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s =

A heat

9-BBN 9-borabicyclo[3.3.1]nonane

Ac acetyl

acac acetylacetone

ACN 1,1'-azobis(cyclohexanecarbonitrile)
AIBN 2, 2’-azobis(2-methylpropionitrile)
Alloc allyloxycarbonyl group

aq aqueous

BHT dibutylhydroxytoluene

Bn benzyl

Boc tert-butoxycarbonyl

Bu Butyl

calcd. calculated

cat. catalytic

CBS Corey-Bakshi-Shibata

Chz cenzyloxycarbonyl

Cosy correlated spectroscopy

Cy cyclohexyl

d.r. diastereomeric ratio

DART direct analysis in real time

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene

DEAD diethyl azodicarboxylate

DEPT distorsionless enhancement by polarization transfer

DIAD diisopropyl azodicarboxylate
DIBAL diisobutylaluminum hydride
DMAP N,N-dimethyl-4-aminopyridine)
DMEAD  di-2-methoxyethyl azodicarboxylate

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane
DMSO dimethylsulfoxide

EDTA ethylenediaminetetraacetic acid
ee enantiomer excess

equiv. equivalent

Et ethyl

i



FAB
h
HMBC
HMQC
HOMO
HPLC
IBX
IR
LDA
LiHDMS
LUMO
m.p.
mCPBA
Me
MOM
Ms
MS
MW
NMO
NMR
NOE
Ns
PCC
PDC
Ph
Phth
ppm
Pr

rt
SIRT1

TBAF
TBAI
TBDPS
TBHP
TBS

fast atom bombardment

hour(s)

heteronuclear multiple bond correlation
heteronuclear multi quantum correlation
highest occupied molecular orbital
high performance liquid chromatography
2-iodoxybenzoic acid

infrared spectroscopy

lithium diisopropyl amide

lithium hexamethyldisilazide
lowest unoccupied molecular orbital
melting point
m-chloroperoxybenzoic acid

methyl

methoxymethyl

methanesulfonyl

molecular sieves; mass spectroscopy
microwave

N-methylmorpholine N-oxide
neclear magnetic resonance
nuclear Overhauser effect
2-nitrobenzenesulfonyl

pyridinium chlorochromate
pyridinium dichromate

phenyl

phthalimide

parts per million

propyl

room temperature

sirtuin 1

time
tetra-n-butylammoniumfluoride
tetra-n-butylammoniuiodide
tert-butyldiphenylsilyl
tert-butylhydroperoxide
tert-butyldimethylsilyl

111



TES
Tf
TFA
THF
Thx
TIPS
TLC
TMS
TPAP
Ts

triethylsilyl
trifluoromethanesulfonyl
trifluoroacetic acid

tetrahydrofuran

thexyl

triisopropylsilyl

thin-layer chromatography
tetramethylsilane, trimethylsilyl
tetrapropylammonium perruthenate

p-toluenesulfonyl

v



ARIETEWE TR Oy L0 Db A THD. ik, EIEMITRREIRERBRAITTE AL
RRBHBLTE. ZIVTEF EFCB T HEIEOF|Z A THH L THHL, ZIHDHND,
BN OMHBLORENENDZEIZE ST, ERIEFEALRBEL CEZEWVZD, ZOHT
BERBRMCEY, TR T N IIaARNTR N RIEREEZ A T 5002, BUEICEDE
T, FERFIERN G THOET TET. Fl2IEA 2 R—A TV haARIZiX strychnine D X575
0 vinblastine 728 DEIE G E CIEIAAFEL, BUETHEHLWIA T OREEFF>T L m
ARDF L REFUET TS, FOMICE T A A ARIZITESL OB EEHET5— K773
—ZTERL CODHDOR LI TEY, ZORENLLONEH T ) XTI O L Hlfs b
Lycopodium 7 /v HuARTHDH. BIETHZOFEAIECUEITRY, FE5EM7 B2 R
722t ONRELEIRM DT —REL TEERZ2MED F .

ZNBDORKRIIE OREE DBEHESHD, FIEF T2 A ROER LA THY, A kA5
HIEFIATOILTND. ZOXIRBEMER RIR &6 AT DT OIIIBEAF O FETZ T CIE i #e
Ga 2L, <M RIRDRE BUTHHLO GBS DRI DG AR TE/z, £z, KR
DU—NEEWNLIEEANDT-DIZIE, BETDILEME G T D720 TR, EESYE,
ERERE 2L L TIVA MR M~ B L WK ED DS, ZO X578 B Bz #ER T 27201203
B RIS D B PO EF B AR Lo ORI S, I FE B R~ ZENTED LD BAFE N
WEETHD.

A SCTIRZD IR TERI 22 A AT A RO L BRIET N A ARICE R E2H T, ZHHOMERIK
DE R FTREZR F R0 G R S 2 e SL T < B T e 21T o7z, BARMIZITH LW AT DA
K—7 v AeAR actinophyllic acid & Lycopodium 7 /L7 oA R{ZHE %4 CTCH R IEZAT
2ZEELTz. DL NIZENE N DM e sl 5L &6 123538 O BARA B8 B AYIZ DV Tl
~D.



Actinophyllic acid (1) i% 2005 A2 Carroll HIZE>TAH—ANZUTFED
fili% alstonia actinophylla JVWHEESH A R—AT A HaARTHD!
DA PRGN EUCTIEMER AR PR AE PR E R+ TAFla (253 28 IR fRE
TERD SN TEY (ICs = 0.84 uM), MARIEAFIKO) —NMEEHELTHEHR
SFUTCU%. Actinophyllic acid (1) 1D T VA A RIZ DAL E I HE

OH
(=)-Actinophyllic acid (1)

BRUTVERZFF-CTlY, i, AREMEEOICIEF IR LAY TH 5. Actinophyllic acid
(1) DERMFZEIT N OO N—T 2 E>THHTOIL TV DLDO D, ZOEEMAITIE

