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Abbreviations

Ac acetyl Me methyl

AIBN 2,2’-azobis(isobutyronitrile) min minute(s)

aq. aqueous MOM methoxymethyl

Ar aryl Ms mesyl, methanesulfonyl

Boc t-butoxycarbonyl MTPA a-methoxy-a-(trifluoromethyl)-

Bn benzyl phenylacetic acid

Bu butyl MW microwave

Bz benzoyl n normal

Cbz benzyloxycarbonyl NBS N-bromosuccinimide

d day(s) NIS N-iodosuccinimide

dba dibenzylideneacetone NMR nuclear magnetic resonance

DBU 1,8-diazabicyclo[5.4.0]Jundec-7-ene 0 ortho

DCC N,N’-dicyclohexylcarbodiimide p para

DCE 1,2-dichloroethane Ph phenyl

decomp decomposition Piv pivaloyl

DMA N,N-dimethylacetamide PMP 1,2,2,6,6-pentamethylpiperidine

DMAP  4-(N,N-dimethylamino)pyridine Pr propyl

DME 1,2-dimethoxyethane quant quantitative yield

DMEAD bis(2-methoxyethyl) R alkyl
azodicarboxylate rt room temperature

DMF N,N-dimethylformamide rxn reaction

DMSO  dimethyl sulfoxide SEM 2-(trimethylsilyl)ethoxymethyl

dr diastereomeric ratio t tertiary

ee enantiomeric excess TBAF tetra-n-butylammonium fluoride

eq equivalent TBHP t-butyl hydroperoxide

ent enatiomer TBS t-butyldimethylsilyl

Et ethyl temp. temperature

h hour(s) TEMPO  2,2,6,6-tetramethyl-1-piperidiniloxy

HRMS  high resolution mass spectroscopy free radical

HPLC high-performance liquid THP 2-tetrahydropyranyl
chromatography Tf trifluoromethanesulfonyl

i iso TFA trifluoroacetic acid

IBX o-iodoxybenzoic acid TFAA trifluoroacetic anhydride

IR infrared THF tetrahydrofuran

KHMDS potassium bis(trimethylsilyl)amide TIPS triisopropylsilyl

LDA lithium diisopropylamide TLC thin layer chromatography

LHMDS lithium bis(trimethylsilyl)amide TMEDA N,N,N’,N’-tetramethylethylene-

m meta diamine

mCPBA  3-chloroperbenzoic acid TMP 2,2,6,6-tetramethylpiperidine

MAD methylalunimum TMS trimethylsilyl
bis(2,6-di-#-butyl- Troc 2,2,2-trichloroethoxycarbonyl

4-methylphenoxide) Ts tosyl, p-toluenesulfonyl
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1-1. ZFveIvLaBET ViIeA RIZHOWNWT

~F B (Loganiaceae) 7 /L& I U ABHMICIE, FEFMENOLEE T 71204 LT
% Gelsemium elegans Benth., 7 XV HHREMEEE O 77 7~ ZEHICHMmL TV D
Gelsemium sempervirens Ait. & Gelsemium rankinii Small D =N SN TWS ', KEEYIT
B THY | ¥FIZ G elegans 13 HEFOZ & THA T D, gD ERIERIZEW I
HTH Y, BETHIVIIFRNE, EEOHAFIFREETRICED L@REENTEY -
EEIZABRMBZIC A OB < MESA TN D P, KBMAEYITEE LTHWLRT
WL H Y OABTEER S ORNEZ < ORFEORKEEE O, ZhETICE
+EBZ DAY NEEShTE Y,

T IULBEMICEAESNDLEA Y F=AT Vv haA FOK#HE LT, @BHEOE/ TV
NRIA A R=ATIuaA FEDESEICRIESh, BHECHR LTEEEZ AT 2000
ZNZEDRETOND, THLIEIME EORENORE ISR YT R 2
UIVAEL TwrT=U B P IR Sk VRO R DD 7 N — TIPS AT
% * (Figure 1),

Figure 1. Six Types of Gelsemium Alkaloids
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1-2. AFEME

FRDBEY . RBEWITH AHIEE LTHWSNTE T,

HFEIZBW TSRS & LT LN TWD G. elegans 13 [ER H OEYETH 51
RERZIZEH [$9Y1) 0L TZORBNH D O FURESHIT VAR E LTHW LR TEY,
BB RBHEREESL ) v~ FIRRICFH S, DAETHORERBRICTENSERLZEHE
2Zond THEE (R02)] (G elegans OIRE) #IFELTHHLTW I ERHERLLD
EICE VBN E RS TS T, BRI IS 721 Cle < ABEMICE T 28 biThh
THEY S ZOBFHIEMTRZNICGER S TWS %, & bic, BSAMBIIS 2 et
SOWTOIFEHITHONTEY . G. elegans DIEDOHIHIEN B FINE Y MM CaOV-3 [Z%4 5
MREEZ AT LR EPRESRTHS % MBRICOWTORRLTILAH LD
IEPEFHM 1T LI TV D, G. elegans 7> BB S TN DD 7 v Y URUEEIZEE L T,
7w N MR H4-I-E-C3, b MR L ik A431, & BT flla AZ521, & REL
77 AEI MCF7, & b B0 Ml Hela o 5 FE O SEEMAAIZ 3 2 MlaEE I DV TOg
PERHm 2N T TR Y, FITIFT AT T F % ERIAIEREZ RT O H L Z ERMEIN
Tng

Flo, VY AIVIZHULESFEFERT LA DT, eI F oy AI R0 f T n—Y
¥ AI VDL TR HBILTUWD G. sempervirens & G. elegans & [FIARIZEIREHSCHLIT WL
AAERZRL 'S UIE LI AR OB HIC WV D, MR B R i< b4 A
SNDd, o, TAZEL, HARRRIROEGRES LTOMRBIRSH 5, 19 AL 5
TAV I AEHLE LTHERICHERSNL L9120, KREFERY (1863-1926) <05 [H = 3K
SHERIC B I STV & R,

Eomy, FAueIvs@riiusd RPRERIZEERGLE LTHOWLATE R,
ZOERREM . PLRIEMERSCHTIRGER AR FRIICERD STV D sUIARILE WD BBl IE
DO — NMeEmE L TOEmWARELZ KL SH 5,



1-3. AR
L ITANBTAIEA ROESKRIZLULTOL Y ICHESHL TS B (Scheme 1),

Scheme 1. Proposed Biosynthesis
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M) 72 Iveanf=COMaIllosTHLALA NI by P T b, Zha—2A
PIARGRSNTT VT e K8 Leh, “HEHEGORMEIEBION, (v F—LERFF%
N L. b HOERFEFEZN, & T 5H,) & 21707 b ROBRENEIT LI2ZITEICIC
LoTERVVUBEEMHEL, 9 DL RPHEEICEDL EEZEZLNATVDS, 9 KLV C17 ALk
CIS MO THEAMNAR L, BRERIC LD 2 MRFBEOMEENEL -5 Tae U AO®
LB v (1) 12, CSHLE Cle MifCREGDMER L. BLERERIZ K 5 22 [k 58 D fiF bk
NMTNVT e ROBILBEITTHZETHANRF U BOarI v 2) b, avIv(2)
D C3fir& N, [HDOFEG DA, 17 (i AKBEEOIERIR L C3 Al TO=—T /VFERTER AN E
:mﬁ\wﬂy7ytPuﬁAyy%ﬁﬂvum WERT D, 19-(2)-7T > & KRy
A= (10) IZBWT ok (C18 ALdfR(k) MNHETT L7 RICERALBUS N ET T2 Z &
TayIUBoayIy 3) BAEKT D, —FHTI9-(2)-7 b FueRA T4 —/ (10)
D BEEfk (CT (frdgft) . WL ZfETA > R UEEIND L7~ T = BoF
BB ESND, £72, 10 128V T BELAHEST L7221, C6~CT AL ZHAE G ER L
T15 Lo 7=, C6ALIT% LT C19-C20 (2D —HEfEA 72> 6 DBAb I L OELAIEEALIC L
AU RY ) U ORENEITTHE SN I VOB RIERESNDS EEZEZ OGNS, 2. &
NI UROBKREERT HAREICIEZ 7~ T =Moo 6~k Rndv v~ =2 (14) »
B C6fre C20 MLTOMBNEZLZLEINIBDEEZLLNTNDS S, FLt o RoEtk
WZOWTIE 7w r 7= 8o 21 (RFBIRFDBKRBT 5 CRE/DNPETT L2 LIV E
MENDEZEZDBNTWD, ZH560D 21 ALRFRF D RET HREEEIZOWV TR, 21 fLKE
JRFPRFF SN EETERY CUBRBHM/NLICEEEZ bOT v e K Z L X2 (19)
WHEEShZ "2 L0 LTOX BRI TS (Scheme2), 7~r T = DT v
F=Tr (13) IZBWT, Ny b Q2Q0N~DORBEHENEZHZ LTI VI V=0 b4
18 AR L, CQLAL~AKDBRBEHESTHZ LIk r s (19) BEKRT S, 61
21 fRFEOBLMBRZ R T =20 (200 L7eb | <ETIZL D Z Yy (6)
LD EBZDBNTWND,

Scheme 2. Proposed Biosynthesis of Gelsedine-Type Compounds
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1-4. @EoAvaA L RY J UEMNEATD
Pt I T NBT VIO A ROSRHIZE
1-4-1. v RUEMDE RS
BEE T, Y rie Pl BULEY OERRGNILD 72 <. 26 HIX Hiemstra 512 X 5 ent=7
Nt OERKR BB L Carreira ICE A NLVEEXF VY=o DT IKICBITAER POHRT
D, Flo. FAEOFIE LCEELBICE D 7~ T = AUbEMN S At Y RS
M ~DOEHPNRE ST 5 19202

1-4-1-1. Hiemstra 512 L5 ent=7 Nt (27) OEEK GEFIEMEMR. 2000)

2000 FIZ 7Vt D URUEE W DHT DA L)Y Hiemstra © 12 & - TiEpk &7z '* (Scheme 3) .
DI Y PUBREBEL, ZNEFETLZLET en=r BV (27) OEREITS
Tn5,

(8) -V A (21) ZFEEIE L THEMOEBROZIZHEONDG T L 22133 ik Y
UATEET, XWP TOMBULEIC LY, 23 DX 5 e EEZ R TRIEAEIT L, hRED
I T C5-C6 FEAMNIERL Sz BRI LAY 24 ICEHB ST\ 5, D%, Heck i %
W5 Z LT CT AL O SRR R T AL, & FrivEkic k> T Cl6 fir
DOSLRALFORIBE N TON D Z L TAE R A R J 226 BAKEINTWD, &KHEIZ C3-0
GO TONDZETT M7 FrEZ VERBER I, GMATET LTS,

Scheme 3. Hiemstra's Synthesis of ent-Gelsedine (27)
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1-4—-1-2. Carreira HIC LA LEEXF Y= (38) O&E (T& I, 2013)

2013 AT Carreira HIZ L > TTZ7 B IRIZBITFHFLvEEX Y = (38) OEEENHES
M7= " (Scheme 4), AMDFEICT BF VU BRARET D HKENERKRKE TH 5,

HEEFEECHLY 7 aT a7 X —/L 28 (X7 /L a—/L 29 ~EHINTND,
e BUSZRWT, 29 LA U= MU AFT R 30 IZBWTH TN 1,3-3UE g1t
FOGSHEEIT L, C5—Cl6 fiaNER SNV Fr T v 31 RERERTW5S, £, 31
I ARTERIRA 2 R B B REIE DB AT LV F =y hOE AN THIL, T3 —)L 32 ~ZEH#h
SNTWD, AV XYY D0 32 [ IS T CRM/INPEITL, -7 7 & L 33 ~AHS
NTWVD 2 FNT, 33 L0EDLNTZIT AT E F34IET7 0 = A RUSOEMET ., BBRKIEG
WHEATT 5 Z 12K o T Co-CT fEADIRMBHEIT L, =BRIEIAY 35 IZE LN TS, K’
. 7=V v EDRERIC Lo TaR ST rET =Y K36 1B~y 7 KIS TFIC
BUWTIARERIREY 72 C7 LA B 1 55 DUk ik 56 DA S TL, AtaA KU /237 1045 H#
éhé:&?ﬁ%%%@%ﬁﬁ%bewéo%%K\7»%7%&®%@%ﬁﬁbh5:
ETEREGHMDERINTND

Scheme 4. Carreira's Racemic Synthesis of Gelsemoxomne (38)
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1-4-1-3.

BLUHICEsTTrF=
% 132021 (Scheme 5)
DA 72 B

TroFk=

BB E D 7~ T = BULEIN S P 2 TR A~ D 2 H

v (13) MBI F Nt Y U ARULE Y ~D B RE ST
Vv (13) mHEF L= (20) ~DOZEHT C20-C21 A
roTiITbnTBY ., 2o Ftvy (6) ~OEBIZITT ¥ L A il

ZHWEAKRBHRMBOSDNHWS N TWS, £, kX (19) ~OLHIITREFT R
IRTH T I bOERLEHAWS Z L TERIN TS, Frkt=vr (200 o7

VT L (48) ~DOLEBHRICIBERDPHNE TS,
IR W THLZ DRUSIZ

G APk IR YD S
60

ZOREERLDHIRY . PLVER
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;—'—»J_\b

ETHDLZENI MR R

Scheme 5. Semisyntheses of Gelsedine-type Compounds from Rankinidine (13)
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1-4-2. 7t I AULED O E R

Tt I UARULAEM TH D Z NV R (5) OREERELLTFIC R Lz (Figure 2), FhidEis
WCEH LSS, EOEEXNTRIND, £, AOL S EERICTRT L AETH
Do T (5) 1 CT,C20 D ZH>DFE MK A E T C3,C7, C6, C5,Cl6, C15,C20 DL
DOEIET HAFRAEBALTCNDHI &L, A¥rA U R ) U E2R T HEHEICHEER LT
POBRPEB FE DS HEE R R R L LT B LD, £ OBREVEEE X2 < G BIbF#H o Bk
EEEXO, BEE T EIROARE L ORFEEEROGRE A DY CHBIFEEE2 &
DEODIN—TBREDOEERERE L TND P, DIF, FARRKICO WA Z §
DA %,

Figure 2. Structure of Gelsemine (5)




1-4—-2-1. Johnson HIZ LA (T K, 1994)

Johnson 512X > T, 1994 |2 T I KIZBITALERBAHBEINT P, ¥LvI o 0f
THVIRAFYURERCBUVRLVES . 2 MEh e U CIURMEEEZHEET 265
R TH 5,

