 1687, 1615, 1513, 1465, 1246,

HR-ESIMS: caled. for C,5sH,4N>NaO, [M+Na]+ 487.1481; found 487.1474.

UV (MeOH) Anax nm (log €): 202.5 (2.14), 223 (0.87), 258 (0.33).
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To a stirred solution of 98 (3.0 mg, 6.46 mmol, 1.0 equiv) in trifluoroacetic acid (320 uL) was
added anisole (32 uL) at room temperature under Ar atmosphere. The reaction mixture was stirred at
120 °C for 36 hours before a solution of anisole (64 pL) was added at the room temperature. The
reaction mixture was warmed at 120 °C and stirred for 4 hours at the same temperature. The reaction
was quenched by adding saturated aqueous NaHCO3 at 0 °C and then diluted with 5% MeOH-CHCl;.
After separation of the two layers, the aqueous layer was extracted two times with 5% MeOH-CHClIs.
The combined organic layers were washed with brine, dried over MgSQy,, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel preparative thin-layer chromatography
(MeOH/CHCI; = 1/9) to afford 101 (1.5 mg, 2.90 pmol) in 67% yield as a white solid together with
recovered starting material 98 (1.0 mg, 2.2 umol) in 33% yield.

101

'H-NMR (CDCls, 600 MHz,)  ppm: 7.51 (1H, d, J = 7.2 Hz), 7.36 (1H, dd, J = 7.2, 7.2 Hz), 7.16
(1H,dd,J=7.2,7.2 Hz), 6.97 (1H, d, J= 7.2 Hz), 6.27 (1H, br-s), 4.91 (1H, d, /= 1.2 Hz), 4.56 (1H,
s), 4.26 (1H, ddd, /= 8.4, 2.4, 2.4 Hz), 3.98 (3H, s), 3.73 (1H, dd, J = 8.4, 8.4 Hz), 3.02 (1H, d, J =
8.4 Hz), 2.22 (1H, dd, J=15.6, 2.4 Hz), 2.18 (1H, d, J= 3.0, 15.6 Hz).

BC-NMR (CDCls, 150 MHz) 6 ppm: 177.2, 171.44, 171.42, 139.5, 131.2, 130.4, 125.4, 125.3, 108.6,
86.8, 66.7, 64.2,53.0, 51.7, 51.0, 44.3, 37.5.

[a]p™* =-31.5 (¢ 0.069, MeOH)

IR (ATR) Vinax [cm™']: 3045, 2938, 2860, 1677, 1049.

HR-ESIMS: calcd. for C;7H;sN;NaOg [M+Na]™ 367.0906; found 367.0889.

UV (MeOH) Anax nm (log ¢€): 208 (1.47), 257 (0.27).
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To a solution of 101 (2.2 mg, 6.39 umol, 1.0 equiv) in dry THF (320 uL) were added di-zerz-butyl
dicarbonate (7.3 uL, 31.9 umol, 5.0 equiv) and N,N-dimethyl-4-aminopyridine (0.4 mg, 3.2 umol,
0.5 equiv) at room temperature under Ar atmosphere, and the reaction mixture was stirred for 22
hours at the same temperature. The reaction was quenched by adding water and then diluted with
EtOAc. After separation of the two layers, the aqueous layer was extracted two times with EtOAc.
The combined organic layers were washed with brine, dried over Na,SOy, filtered, and evaporated
under reduced pressure. The residue was purified by silica gel preparative thin-layer chromatography
(MeOH/CHCI; = 2/98) to afford 102 (3.0 mg, 5.5 wmol) in 86% yield as a colorless oil.

102

'H-NMR (CDCls, 600 MHz,)  ppm: 7.47 (1H, d, J = 7.2 Hz), 7.37 (1H, dd, J = 7.2, 7.2 Hz), 7.15
(1H,dd,J=7.2,7.2 Hz), 6.99 (1H, d, J= 7.2 Hz), 5.65 (1H, s), 4.69 (1H, s), 4.67 (1H, m), 4.00 (3H,
s), 3.61 (1H, dd, J= 9.0, 9.0 Hz), 3.26 (1H, d, /= 9.0 Hz), 2.75 (1H, d, /= 16.2 Hz), 2.14 (1H, d, J
=16.2,3.6 Hz), 1.54 (9H, s), 1.42 (9H, s).