TIZ Overman H& Martin S0 —F 2o THESNT 2 HlO I THD .2

Overman 513 2008 4E(Z actinophyllic acid (1) DT7EIARL, 2010 FEICARF B A CE I
LTS (Scheme 1).2° 372bh, (LAY 10 12392 [Fe(DMF);CL][FeCly] % Hv iz, 45
TNTORERR YTV 7 ° Ik, By ra [331] B 11 2HEL, 2ok, Law 13
DL AR AR T- A= 5AF 1T 1D aza-Cope/Mannich it ¢ Z A& IR VA2 L
T, TIRD y-TIBEEETHER 2 5 12 TREEZRAIC (—)-actinophyllic acid (1) ~&Eu»

TWa.,
H
OO A a2 _Ph
P_ I
p R
~ N~
SO
CDI Me \K\MgBr o BH;
PN HN(OMe)MeeHCI N\ﬂ/\ﬂ CeCl Ar = 3,5-Me,CgHs
e, . — CeCly
HO,C NHBoc MeO NHBoc ZUN y
CH,Cl, 5 THF, -78°C ) H,, i-PrOH, rt
2 rt 3 94% Eoc
94%
CO,t-Bu
I
N _ CO,t-Bu
H 7 -
) AcO! NBoc
Ho ii. O3, CH,Cl,, -78°C; Sc(OTf)3 (5 mol%)
PPh,, -78°C—rt AcO:J\/j CH,Cl,, 0°C co,t-Bu DIBAL
P o 17 PhMe
HN iii. Ac,0, DMAP, Ef3N, rt AO N 88%, 17:1dr COstBu g e
Boc 73% from XX IIBOC H 82%
5 91% ee 6 8 °
(COCl), o} LDA o
DMSO ey~ NBoc [Fe(DMF);Cl][FeCl,] ZMgBr
CH,Cly; CO,t-Bu THF, -78°Cort \NBoc  CeCl, THF, -70°C;
R \ B —— e \ /
Et;N 57-59% N ‘CO,t-Bu AcOH, -70 — -20 °C
78°Cort N COut-Bu H COt-Bu  83%
94% H
b 10 1

o NaBH, HOe o
o \NBoc CeClge 7H,0 5M HCI \NH; Cl (CH,0),
N "“CO,t-Bu  MeOH/THF “CO,t-Bu 60 °C “CO,H MeCN/H,0
H 0°C OH 70°C

12 86% 14 93%

Scheme 1

HoOC,

HN

OH
(=)-Actinophyllic acid (1)



2013 4F, Martin &% Lewis 82 H W2 W A7 — RARIBRAL A I KIS 28 L7
(+)-actinophyllic acid (1) D& AREL TS (Scheme 2).%° 472bb, Lewis FEIZEY, A2
N—/VEFER 18 @ C2a (LI AELIZ T A IMEEY 17T OV IV ) — ) —T V57T
FomEsi, K FINTO Mannich RO SIZEY, THEev7u [3.3.2] Bz
— R THEE LT SR ThH S, SN LA 20 13X (2)-actinophyllic acid (1) DFBs 1%
%> TEY, ()-actinophyllic acid (1) ~&EL 1T TiEel, FEEOAKHIT>TA.

OBn
o OBn
n-BuLi NaHMDS TMSOTf 2, 6-(t-Bu),Pyr Boc,0O BocN
8} AllocCl 8} TIPSCI = CHZCIZ -78°C; DMAP
BnO

N THF THF TBAF [_NAlloctoluene [_NAlloc
H Alloc 78°C AIIoc 92%

15

77%

Pd,(dba),

a%)I\I;IBA BocN, ﬁICBI-E(((Z)I-AO BooN_ tBuONa BooN_
a C u a

THF .NH DCE, 0°C N -BuOH-THF

76% cl 0°Cort

83%

i) IBX, DMSO, 50°C
i) N-hydroxysuccunimine, 50°C HN

aq. HCI, MeOH, 65°C; iii) aq. NaOH
HoOC,

H,, Pd/C
86%

31%

OH
(£)-Actinophyllic acid (1)
Scheme 2

BERICESTIHW RS DD, actinophyllic acid OB &HEEEIC B4 01222 DL R ICHEA
2.

2009 4F, Wood HiIsrfFWNv a7 m i, YE =i rar m U s AR R EL TR
%HZ&C actinophyllic acid D2 TORFIRF-1EAINIALEY 32 O REREL WD
(Scheme 3).® I 7piob, 1KA% 26 (ZHRIUCHIfMEE 27 (XD FRY a7 ARSI X
D, {bEW 28 ZBINAICHT. (LAWY 28 2L UL >/ — LT —T L ~EEHL, BUZLD
[3,3] ¥/ ~hrbE—H#if7ICLY 7 BEREZMELL. D%, TINLVEEA U N— L2 EAL,
actinophyllic acid (1) |ZMZERRFIFRFNETHEAINTALEY 32 ~EE N, LOLERG
actinophyllic acid (1) DR TH 2 E 7oA RS OAEEEI IR E THD.



N
t-Bu” 00
//\/OTBDPS—> )% &/\)kﬂ 27 (10 mol%)
Z OTBDPS CICH,CH,Cl BnN
25 2 65-70% .
0  OTBDPS
Ph
Sc(OTf)03 \ _NH
Pd(PPhs), (10 mol%) (10 mol%) oYN
TBSOTH, EtsN MeOCO,allyl (excess) PhNHNH, |
—— BN —BnN
CHZCIZ -40°C—rt; THF, rt CH,Cly, rt
0.1 NHCl aq 91%
73% H
OTBDPS OTBDPS 31 OTBDPS
N\
ZnCl,
—_—
toluene HN =
W OTBDPS
165 °C

OH

Actinophyllic acid (1)

Scheme 3

2013 4%, Maldonado 5id5; 7 Mannich J&i24% actinophyllic acid (1) OB #OREEED
BREHZOWTHEL TS (Scheme 4).* 4725, 73 33 & indole-3-carbaldehyde 72575
OIc=F I 34 T 528 THFN Mannich SUSHEITL, {bE 36 23561
7o LILG, b&a¥ 36 OSLAR(L1 actinophyllic acid (1) &3 Th -7z,

p TsOHeH,O —
A, benzene benzene acetone- HZO
48 60% 50°C
OH

H 33 4 O 35 Actinophyllic acid (1)

Scheme 4

EF L actinophyllic acid (1) O#EHEZHMEERH 0 N ABIEMEICIRSBEIDVA RSB 2, FHE
OB LRI AN B OREETORRPLETHDHEE X T, BRIZITHEER RS O
FEOTREEZEZTHREOERERELIGE, SROEMSI L CEATEDH Hﬂf”@m
WE IR A N THHEE ZHID.