MEFEETHD 2-7x=rxd ) —)b (49) [T BREDOZEHUT L0 ERMEB I E e R
FFRFE2ETHTD YU 50 ICEBEN TS, fiWT, b T2 50 1362 HNTST
N [2+2] BRGNS Ko TEBRIEEEY 51 ICAE# ST\ 5, 2 DOEEREIZ T C20-C21
B LU CI5-Cl6 fE B TEB T, C20 (UMK FRE DO ZER I T WD, £D#%, 51
I = VL OEDRKRIT, AL T 4 VELOIERIZ L > TZOD T A7 V% K| L 7o 8 #
DITHOIL, C3-OFEENRSINTT T Re 77y 2 128N TS, £ LT, 52 A
FAT IR DY IaT R ) OB E DA R T N-C5 fEE N Sz =8
B S3ITEBMIN TN D, S HICHEMOEIIZ L > THERR ST 54 IFMERIE T, 1
N Mannich SOSBHEITT D Z & T C5-C6 fEB DB EIT L, Tt I (5) ITRERYZR
BB 2T 5 56 ICEBRIN TS, RIZ, 7aEEOREBIORVY VYTV —L
LD L o THE SN2 5T BHSIE DRI T CTALA B B IURR R SE 2 AT 5 58

NE|INTWD, ZOFE, 58 & ZDONAREMMAR 59 AT 12 Lo TRV | EATAR
WAZIKIL R 2 795 59 BNEAD 58 LD ZLBGONLMRLER> TN D, &I, A X Fig
T AT VORI GI &L T 7 Z LOBITTIZE D F It I (5) OGRKITHII L TV D,

Scheme 6. Johnson's Racemic Synthesis of Gelsemine (5)
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1-4-2-2. Hiemstra & Speckamp 5|2 X 2 Gk (7 & K, 1994, SFIEHEAR OB | 1999)

Hiemstra & Speckamp 512 &> T, Johnson & [RAIFFHIZ 7 & I KIZ DEBMINRE SN
7= (Scheme 7) 29, E£7=. % D 1999 4 HEIA 65 DRF AP HE S T3 (Scheme 8)
”:Dmhmmﬁmmiofﬁwtiys)@¢b&ﬁé@%@%%@5%v&m«%#y
BREERUDURNLRD TREMEEEEME L, IHREREZITS 2 & AR A R LT
Do

3,5-~FH T ) —L (60) 1T N-AF <L A K (61) & Diels—Alder &2 X - T,
C6—C7 3B LV C15-C20 FEAB BB TN T BRI LAY 62 ICE# I N T\ 5, Dk, B3
REY 72 CSAL A VIR =)L DIETTITHE T CQ0NLD T IV F Ak EOEEN T D Z & TC20
P TURR R FBEDHEE ST, 63 ICAMEI N T WD, 63 [T/ A AAEREELZ L TT VLA
R=U LA RSB, 4 FN Mannich KOS HETTT 5 Z & T C5-Cl16 DFEA TR
EITL, 707 B R641ZEDPILTND, EHIT, 64 1LT VT & RELOLEHEIZ L - T 65 1T
BWINTth, Wy TV o TICLoTTRET =Y K66 ICEHIINLTN D, 66 1% Heck St
DM T CT LA B HIRREDOHENETTL, I AVEOREIZL>TA N v
67 IZAEHAINTWD, Z DR, Heck RURIZIIT 2 HHIWY 67 & SCARFIEMR 68 DA AT 2:1
IZEEE-TWVD, JEIZ, C3-OMATERICE DT F 78 R T VEROME, 77 %40
BLEOEBMTOI, FAEIL (5) OAEPERINLTND

Scheme 7. Hiemstra and Speckamp's Racemic Synthesis of Gelsemine (5)
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1999 4EICHE SN TR 65 ORFARDOEREIKILIT I KO LDO LR THB, H
BIFEEITHDH 77 (69) LV EKESNTT7EIKoOErrY /270 2 HWTEBERKIGII L -
T, OEFRICH R Sthova ) ) o T BERINNT WD, By 7Y U 7Ick > TER S
Tt A Y 721X 3,5-~FH vz —L (60) & OmiEIRAY 7 Diels—Alder I K - THF
TR 7 “BRMALEW 73 1A STV D, 73 1357 Mannich MG Z#IEHT 52 To&
IRERICBIT BT EETH D ZBREEAY 65 ~EH STV D,

Scheme 8. Hiemstra and Speckamp's Asymmetric Approach to Gelsemine (5)
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1-4-2-3. Hart 5IZ X286 (T IK OB, 1994)

Hart & % Johnson, Speckamp & D A4E#£ 127 & S KICB T A TR EA M 2 @G LT 5 2,
Speckamp © EBRIEKDIAFIZF CTHY | FIDIZ> 7 a~FHh gL U UUBROMER L
7= B b A AR AR LIRS, IRRERIEEE 41T 5 2 BRREER L TWD,

HHRIFEECTH D 3-77 /=L (74) TV ERSNTZY = TS5 IEN-AF <L A IR (61)
& @ Diels—Alder JiIZ £ - T C6~C7 3 LW C15-C20 #5A DN EST LI=&IZ, 7 &4 —b
£ ToiL. ZRUEEW 76 ICEBIN TS, EDH, 76 LV ERINTZ1TIET7 T
FOSDEME T, C5-Cl16 &G OBMMNETT 5 2 & TR LAY 718 ICEB I T\, X
HIZ, Y7 andHUR ECBTAERICL T eET7 =0 K79 ~E)hnTWnd, 79 1
AERSEB DT P ANVIREMED T T CT LA E o HIRIREOEENEITL A RY
V80 ICAEMENT WD, ZOTPHARISITBWT, B 80 & C7 (LD LR LN R
DEMMOAERIIT 3511 EE o TS, HKEHIZL > TERESNTZT LT E N 811
R MESRME T Iz T, 3 Mannich 5638 KX OY Mannich SO DN H#EAT L7227 7 b —VIERGR
HETT 5 Z & T, Cl6 (ORI F O L C17-0 fEA M ThoiL, 7 F 7k FrE
T UBROBE S IR LAY 83 ICEH SN TV D, JRIT, B = /LI OSSO 2 i
|2 & = T Johnson X Speckamp & DEGFKF AR TH L 21-FF YV 7t I (84) [TENN,
HREARNDER SN TND

Scheme 9. Hart's Racemic Synthesis of 21-Oxogelsemine (84)
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1-4-2-4. Overman HIZ X548 (&I, 1999)

Overman 512 X > T 1999 4|2 T & IKICK T AN ERE Sz 25", 74 Cope B507 X
JZHE < Mannich SUOGIZ £ > TR AZME L, AR CT ALOSNIR B FOH#E &
TR RRET VROMEL 2EITH) 2L TRAERAERL TN D,

m—AF LT =V —)L (88) LVOEKINIZTT 89 [TNA ABFIETT 7 VNVEEAT IV

(87) & @ Diels—Alder S & » TERMEIAY 88 (A SN TS, TD%, 88T =
JVERRL DREEEE X O Curtius B0 LG & W R BRERLOBE AN TONLZ TP I/ =k
UL 89 IZEHSNTWD, T /=~ UL 8 ITHIEMESIFFIZTA I 90 IZEB- S, 7
W Cope Bl S HEFTT 5 Z & T C20-C21 #5E DL, C20 5 WU R & DREZE T
Do IBIT, AFNIANANREANMEE I NV ) — LT —T VDN ENMTHOILD Z & T b
VOLIZEBEI TV D, DO, 91 X Mannich )HIZ £ - T C5-C6 fEA N Sz =B
PEAEA 92 ICEH SN TWD, RIZ, RIFHT YTV U IRISICE YV 7 rET =Y R93ITX
i A, Heck ISIZE > TA L RY 22 94 (IZE ML TWD, ZORE, EAEME LTED
7294 O CTALAE B EMMRFIZHBIO S DL RIR DT Lo TV, EH7%
DIEWIT K - T Cl6 MLIZRFBEHDOMENTOIL, 95 ITEB I LTV D, 95 [T IEMESRIFIC
BWTHT IV R—=RG & R— VIR LT L2 BN HETT 32 2 & CBRIRA I K
e A7V 97 [ZEM S, MMERHOBUBEIZEI>TT 7 98 IZEBINLTVD, D
BEPEIZ BT CT AL A B r IR R 38 D SLAR LT3 KON C3 L DO NLAR L O il 2397 o4, C17
O fEABERENTND, KEIC, 77 FrORBTLEICE > TEARPERSATVD

Scheme 10. Overman's Racemic Synthesis of Gelsemine (5)
Z>CoMe

/41

OMe oTPs 87 18+ CFOW” -6
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78 C e NCH r 5
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) PMP, Bry
2,6-dit-Bu-4-Me-Py CHZCIZ = 0
CICO,Me KOH agq. 20 —78 °C 8
-78°Ctort MeOH, rt MeO,CN 2) TFAA _N-J75
2 TFA MeO.C,
81% (2 steps) reflux
92
Pdy(dba)3-CHCl3
AgPO3, EtzN DBU
—_— —_——
THEF, reflux toluene
N reflux
70% MeO,Cg,~16
94 95
= 0 NH
silica gel
—_—
80% N !
/
Me
Gelsemine (5)
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1-4-2-5. Danishefsky 512 X2 G/ (7&K, 2002)

Danishefsky (2 & =T 2002 412 7 & KIS E T D AR A S 7z 20,1996 4R IC i &
NPT EEOGREF L Y=y raraRr-vra~ny 2T ARSI X
STHNLEIVB) D7 unFHh gy 7 a0 X UBRICHYT 5 REEKZMBEL
ZDOBINERBREL 21TV, BAEMEZERL TV D,

HBIFEEFTH D T-tert=7 b X VR (99) 1X. Meinwald S50 56 21535
TLETTIATE F100 IZEBINTWD, T/ATE K100 13K AR T 270 101 & HHE
PEEUETIER S22 TARLEZY =1y 7 m 7 a3y 102 I8 CTERALRG 2 T
HZET, CoCTREAMEMRINTL 7T Z o 103 IZEBRINLTWD, EHICHF
Y& OREERR ERM T, CERMELAY 104 ITEB STV S, 104 (3 Johnson-Claisen #ix
PSS D SAETAT 2 & TSR 22 SOSS ST L, C20 MBUMkIRFEEZ AT D AT L
105 ([CZAH STV 5, 105 13 Curtius B SUGIC K > TEFRERAOEANTHIT 106 (2
B I NIRRT NA ZABROIVERIC L > T XX VORBEZE D CS-NIEAERNSEIT L,
En Y UURERTHT A= 107 ICEBISILTWD, Z0%, 107 137 m~FH U8
FIZBFAERIZ L > TT U AT La—)L 108 [ZE# S5, 108 IX Eschenmoser—Claisen #z5
P D GAFIZ TN T CT ALE MUk 38 O SEAARTERIR A 2 i EE 3 AT L IR PR LB I Ko T ok
Ref /v 110 ~ErnTnb, Ye Rex/ aroAfr RY U~OBfi/h, C3-0 fEEF
FRICEDT FT78 Fube T v BROBEEICL-> T/ eIV (5) OLERBERINTND

Scheme 11. Danishefsky's Racemic Synthesis of Gelsemine (5)
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E— | (0] > 6 7 . pp——
H THF | \ 71%
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CH,C(OEY), NO2
proplonlc aC|d O BF3-OEt,
toluene CH Cl
g . NH 5 O 2v2
EtO,C _
reflux 2 COzMe 78 to 12°C MeO, C
64% 106 64%
MeO OMe
NMe,
109 O,
m-xylene = NH
reflux;
—_—
silica gel
g /N’ 5
45% Me
110 Gelsemine (5)
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1-4-2-6. Qin HIT KD E/ OLFEMEMA, 2012)

Qin 512 K > T 2012 T FIE R O A KW Stz 2P, Z O A RIE Overman 5 &[]
BRICB ORI N T CT ALK LT ORI E T F T8 FrE T VEROBELIT> T\ D,
HRFENCH 5 DIEAREY = F /L (111) 1T C5S LIS W TR LR 2 A3 5 2RI
M2 72V M2 ICEBISN TS, 113 LR LEZYF U AT 2T U ROk
ST Cl6 fEDARFEOHEEI T, 72 R 114 [ZEBIN TV 5D, 114 L0 5Bk 025 i
IZTEMRENTZT 7 b NS ITHREIEDOIERIZ Lo T C15-C20 #& A ORI EST L, B
IEEM 116 IZEBREIN TS HNVT M6 IEIN-2 ¥ A R /v EDREARIZE - T 117
ICEBL S, TRIEEMESMEIC T Co-C20 #EG DA ET T2 L TERr U U 118 (T4
SNTWD, WIZ, 18 IZxFT HELIEICIGNT L » TEPNTZ, CoNMLIZIBWTEER(L
AT D 19 TEEMESRMET. CT MO FOHIEF KO C17-0 #ia DERIZ L ST k
FJE RubE T UROBEN—FITETL A RA U N ) ST 5 UERELEY 121
WZENNTND, IZIC, E= VM OMEENMTOND Z LT LEI Y (5) DAFEH
FRAERL STV 5,

Scheme 12. Qin's Asymmetric Synthesis of Gelsemine (5)
OEt

oTBS 1Y EtO_ _OFt N
HO__.CO,Et 5 n-BuLi 8 =5
p— _— OTBS —=, 1 15
HOlCO Et o 167 JTHF I N~ °
2 | 0°Ctort TsHN— OH Me
OH 16 OMOM
111 12 114 116
HNC @N—OMe p-TsOH
E— N =Y OMe _—
£ CHCly
/N’ OMe reflux
Me
OMOM 73%
117 (dr = 1.5:1) (dr =10:1)
OM
Ho_ ON—NH
NC
7]
_ |
/N 0 (0]
Me 17 @
120 121 Gelsemine (5)
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1-5. FiEiFgesIc BT 58 e

FrBMEECTIZr eI VROIEMTH L7 (5) 12V T, 1996 HFIZT7 &
& 7" (Scheme 13), 2000 4EIZHFTEMEAR ) (Scheme 14) (ICBIT 2 2AKERE L TV 5D,
1996 A4 IFICHE SN TWIZ 3 B0 T & IERERITWT B E O T5 k% VT I
REEARE L TWER, FrteIr (5) OFETHLAYRA VR J AL OBR e
MEICHEZ IR L CWe, ITRMFEEICB T 268G E LTV E= vy 7 mnrasN-
vanT DT ENE * R WD Z L T RRIR AR A Y B A v R ORERE AT
W, FAIRFICY 7 B Ui E V7 ma XU X RO LT TERMEE R O SRR 2 A K
WZRKEh LT 5,

7 REERE A TV (122) E VLT TATE R (123) LV NEBHAERTCARINTZT AT
E R 124 X ANICREFEORERIVRIRFEHEAN LA RY /1258 LD 2 F—
TNUREEICE > T, BIFRINCLZER ZERO B G2 AT 58=1> 717 v/, 126 |2
BHINTND, SHICTEREZRCAKRSIN-YE= 1 r7ar ey 127 [Tz -
T b= MU AEBRBE LIZMEASIFIZBWC, Y= vy raryanr-vranryZyox
YEROGEEZ L, C6—CT ftit DIEAEB L ONAREIR R A m A > B U AL OREEE)
TT5H5ZETAERA VR ) 128 IZEBESN TS, £D%, C20-C21 fEEHARIZ LD
B U VRS COBEOERICELV T F T R s VEMIEREE S Z L TH L
Iy (5) ODEAEMPERINLTND