BC-NMR (CDCls, 150 MHz) § ppm: 170.5, 170.2, 169.3, 153.1, 151.0, 139.8, 131.1, 129.9, 125.72,
125.66, 109.2, 85.6, 85.3, 83.1, 71.1, 65.3, 56.0, 51.8, 49.6, 41.3, 34.6, 29.4, 29.1.

[a]p>* = —12.45 (c 0.183, MeOH)

IR (ATR) Vinax [em™']: 1796, 1763, 1729, 1310, 1280, 1247, 1156.

HR-ESIMS: calcd. for Cp7H3,N;NaO o [M+Na]" 567.1955; found 567.1944.

UV (MeOH) Anax nm (log €): 208 (1.32), 257 (0.21).
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To a stirred solution of 102 (3.5 mg, 6.43 umol, 1.0 equiv) in dry THF (640 pnL) was added
dropwise ethylmagnesium bromide (3.0 M in THF, 20 pL, 3.0 equiv) at —78 °C under Ar atmosphere.
the reaction mixture was stirred for 30 minutes at the same temperature. The reaction was quenched
by adding saturated aqueous NH4CI and then diluted with 5% MeOH-CHCI;. After separation of the
two layers, the aqueous layer was extracted two times with 5% MeOH-CHCIl;. The combined
organic layers were washed with brine, dried over MgSO,, filtered, and evaporated under reduced
pressure.

The residue was dissolved in CH,Cl, (640 uL) and trifluoroacetic acid (64 uL) was added to the
solution at room temperature under Ar atmosphere. The reaction mixture was stirred for 16 hours at
the same temperature. The reaction was quenched by adding saturated aqueous NaHCOj; at 0 °C and
then diluted with 5% MeOH-CHCI;. After separation of the two layers, the aqueous layer was
extracted two times with 5% MeOH-CHCIl;. The combined organic layers were washed with brine,
dried over MgSOQ,, filtered, and evaporated under reduced pressure. The residue was purified by
silica gel preparative thin-layer chromatography (MeOH/CHCIl; = 5/95) to afford 97 (0.9 mg, 2.5
umol) in 39% yield in two steps as a white solid.

97

'H-NMR (CDCls, 600 MHz,) 6 ppm: 7.53 (1H, d, J = 7.2 Hz), 7.34 (1H, dd, J = 7.2 Hz), 7.14 (1H,
dd, J=17.2,7.2 Hz), 6.94 (1H, d, J= 7.2 Hz), 4.73 (1H, s), 4.69 (1H, m), 4.44 (1H, br-s), 3.98 (3H,
s), 3.42 (1H, dd, J= 8.4, 8.4 Hz), 3.21 (1H, dd, /= 8.4, 2.4 Hz), 2.81 (1H, qd, J=17.4, 7.2 Hz), 2.54
(1H, qd, J=17.4,7.2 Hz), 2.42 (1H, dd, J = 16.2, 2.4 Hz), 2.28 (1H, dd, /= 16.2, 4.2 Hz), 1.33 (3H,
t,J=7.2 Hz).

BC-NMR (CDCls, 150 MHz) 6 ppm: 179.3, 171.5, 169.8, 137.8, 129.7, 129.2, 124.6, 124.3, 107.3,
85.1,69.3, 65.6, 63.7, 56.9, 50.4, 46.0, 37.1, 26.0, 10.0.

[a]p®™ =111 (c 0.039, MeOH)

IR (ATR) Vimax [cm™']: 2922, 1747, 1725, 1468, 1042.

HR-ESIMS: calcd. for CjoHN,Os [M+H]" 357.1451; found 357.1431.

UV (MeOH) A nm (log €): 208.5 (1.37), 258 (0.26).
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To a stirred solution of 97 (0.9 mg, 2.52 pumol, 1.0 equiv) in dry CH,Cl, (250 pL) was added
dropwise diisobutylaluminum Hydride (1.02 M in n-hexane, 5.0 puL, 2.0 equiv) at —78 °C under Ar
atmosphere. The reaction mixture was stirred at =78 °C for 1 hour. The reaction was quenched by adding
saturated aqueous potassium sodium tartrate and then diluted with 5% MeOH-CHCI;. After separation of
the two layers, the aqueous layer was extracted two times with 5% MeOH-CHC]l;. The combined organic
layers were washed with brine, dried over MgSOy, filtered, and evaporated under reduced pressure. The
residue was purified by silica gel preparative thin-layer chromatography (MeOH/CHCI; = 5/95) to afford
GSB-1 (43) (0.5 mg, 1.4 umol) in 56% yield as a white solid.