F B TIET VAT VI EDERT OB RIS & S £ LT actinophyllic acid (1) D&
WFZEIZ DN TR ARB,



Lycopodium 7 /A B aARIZEAN T ) AXTRIOMEM LV EEESNDT VI A RO THY, =
METIC 300 FHLL EASESH TS (Figure 1).° ZhSD(LAMOREERMELT, £
FRPEICE ATEZBRIMED B EF DZENZE T N5, WD Lycopodium 7 /LA A K3 B
BRVEY MEMEA T 2 e RSN TS, 21, ()-huperzine A, (-)-lycoposerramine C™" 35k
W (+)-sieboldine AY (7 EF Lal =275 —+F (AChE) PLEIEMEZ R ZENHHIL TS,

FEIZ (-)-huperzine A XV AChE BEETEME (ICs = 0.082 pM) Z/x 9 ZEMD, HTE, KET
T I NA=—IF DI B L TOWEBRMN T TS, it (-)-lycojapodine A™ 12134
HIV JEM:%, (+)-lycojaponicumin A% |Z1% LPS D RIEFHR K DL EIEME R T ZENENE
ERESN TS, ZDXHIT Lycopodium 7 /L 7 1A R34 1S B -0 SR BIE P 0D o5 TR A +7
TZITRY, HRICARIZEMThR TG

%@ﬁ%

—)-Huperzine A (37) (+)-Lycoposerramine C (38)  (+)-Sieboldine A (39)

(-)-Lycojapodine A (40) (+)-Lycojaponicumin A (41)
Figure 1



ZDINZEEME OB DR E R EFS Lycopodium TV AR DAEES AR FOXHITHE
L5 TW% (Scheme 5).2 L-lysine (42) JWFFiE /= pelletierine (45) HLAYW 44 HHo 7Y
> 7L, phlegmarine (46) %#5-%%. IXIZ phlegmarine (46) @™ C4 fiLk C13 (L COREE DI
&h, lycodane I EHE (47) ASTERLSNLD. Lycodane (47) DT ER N LB LY, #5714
HZET lycopodine (48) %525, %2 lycopodine (48) @ Cl12 (LE&(bEh, v 7m~FH
AR5y DMRAL L, fawcettimine (51) ~EZAHAXILD. Fawcettimine (51) MBEBIZEA LI T
LTfod fawcettimine %Y Lycopodium 7B A RNAENLEE ZDND. SRIDOEZD
BRAER L DAL BT 2D fawcettimine D Lycpodium 7L A RIZEEYS T 5.

BN O R M O\/m
H,N"H,N™ SCOOH N
L-lysine (42) A'-piperideine (43) pelletlerlne (45)
Me Me
O O
XH
N 2N
44
X =0OH or S-CoA phlegmarine (46) lycodane (47) lycopodine Group (48) 49
Me
o O
Me
N
lycodine (50) fawcettimine (51)

Scheme 5



IIETHEI N Lycopodium TV BARIFEARFTH LS Ta~FH U BROEREREIZ OV
SHELIZLO%ELLTFICRT (Figure 2). C13 (O B REFLIT A& TO RKWIcHmL b

B. %@EPT, INFETHBRPHEZIL TS Lycopodium 7 /LA ARD %< fawcettimine
(51) ZHEHETH C15 LI S BEBEDAF NILDOBNEHL-HLDTHDH. TOMHHBLELT, #%
T DI, ZOAFNVEDSKALF RO HEWE DO NFREL THY, Zhaa it
TELEDTHLHEEZBND. — 5T, CLE LD AT IVED SRR DL DR, IHIZE LA &
WRIRINZ DWW TDE TR DO FNEIRHALTISY, REIDO KRR DN TH RSN TN,
ZDEAIT Lycopodium TV RARIIHEE EOmWEEREE RS, (LEMTAT TV —LLTD
BAERIZRAES SV EEZBND. 20T, AIFELFRICE, RIRWTZT TIERL, RIERK

INBHBESILTORWERIETHZ OV TH AT 2ERITENEBEZLND. £DTD
BIZIZZN DR TOILE YA MR

NESEES
B RKCAT REZS — R ME D OB BRI O R RN L EL L T

QH
_N
: : e~
Mo, 15 2 Me,, ~G o o o Me L HsH
e, S %
T O0m wee 2 e o B
Me Me
N @] H
d HO \_ oV, N
Me Me
———— (—)-8-Deoxyserratinine (52) (+)-Fawcettimine (51) (+)-Lycoflexine (53) (-)-Lycojaponicumin C (54) (+)-Lycoposerramine B (55)
Me
OH
Me Hi
HO N
®
HO
(-)-Lycopoclavamine A (56) (—)-Lycojaponicumin E (57) (—)-Lycojaponicumin B (58) (—)-Lycovatine A (59)
OH
Me,, H M
. e o
Me, HO 0 "
HO S HO
; HO \_ N N
HO H
(-)-Serratine (60) (—)-Lycopoclavamine B (61) (+)-Lycojaponicumin A (41) (+)-Lycoposerramine T (62)
——
HO
o [ ad
"Q L g “”e
OHN
N OH
HO HO \\/
J (-)-Serratinine (63) (-)-Lyconesidine A (64) Lycoposerramine U (65)
HO
Me,,, E
HO
HO
(-)-Serratanidine (66)

Figure 2



FPIIINODAF VIEAEA TS Lycopodium 7L AOARDHF T, ZHETITHEL A AN
TV TEIz C15 2 S FRiEDAF NVEA AT 5 Lycopodium 7 /LA RDA FAFFEIC
WTHIAT 2. A5yHEI21E fawcettimine (51) A iAo &3 Db 2\ VESED Lycopodium 77 /L7
BARNBLTEY, ZIWETOIERRERFFEIZED, WO FEKIZEEL TI A R T IED
NESITWD, EDT2, thoBEREE K TS BT, ZhoD FELZISHTHZET, ARkERh
FALTHIETED.