Scheme 13. Fukuyama's Racemic Synthesis of Gelsemine (5) |
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Mo + OHC -~~~ pp— CHO T» 2 p—
Me P e v
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122 123 HO 2 23°C HO CO,Me
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Ag,CO4
MOM CHCl,
O wh EtO,CHN O 45°G
X 20 °
; P — \g Q o =
‘ O toluene- 41,51 N Q 2) 3 M HCI
g CO,Me | MeCN N- Ohc THF, 23 °C
90 °C MeO,C Me/ 3) Tebbe's rgt.
THF
127 98% 129 —40t0 0 °C

65% (2 steps)

Qﬁb%%@

Gelsemine (5)
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2000 FOXFEEERDOEROBE LEEE LTy =Ly rsarasr-vrans g2y
T USRI TEBY . ZORENRFLE I (5) ORFEEMITBT DHRMOH & 72
STW5, 2LV, ZHEAOMKLFEZMEDOKE R A 0w A R ) i~ LR
THZEORERERYE= AV I T a kv uanT XUV UBRMN AR A R )
AT DI NEIVLARET VI uA ROFRLEEROGHRFETHDL Z L0900
2%

WD, L7 == VT 7= (131) ZHEFEEE LTER LAY Y VD 132 13
7Ry H T 133 & O Diels—Alder SR & - T, HFHIEER D “BRMEALE W) 134 (24 H#2
SINTWD, KW\ T, 134 1E Meinwald #5072 SUNME K-> T 7 v 7 m /R 135 [ITAM S iz ik
WA RY U EOMERICE > T 137 IZEBINTWD, 137 1TINET 5 Z & TS
HEAT L. C6-CT fE G DI S ALl ZERMLA W 128 18It TWn D, RIS, BB D4 #
EVERENTT I = MU 138 TR A EH S8 5 2 & T C20-C21 fE B TE S I T L |
vl UUREMEE IR 139 IZEREINTWD, EIC, C3-OMAEDOEKICL ST R Tt
FrEZ VEBOBRIZES>TFLEI Y (5) OARFEEGRNVER SN TND

Scheme 14. Fukuyama's Asymmetiric Synthesis of Gelsemine (5)
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_ o © 133 OTES TESO
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13 136
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KHMDS
B ‘WQCD —,
toluene-MeCN NC_\ —781:('(-)”; °C
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MeO,C MeO,C
137 128 138
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o)
t-BuO,C N = NH
—_—
3
N/
o
OBz M
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2-1. WHFEHE

Ll EFEIFZINVEIVLBT AL FOSEL, Aua A R ) UENEET D, 7
~UT =R S I U vk Y URUEE M@ S 140 (2 B L7z, 140 OfE
EEATDEGHRPEE L IZR R > P AL L EO T 7y T r—bTH2 LT,
BALE Y ORI 72 E R BB AR L0 ZERAICIT ) 2 E B HRETIR ARV EE R

(Figure 3), BLBRIZRWEKHIRME N HAE SN TWBICH DL B, FFERBFE I TH L
U UL EY DA AL Hiemstra HIZ XKD ent=7 Vvt O—FlIcE EF > T zied,
EXEI NNV URULAEY EMRENICER T2 2 L2 H O E L, B,
HiEOFEEZ AW TAERKRIZ T Ve D B LA L itig e 7~y T =08 Sk v
AEEm LA L., THUDRARYOWEEZ LML LT 477 ) —OWELZITH 2 L #iF%
DR E LT,

Figure 3. Design of the Research Project

@]
N-ome
O 140
+ Y N
Humantenine-type Gelsemine-type Gelsedine-type
@) O o
N-Ome NH N-OMe
(0] (0] 0
= NMe | NMe o NH
—
Humantenine (4) Gelsemine (5) Gelsedine (6)
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2-2. WG RENT

2enuAf R ) UM ERT ANV EITLABRT A RA ROGEPRIAE L TREL
LMD EEREET ST VLT3 —)L 141 O T %2 L T IR
(Scheme 15), 141 D EEBRRFERIIC oL 7 aTar -y rsa~ns ¥ Do T &
AWTHERET L2 eTHL 142 ~ AR TES, 142137 PP ATV 143 LD GRLTE
HEEZ, ruTuR 143 OFEELE L CISGREEFI O = /) 144 LT mE~v R YT
Fv (145) %% E L7z,

Scheme 15. Retrosynthetic Analysis

S0~
H
o 0 Y RO H
= OMe [————» = p
O 0
HO N
OMe
141 142 142

© o)

H OT\O Br
H \/ko Ac EtOZC)\COZEt
E0,C™ \o 0,

143 144 145

—-3. BRI T DR

FEFIIE BRI W TER LB MRS RO ST HAICERE LTz 141 OSBRI 22 A K
W) L7z (Scheme 16),

JFEMERT 7 144 1IZxE L, o T ONMAKERW 2T nE~v o gy =F /0 (145) O
I, i v 7 m 7 a /AR EIT T 2 E TCH-ORMEERLE L TRy 7 e e o7
YRR VEEBRELTY PP RATIL M3 ([TEBR LT, ZO%, BEET P 21T, Boh
TR U A=/ 146 D2 Xy 7 AEITHFIET D 5 — oK 2 B IRAIZ v~ m A L CIRGE
L7c#IZ, 2D ZoOKIEREZ IBX ICK > TR{ET 52 TT AT R14T & LTe, N-A b
XA RY 20 (148) XL 4T DT L F—AMHAIC LV BNy aF a0
IR EVIIVE ) = )VE—T VBT S 2 L CIBRAISHIBRE TH LY=L a S
%0 149 ~EW L RIC, BRKIETHAT =AY s arany - a2 RN
R #E T oTc, YE= 7 a7 asRy 149 2 NASMICfT LT & 2 AN S IFE 0T
EITL, VUARY FCTMS A2 FRETHZ LT R 150 & Lo, 20k, ENm A LED
BrEE4TH 2 & THRPEIKRTH DT U AT L a— L 141 ~EHT 52 LTI LT,
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Scheme 16. Synthesis of the Key Intermediate
1) Br

Et0,C” “CO,Et
145

DBU 0
o THF, 0 °C ) NaBH, (10 eq)
m 78%, >99 %ee H THF, reflux;
X-Noae 2 TMSOTE EO.C H MeOH (12 eq)
EtsSiH 2 CO,Et reflux
>99% ee MeCN, 0 °C 2
144 82% 143 84%
1)
o
1) Piv,0 N
pyridine, DMAP e} 148  OMe
CH,Cl,, rt 0o n-Bu,BOTH, i-Pr,NEt
86% H CH,Cl,, -78 °C
2) IBX PivO H 2) MsCl, TMEDA
DMSO, 50 °C o CH,Cl,, —78 °C
93% H 88% (2 steps)
147 3) TMSCI, LHMDS
THF, =78 °C
0
toluene, 70 °C; NaOMe 0
_— N-oMe
TBAF, AcOH, rt MeOH =
89% (2 ) O°Ctort (0]
% steps
88% HO
150 141

ZOFEFRMEE W T SR T L U U BLAE Y OB BICEY A, EEIZH DO RKRY
DAL L= (Scheme 17), #EFFEA 141 2 b L, o p—RELFIT /LT B K 151 (24 H#
Lk, 7NV Ry 2 AROE T H#A0HZE TV I AT ) — V=TV ERBLTT UL
T AT V152 ZE R LT, 152 1% Curtius 57N L > TEREFREXEZEAL, 7 b rofir
DT NFMEEITHZETTATE KIS3ICEB LT, 265 &R E L TIRILOE TS
DOFix DEMHEITH) ZETA Y R—=T e RZEB LW EF V265755 0EE
FV=r (38) BERIFULDETLIFNE D UAULA W EBO R A K LT,
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Scheme 17. Synthesis of Gelsedine-type Compounds

TMSCN
0 Tigpg o] DBU
O Phi(OAc 2 O THF’ 0 OC;
N-OMe EE—— N-OMme — >
= CH,Cly, 1t = allyl alcohol
(0] 0] 0°C
HO 90% 0” > H 8%
141 151
O 0] redox (@)
(0] N-0OM isomerization N
“OMe —>, N- —_— ~OMe
/ OMe deprotection
: O OHC o) o)
Oé\ O/\/ NHCbz o NH
152 153 Gelsedilam (48)
lalkylation
o 0 ) 0
oxidation reduction
N-OMe <—— 7 N-oMe ————— N-oMe
deprotection
O —_ o
o NH2 o} NHCbz N
155 154 Gelsenicine (20)
intramolecular reductive )
Sn2 reaction cleavage reduction
Ho /9 Ho 9 o
N-Ome N-OMe N-ome
— 0 0]
o N © N < —NH
Gelsemoxonine (38) 14-Hydroxygelsenicine (156) Gelsedine (6)

ELRRICBWTIMER LS OB ER Z AT 57 VAT /va—v 141 BTt d v
AULEMOARICHEAAIRE CH D Z L 2R T2 N T, £ 2 CTHEHREICE W TR
BB EA LN, S OICEMERRREREZ AT 5708 I VARG O G RAFZEIC
mYfHTeZ & & LT,
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2-4. 7t LA O G RGET

PAMICORT Xy e GakdtEic L v  Fvt I AL EM NG FTRE Td 5 & %5 % 7= (Scheme
18), BEFRMAINS 7Lt I UL EM A2 AT D T2 OITER T N E I EEERICRE <
B % C6-C20, C15-C20 fE G A X L &35 C20 (il B DA AE LV CS fi~DEEFHK
BRREOEATH D, £9. #PHIAK 141 % Claisen 507 S OS2 & T C6-C20 fir
FOREETERZATV, AV T 4 157 I35, SN T, CS-NFEZERTL 28 TT 7 4 A
AL, VHNR=ACEW 158 ~EHT D, DANVKR=IACEW IS8 1T kT H
LDofiRltE T ) T — FOIL e v TV TR SIC L0 EASE D 2 LT C15-C20 i
B O EATO, 159 [ZHE L, RIZ C20 MDD T IV F AL EAT H T & TRF-IRBHE SR E 58
TLU, REBICBERFOREREOEREITI ZLIZLY, SV ELEWEERT 5
ZEMTEDLEERT,

Scheme 18. Synthetic Plan of Gelsemine-type Compounds
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2-5. C6-C2 0f5E8 DR

C6—C20 #&E DI AAT 9 7o DI G REHEIZHEV Y, Claisen B SG DIRGET &2 1T > 72,

1% U 1T Ireland—Claisen 507 ® O#iEt 247 72 (Scheme 19), 7 U /L7 L =—/L 141
&0 BSOS THERR = 2 7 /1 160 Z 5 B L 72, 160 Z Ireland—Claisen Hafi SO D 412
P73, ARG 161 X< BT, 77U AT va— 162 72X hY AF v U r
T—T7 V163 BELNDHDHATH T,

Scheme 19. Ireland-Claisen Rearrangement
1) TBSCI, imidazole

CH20|2, rt
2) NaBH,
0 CH,Cl,-MeOH, 0 °C 0
1) 70% (2 steps) N~
N-oOMe I OMe
—~ 3) MOMCI, i-ProNEt MOMO o}
@) CH,Cls, reflux
4) TBAF 0
HO THF, 1t 0
141 5) Ac,0, pyridine, rt 160
84% (3 steps)
TMSCI
LHMDS N~
THE ' - ove
—78t0 60 °C 20 MOMO a2k 62)
HO™Y, RO™ " TMs (163)
160

WIZ, Reformatsky—Claisen B&(7 )i *° DRt 217> 72 (Scheme 20), 7 U /L7 /b =2—)L 141
7 RETEF ML TT mEFEEET AT L 165 [CAH LTz, 165 [ZHigh & 1B S 7223,
HEY &3 DA AHRIR 166 1T GO, W7 v B3 T LICFR T 27 /L 167 3 E &
FICE DL DR R & 7r 0Tz,

Scheme 20. Reformatsky-Claisen Rearrangement

(0]
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o) 2 3 N~
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FeD Z DD ISR BN TUTRE EVEHEFES A AW 2 BR TH 572012, TEMHEFEIZI W
TG RIA LD TERWGAITICHNEIT LW ENB X bivie, £ 2 TREF & &M
TS [ 72 BRI & DERNT R E ORFT &2 1T 5 Z & & L, Johnson—Claisen $507 S D5 *! %
X T} Eschenmoser—Claisen #5075 it D £ 2 245 L7~ (Scheme 21), 7 U /L7 /L =—)L 141
% Johnson—Claisen #5{\LSUG D IFTA LTz & 2 A HEYD C6-C20 Mt & AR L 7= inhr A
169 & 170 75 1.1:1 DAERRIIC TR Bz, [ARFIZ Eschenmoser—Claisen #a(7 i D 54 %
BMETL72& 2A, 2E L DORMFITH W THELAGREA 171 & 172 & 1.3:1 DRI TR S Z
ENTEIZ, WTHROEEIZEBNTH CONLUITODNWTHELDNMRLEEFTHVT AT LA~
—BEEFPE L THLNLZLOD, b —HOVT AT LAv—bRABERLNTEY
FANL ST 3 U D HEIRPEDNBEL L TW D LTV v, £ 2 TERARISIZEIT 58 IRED
M bz B L2Bmat 2179 2 &2 Le, D, IR KON IRMEDOBLA 2> 5 Eshenmoser—
Claisen BaA7 i D S CTRRET 21T - T2,

Scheme 21. Johnson-Claisen and Eschenmoser-Claisen Rearrangement
EtO OEt

168
propionic acid N
~OMe
reflux N-OMe
CO,Et
20 O “ 2
CO,Et
169 170
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MeO OMe
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109 N
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20
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171 172
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FU—1) IZBWTIEISRBEH T DR E o7, WL LT 7V A (0 FY—
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ELTvA 7 a2V TER TGS EGAIZIE (= U —5), N-O fE& DB,
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Scheme 22. Solvent Effect

MeO OMe
(0] )-égNMeg O o)
(0] (@)
N-OMe N-ome ©O N-OM
_ solvent “ CONMe
0 temp 0 5 €2
HO CONM62
141 171 172
entry solvent temp result
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(including 171)

complex mixture
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complex mixture

2 diglyme 140 °C

3 pyridine 140 °C (including 171)
o complex mixture

4 DMA 140 °C (including 171)

5 ovMA iRy N-O cleaved.