GSB-1 (43)

'H-NMR (CDCl;, 600 MHz,) § ppm: 7.52 (1H, d, J= 7.2 Hz), 7.27 (1H, dd, J = 7.2 Hz), 7.07 (1H, dd, J =
7.2,7.2 Hz), 6.89 (1H, d, J=7.2 Hz), 5.77 (1H, s), 4.50-4.47 (2H, overlapped), 4.00 (1H, s), 3.94 (3H, s),
3.12 (1H, d, J = 8.4 Hz), 2.83-2.79 (2H, overlapped), 2.53 (1H, m), 2.33 (1H, dd, J = 15.6, 3.6 Hz), 2.28
(1H, d,J=15.6 Hz), 1.30 3H, t, /= 7.2 Hz).

HR-ESIMS: calcd. for C19H»3N,Os [M+H]™ 359.1607; found 359.1653.

CD (MeOH, 24 °C, ¢ 0.279 mM)

Ag (A nm): 0 (312), +0.35 (290.5), 0 (279), -3.01 (261), 0 (250), +6.33 (233), 0 (220), —10.23
(206.5).
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16-epi-Voacarpine (3) GSB-3 (45)

To a stirred solution of  16-epi-voacarpine (3) (3.1 mg, 8.41 umol, 1.0 equiv) in dry MeOH (170 pL)
was added hydrogen peroxide (30%, 1.9 uL, 2.0 equiv) at room temperature under Ar atmosphere. The
reaction mixture was stirred for 18 hours at the same temperature, and the resultant mixture was
evaporated under reduced pressure. The residue was purified by NH-silica gel preparative thin-layer
chromatography (MeOH/CHCI; = 3/97) to afford GSB-3 (45) (1.3 mg, 3.4 umol) in 40% yield as a white
solid.

GSB-3 (45)

'H-NMR (CDCls, 600 MHz,) 6 ppm: 7.82 (1H, d, J = 8.4 Hz), 7.32 (1H, dd, J = 8.4, 8.4 Hz), 7.29
(1H, d, J=8.4 Hz), 7.16 (1H, dd, J= 8.4, 8.4 Hz), 6.74 (1H, s), 5.61 (1H, q, /= 7.2 Hz), 4.97 (1H, d,
J=10.2 Hz), 4.34 (1H, d, J = 12.0 Hz), 4.31 (1H, d, J = 12.0 Hz), 4.21 (1H, dd, J=16.2, 10.2 Hz),
391 (1H, d, J = 12.6 Hz), 3.77 (3H, s), 3.44 (1H, d, J = 14.4 Hz), 3.42 (1H, d, J = 16.2 Hz), 3.18
(1H, dd, J=14.4,12.6 Hz), 1.89 (3H, d, /= 7.2 Hz)

'H-NMR (CDCl; & 2 drops of CD;0D, 600 MHz,)  ppm: 7.83 (1H, d, J = 7.8 Hz), 7.33-7.31 (2H,
overlapped), 7.16 (1H, dd, J = 7.8, 7.8 Hz), 6.75 (1H, s), 5.70 (1H, q, J = 7.2 Hz), 4.95 (1H, d, J =
10.2 Hz), 4.34 (1H, d, J=11.4 Hz), 4.20 (1H, d,J=11.4 Hz), 4.18 (1H, dd, /= 15.0, 10.2 Hz), 3.88
(1H, d, J=12.6 Hz), 3.48 (1H, d, /= 14.4 Hz), 3.43 (1H, d, /= 15.0 Hz), 3.74 (3H, s), 3.13 (1H, dd,
J=14.4,12.6 Hz), 1.89 (3H, d, J= 7.2 Hz).

BC-NMR (CDCl; & 2 drops of CD;0D, 150 MHz) 6 ppm: 188.6, 173.0, 138.9, 136.2, 134.4, 132.1,
130.5,129.5,127.2,121.4,121.0, 116.6, 111.8, 64.3, 63.2, 55.3, 53.3, 38.1, 28.1, 21.4, 15.9.
HR-ESIMS: calced. for C,1H»,N>NaOs [M—FH]+ 405.1426; found 405.1428.

UV (MeOH) Anax nm (log €): 317.5 (0.630), 285.5 (1.69), 239 (0.767), 204 (1.35).

CD (MeOH, 24 °C, ¢ 0.297 mM)

Ag (Anm): 0 (369), +12.8 (316), 0 (297), —14.0 (282), —2.68 (247), —2.889 (242), —1.89 (229), —-10.2
(207).
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