Fawcettimine ! Lycopodium 7 /v A RO OEKMFZEIE 1974 4, RIRBIZE - T
HENTWS (Scheme 6).® HEME THHIr7a~Fk /U Filfk 67 L74V T LD
Diels-Alder [)ixiE C15 ALDATF/VILOMEILERANICHEITL, 4 hRFEEEFT 2 WL
SERHLDOREFUTRIILTZ. Fe T, T TER 70 D53 TOEIRAIZRT VR —/LAEE I
&Y, 5 BEREDEMEL. iz, BEHF 9 BEBDIILEY 72 HoEmm R con+
WNZ 72 DMEICEOREEES DL TET, £ D%, 3 BRIEDOHRE 76 Z2TRF LT 52LT,
KIGTDERFUR 77 BLW 78 2N ENGTo. (BHONTZTZRF L RE AN TENE LR
DRI ~DFFEELToT2, a-TARFTR 77 7 61E fawcettimine (51) NE R ATRETHY, —J7
T, B-TARF R 78 7513 8-deoxyserratinine (52) RNZENL AL ATHE TH -T2, AEAREED
C15 NEDAF NIEDSNAEREFIFHAL CD A, 3BRIEOHFRIK 76 2>HHE% D Lycopodium 77 /Lv%
DA REE KL TS EREIIH% D Lycopodium 7L AR ERIZEB W CHEEZEICHW LN T
ETHD. ZOIINT, RERIT 40 FLLERTOEMAFEICHEDOL T, BEEEIL L OE AL
O DERIE D T LAY T D, Fawcettimine (51), 8-deoxyserratinine (52) 38X O DX %A
ICONWTIFZDH, OIS L —F L > TEKIMTHR TSP

BnBr

Me 15 H H
A B NaH OsO,
j BF3-OEt Me,, T acetalization Sia,BH; Me.,, T n-BuyNI NMO4
29%, brsm H H,0,, NaOH HMPA-THF HIO42H,0
S (¢] O

50.6%

82.8% 91.8% oo
e \/ A
ss | esﬁ\ 7:L

OH
Morpholine-CSA H 1) (PPh3)3RNCI, H, 1) Li, NH, H
Etzg HMPA;  Me, 2) LiAlH, Me 2) Jones' reagent Me.,, : NaBH, Me.,
(EtO),POCH,CN 2 3) BocNg 3) N-hydroxysuccinimide a-OH (74) 31%
38% o o N\ 71.9% DCC, TFA., (n-BuloN p-OH (75) 66% , §
- \L CN 41% o
71 OBn BnO 72 NHBoc
LiAIH,
TFAA, pyr 1) BF 3#OEt
82 N KOH-MeOH Me., H Me., A CH,Clp Me., Pd/C, H, 15 o)
ones reagent mCPBA , 2) Jones' reagent . OH M
- _— = —_— e '
56% from a-OH a-epoxide (77) 58% 57.7% MeOH sy
61% from B-OH B-epoxide (78) 40% from a-epoxide (77) 60.7% N

N N (+)-Fawcettimine (51)
COCF3 COCF;
76 77

KOH, MeOH H 1) Jones' reagent H
quant Me., ~G 2) NaBH, Me., )2~
OH———— o
SlLn

from B-epoxide (78) 54.5% Sl
HO \\/N

80 (+)-8-deoxyserratinine (52)

Scheme 6



2010 4, Mulzer BT X T 2O AU AZ B A-FARAZ BV AR L E AW
(+)-lycoflexine (53) DAA A HAEL TS (Scheme 7). (R)-5-methyl-2-cyclohexene-1-one
(8L) IZXL T, MIFL-BEHLUE, FikT R — IV EET Ry M T, IS 70 2 LRSI Y
IZBALT. fnT, {ba 85 IZxtL, & 2 4% Grubbs filltA{E &, »FHNTH T
LIRID T A AV A-PABRAZ B VAR, fe<KFGIZEY, 3 BRIEDF Rz —28 1T 5L,
RIREOE AR 76 L&t E&Y 87 #1572, &izIZ, (LB 88 (KL TEAMESAET
BRVLT VT EREAEHISE2ZET, Boc EDOFRELFHNTO Mannich SOUG2NEREL THETT
L, (#)lycoflexine (53) ~ &L ¥ W T W3 . AAKITHEYWE b D
(R)-5-methyl-2-cyclohexene-1-one (81) 75 8 TREEFEFIZE TEET (+)-lycoflexine (81) &
LT,

I/\/\N/\/%
TiCly — Boc H [~
Z H Me,,, :
Me,, T™MS™ " Me,, IBX Me/,,Qi/(/ C32C0384
- . - —_— )
CH3CHO 68%, 2 steps S
I 70% 4 I O\L iﬁj
81 83 N
Boc 85
1) Comins reagent H [~ aq. HCHO
)KHMDS, 85%  Me,, : Grubbs II; M8 o _2a-HCl @ o
2) pyridine, 99% A Hay sa% MeT T\ N
N 52% (2 steps) 0 ‘
O\L _
N (+)-Lycoflexine (53)
Boc
86




2011 4, @& 1lisiE Pauson-Khand SOtz FVWCE Y7 [4.3.0] ‘BA&EMEEEL, C16 ALIZK
Fe I B NS Lycopodium 7V 1eAR (-)-huperzine Q (104) DOHIDEEFRZHEL T
% (Scheme 8).'% {k&# 95 % Pauson-Khand SUGSfRICATL, B2 7m [4.3.0] Bk DS IAA
BRI NI ALEY 96 Z1GHZLITIILTe. REOSICREW TN RTar RA—Tg
VEEETHIET, Pauson-Khand S &% @ ONLARRIE THEITS X2 L T0D. FilvC,
L& 98 MNBHALRXFTROMIEE, i< Claisen #&(LlZkV 4 BRI A STIRERAITHEEL,
bE 99 Z157-. 20%, TN TONIERGIZED, &K 9 BERAMHEEL, 3 BRitofk
A 101 NESBN. &%, (LAY 101 O LBXOME#ELDORRZEICEY (9)-huperzine Q
(104) ~ELENTND,