Wiz, REONSESPBIRMEICEET L 20 L, E@FF T LOBEBRENRL LR
AP L TR E1T>72 (Scheme 23), NN-V=F LT hT IR (173) 2V AF LT &
A=At THZETII5 %173 LORAME L CRE L7, AR L7ZEK A 233 LCH
WTCHENL UG Z et L7225, JFUEFAMREE S 5 O & TR AR 176 122 < 5 b o Tz,

Scheme 23. Modification of the Reagent

OMe
% Me,SO4 /& NaOMe A MeQ OMe
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0] reflux /20
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141 176

Z 2 C, LRI Claisen S50 S O FT 7= 7051 % Y22 L7- (Scheme 24), AT
HHT VTV —/L 141 (£ TEMPO # HW T35 Z & T ap-Ffaf7 /L7 b K151 (2
BT HZENTED, ap-ARfaf7 L7t R 151 128 L CABSRREZmsE, 177
DL NIRRT HT VAT L a— i3G50 5 7% 5IiE, Claisen B0 S ITEA LTz
EHENEET D N T AN EEDD KO RARNEREBIRIE 178 2R TH#IT T2 E2 60D
72, BRI P E AT HBMAEER 179 R on2 EEXHD,
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Scheme 24. Plan for the Stereoselective Claisen Rearrangement

0 TEMPO 0
o Phl(OAc), RIM
N-OMe O N-ome .__[__].) o
= CHQC|2, rt —
o o}
HO 90% o H
141 151
MeO OMe
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------------ > [ ———
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R5~~NMe,
178 179

AR 72 Claisen #AN S DIEE 2 BT < TT & RICKT 2 A4 B3 o)
IO THET 24T > 72 (Scheme 25), £, V==~ 7xvvLrul R&7 FT7E R
B7 7 UHER SRS (= b U —1), 52:1 O@ERKICT, RLTT AT LA~ —
EEERMELTHLIZENTER, RIZ, 7=~ 3y v a7 n REERASEER

(= b U —2) BIREORERBITR O oo, SAIEOFFOINARRI 20 S & S DT
IMOBIRVEIZEET H 2 WIfF L, NUBURICEMRIEZ AT 5 Grignard 3384 HW 72

(V=3 4), WFhOLAbRIRLOm LIZRONRN-T, B, Tra—L
181 OLARALZ1E Mosher 1£% W5 Z & THRE L7z (Experimental Section 2 ),

Scheme 25. Diastereoselective Grignard Reaction

o 0 ArMgX o
N-ome o F N-Oome
= =
0 -78°C 0
0" 'H Ar” "OH
151 180 (desired) 181
entry ArMgX 180 : 181 (yield)
1 PhMgClI 5.2:1(87%)

2 PhMgBr 4.5 :1

3 o-tolylIMgBr 4.0:1

4  3,5-Me,CgHzMgBr 3.3 :1

FIBOSZ 3B1F 2 SEERPEIC DWW T T O K H12EZ Lz (Figure 4,5), 7/L7 E K 151
=D HNVAR=NEERFELTWS, bbb, 7 by, TATE REALA U RY 2 DA
RV ThHd, ZOFTA U R v DANR=VIKIEIT I FOHILR=LTHY, EHE
AP O DB FUEGDOT-DITMO Z D L g L7BRICR bEEMENEWEEZ X ND, £
T, A RV DIV AR=)VEERIF 7Y Grignard SAFE D~ 7 R o7 ATxf L CEL L7214
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WZVEBRICFET 27 AT e R 732 U MIERAL L, AR EITT 5 & B 272, DR,
FEMN~ 7 3220 DAL LG & LT 182 & 183 85 2 b5 (Figure 4), 182 & 183 %
BT 5 &, 183 IZBWTCIE~v 7/ R U A EOEBI L I 151 O " EHE G OKERF
EDNERENRENEEZLND Z &0 D 182 OEBIRIE L O A IS AT L2 &% %
72o EHITA8IZDOVWTF 7Ry U A FOEMEORE & LT 184 & 185735 % H 415 (Figure
5. Ar=Ph, X =Cl DA), 5 FHRIZ FT 184 & 185 Z LR L7-#ER & LT 184 D573,
PSRN LD HEHE LTZBBIRIE L 72> TV D72, 185 OEBIRIEN O A INSUSAMESE L C
EATL, 180 REARM L L TH LD TIHRWNEEZEZ TS,

Figure 4. Possible Explanation for the Diastereoselectivity - Coordination

Figure 5. Possible Explanation for the Diastereoselectivity with Molecular Model

( )

184 185

FEORFHER LY . MINEIGNE 7 = =/ Grignard FEEZH W5 Z L & L, RELLORKRGT %
1T->72 (Scheme26), 7 ==/~ 7 x> Lh7 1 I R&ZH\WT 400 mg A7 — /W THRINOFR
MEITOTEREE (= U — 1), BREOETORTICIA, RN HEEICE E LR LR
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272, Grignard RIEDOEEMIZ L > THEEPR —HBEEL TV b0 LB X, IMINIFIE LTE
k72 P AR 2T o7 2A (2 R —2) AW RO [ BN R b,
OB TT7 2= A~ 7 XU 70 I REY BFRBIULICTHMYEZ 5 A TV 7 =
== r7xvuszal) FeflnTlatz To722 (2 U —3), INRBLOEIRL E b
(Z[RFEE TH o 7,

Scheme 26. Optimization of the Grignard Reaction Condition

PhMgX
additive o
—_—
THF
—78°C

Ph” "OH
186 (desired)

entry X additive 186 : 187 (yield, scale)
1 Br — 3.7 : 1 (56%, 400 mg)
2 Br LaCl32LiCl 3.6 :1 (88%, 100 mg)
3 Cl LaClz-2LiCl 3.6 :1 (82%, 500 mg)

F7-. REMICBLTEARATRNWS T AT LA~—187 b EZ < B, BHDPT
AT LA~ —186 |IEHT HMaf 24T - 72 (Scheme 27), MipfOfiH, DMEADY % H\ 72
HESEZ £ > TR bR O K inE 4T > T AT )V 188 IZEH LT-th. = AT VOMKfEE
1TH9ZETERADODTT AT VA~V —186 ([CEMT HZENTELHZ 2R L,

Scheme 27. Mitsunobu Reaction

DMEAD
0 4-nitrobenzoic acid
o PPh,
N~OMe
= toluene, rt
(0]
Ph” NOH quant
Ar = 4-N0206H4
187 188 186

MBI K » TH B L7277 /L =2 — /1 186 % Eschenmoser—Claisen $&{\7 5 itr D 12 FF L 7=
EZA, BHENEY TEBEOTZ 77 v NNIRLTEERBIRIE 191 2R TAELTEEEZ X LN HER
DA 2 AT DA R 192 N — D7 257 LA ~—& L TE S 7= (Scheme 28).,
Claisen 5V Il L > THEUED L 9 —FHF DO T AT L A~—190 ~2E 5 E B IREIZ FEED
77y MNOAREEREBIRIE 189 L2208, ZHLHICBWTEVAFATI VAL T 2=
WWIEDSIRRBEN K E <, TEOBBIRIE 191 L L CARLETH 5720, AR &
LTCELDYT AT VAT =192 BEHELNTZEEZTWD, T LY | SEEERPIZ C6 fif
SOEHELOB AT L C6-C20 Fia DB Z FEE T H 2 LN TE DT, RIL C15-C20
A DOIEMICH Y e Z L2 LTz,
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Scheme 28. Stereoselective Claisen Rearrangement

(0]
(- - 2[ N-OMe |---> o N-oMme
| // 1{ ‘CONMe,
! (0]
MeO OMe . O><NMe2 /
| Ph
NMe, ! L _
109 | 189 190
o-xylene _ _
reflux
O
(0]
L . N-ome|__ ) N-OMe
72%
/| 20O _NMe,
S H Ph
Pho)\NMez o
- 191 - 192

HEN AR AR 192 O A OB HRMER O C6 S D NARLFAIZ DWW TIE kIt nOe D
FEIIZED ., LTFOREN R T AKEIR B CTHBENEBH S -2 &b E LT (Figure 6),

Figure 6. Structure Determination by 2D-nOe
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2-6. C15-C2 0B DA

C15-C20 #& G DOEKIT= /) 7 — hOBLHI D » 7V U IRISIC Lo THRKTHZ L & L,
Bt~ 7 U v JRIBMEOFREZ BIg LB A 1T o7, 3. Mkiyh » 7V o J ik
KE LT, ARGEHEICHE>TT 7 # 2O G A B L7z (Scheme 29), 171 Z MW THGGET &2 1T
ST RNV DBETLEITIZETT VA=V 193 ([ZEHB L, AV UV EIERSEDLZ LT b
V194 \CEHA LT, 7194 ERET AT I U ERBLEMER, E RaXx v T R UK
RO R L, AR L N95ICEMT D ENTE L, 4% A 195 % Adams fill 77
BT, mEKRBEREKGEMC THEBE T L 7223, N-O #E& ORI EIT L 72 % I B2
BPET LR E > TLEY, HRET DT 7 ZLE2EMTHZ LILTE R o7z,

Scheme 29. Attempt for Formation of the Lactam

Og

o) o) CH,Cl,-MeOH
o) 2u
N“OMe NaBH4 N\OMe 78 C,
MeOH ' Me,S
O _NMe, _78°C OH O _NMe;, —78°Ctort
0 92% 0 76%
171 193
0 OHHE H, (1000 psi) o
NH,OH-HCI
N-0oMe 2 . N-oMme PO, NH
. pyridine AcOH OH
OHO O _NMe, 50 °C O _NMe,  100°C N /°
0 96% o)
194 196

FZT, AL 7 T ORIBMEE T 7 XA LN T 7 NATERT LI EEL, T/
coZHBLEEHAZ BRI L, 1IZUIca— R 7 FAboOEF %217 ->7- (Scheme 30).,
L LERND, NN3—RRAZ A FEAWSLSEMSE (=v FY—1) TriEkEHTe< MG
P, aUvREHNDLELE (= F)—2) TE7 == Eoa vR BBl EN-720 T

Scheme 30. Attempted lodolactonization

O
0 .
N-OMe conditions 1
[l
/| O _NMe,
Ph
(0]
192
entry conditions result
1 NIS, CH,Cly, rt to reflux no rxn

. ° Only oxidation of phenyl
2 l,, NaHCOg, THF-H,0, rt to 65 °C group proceeded.
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HEIDZ 7 b 197 172G bR ol

WIT, ORI TT 7 N2k 2at&1T o7 (Scheme 31), AF L 19212
ALy aai R AEREEHSE S Z L TR =R E L2170, =R F T R 198
ICEHL LTz, =A% N 198 RS2 & T 2 FBERF22 60 5 - % VR
EITTIUEEMDO T 7 hUBERTE D EE X, BERTORNEIT T2, TORR, T
M 2R CEE WTEBRICE S R&E Z LI, Cl4-C20 FEaDERENTZT 7 F 199
DELNT,

Scheme 31. Formation of the Lactone

O O HO O
(@) (@) .
N-OMe mCPBA : N-OMe pTsOH-H,O 14 N-OMe
. \N
CH,Cl,, rt 1,4-dioxane
/ o NM62 2ve Q 20 O NM62 1O(I) °C Ph 20 0

Ph quant Ph HO 0
0 0 quant O
192 198 199

WHHEEL TWET 7 F BRI A, C14-C20 fEA O HEIT LB I >V T
DEHCHBLE LT (Scheme 32), =ARF T N 198 ITFMESRMIZAT 2 & T 2 RBERE )
BOS-TF VYEEDPEIT L TZREFY FRMEL, A =2V TF 4200 L70%, 22T
MIKRGFEDNEITTIVTEEL T\ T 7 bkl ), EEICEN e b Abn#ETL, =
FI201 LD, =S I0200 B FRNICHFEET D7 b UISREMINZRZ 32 & T Cl4
—C20 FEA MR S, T3 —L 199 RS- & &2 7,

Scheme 32. Proposed Mechanism of Unexpexted C14-C20 Bond Formation

o Ho
0] .
14 N-OMe pPTsOH-H,0 14 N-oMe
50 o) 1,4-dioxane P;f B 0
2=~ NMe; 100 °C 20
Ph HO O
O quant 0O
198 199
” o
gggﬁing cyclization T cyclization
o 0
0]
N-oMe deprotonation 0o N-oMe
Ph o] Ph o)
o W/
HO HO
| ®NM92 NM62
201

I T, CI5-C20 fEx2x /) 77— OB v 7)o 7Tl HOBRILKIETAEL D

TFIVORIEEIEHT 52 & CTHAT Dt AZLZE L7z (Scheme 33), 7726, Cl15

200
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P HBE I 2T D5 AR F v K202 ZRBEOBRESMICHT T A I =T LT 40 204
ERRBELTZFI 205 720, =F 0205 IZBWTERILM GO EITT 272 561X,. BRYE
T 5 CI5-CQOFERETEKR T HZENTE LD TII W EE X T2,

Scheme 33. Plan for C15-C20 Bond Formation

O
. psonRo O N-ome
. 15

e A

HO O,

203

epoxide Ecyclization fc lizati

opening | 1 cyclization

deprotonation

204
CI5 LIl s LTy nEka AT 2 EOAKICE Y #LA TS (Scheme 34), R T
ynx ) =N —T NV EaREISHRICRZLIIENSELLEZA (= P —1), HERY
MORIENR N, 22T, —EY I LT ) —LZ—FT )V EHEEL, N-TaERXR7 A
R REEHSEZEZA (2 b —2), BMET D713 K206 % BIAFRIRICTHED Z
ENRTE T, BEROHIEEZ B E LT 7 eEfbamitLizE 2 A, o R(bd%E H
WAHRISEE*ICT (o Y —3), EEMICT 0 F206 ICAMMT 5 LRTEXHI L%

R L7,

Scheme 34. Bromination

O O
O N-OMe conditions N-OMe
Br

/ O N|\/|e2 / o NM62

Ph Ph
O 0o
192 206

entry conditions result

4 LHMDS, TMSCI, THF, -78 °C;
Br,, CCly, —78 °C

5 1) LHMDS, TMSCI, THF, 78 °C
2) NBS, THF, 0 °C

3 CuBr,, THF, reflux

206 (59%) + unidentified compound

206 (85%)

206 (quant)
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CIS NI RE 2B AT 2 Z LN TEIZDT, CI15-C20 #EA DIAICIANT & b 5 A fa %
To7= (Scheme 35), 71 I K206 Z L ARRIRAICZRF AT HIETTREDRF VR
207 A5 LTc, 7T RETRF TR 207 135 L RROBMERICf LIz 2 A, —EHDR
EROSDREIT L CTELTZ= T I 208 IZBWTHWIEY —EHORILEIGAEITL, 77
Y199 B RIFRIRICTHE LN, ZHUTXD, 7' RET 207 LY LT h—EED
BHAZ TN I VBRUE AR 2 A a A o R U 7 N & AT D U BRPE B A% A M 5T
T5Z LT LTz,

Scheme 35. Successful Formation of C15-C20 Bond

O 0]
@) mCPBA o N-OMe pTsOH-H,O
—_——
Br CH,Cl,, rt Br B0 0 1,4-dioxane
2 NMe, 100 °C
91% Ph
(0]
207
O
0] N-
5 OMe
89% 15 —
Ph 20 O
O
HO 0
203 203

F7-. BAERSICE > TEONTZT 27 Fr 203 @ C15-C20 54 DOIERIT HMBC OHIEIC
Ko TUTORANG R TIRFBIRBIRFROMEEN RO NTZ LIT X Ve L7z (Figure 7).

Figure 7. Confirmation of the C15-C20 Bond Formation
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2-7. 7k I AULEMOE RIS T DR

U EDBEHIZE Y Tt I UL G OB LD REBBRZBET L5 N TE
7=DT, —~EARLUIZFEIA203 &7t (5) OfELLbE L, EHREEEHET S
(Figure 8), 7 /bt I U HRULEH OGBS AT TR I NTCEIZLL T DO =5 Th 5,

O C1 4fricki) 2 hifEEl

@ C2 0N MR FE DREE

@ C5-NfEA DAL

Figure 8. Intermediate203 and Gelsemine (5)
pMe

203 Gelsemine (5)
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2-8. C1 4fricBiT 5 iifEeFit

£ ClAMLIZRIT DMMBFLOBRET 21T > 7,

I Wolff-Kishner 327t * O#iat 21T > 7= (Scheme 36), 7 2203 At KT Vv L K&
SELLIAE RTY Y 209 RN O/LNT, O, ERAERDIIE&AETH
ol Fbiizt RT Y2209 ZHIMESMFEITAT L7ehy, BRY & D BRER 210 13— 8145
LY. RENMBEETORR o7,

Scheme 36. Attempted Wolff-Kishner Deoxygenation

OMe OMe OMe
i O i O i
N
NH,NH,-HCI KOH
—_—
EtOH © ethylene glycol =0 B
50 °C 50 to 90 °C @ 0
OH
33% Ph>-
(dimer: 67%) 210

ERIVUEDRINTEBWT Z@&EN L S AR L 2 & L ERE LI 31T 2 R Fapk 4o 1
THEHENMEE L 25 F 2, I, BN SSEEIC TRBFEILZITH)> 2N TED
VTﬁV%ﬁmLt“*”wﬁﬂ%ﬁot(&mmsn R 231E Ve RSV RE
EHEELZE TRV E RTI Y 2NN ICERTHZ LN TEL, MIILERTI YDA R
VML AR T DL ANT 4 VRO Ao CUT B L BROBBEE Lo TAT
LUNEBELEWIM|EEBEICIVILE RTIVUvOBBITERF Lz, Firke K70 211
kL, KFfEARTFEF RV L (b —1), I TR MFIKFARTFEST Y UL

Scheme 37. Attempted Reduction via Diazene

pMe
TsNHNH, conditions
_——» A=\ U\ N e >
EtOH
reflux
91% h
21
OMe
0 N
_________ > o
O\ o
»—OH
Ph
212 210
entry conditions result
1 NaBH,, EtOH, rt to reflux decomp
2 NaBH(OAc)3, AcOH, 1,4-dioxane, rtto 100 °C  no rxn
3 catecholborane, DCE, rt no rxn
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(2 b —=2) BT a—LART v (= b —3) e EORkx 78 ehl & fEH S 87203,
HEOLE T HMEESRIR 210 1T 2B oo Tz,

WIZ, VFT 2 &FH LIZEITIZ OV TRE L7z (Scheme 38), 7 k203 (2 1,3-7 =/
YOF AL (213) BIEHESE, VFT 24 EEKR LT, PFT 214 EEEKEFREL
‘Rme:y#w%%wfﬁﬁ?ézk%ﬁ&tﬁ\mm@x&ﬂwmﬁwfwoﬁé@

BRZUTEIT T2 b 0D B OMEEFIR 215 T2 Eb R o T,
Scheme 38. Attempted Reduction via 1,3-Dithiane
pMe OMe
HS 5 H, (1000 psi)
BF3-OEt2 ﬁ\ Raney Ni
THF rt EtOH EtOAc
100 °C
79%
203 214 215

U EDORETLY . 7 203 206 “BFEOERHIC TRBRAL 21T O Z L IINEETH 5 &)
WrL. DUBRED L TRFERARA~E S Z &N T 5 AHEM D $H 5 Barton—-McCombie iR
b ¥ OWEt %17 72 (Scheme 42), 203 D5 kKA MOM L2 TR L7z A b A
Fro—70216 &7 B F VRIS ThRi#E LTCHE— X7 /L 217 O “FffEZ G LTz, 216 &
217 1 Z Lt v 7 FU FEZHWTGEIRTHZ LT, £NENT /a3 —/L 218 & 219 [ZEMT 5
TENTERE, NT, TNENFV U M UEET AT L 220 & 221 [SEMR LT, ROBEE
FIEOBFHIA P AN —T 1220 Z N TITo72, 10mM OEEICT Lo, F
CANBRIEAIE LT AL Y T TFr= )b, KEREL TR TFALAXE R K&
WD T HNIEDEEITA LTz e 2 A, RINERD L BRIOREESRIK 222 2155 2 &7
TX7o, ZOB, EREIERWIZIATFNVE—T1223 ThoT-,

Scheme 39. Barton-McCombie Deoxygenation

a) MOMCI
i-ProNEt
DCE, reflux o ,OMe
90% N
or L-selectride HO
>0 0]
b) Ac,O THF, =78 °C .
pyridine, rt (0] o 0 (0]
95% >—OR R = MOM : 88% >—OR
Ph R=Ac :94% Ph
a) R=MOM: 216 R=MOM: 218
b) R=Ac :217 R=Ac :219
AIBN o l\l(jDMe o l\?Me
n-BuzSnH Me.
NaH, CS,, Mel (10 eq)
e 0]
THF, 0 °C 5 toluene o- 5
. (10 mM) 0]
R =MOM : 73% OR o OMOM OMOM
R=Ac :85% ph>- 100 °C Ph>- Ph>_
R = Mowm: 220 222 (23%) 223 (59%)
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Fo. LT OFERFER (Scheme 40) LV, AT N —FT VORBIFRAIIXI VA=V DRFE
HkRTH D LB X, Scheme 39 DT P HNVEIRIZIEBWNT 222 & AF /LT —T )1 223 DR
WaELLTOLH1255 L7 (Scheme 41), £, R THRAELLET DU NFNT A I VR
SAHERIS U, Ty PRIR LK DR T VAN 226 BVERT D, 2THHDOT TN
NVFERIRRFITR L2 X 9 IC C-OfE G DOBRANHEIT LT BRIKBIREUST 52 & THINY
IZE D, —H T, FREITRLEL IO FRITRBRERIE L, S BIZFAERD S FHIC

WISV IR LEZ D EAF LT —T IV 23 ICELEEZLND,

Scheme 40. Barton-McCombie Deoxygenation with Thionocarbonate

o, OMe Na So.  OMe BN
N A JIONN n-BugSnH
HO PhO 224Cl PhO~ O (12 eq)
0 o) —_—

o- THF, rt o- toluene
)POMOM 53% )90MOM (30 >90M0M

% 100 °C
o P RoH 1222 (14%)
218 225 R = OMe : 223 (14%)

Scheme 41. Possible Mechanism of the Radical Reaction
OMe

sg
MON-N AIBN
MeS_ O hydride source
© _ toluene (X mM) o
0 0 100 °C
OMOM
Ph>_
220 222 223
R CR
R NS H
-
MeS 6)
T
226

HELTWD AF T —T )b 223 OAERBEMEIZS & DWW TRINREDORIELETT > T2
(Scheme 42), Scheme 39 DfER A= MU — 1IZR LTz, A F Lz —F /b 223 |35 1[G
Ko TEKT D720, D RIS ZIHT << S5 R HERE CRISEITo 72 (= b
U—2) ERE LT AF =T L 223 DREIENZL Aohi-, £2C, U T7FLAXE
RU REYAREBHRGEDENFY Z R AFALIALLT DEHNELZS (2 F Y —
3). AF /LT —F L 223 OEIEZIIHI Lo, HRIOBERHEK 222 2 RAF2NRICTHES 2
ENRTE T, RUVUNAT I a— )LORHEILN MOM TR TEFLEOLEIZE (=2 b
U—4), PV AU AFAT I NTT oz VDR BAF QIR TIHER IR 227 2 5 2
Teo TAUTEYD, ClANICHIT DMEFILDO T IELTELT HZ LN TE T,
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Scheme 42. Optimization of Barton-McCombie Deoxygenation

SO QMe o QMe
AIBN N
MeS H source
0] 0]
toluene (X mM) o-
)i)OR 100°C >—OOR
PhH Ph
R =MOM: 220 R =MOM: 222 R =MOM: 223
R=Ac :221 R=Ac :227 R=Ac :228
entry R H source X (mM) result

1 MOM n-BuzSnH (10 eq) 10 222 (23%) 223 (59%)
2 MOM n-BuzSnH (10 eq) 4.2 222:223=1:1.0

3 MOM (TMS)5SiH (5.0 eq) 10 222 (76%) 223 (trace)
4 Ac (TMS)sSiH (5.0eq) 10 227 (88%) 228 (trace)
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2-9. C2 ONLHMMIRFIEF DORES

2=7T . \IRLET NV E I VRUEEM O ERUICINT THRD ZSORED 9 b — D& R T
TZDOTHEY D20 H B C20 (L N# R FEOREEIZE Y MA T,

TUBRTMEALA Y 222 DT 7 b DofLIZBWNTT AT IALZIT H 2 EMNTE L C20 AL
IRFEDHERLTE D EE 2, Miat&1T->72 (Scheme 43), #BHEN T =4 > " ORFBIZBIT D
AR THAHHTY 7 2=V A7 ¢ R{FE T, LDA (=> FU—1) X Knochel-
Hauser 8 4 (= F U —2) ZEHI BN, WTINOBEEIZBWTH AL T = = {kiL
T, BENT =F L OEREHRT 2 Z LT TE o7,

Scheme 43. Bridgehead anion was not confirmed.

pMe o pMe
N PhSSPh SPh N—N
20 THF, -78 °C; / 20
(0] 17 (0]
_ base _
0 >_o —78°Ctort o >_o
OMOM OMOM
Ph Ph
222 229
entry base result
LDA no rxn

2 TMPMgCI-LiCl no rxn

BN T = v ERSEDL L IIREETH DL B, 77 b ERBRLIEZICT VX
AL ZAT O MEt 24T - 7= (Scheme 44), X2 VLT L a— 1 203 2 W THREE21T 72, 203
WAL T A=V EBEH SR TR m ) K230 128 LT-tkic, HShAERH TS 2 &
TEITHNCHHBR ATV VR e 231 (A LT, TV Bk 231 2563 D A F Lo X
TV 232 AW L, TR I CEAFIEEREZIT 72, LLRRnL, AF LT A
TV 232 IZLDA ZEH S 2A BEPHEEL TLEIRR L R oTo, BRBIIERE

Scheme 44. Attempted Alkylation with Ester

:OMe Zn (o) pMe
Br(CH,),Br N
TMSCI o (0]
_—
THF
reflux OH \I O
Ph
231
OMe
0 ) q
TMSCHN N LDA D N
2 0 60|7 THF, -78 °C; // o o
toluene-MeOH acetic acid-d4
rt MeO X 0 MeO X 0
| |
80% (3 steps) Ph Ph
232 233
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([ZITW T2 o TRV 3 Michael SURANETT L7 f5 R Co—CT i@ 3 HA L 72L& G5
NicE&EZTN5

Z 2T, CQONED T IV F AL Z AT 5 1212 C15-C20 fE B Z T 25 Z & T C20 hi s MUk ik
HERET DRl A2 T, Mt &1T -7 (Scheme 45), 7 3 N 192 (3L AEH sS85 &
BELCLEIMEL 2o, T4 Claisen SR ¥ 2 A5 Z & T C20 LD T LF )L
BEATH ZENTELZEZ/AM LT, TIRN192 2T 47 I K234 IZEWBLI-%ZIZT UL
Ta RFEETMATL LTI 235 Lo, BohlmF I 235%, ~( 71
a2 HWTHEG 5 = & TSI T A Claisen 50 S HEST L, C20 LI 7 /LS VL3 iE
ANSNT2 236 IZEMAT HZ &N TET,

Scheme 45. Thio-Claisen Rearrangement

o 0 allylbromide
Lawesson's rgt. N-OMe MS4A
toluene, 80 °C tBuOH, 60 °C
O _NMe, [ O _NMe,
97% Ph 72%
S
192 234
O
0]
N-omMe N-OMe
I 170 °C (MW
tolune, 170 °C (MW) / 0 NMe,
97% (dr = 1: 2.5) Ph
=

NMe2 S
235

C20 NEDT VX NMALEATH Z M TE DT, C20 MICEBILEZ FT 5 HEICBW TR
BOGHHEIT L, C15-C20 f5A TR AT 5 Z E B ATREN E 9 & Mit L7 (Scheme 46)
TIR26IAX 7 nn@EEEBREEHSEDLZETT I R2TICEBRT HI LN TE T,
BENT, (LA AI U AZEHSES 2 & T @ HmEAERNICEE L-%ic, @&
UHRBET N U LEERESESZ LTI AT R238ICAM L7, 7 V7 b R238 X8 c L,
TEFMEEITH Z L THEBT A7 /L 239 (AL, fit < B OEHIZ X o TRALKGHT
BRAL 7 nEoRF L R240 2B LT, BONTT mETRF U R 240 ZPRMESRMET
INEA L7273, BHEUW 241 1I32<EO0T, B2 & &I EI Lz,
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Scheme 46. Attempted Cyclization

1) 0s0,, NMO
0 0 o pyridine
N-ome mMCPBA N‘OMe THF, rt N-OMe
CH,CI NaIO
O _NMe, Tpéc? O nme, 2504 o, it Q_NMe,
Ph 2
. o 88%
97% = (@ steps)
236 237
1) TMSCI
LHMDS
THF, =78 °C
o 2) NBS
1) NaBH(OAc)3 0 THF, rt
THF, 60 °C N-oOMe 78% (2 steps) N-oMe
2) Ac,O o) 3) mCPBA .
pyridine, rt Ph J NMe DCE, 80 °C NMe,
71% (2 steps) ) 37%
AcO
239

OAc OMe
O 1

PTSOHH0

17
1,4-dioxane
100 °C

43



2-10. C5-NFEADOERDOBG

C20 (T MUK R T DREE DMET & AT L T CSN S DOERICOWT b a2 T 7=,
VDT, T FrORBROKRE 1T -57- (Schemed7), 7o F=7 (= ~J—1), 7k
VOLAARFUR (b —2) RKBILYF UL (b —3) 2EHAIEEZN, W