Allylbromide
e 7 TOTBOPS RyR R)Tsdpen)(p-cymene)] © LHMDS
CI)J\/\CO Me  N-Buli,ZnCl 90 -PrOH, 2 O HMPA
X S
THF PPTS, toluene THF
89 78°C 80°C Z e
91%; 68% quant
OTBDPS 92/93 = 2.3:1
91
o LHMDS, THF, 78°C;
on ~OH s.tl\/lezc:l2 BHT, 86%, 92/93=1:16.5
LiBH i DMAP [Cox(CO)e]
4 — XN — / // OTBDPS —— >
THE Z CH,Cl, toluene, RT to 100°C H H
RT RT under CO atmosphere H
95%. OTBDPS O\Si,O 57% O\Si,o OTBDPS
™ ™
94 vve 95 Mo Me 96
H

Ne)
~I">s0Ph MOMO
HCI NaHCO,
MeOH H 1,2-dichloro-
benzene
92% 170°C

OTBDPS
3 steps 98 89%

DEAD MOMO 1 WOAc H WOAC PhSH, K,COy
PPh, MeCN 30 °C; wOH CSA
H —— “ O 'H @

toluene — OAc 3 K2003 N &\ toluene

70°C MeOH, 30°C OH reflux

94% I 98% 86%

Ns N 103 (-)-Huperzine Q (104)
101 102
Scheme 8

10



2013 4F, Zhao 5% Hajos-Palish 47y 105 7 B43IkHI7 R CHE%o> Lycopodium 7 /L7
AR DEARREHEL TS (Scheme 9).'% Hajos-Palish #~y 105 7»bH{kE&% 106 «kﬁ:a:%,
t& 106 O Z2N 7T —MEL, f<eénAR-HEH Ay 7V 7 THEHEZEAL, i
WA THHILEY 107 21572 3MALAY 110 % Birch ETAMICHL, MVEDRES
KO, =585 DSTARIEIRIY 7R TTEITVY, CIS LAY S BEED AT VEEDE NI LT, £
D, BRILFE$ 58T, (+)-lycoposerramine Q (111) ~&3E /=, X512, (+)-lycoposerramine Q
(111) o7 va— ViR &b 5ZL T, (+)-fawcettidine (112) @Aﬁ%ﬂ%ﬂ@ok. F7-,

Ho@ A 107 25640 Lycopodium 7L A REE KL TWD, T2 5, o dr ik
107 MOFELIbEY 115 O b 5% 77 —MEeL, Pd it ChLR=1 4% AL,
T AT VRS \75:%7\1/71 BT, WET Vo a8Efilig L, C15 Y S ELED AT /L DE

NIz, %12, BBESRMIC T FINTT I — L2535 T, (-)-lycopladine D
(119) /\2:%11\“(1/\6. BRI iHj%’véfF@’;-TJ:Lf, vy rn [43.0] BisEE A, CL5 MAVEHE
SN TELT, SOICKERBF L RAFITHS Hajos-Palish b 2HNHZENTED
7o), ZHVETHEEZ ~7= C15 ALDNLAKIZBI T DFERIR D G RS B IAT DLWV FR D H

10TBS

o {O H ) KHMDS, PhNTF, (0 H
— 5% : L -
g g 2) TsHN 8 -

NS 10 9-BBN, THF;
> > PdCIZ(dppf) As,Ph3
2% 2 steps)

105 106 107 TsHN

1) IBX, DMSO  Me ) Li, NH; (1) OH o
©, 0,
wotBs 757G 71% .oTBS _ THF.-78°C_ THF -78°C G PDC . G
2) MeLi, CeCls ) (COOH), NF—  DCM N —
3) PDC, DCM AcOH 120 °C 87%
72% (2 steps) 63% (2 steps)
(+)-Lycoposerramine Q (111) (+)-Fawcettidine (112)

1) Tf,0, Cy,NEt

H
DMAP, CH,CI,Me02C
Q*CQ.OTBS T L)-oms
2) Pd(OAG),, PPhy S
co DIPEA :
i MeOH
72% (2 steps) N

9-BBN, THF; (0 H  ApDP
NaBO,, H,0 § BuzP
—* 2. 0

e

85% toluene

(-)-Lycopladine D (119)

107 TsHN 113 TsHN 115 TS 116 Ts
Pd/C H,
Se0,, IBX H o
NaH%)o3 MeO,C MeO,C 2) Na naphthalemde
1 4-di oTBS ~__ OoTBS —MM s ‘\G
,4-dioxane
microwave TFA HZO (5:1) »
105 °C o o) . oy
46% ? ) i 59 /o (3 steps)
(66% b.r.s.m)
118

Scheme 9
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RIRGAY 8-deoxyserratinine (52) D& pkH &L TH /- 8-deoxy-13-dehydroserratinine
(120) 1% 2013 4E 12 Yu BICEWRAMLLEE SN TWA.® ZHICZ, o Lycopodium
TNAHaARDEKIZEBTHHEARFPEEEL T, ZNETHLODDE BN HE SN T,
LLFIZ 8-deoxy-13-dehydroserratinine (120) 754 Lycopodium 77 /L #0A R ~DFFE|Z-DOUNT
k% (Scheme 10). 8-deoxy-13-dehydroserratinine (120) (ZxfL T Sml, Z{EASE5E, C-N
FEADORZEE, 5N TONITIFT—LOFRKRICLY, fawcettimine (51) A EHND. SHIC
fawcettimine (51) 7» 5 % lycoflexine (53) ~ & #F E A TH H M — F
8-deoxy-13-dehydroserratinine (120) Z#Ef&H, Zn TiEoc, HLLIL fawcettimine (51) ZEeMES:
HTORAKIZED, fawcettidine (112) 23155405, I6HIZ, fawcettidine (112) D&~ 4%
NaBH, Ci®JtL, EL‘L?:?/I/:I%/V%ﬁ%@}iﬁﬁ“@}iﬁﬁéﬁé_é:“@ lycoposerramine Q (111) 73
B515.199 F7- 8-deoxy-13-dehydroserratinine (120) D2 FE 4 A AF LKL, Zn T C-N #

TCHIC RIS, A LETESEHZET lycoposerramine B (55) 23&5115.% =
X912 8-deoxy-13-dehydroserratinine (120) 2>HITEOEZEE B THZENTES.