THOFFIZBNTHT L a—/L 242 ZHEET 5 Z L ITTE R o7,
Scheme 47. Failure in Ring Opening

o pMe o pMe
N N
conditions // 0
(0] 17
o R
)90 0] "o )90 0]
MOM MOM
PhH Ph
222 242
entry conditions result

1 NHs, 1,4-dioxane, 100 °C  no rxn
2 NaOMe, MeOH, reflux no rxn
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Scheme 48. Attempted C5-N Bond Formation
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2-11. B%0OatH
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Scheme 49. C-H Insertion Strategy
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Scheme 50. Mannich Reaction Strategy
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2-1 2. ffE

Plb, EFEIARAFE LRI TAEY RSV RY ) Ui a2 G T 57V EI T LART L
SaA RO LT NE I CEULEY OG R MAT, ERb GO L@ TR LA
THHEFRE 141 L0 D FNBUSEIEHT 5 2 & T Frt I AU A OB Pl R
DOREEIZRE LT, T7eb b, SARRIRAY 72 Claisen BN EGIZ &L - T C6—C20 Az OFE AT
REATVN, X 2T ABALSUGIZ £ 5 T C15-C0 (L DA TEZITH 2 & TAERA U K
J UL E AT D IUBRMEE R AL LT, S 5IT, Cl4 (LICBW CTHEERIL 21T 5 Hiki
ML L, C5-N G OERICE 28R Y P UBROME L C20 (5 MUk IREDHELITH Z &
THNEI VRGO EREIT) 2N TEDHLEZEZ TN D,

Scheme 51. Summary
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Experimental Section



General Remarks: Nuclear magnetic resonance ('"H NMR (400 MHz), >C NMR (100 MHz)) spectra
were determined on a JEOL-ECS400 instrument unless otherwise noted. Chemical shifts for 'H NMR
are reported in parts per million (ppm) downfields from tetramethylsilane (d) as the internal standard
or relative to the singlet at 7.26 ppm for residual chloroform, and coupling constants are in hertz (Hz).
The following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad. Chemical shifts for °C NMR were reported in ppm relative to the
center line of a triplet at 77.0 ppm for deuteriochloroform. Infrared (IR) spectra were recorded on a
JASCO FT/IR-4100 Fourier Transform Infrared Spectrophotometer and were reported in
wavenumbers (cm™). High resolution mass spectra (HRMS) were obtained on a JEOL JMS-T100LP
AccuTOF LC-plus either in positive electrospray ionization (ESI) method, using sodium
trifluoroacetate as the internal standard. Optical rotations were measured on JASCO P-2200
Polarimeter at room temperature using the sodium D line. Analytical thin layer chromatography (TLC)
was performed on Merck precoated analytical plates, 0.25 mm thick, silica gel 60 F,s4. Preparative
TLC separations were performed on Merck analytical plates (0.25 or 0.50 mm thick) precoated with
silica gel 60 F,s4 unless otherwise noted. Flash chromatography separations were performed on
KANTO CHEMICAL Silica Gel 60 (spherical, 40-100 mesh) unless otherwise noted. Reagents were
commercial grades and were used without any purification. Dehydrated tetrahydrofuran, toluene, and
dichloromethane were purchased from Kanto Chemicals Co., Inc., and were purified using a Glass
Contour Solvent System. Dehydrated methanol was purchased from Kanto Chemicals Co., Inc.. All
reactions sensitive to oxygen or moisture were conducted under an argon atmosphere. All other

reagents were commercially available and used without further purification.
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(18,3'S,59)-2-((S)-hydroxy(phenyl)methyl)-1'-methoxy-6-oxaspiro[bicyclo[3.2.2]non[2]ene-4,3'-i
ndoline]-2',9-dione (186) and (15,3'S,55)-2-((R)-hydroxy(phenyl)methyl)-1'-methoxy-6-oxaspiro
[bicycle[3.2.2]non[2]ene-4,3'-indoline]-2',9-dione (187)

0) PhMgClI
LaCls-2LiCI 0)
N-oMe ———

= THF
@) —-78 °C @)

0~ H 186 - 64% Ph” "OH Ph” ~OH
151 187 : 18% 186 187

0]

(0]
N-OMe N-OMe
—

To a stirred solution of 151 (506 mg, 1.61 mmol) in THF (12.0 mL) at —78 °C was added dropwise
freshly-prepared solution of PhMgCl/LaCl;-2LiCl" (0.46 M solution in THF, 6.30 mL, 2.90 mmol).
After stirred for 2.5 h, the reaction mixture was quenched with HCI aq. (0.2M, 25 mL) and EtOAc (15
mL) was added. The two phases were partitioned and the aqueos phase was extracted with EtOAc (10
mL) twice. The combined organic extract was dried over MgSOQ,, filtered and concentrated in vacuo.
The residue was purified by MPLC (n-hexane/EtOAc) to afford 186 (406 mg, 1.04 mmol, 64%) as a

pale yellow foam and 187 (111 mg, 0.283 mmol, 18%) as a pale yellow foam.

186

[a]®b —1.4 (¢ = 1.25, CHCl);

IR (film, cm™") 3434, 1740, 1464;

'H NMR (400 MHz, CDCl3) 6 7.29-7.44 (m, 7H), 7.16 (dd, J = 7.8, 7.8 Hz, 1H), 7.05 (d, J = 7.8 Hz,
1H), 5.52 (s, 1H), 5.31 (s, 1H), 4.04 (s, 3H), 3.88-3.96 (m, 2H), 3.74 (s, 1H), 2.72-2.83 (m, 3H), 2.58
(dd, J=19.7, 6.0 Hz, 1H);

3C NMR (100 MHz, CDCls) 8 204.1 (C), 169.4 (C), 150.8 (C), 140.2 (C), 139.2 (C), 129.2 (CH),
128.6 (CH), 127.8 (CH), 127.0 (C), 126.21 (CH), 126.17 (CH), 123.6 (CH), 121.5 (CH), 107.7 (CH),
81.6 (CH), 77.7 (CH), 70.8 (CH,), 63.9 (CH3), 57.3 (C), 43.5 (CH,), 30.6 (CH);

HRMS (ESI+) 414.1316 (calcd for C,3H,1NNaOs 414.1317).

* PhMgCl/LaCl;-2LiCl (0.46 M in THF) was prepared by stirring PhMgC1 (2.0 M solution in THF,
1.5 mL) and LaCl;-2LiCl (0.6 M solution in THF, 5.0 mL) at 0 °C for an hour.
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187

[a]**h =31.7 (¢ = 1.00, CHCl);

IR (film, cm") 3853, 1740, 1464;

'H NMR (400 MHz, CDCl3) 8 7.30-7.44 (m, 7H), 7.16 (ddd, J = 7.8, 7.8, 0.9 Hz, 1H), 7.05 (d, J=7.8
Hz, 1H), 5.54 (s, 1H), 5.28 (s, 1H), 4.08 (d, J = 9.6 Hz, 1H), 4.05 (s, 3H), 4.00 (dd, J = 9.6, 3.2 Hz,
1H), 3.74 (d, J= 1.8 Hz, 1H), 2.74-2.80 (m, 1H), 2.49-2.52 (m, 2H), 2.21 (d, J = 3.2 Hz, 1H);

3C NMR (100 MHz, CDCl;) 6 203.7 (C), 169.3 (C), 150.8 (C), 139.9 (C), 139.3 (C), 129.2 (CH),
128.7 (CH), 128.1 (CH), 126.9 (C), 126.5 (CH), 126.3 (CH), 123.5 (CH), 121.0 (CH), 107.7 (CH),
81.5 (CH), 77.5 (CH), 70.6 (CH,), 63.8 (CH3), 57.3 (C), 43.1 (CH,), 31.0 (CH);

HRMS (ESI+) 414.1305 (calcd for C53H,1NNaOs 414.1317).
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(9)-(5)-((1S,3'S,55)-1"-methoxy-2',9-dioxo0-6-oxaspiro[bicyclo[3.2.2]non[2]ene-4,3'-indolin]-2-yl)(
phenyl)methyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (256)

(S)-MTPA 0
o DCC 0
o) DMAP N-OMe
N-oMe — =
_ THF Op
© " Ph OA/g/Ph
Ph” ~OH 92% 3
FsC OMe
187 256

To a stirred solution of 187 (2.3 mg, 5.9 wmol) and (S)-a-methoxy-a-(trifluoromethyl)phenylacetic
acid ((S)-MTPA, 4.1 mg, 18 umol) in THF (300 uL) at room temperature was added DCC (4.3 mg, 21
umol) and DMAP (0.3 mg, 3.0 umol). After stirred for 1 h, the reaction mixture was quenched with
H,0 (1.5 mL) and EtOAc (1.5 mL) was added. The two phases were partitioned and the aqueos phase
was extracted with EtOAc (1.5 mL) three times. The combined organic extract was dried over MgSQy,,
filtered and concentrated in vacuo. The residue was purified by preparative TLC (n-hexane/EtOAc =

1/1) to afford 256 (3.3 mg, 5.4 umol, 92%) as a colorless oil.

'H NMR (400 MHz, CDCls) 6 7.32-7.46 (m, 9H), 7.27-7.31 (m, 3H), 7.16 (ddd, J = 7.8, 7.3, 0.9 Hz,
1H), 7.05 (d, J = 7.3 Hz, 1H), 6.53 (s, 1H), 5.54 (s, 1H), 4.04 (s, 3H), 3.99 (d, J = 9.6 Hz, 1H), 3.95
(dd, J=9.6,3.2 Hz, 1H), 3.72 (s, 1H), 3.51 (s, 3H), 2.75 (br-s, 1H), 2.42-2.47 (m, 2H);

C NMR (100 MHz, CDCls) 6 202.8 (C), 168.6 (C), 165.0 (C), 145.9 (C), 139.4 (C), 135.3 (C), 131.7
(C), 129.8 (CH), 129.5 (CH), 128.9 (CH), 128.8 (CH), 128.6 (CH), 127.4 (CH), 126.4 (CH), 126.3 (C),
126.1 (CH), 125.2 (CH), 123.6 (CH), 107.9 (CH), 85.0 (C, determined by HMBC), 81.3 (CHj;), 80.5
(CHs3), 70.1 (CH,), 63.9 (CH3), 57.3 (C), 55.4 (CH3), 43.1 (CH,), 31.3 (CH)

peak of C(CF5) was not observed;

HRMS (ESI+) 630.1711 (calcd for C53H,5F3NNaO; 630.1716).
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(R)-(5)-((15,3'S,55)-1"-methoxy-2',9-dioxo-6-oxaspiro[bicyclo[3.2.2]non[2]ene-4,3'-indolin]-2-yI)(

phenyl)methyl 3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (257)

(R)-MTPA 0
0 DCC o) N
o DMAP ~OMe
N-OMe e =
= THF Oo
0] rt

Ph” ™0 Ph

Ph” ~OH 95%
FsC OMe

187 257

To a stirred solution of 187 (2.3 mg, 5.9 wmol) and (R)-a-methoxy-a-(trifluoromethyl)phenylacetic
acid ((R)-MTPA, 4.1 mg, 19 umol) in THF (300 uL) at room temperature was added DCC (4.3 mg, 21
umol) and DMAP (0.3 mg, 3.0 umol). After stirred for 1 h, the reaction mixture was quenched with
H,0 (1.5 mL) and EtOAc (1.5 mL) was added. The two phases were partitioned and the aqueos phase
was extracted with EtOAc (1.5 mL) three times. The combined organic extract was dried over MgSQy,,
filtered and concentrated in vacuo. The residue was purified by preparative TLC (n-hexane/EtOAc =

1/1) to afford 257 (3.3 mg, 5.4 umol, 95%) as a colorless oil.

'H NMR (400 MHz, CDCl3) 8 7.49 (d, J = 7.3 Hz, 2H), 7.32-7.43 (m, 9H), 7.29 (d, J = 7.3Hz, 1H),
7.16 (ddd, J= 7.8, 7.3, 1.4 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 6.55 (s, 1H), 5.40 (s, 1H), 4.03 (s, 3H),
3.86 (br-s, 2H), 3.68 (s, 1H), 3.50 (s, 3H), 2.65 (br-s, 1H), 2.34-2.38 (m, 2H);

C NMR (100 MHz, CDCls) 8 202.8 (C), 168.5 (C), 165.2 (C), 145.7 (C), 139.3 (C), 135.4 (C), 132.0
(C), 129.8 (CH), 129.5 (CH), 129.0 (CH), 128.9 (CH), 128.6 (CH), 127.2 (CH), 126.6 (CH), 126.23
(C), 126.17 (CH), 125.5 (CH), 123.6 (CH), 107.8 (CH), 84.6 (C, determined by HMBC), 81.3 (CHj),
80.1 (CHj3), 69.9 (CH,), 63.8 (CH3), 57.3 (C), 55.6 (CH3), 43.0 (CH), 31.1 (CH)

peak of C(CF5) was not observed;

HRMS (ESI+) 630.1741 (calcd for C53H,5F3NNaO; 630.1716).
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Ad values obtained for MTPA ester of 187 (Ad = ds - OR)

(S)-MTPA ester 256
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(5)-((15,3'S,55)-1"-methoxy-2',9-dioxo-6-oxaspiro[bicyclo[3.2.2]non[2]ene-4,3'-indolin]|-2-yl)(phe
nyl)methyl 4-nitrobenzoate (188)

DMEAD
') 4-nitrobenzoic acid
o PPhg
N-OMe >
= toluene, rt
(e}
Ph” NOH quant
Ar = 4'N0206H4
187 188

To a stirred solution of 187 (105 mg, 0.268 mmol), PPh; (106 mg, 0.404 mmol) and 4-nitrobenzoic
acid (67.2 mg, 0.402 mmol) in THF (2.7 mL) at room temperature was added DMEAD (94.2 mg,
0.402 mmol). After stirred for 10 min , the reaction mixture was concentrated in vacuo. The crude
compound was added H,O (3 mL) and toluene (3 mL). The two phases were partitioned and the
aqueos phase was extracted with toluene (1 mL) four times. The combined organic extract was dried
over MgSO,, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (n-hexane/EtOAc = 3/1) to afford 188 (145 mg, 0.268 mmol, 100%) as a

pale yellow foam.