H H

Me,, ~G NaBH, Me, ~C
O J—
s EtOH E;E\éo
N 0°C S =

O\\/ 98% HO \\/N

8-deoxy- .
13-dehydroserratinine 8-Deoxyserratinine (52)
(120)
Sml, O HCHO O
THE-H,0 Me ‘\@ ' N
51% 6]
Fawcettimine (51) Lycoflexine (53)
PPh;, DIAD
p-NO,PhCOOH
o NaBH, OH THF,0°C;

WOH
MO Me v@ Mot Me =l NoOH 2q  MeN=—(h]
1920 N MeOH "
95% O0°Ctort
121

Fawcemdme (112) Lycoposerramine-Q (111)
H
MeOTf Me,,, ? Zn o EtN, EtOH;
MeCN < ° AcOH MeH NH,OHeHCI Me
rt O rt >
o\ N X
TfO Me \7\

122

\/\
p,,
T T Yo

Takayama

N
123 Me Me
Lycoposerramine B (55)

Scheme 10
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FEH X Lycopodium 7V A R ORI G RIEZ NS T HZET, ZNODEIERZ 4
FREMEIZ OV TO IV AR L2270, AL FEORBIZF G TEHOTIHWN
MEZEZT-. FTIHINETITERBIOLR CI5 (IZKEEIEEZH T2 (+)-serratine (60),
(#)-lycoposerramine T (62) 3L TN (#)-lycopoclavamine B (61) D& k2 Sa2H T, FDI%,
Lycopodium 7V HaARDRF A E &GO BRI EER~ERETH A E LT,
(-)-Serratine (60) % 1960 4F{LIZ RIRBIZK - THEINTZ CI5 fif IC/KBEEKEH TS
Lycopodium 7 /A AimARNThHD. £7z, £OHFRILAMELT 2009 FI LW 2011 FIZHE L5
\Z&~T (+)-lycoposerramine T (62)%, (-)-lycopoclavamine B (61)* 7%, 2012 4Ei2i Yu ik
T (+)-lycojaponicumin A (41) A4S TN

HO \\/N

(-)-Serratine (60) (+)-Lycoposerramine T (62) (—)-Lycopoclavamine B (61) (+)-Lycojaponicumin A (41)

Figure 3

AR L7=d891Z, fawcettimine 35 XUV OFERRARD G AT <ODHHA STV D73, serratine
(60) BLOZTDHEHZMEICHL TOREKOHEFIIE ., FFEINETHMENATND
serratine (60) DA I FEZ N ODFEITT 5.

1995 4, Livinghouse SiE7 /L =RV AAA % V- F1EIZLD serratine (60) DR E
K ZABEEEL TS (Scheme 11).M 47pbh, AV=FL 124 %tk T oAb, a7
IRANZRUR 126 ~LEWZ, fitW VT AQBR, ZAEHSELZETT YV = NI LA F 25
AEXE, FEERNOLOS TN TO Friedel-Crafts LV AL RERDMEZ I, serratine (60)
oy B RO EY 129 2157

O
I:’hs\)kCI TBDMSO

TBDMSO i) EtOCHO, 25 °C TBDMSO ph
ii) POCI3-Et3N, THF, 0 °C CH,Cl,
83% 25°C
MeO NH, MeO NC MeO N~ o

124 125 126  ClI
SPh SPh SPh
AgBF, o NaH o semci O
-+ EM
CICH,CH,-CH,Cl, O bwmF 60 — 25 °C o8
785250 5 ) 0°C - 25°C \ 96% \
MeO N MeO MeO N
83%
127 128 129
Scheme 11

13



2002 4, Zard HiX5rFW Pauson-Khand K, 7IVATY AW A —RBIER AL
[ A S LT~ (+)-13-deoxyserratine (138) DAk EZHE LT (Scheme 12).° 4 72bb, LA
¥ 132 75 Pauson-Khand SSIcEE s 7m [43.0] ‘BAEEHEEL, (LAY 134 21537~
W, TUINVEBAERTERR 135 (2% LT, BugSnH & ACN MWW= F Y VR GAFICA32
ET, AEUTETIVATTHNED 5ex0 BEW 6-endo B DEE )T BV ERAL S S LT
L, serratine (60) O BEAEOMEEITHIILTC. FiZIT, TINHSAEIRANZETCL, VULV EEARR
£F5ZET, (2)-13-deoxyserratine (138) ~ELENTWAD, RERKIT 10 TREZFEMIC
(+)-13-deoxyserratine (138) DA KAEIT>TNDN, FEEEDOKRY THS serratine (60) DA K
IZIZE S TR,

MgBr
1. A~M9 TBSO _

(0] Me OTBS n-BulLi; Me
)z
M 2. TBSOTf M THPO™ " Br Z
2,6-lutidine HMPA THPO
130 131 132
TBSO  H Jones TBSO H

1. Coy(CO oxidation z
1.Cox(COk e o L e o
2. NMQeH,O 97%
2
CH,CI,/THF OTHP COOH
89%, /P : 93/7 133 134

1. isobutylchloroformate, EtzN

Cl

2.