[a]**h —103.3 (¢ = 1.10, CHCl;);
IR (film, cm™") 1740, 1729, 1613, 1528, 1268;
'H NMR (400 MHz, CDCl;) 8 8.26 (d, J = 8.7 Hz, 2H), 8.16 (d, J = 8.7 Hz, 2H), 7.32-7.51 (m, 7H),
7.13 (dd, J=7.8, 7.3 Hz, 1H), 7.04 (d, J= 7.8 Hz, 1H), 6.51 (s, 1H), 5.55 (s, 1H), 4.24 (d, J=10.1 Hz,
1H), 4.06 (s, 3H), 4.06 (dd, J=10.1, 3.7 Hz, 1H), 3.76 (d, J= 1.4 Hz, 1H), 2.79 (br-d, J = 3.2 Hz, 1H),
2.54-2.57 (m, 2H);
C NMR (100 MHz, CDCls) 8 202.9 (C), 169.0 (C), 163.1 (C), 150.7 (C), 146.0 (C), 139.3 (C), 135.7
(C), 134.8 (C), 130.8 (CH), 129.4 (CH), 129.3 (CH), 129.1 (CH), 127.7 (CH), 126.6 (C), 126.1 (CH),
123.7 (CH), 123.6 (CH), 121.8 (CH), 107.8 (CH), 81.5 (CH), 79.3 (CH), 70.2 (CH,), 64.0 (CH3), 57.3
(C), 42.7 (CH,), 32.6 (CH);
HRMS (ESI+) 563.1428 (calcd for C50H,4N,NaOg 563.1430).
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(18,3'S,59)-2-((S)-hydroxy(phenyl)methyl)-1'-methoxy-6-oxaspiro[bicyclo[3.2.2]non[2]ene-4,3'-i
ndoline]-2',9-dione (186)

Ar = 4'N02C6H4
188 186

To a stirred solution of 188 (140 mg, 1.61 mmol) in MeOH (1.2 mL) and CH,Cl, (0.60 mL) was added
NaOH aq. (1M, 1.2 mL) at room temperature. After stirred for 1.5 h, the reaction mixture was
quenched with saturated NH4CI aq. (10 mL) and extracted with EtOAc (5 mL). The two phases were
partitioned and the aqueos phase was extracted with EtOAc (2 mL) three times. The combined organic
extract was dried over MgSO,, filtered and concentrated in vacuo. The residue was purified by MPLC

(n-hexane/EtOAc) to afford 186 (82.4 mg, 0.211 mmol, 81%) as a pale yellow foam.
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2-((15,3R,3'S,58,Z2)-2-benzylidene-1'-methoxy-2',9-dioxo-6-oxaspiro[bicyclo[3.2.2]nonane-4,3'-in
dolin]-3-yl)-V,N-dimethylacetamide (192)

- " . N-ome
o-xylene
reflux / O NMe,
Ph

@)
186 192

To a stirred solution of 186 (483 mg, 1.23 mmol) in o-xylene (12.3 mL) was added
N,N-dimethylacetamde dimethyl acetal (541 uL, 3.70 mmol) at room temperature. After stirred for 1.5
h at 140 °C, the reaction mixture was quenched with saturated NH,4Cl aq. (10 mL) and extracted with
EtOAc (3 mL). The two phases were partitioned and the aqueos phase was extracted with EtOAc (2
mL) three times. The combined organic extract were dried over MgSOQy, filtered and concentrated in
vacuo. The residue was purified by flash column chromatography on silica gel (n-hexane/EtOAc = 2/1

to 1/1) to afford 192 (411 mg, 0.892 mmol, 72%) as a pale yellow foam.

[a]®p ~70.5 (¢ = 1.00, CHCl);

IR (film, cm™) 1733, 1723, 1647, 1616, 1464;

'H NMR (400 MHz, CDCl;) 6 7.63 (d, J = 7.8 Hz, 1H), 7.32-7.38 (m, 3H), 7.20-7.30 (m, 3H), 7.16
(ddd, J=7.8, 7.3, 0.9 Hz, 1H), 7.01 (d, J= 7.8 Hz, 1H), 6.19 (s, 1H), 4.72 (d, J = 10.1 Hz, 1H), 4.27
(br-d, J = 10.1 Hz, 1H), 4.04 (s, 3H), 4.03 (dd, J = 10.5, 2.3 Hz, 1H), 3.85 (s, 1H), 3.64 (br-s, 1H),
2.88 (s, 3H), 2.83 (s, 3H), 2.74 (dd, J = 16.0, 10.5 Hz, 1H), 2.63 (br-d, J = 18.8 Hz, 1H), 2.36 (dd, J =
18.8, 4.6 Hz, 1H), 1.61 (dd, J=16.0, 2.3 Hz, 1H);

C NMR (100 MHz, CDCl3) 8 205.6 (C), 169.8 (C), 168.4 (C), 139.6 (C), 139.0 (C), 137.4 (C),
128.85 (CH), 128.83 (CH), 128.5 (CH), 128.4 (CH), 127.6 (CH), 126.9 (CH), 124.0 (CH), 123.9 (CH),
107.1 (CH), 83.6 (CH), 67.3 (CH,), 64.0 (CH3), 57.9 (C), 41.74 (CH), 41.70(CH,), 37.0 (CH3), 35.6
(CH3), 32.3 (CH), 30.1 (CH,);

HRMS (ESI+) 483.1908 (calcd for C,7H,sN,NaO5 483.1896).
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2-((15,3R,3'S,5S5,8R,Z)-2-benzylidene-8-bromo-1'-methoxy-2',9-dioxo-6-oxaspiro[bicyclo[3.2.2]no
nane-4,3'-indolin]-3-yl)-/V,/NV-dimethylacetamide (206)

O 0
o
O N-OMe CuBr, | N-OMe
- r
THF, rt
/ O NMe, / O _NMe,
Ph quant Ph
O 0]
192 206

To a stirred solution of 192 (404 mg, 0.877 mmol) in THF (8.8 mL) was added CuBr, (588 mg, 2.63
mmol) at room temperature. After refluxing for 2 h, the reaction mixture was quenched with saturated
NH,4Cl aq. (10 mL) and extracted with EtOAc (3 mL). The two phases were partitioned and the aqueos
phase was extracted with EtOAc (2 mL) three times. The combined organic extract were dried over
MgSQy,, filtered and concentrated in vacuo. The residue was purified by flash column chromatography
on silica gel (CH,Cl/MeOH = 80/1) to afford 206 (473 mg, 0.892 mmol, 100%) as a pale yellow

foam.

[a]**h —22.3 (¢ = 1.00, CHCl;);

IR (film, cm™) 1742, 1721, 1649, 1617, 1465;

'H NMR (400 MHz, CDCl;) 6 7.63 (d, J = 7.3 Hz, 1H), 7.28-7.44 (m, 4H), 7.20-7.28 (m, 1H), 7.17
(dd, J=7.8, 7.3 Hz, 1H), 7.03 (d, J= 7.8 Hz, 1H), 6.29 (s, 1H), 4.62 (d, J = 10.5 Hz, 1H), 4.53 (dd, J
=10.5, 3.2 Hz, 1H), 4.51 (d, J = 2.7 Hz, 1H), 4.30 (br-d, J = 10.1 Hz, 1H), 4.02 (s, 3H), 3.99 (s, 1H),
3.77 (br-s, 1H), 2.89 (s, 3H), 2.84 (s, 3H), 2.71 (dd, J = 16.0, 10.1 Hz, 1H), 1.64 (dd, J = 16.0, 2.8 Hz,
1H);

3C NMR (100 MHz, CDCl;) 8 199.7 (C), 169.5 (C), 168.0 (C), 138.9 (C), 137.0 (C), 136.3 (C), 130.6
(CH), 129.2 (CH), 128.9 (CH), 128.3 (C), 128.1 (CH), 127.6 (CH), 124.3 (CH), 123.9 (CH), 107.4
(CH), 81.9 (CH), 64.1 (CH3), 62.6 (CH,), 58.4 (C), 46.0 (CH), 41.6 (CH), 41.4 (CH), 37.0 (CH3), 35.7
(CH3), 30.1 (CHy);

HRMS (ESI+) 561.0988 (calcd for C,7H,7BrN,;NaOs 561.1001).
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Bromoepoxide (207)

0 0
0 CPBA o
B N-OMe m - g N-OMe
r r
CHLCly, 1t
/O _NMe, e Q/ O NMe,
Ph 91% Ph
o) o
206 207

To a stirred solution of 206 (468 mg, 0.868 mmol) in CH,Cl, (8.8 mL) was added mCPBA (77%, 295
mg, 1.32 mmol) at room temperature. After stirred for 2.5 d, the reaction mixture was quenched with
saturated Na,S,0; aq. (5 mL), saturated NaHCO; (5 mL) and extracted with EtOAc (10 mL). The two
phases were partitioned and the aqueos phase was extracted with EtOAc (2 mL) four times. The
combined organic extract were dried over MgSQy, filtered and concentrated in vacuo. The residue was
purified by flash column chromatography on silica gel (n-hexane/EtOAc = 2/1 to 1/1) to afford 207
(438 mg, 0.788 mmol, 91%) as a white foam.

[a]®p —29.5 (¢ = 1.00, CHCl);

IR (film, cm™") 1742, 1717, 1643, 1619, 1466;

'H NMR (400 MHz, CDCl;) 6 7.56-7.61 (m, 3H), 7.37-7.44 (m, 3H), 7.34 (dd, J = 7.8, 7.3 Hz, 1H),
7.15 (dd, J= 7.8, 7.3 Hz, 1H), 7.01 (d, J = 7.8 Hz, 1H), 4.76 (d, J = 11.0 Hz, 1H), 4.48 (dd, J = 11.0,
2.8 Hz, 1H), 4.40 (dd, J = 6.0, 5.5 Hz, 1H), 4.25 (br-s, 1H), 4.17 (s, 1H), 4.04 (s, 3H), 4.01 (s, 1H),
2.67 (s, 3H), 2.64 (br-s, 1H), 2.14 (dd, J = 15.6, 5.5 Hz, 1H);

C NMR (100 MHz, CDCls) 8 200.2 (C), 169.9 (C), 169.1 (C), 138.5 (C), 133.8 (C), 129.2 (CH),
128.9 (CH), 128.5 (CH), 127.6 (C), 126.5 (CH), 124.7 (CH), 124.4 (CH), 107.3 (CH), 82.1 (CH), 64.6
(C), 64.3 (CH3), 61.9 (CH,), 59.6 (CH), 58.0 (C), 44.4 (CH), 42.9 (CH), 39.6 (CH), 37.0 (CH3), 35.7
(CH3), 26.4 (CH,);

HRMS (ESI+) 577.0930 (calcd for C,7H,7BrN,;NaOg 577.0950).
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(3R,3a8,3'S,55,9R)-8a-((S)-hydroxy(phenyl)methyl)-1'-methoxy-3,3a,8,8a-tetrahydro-2 H-spiro|3,
8,5-(epiethane[1,1,2]triyl)furo[2,3-d]oxepine-4,3'-indoline]-2,2',10(SH,7 H)-trione (199)

pMe
0]
O N‘OMe pTSOHHzO
Br . >~ 0
0) o) 1,4-dioxane
NMe, 100 °C o
Ph )—OH
O 89% Ph
207 203

To a stirred solution of 207 (430 mg, 0.774 mmol) in 1,4-dioxane (7.7 mL) was added pTsOH (400
mg, 2.32 mmol) at room temperature. After stirred for 30 min at 100 °C, the reaction mixture was
quenched with saturated NaHCO; aq. (5 mL) and extracted with EtOAc (5 mL). The two phases were
partitioned and the aqueos phase was extracted with EtOAc (2 mL) three times. The combined organic
extract were dried over MgSQy,, filtered and concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (n-hexane/EtOAc = 2/1 to 1/1) to afford 199 (307 mg, 0.686

mmol, 89%) as a pale yellow foam.

[a]®pb 1.6 (¢ = 1.20, CHCl);

IR (film, cm™) 3502, 2360, 1791, 1752, 1718, 1617, 1461;

'H NMR (400 MHz, CDCl3) 6 8.11 (d, J = 7.3 Hz, 1H), 7.51 (dd, J = 7.8, 7.4 Hz, 1H), 7.26, (dd, J =
7.8, 7.3 Hz, 1H), 7.05-7.22 (m, 4H), 6.94 (d, J = 7.3 Hz, 2H), 5.75 (d, J = 5.5 Hz, 1H), 4.59 (d, J =
12.4 Hz, 1H), 3.96-4.02 (m, 3H), 3.95 (s, 3H), 3.30 (d, J = 8.2 Hz, 1H), 3.22 (d, J = 8.2 Hz, 1H), 2.26
(d, J=5.5 Hz, 1H), 2.25 (br-s, 1H);

3C NMR (100 MHz, CDCl;) 6 202.4 (C), 171.1 (C), 171.0 (C), 140.3 (C), 138.1 (C), 130.3 (CH),
129.2 (CH), 128.5 (CH), 128.2 (CH), 127.8 (CH), 124.5 (C), 123.2 (CH), 108.5 (CH), 97.4 (C), 76.8
(CH), 70.6 (CH), 63.7 (CH3), 61.2 (CH,), 54.0 (C), 51.5 (CH), 48.4 (CH), 48.2 (CH), 48.0 (CH);
HRMS (ESI+) 470.1205 (calcd for C,sH,1NNaO; 470.1216).
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(15)-((3R,3a5,3'S,55,9R)-1'-methoxy-2,2',10-trioxo0-3,3a,5,7,8,8a-hexahydro-2 H-spiro[3,8,5-(epiet
hane[1,1,2]triyl)furo[2,3-d]oxepine-4,3'-indolin]-8a-yl)(phenyl)methyl acetate (217)

OMe o OMe
Ac,0
© pyridine, rt
0]
Ph)'OH 95%

203

To a stirred solution of 199 (300 mg, 0.670 mmol) in pyridine (3.4 mL) was added acetic anhydride
(3.4 mL) at room temperature. After stirred for 30 min, toluene was added and was concentrated in
vacuo. The residue was purified by flash column chromatography on silica gel (n-hexane/EtOAc =

3/1) to afford 217 (313 mg, 0.639 mmol, 95%) as a pale yellow foam.

[a]**h 30.8 (¢ = 1.25, CHCl));

IR (film, cm™") 1795, 1751, 1463;

'H NMR (400 MHz, CDCl;) 8 8.24 (d, J = 7.8 Hz, 1H), 7.55 (ddd, J=7.8, 7.8, 0.9 Hz, 1H), 7.37 (ddd,
J=17.8,7.8, 1.4 Hz, 1H), 7.04-7.20 (m, 4H), 6.89 (d, J = 7.2 Hz, 2H), 6.87 (s, 1H), 4.10 (d, J = 12.4
Hz, 1H), 4.01 (br-s, 1H), 3.98 (d, J = 1.4 Hz, 1H), 3.96 (s, 3H), 3.95 (dd, J = 12.4, 2.3 Hz, 1H), 3.30 (d,
J=8.2Hz, 1H),3.13 (dd, J= 8.2, 1.8 Hz, 1H), 2.31 (br-s, 1H), 2.17 (s, 3H);

3C NMR (100 MHz, CDCl3) 8 201.8 (C), 170.72 (C), 170.66 (C), 169.7 (C), 140.3 (C), 134.6 (C),
130.5 (CH), 129.5 (CH), 128.6 (CH), 128.4 (CH), 128.0 (CH), 124.1 (C), 123.7 (CH), 108.5 (CH),
95.7 (C), 76.8 (CH), 71.1 (CH), 63.7 (CH3), 60.6 (CH,), 53.9 (C), 51.7 (CH), 48.21 (CH), 48.17 (CH),
48.0 (CH), 20.9 (CH3);

HRMS (ESI+) 512.1306 (calcd for C,7H,3NNaOg 512.1321).
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(15)-((35,3a8,3'S,55,9R,108)-10-hydroxy-1'-methoxy-2,2'-dioxo-3,3a,5,7,8,8a-hexahydro-2 H-spir
0[3,8,5-(epiethane[1,1,2]triyl)furo[2,3-d]oxepine-4,3'-indolin]-8a-yl)(phenyl)methyl acetate (219)

pMe o pMe
N
L-selectride HO
(@) > 0
THF, -78 °C o-
)—OOA )90A
c 94% c
PH ° PH
217 219

To a stirred solution of 217 (308 mg, 0.627 mmol) in THF (3.1 mL) was added L-selectride (1M
solution in THF, 752 uL, 0.752 mmol) at —78 °C. After stirred for 15 min, the reaction mixture was
quenched with saturated NH4CI aq. (5 mL) and extracted with EtOAc (3 mL). The two phases were
partitioned and the aqueos phase was extracted with EtOAc (2 mL) three times. The combined organic
extract were dried over MgSQy,, filtered and concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (n-hexane/EtOAc = 3/1 to 2/1) to afford 219 (289 mg, 0.588
mmol, 94%) as a white foam.