71\/ NHOH, EtN TBSO H BusSnH (2 equiv) TBSO H
3. BzCl, EtzN M g ACCN :

o
81% trifluorotoluene
52%
Ay °
Cl 0BzO
135

TBSOTf TBSO H 1. LiAIH, HO H
Et3N =

Me\\\

2. TBAF :
Me'" o
83% 58% A 4
\\/N

(£)-13-deoxyserratine (138)

Scheme 12

Fawcettimine (51) BLOZDREFIKD G RIZI N TEL DA, CL5 MO ATF VIO NLF(L
FEMFEFEHIRDDHZENE G THY, TN EEREL T, TOMDOARHF REHEELTND, —
J57C, Serratine (60) &ZDEIKIKRD LN CL5 MLJEADNLARIBREE N EA L LTIAL S % Gk
H7201TIE C15 MDSLIRE P4 HFEFEH AR L 22T LD G AR B O BHFE DS BL L 705

ZDIHZ, F2E TII Diels-Alder ) 5% HAEEL7- Lycopodium 7 /L AR ORI 26
AT DUV TR B,
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il
= RO A KA R LT actinophyllic acid DA kAF5E
i JEERRT Y )V ERIUE A FV = actinophyllic acid & A4S

LLFIZ actinophyllic acid (1) DA RLEHEIZ7~9 (Scheme 13). FJ T~ ¥— L8l ml
VUBRE G TR T DI DL, BEMIEE R OLEY 139 AAETHIENTED.
L&Y 139 1IT VTV 140 OERABRLEINICE-T, 8 BERILEY 141 1 DHIEIRAY
ICBEONBEE X P 8 BBRLAY 141 ZHBRAY B ARIRICE>TY Ty 142 ZRHL
TELNHEEZLND M ABRBKOFMELT, MEBIRINARTOINVEBRLRIRIZE > TR
REE T VB R AR TED N, TNENOREER T AWM E AT HZ L ThhE
BIENEL THLHR, 7eENHFTHND.

>

NPg
Boc
OH
Actinophyllic acid (1)
B (|) N o] O
Transannular * PhSe Ring EtO
radical Closing
cyclization NPg NPg  Metathesis NPg
| — | - [ .
N — N — N
Boc Boc Boc |
140 R 141 R 142
Scheme 13

FPNETOHNBRALS DT IVEREL T, AV R—NVEna B BECTEBRLI-(LEY
149 % W TR 1T-o7= (Scheme 14). Chamberlin 5D 5 EIZHEV, 2-7 BEAF L2 143 )
DAL 145 ~BENE 1 43 145 (SH L TR T L IR Lo T — RS, b
E¥ 146 Z1572. LB 146 O IVTINER 3 ZIESETT VALl L&Y 147 7
Bohiz. LAY 147 D5 2 A% Grubbs Ml 7 & VAL 7 2 AU AT LY, Bk
15 8 HELAW 148 ZULER 87% THILIZENTEL. KW T, (LAY 148 DZATILER
3R GIRL, (PhSe), & P(n-Bu)s MW TIETRL VAT VLI, T2V ERALHT]
BRfA 149 ~LiE 7 18,
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o)
DMF O  TsNH, NTS  AcOEt EtO
Br n-BuLi I Ti(oEY), LDA NHTs
THF THF THF
| -78°C | -78°C

46% 63°/ 53%

143 144 146
(0] MesN_ _NMes e) o)
NOH Clon. &

PPh3 EtO Ts Cl/ lU_\ - EtO (PhSe)2 PhSe
DEAD N PCy; NTs  LiOH-H,0 PBu, NTs
THF CH,Cly MeOH:H,0=3:1 CH,Cl,

°C | | reflux — rt rt —

9% 87% 148 54% 149

147 (2 steps)
Scheme 14

BRAVBTERA 149 MEHNT-DT, EEBRT VIV BALEIG ORI E1T>7- (Scheme 15). 3
bbb, BRALHIEAAR 149 (ZEE toluene Y, T WLV BRLAAITHS ACN FE4E T, n-BusSnH
PERSHTLDA, BARETDHTUIVERILIR 150 23U 80% THLEEIRAIZELILTE.
F72, TUIVEBALISIZ B W TEESNAREIAEN THHETHRC, Ml BRI eAGbn:e
Mo T2 ZEND, REMIFEFINRLEITL CNDIEN DD, ZOBHEELT, —ICT
SIVT AN DB NI TIES ) P 1972 Bl A 0T WMEHIN 3 2 Z e EH AL TRY,
BN R IR DIV T IV NI BT R ~BRAL DT LT 28 5T 5.

O
PhSe n-BuzSnH
NTs ACN NTs
- toluene
reflux
Scheme 15
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ETFNVEEICBWCERM I ONVEBLISN T ey 7m [3.3.2] BHROBEICH AT
B CHHIENVHBHLTZ. ZZC, actinophyllic acid (1) OEARFHEOMEELERLT, A F—L
BRs RO WA WV, EERBZ O INERLEOE, BEOEDEDE IOV TGS
+5HZLELT- (Scheme 16). A F—/Lifdfk 151" (T3 L CoAR-EIH Ay 7V 7 202 (2 ke
=)VHEAEE AL, KV T Horner-Wadsworth-Emmons SO Z LD REFI = 27 )L 28 N5 8
TILEW 153 %2157-. {LEW 163 [TRETUATIVFHEAE Michael fHIISHE B-7I /=%
TV 1654 ZEAZENTE2 20 L57e, Aza-Michael ARG IEE [ HIZ LD R LS
NTWDI, AEZISHAT 2L TRERIICIZ AR BO AR F L TR ThHHEE b DB

Z O BF,K o
Pd(OAc),
O dopp o (EtO)zp\)J\OEt | OEt
I Kk,cOs NaH
7
\ | o HProH N | THF QLN |
Boc 70 °C Boc | 92% (2 steps) Boc |
151 152 153
o)
Z " NHTMS EtO
n-BulLi NH
THF
'78 OC BOC |
85% 154
Scheme 16
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oz B-TI /AT IV 154 b, PHRAX BV AIZLD 8 BEROMEELIT, TV VER
{LRIBRAR~DFEEAETT 7= (Scheme 17). L&Y 154 OT U E I NVIEEFZIT Chz R T
L, PABRAX B AFIBMATHHILEY 155 I 156 Gz, wIZ/b& 155
BEW 156 ZHWTAHL T4 AZ B ADIGF EAT o7, MV TRESNIALEY 155 T
IXBRIBIR 157 AR 77% THROLIZ. —H T, Chz ETHR#EINIALAEY 156 2B\ Tk
FOSHEDIE T 3B 54, 50% L REDINRICEL Eo7-. UGN LB LT, #
NPV HEEDD ChziE~EvDY, BEEORKIED sp® 235 sp® IThbo7-Zlickp= kA
—arOELOMIZ, REEOENIREN EAY, BHBRAZ BV ADKIET IR THD Ru $5K
EREMLIIERENZET NS, Foe 8 BE(LEMY 157 BLV 158 DTAT V4
B AT VLWL, TV VB ERTEMA 159 I8N 160 ~EEEAE N,