[a]*b 34.2 (¢ = 1.00, CHCl5);

IR (film, cm ") 3350, 1792, 1742, 1698, 1616, 1462;

'H NMR (400 MHz, CDCls) 6 8.22 (d, J= 7.8 Hz, 1H), 7.55 (ddd, J = 7.8, 7.8, 1.4 Hz, 1H), 7.39 (ddd,
J=1.8,7.38, 0.9 Hz, 1H), 7.09-7.15 (m, 2H), 7.02 (dd, J = 8.2, 7.3 Hz, 2H) 6.73 (s, 1H), 6.59 (d, J =
7.3 Hz, 2H), 6.06 (d, J= 7.3 Hz, 1H), 4.52 (ddd, /=11.9, 5.0, 2.7 Hz, 1H), 4.12 (dd, /= 12.4, 2.8 Hz,
1H), 4.02 (br-s, 1H), 3.98 (s, 3H), 3.93 (d, /= 11.9 Hz, 1H), 3.71 (br-s, 1H), 2.95 (dd, /= 8.7, 5.0 Hz,
1H), 2.88 (br-d, J= 8.7 Hz, 1H), 2.13 (s, 3H), 2.07 (br-s, 1H);

C NMR (100 MHz, CDCls) 8 174.3 (C), 173.1 (C), 169.8 (C), 140.0 (C), 134.9 (C), 130.4 (CH),
130.1 (CH), 128.4 (CH), 128.1 (CH), 127.9 (CH), 125.6 (C), 124.3 (CH), 108.5 (CH), 96.3 (C), 70.7
(CH), 70.5 (CH), 67.0 (CH), 63.8 (CH3), 57.8 (CH,), 54.0 (C), 51.6 (CH), 44.0 (CH), 41.6 (CH), 38.3
(CH), 20.9 (CH53);

HRMS (ESI+) 514.1496 (calcd for C,7H,5sNNaOg 514.1478).

63



(15)-((35,3a8,3'S,55,9R,105)-1"-methoxy-10-(((methylthio)carbonothioyl)oxy)-2,2'-dioxo-3,3a,5,7,
8,8a-hexahydro-2H-spiro|[3,8,5-(epiethane[1,1,2]triyl)furo[2,3-d]oxepine-4,3'-indolin]-8a-yl)(phe
nyl)methyl acetate (221)

o pMe S o pMe
N )]\ N
HO NaH, CS,, Mel MeS~ ~O
© i THF, 0 °C © }
O 0 0 0
OAc 85% OAc
Ph>- Ph>-
219 221

To a stirred solution of 219 (52.5 mg, 0.107 mmol) in THF (1.1 mL) was added NaH (50%, 25.5 mg,
0.531 mmol), carbon disulfide (32.1 uL, 0.531 mmol) and methyl iodide (33.1 uL, 0.531 mmol) at
0 °C. After stirred for 1 h, the reaction mixture was quenched with saturated NH4ClI aq. (3 mL) and
extracted with EtOAc (3 mL). The two phases were partitioned and the aqueos phase was extracted
with EtOAc (2 mL) three times. The combined organic extract were dried over MgSQOy, filtered and
concentrated in vacuo. The residue was purified by preparative thin layer chromatography
(n-hexane/EtOAc = 2/1) to afford 221 (53.0 mg, 91.1 wmol, 85%) as a white foam.

[a]*Db 88.2 (¢ = 1.00, CHCl5);

IR (film, cm ") 1793, 1736, 1615, 1464;

'H NMR (400 MHz, CDCls) 8 8.11 (d, J= 7.8 Hz, 1H), 7.51 (ddd, J = 7.8, 7.8, 0.9 Hz, 1H), 7.32 (ddd,
J=1728,7.38, 1.4 Hz, 1H), 7.00-7.17 (m, 4H), 6.81 (s, 1H), 6.63 (dd, J = 7.3, 1.4 Hz, 2H), 6.22 (dd, J =
5.0, 2.3 Hz, 1H), 4.35 (m, 1H), 4.24 (dd, J= 12.4, 3.7 Hz, 1H), 4.11 (br-s, 1H), 4.04 (d, J= 12.4 Hz,
1H), 3.92 (s, 3H), 3.17 (dd, J = 9.2, 5.0 Hz, 1H), 2.99 (ddd, J = 9.2, 1.8, 1.4 Hz, 1H), 2.64 (s, 3H),
2.14 (m, 1H), 2.14 (s, 3H);

C NMR (100 MHz, CDCl5) 8 215.0 (C), 173.1(C), 169.80 (C), 169.75 (C), 140.4 (C), 134.8 (C),
130.7 (CH), 130.1 (CH), 128.4 (CH), 128.1 (CH), 127.9 (CH), 124.1 (C), 123.3 (CH), 107.8 (CH),
96.0 (C), 75.3 (CH), 70.5 (CH), 67.4 (CH), 63.5 (CH3;), 58.2 (CHp), 52.2 (C), 51.1 (CH), 44.3 (CH),
42.3 (CH), 35.3 (CH), 20.9 (CH3), 18.9 (CH;);

HRMS (ESI+) 604.1069 (calcd for C,0H27NNaOgS, 604.1076).
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(15)-((35,3a8,3'S,5R,9R)-1'-methoxy-2,2'-dioxo0-3,3a,5,7,8,8a-hexahydro-2 H-spiro|3,8,5-(epiethan
e[1,1,2]triyl)furo[2,3-d]oxepine-4,3'-indolin]-8a-yl)(phenyl)methyl acetate (227)

s OMe OMe
o. / o. /
AIBN N
MeS (TMS)5SiH
o) ————> 0
toluene o-
o) 100 °C o)
=OAc =OAc
Ph 880/0 Ph
221 227

To a stirred solution of 221 (53.0 mg, 91.1 umol) and AIBN (7.5 mg, 45.7 umol) in toluene (9.1 mL)
was added tris(trimethylsilyl)silane (140 uL, 0.454 mmol) at room temperature. After stirred for 30
min at 100 °C, the reaction mixture was concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (n-hexane/EtOAc = 4/1 to 3/1) to afford 227 (38.3 mg, 80.5
umol, 88%) as a white foam.

[a]*b 39.8 (¢ = 1.05, CHCl5);

IR (film, cm™") 1791, 1739, 1725, 1616, 1463;

'H NMR (400 MHz, CDCls) 6 8.24 (d, J= 7.8 Hz, 1H), 7.49 (ddd, J = 7.8, 7.8, 0.9 Hz, 1H), 7.32 (ddd,
J=1.8, 7.8, 1.4 Hz, 1H), 7.00-7.15 (m, 4H), 6.79 (s, 1H), 6.75 (d, J = 7.8 Hz, 2H), 4.12 (d, J = 12.4
Hz, 1H), 4.03 (br-s, 1H), 3.96 (s, 3H), 3.94 (d, J = 12.4 Hz, 1H), 3.62 (br-s, 1H), 2.80 (dd, J = 14.7,
2.8 Hz, 1H), 2.75 (br-s, 1H), 2.37 (m, 1H), 2.14 (s, 3H), 2.09 (m, 1H);

C NMR (100 MHz, CDCls) 8 173.8 (C), 172.2 (C), 169.8 (C), 140.2 (C), 135.2 (C), 130.1 (CH),
129.7 (CH), 128.3 (CH), 128.2 (CH), 127.8 (CH), 126.2 (C), 123.4 (CH), 107.9 (CH), 96.3 (C), 71.2
(CH), 69.8 (CH), 63.6 (CH3;), 58.0 (CH,), 52.1 (CH), 51.9 (C), 46.7 (CH), 43.9 (CH), 30.4 (CH), 24.7
(CHy), 20.9 (CH;);

HRMS (ESI+) 498.1543 (calcd for C,7H,5sNNaO; 498.1529).
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_-CHCly .. HO
(o)
g
g
35 2 188 NO,
st -

10.50 10.00 9.50 9.00 850 8.00 7.50 7.00 6.50 6.00 5.50 5.00 450 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00 -0.50
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DFILE th05156p13C_bem-1-1.jdf
COMNT
DATIM 05-12-2014 00:08:47
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 32767
FREQU 31407.04 Hz
SCANS 128
ACQTM 1.0433 sec
PD 1.5000 sec
PW1 2.87 usec
IRNUC 1
CTEMP 23.0c
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.00 Hz
RGAIN 50
O
O,
N-ome
—
Oo
Ph” 0
188 NO,

PPM

210.00 200.00 190.00 180.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 60.00 50.00 40.00 30.00 20.00 10.00 0.00 -10.00

74



DFILE th05168p1H_non-data-1-1.jdf
COMNT
DATIM 11-12-2014 18:42:31
OBNUC  1H
EXMOD single_pulse.jxp
OBFRQ
OBSET
OBFIN 7.29 Hz
POINT 16384
FREQU 7503.00 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
PW1 4.90 usec
1H
T 24.0 ¢
SLVNT ~ CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50
_CHClg _H0 o
(0]
N-0OMe
[ \O_NMe,
+ £ Ph
I o
© I 192
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s |Bs 5 g 3|28 2 g
—~ H o S S - | s~ =
=
s
S
d ’( ) o
PPM
10.50 10.00 9.50 9.00 850 800 7.50 7.00 650 6.00 550 500 4.50 4.00 350 3.00 250 200 150 100 050 0.00 -0.50
DFILE th05158p13C_bem-1-1.jdf
COMNT
DATIM 11-12-2014 18:15:34
OBNUC  13C
EXMOD  single_pulse_dec
OBFRQ )
OBSET
OBFIN
POINT
FREQL
SCANS
ACQTM .043:
PD 1.5000 sec
PW1 2.87 usec
IRNUC 1H
CTEMP 24.2 ¢
SLVNT ~ CDCL3
EXREF 77.00 ppm
BF 0.30 Hz
RGAIN 50
o
O,
N-ome
[ O _NMe,
Ph
(6]
192

PPM

210.00 200.00 190.00 180.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 60.00 50.00 40.00 30.00 20.00 10.00 0.00 -10.00
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DFILE
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OBNUC
EXMOD
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OBFIN
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SCANS
ACQTM
PD

PW1
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SLVNT
EXREF
BF
RGAIN
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DFILE
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DFILE th05161p_non—data—1-1.jdf

COMNT
DATIM 18-12-2014 16:13:43
OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ
OBSET
OBFIN 7.29 Hz
POINT 16384
FREQU 7503.00 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
PW1 4.90 usec
1H
T 226 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50
_CHCl _HO
o OMe
N
0]
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DFILE  th05161p13C bem-1-1.idf
DATIM  18-12-2014 11:48:40
> 13

EXMOD single_pulse_dec

PD 1.5000 sec
PW1 2.87 usec
IRNUC 1H
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EXREF 77.00 ppm
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PPM
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DFILE th05162p_non—data—1-1.jdf

COMNT
DATIM 19-12-2014 12:42:17
OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ
OBSET
OBFIN 7.29 Hz
POINT 16384
FREQU 7503.00 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
PW1 4.90 usec
1H

T 228 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50

_CHCly _H0
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T 416
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e
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DFILE th05103p13C_bem-1-1.jdf
COMNT
DATIM 24-10-2014 15:16:41
OBNUC 13C

dec

EXMOD single_pulse.

OBFRQ
OBSET
OBFIN
POINT
FREQLU
SCANS
ACQTM 0432
PD 1.5000 sec
PW1 2.87 usec
IRNUC 1H
CTEMP 256 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.30 Hz
RGAIN 50
OMe
N
o
0
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Ph
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PPM
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DFILE th05163p1H_non-data-1-1.jdf
COMNT
DATIM 20-12-2014 14:46:09
OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ
OBSET
OBFIN 7.29 Hz
POINT 16384
FREQU 7503.00 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
PW1 4.90 usec
1H
T 23.0 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50
o OMe
N
HO
_CHCl d _H0 o
= g SLANNG)
B —OAc
Ph
R 219
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g e / 3 s Els g3 3
= S - = —r'«f = —— E
PPM
10.50 10.00 9.50 9.00 850 800 7.50 7.00 6.50 6.00 550 500 4.50 4.00 350 3.00 2.50 2.00 150 1.00 0.50 0.00 -0.50
DFILE th05163p13C_bem-1-1.jdf
COMNT
DATIM 20-12-2014 14:56:56
OBNUC  13C
EXMOD  single_pulse_dec
OBFRQ A
OBSET
OBFIN
POINT
FREQLU
SCANS
ACQTM .043:
PD 1.5000 sec
PW1 2.87 usec
IRNUC

1H
CTEMP 23.2¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.30 Hz
RGAIN 50
OMe
0 N
HO
o
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Ph>_
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PPM

210.00 200.00 190.00 180.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 60.00 50.00 40.00 30.00 20.00 10.00 0.00 -10.00
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DFILE
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DFILE th05165p1H_non—data—1-1.jdf

COMNT
DATIM 23-12-2014 15:19:58
OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ
OBSET
OBFIN 7.29 Hz
POINT 16384
FREQU 7503.00 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
PW1 4.90 usec
1H
T 23.0 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 50
_-CHCly ~H0
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DFILE th05165p13C_bem-1-1.jdf
COMNT

DATIM 22-12-2014 22:25:10
OBNUC 13C

EXMOD single_pulse_dec

OBFRQ A

PD 1.5000 sec
PW1 2.87 usec
1H
CTEMP 23.2¢

SLVNT CDCL3

EXREF 77.00 ppm
BF 0.30 Hz
RGAIN 50
o OMe
N
o
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OAc
Ph>_
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PPM

210.00 200.00 190.00 180.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 60.00 50.00 40.00 30.00 20.00 10.00 0.00 -10.00
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