o} o}
TsCl, pyridine, 50 °C
EtO or Grubbs Catalyst EtO
NH CbzCl, i-Pr,NEt, MeCN, rt NR ' 2nd Generation _ NR
N | CH,Cl,, reflux Q\NU
Boc || || Boc | Boc
154 155:R=Ts 88% 157:R=Ts 77%
156: R = Cbz 93% 158: R = Cbz 50%
o}
R=Ts HO (PhSe), PhSe
LiOH+H,0, MeOH-H,0 (3:1), rt NR PBus
R =Cbz | CH2C~|2
LiOH*H,0, THF-H,0 (5:1), rt EOC — BOC

159: R=Ts 57% (2 steps)
160: R = Cbz 89% (2 steps)

Scheme 17
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AR = NVEE AN EEIZRB W TCIVIVEGRTEEA 159 IR 160 21502 TE
DT, FVINERALDORETZIT -7 (Table 1). ARKE CTIT MR THIBRILRISIZMZ, Bk
BAZAECT TV N EERYR DS TR T 52 THRB DB AN TELEB X ML, W O
S THD BusSNH & V=54 TlE, BF /VERRRE, BAFRIETERILA 161 BL08
ik 162 2N EhAGHZEMNTEI= (Entries 1 and 2). FUGERNIZ TSCN 07 UL AR ZERAN
THIET, TUNVERT T VA BANTHIEERARTIN, BHETHLAEDIIELNR-T
(Entries 3 and 4). BRALIZIZELCDT U AIVINSIARBNT S BV EITINZ, A R—1D o fLE%
ETNLEAFIET D720, FUSERNME TLTWDEZZDND. ZDIHZ, TUHNER{LLFIRE
WCEREZEATOIEEFIRNETHLII RN Do, FT IRV UEREAEMHEL,
actinophyllic acid (1) DEEAFIEOHEZUZ OV THEILTZ.

(0]
PhSe
NPg Conditions NPg BooN
| O | —
N — N R _NPg
Boc Boc
R o)
161: Pg=Ts, R=H
Entry Pg  Conditions Product (%) 162: Pg=Cbz, R=H
163: Pg=Cbz, R=CN
1 Ts  BugSnH, ACN, toluene, reflux 161 (75) 164: Pg=Cbz, R=Allyl
2 Cbz BuzSnH, ACN, toluene, reflux 162 (85)
3 Cbz TsCN, (BusSn),, toluene, hv -
4 Cbz BuzSnAllyl, ACN, toluene, reflux

Table 1

RV BROMEIIER FOR#EILAREL, £UK 2 72T AT ML, HEEE
U T )T R Do T NT VX NALKISEATIZE TR ATRE THHEZ 2 HID. T TR#
FEOBREZELT>7 (Scheme 18). 31X, (LAY 161 ORI NVEDERELHAARTD, EDLH7
FMEEHOCCOEMERIEEWE 525D T, BHIETD 2 T E2/HZ L TERD -T2,
WIZHAE LRI CIEA Y 162 @O Cbz OB EEZRAT-EZA, BHETD 2 #7166
IESNT, b0 8 BEREADBAL, AU 1 BT 167 M FHOThe~EfH
FTHILTHELAIL 165 BEbIz. FEMRRAIIAHTHLA PAIC FOMEDERZREIZ
£V 2 HMTIVBBEEREE L TIEMbEN, BiET S N OB BTV AZE TIRAE Y
165 # 5.2 7-L& 255,
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Pd/C
BocN | =N
= EtOH N
H Boc
-NCbz 2 165 62%
O 162
-H
\BocN Retro- } 20
-Cbz = Michael
Q) reaction
g 22 (T o
N
(@) H Boc NH,
166 167
Scheme 18

ZOIHRHBRIZT N DB GENRLETHLHEZ 2 L), TR BT LTI ra—el
721212, fe EHAai4TH5ZLLL7- (Scheme 19). 1A% 162 % NaBH, TETL, 7/la—/L
168 #1547z (LA 168 O Chz AR TTICIVERETHZET, ANt 8 BEROBMAELE
HZERALA Y 169 ZIEAHZLNTE-, AUETIVESITraa T 7 VT eRE W& T
BT VX IEBOSIZED, L&Y 170 ~LEWT- (LAY 170 OT La— 5% IBX T
RELSALTHZENATRETHHT2b DD, AU MARIIREZE ThoT-12h, HiEd5287
<HEBIEITOZEELT., Thbb, (L&MW 170 #f{kiz, F— &% N T t-BuOH &
t-BuOLi #1252 T, i FINT VX ARICEOEe el U BRAMEELEI, actinophyllic acid (1)
DEEREREZRFOLAEY 171 265K THZEITKIILT-.

BocN NaBH; BocN Pd/C BocN
— - » — N —
MeOH EtOH
NCbz NCbz NH
~ 0°C ~ Ho, rt ~
ol s
O 162 HO 468 HO 469
A~ _Cl
o) IBX, K,COj
NaBH(OAc); BocN DMSO, rt; BocN
CICH,CH,CI \ t-BuOLi
rt ~ Z t-BUuOH, rt ~
63% (3 steps) HOe Cl  71% d
170 171 OH
Actinophyllic acid (1)
Scheme 19
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Actinophyllic acid (1) @”E"%*B TOMEEITK I LT=D T, FRDFEI IS D B RERLZE A D
HToHDH. ZNEMRRT D120D120%, TV NV EALLRTINGMEHOBASN BN LETHHE
Ezonb. fﬁﬁ&f)\éﬂf:%ﬁf:@T/iJﬂ/fﬁﬂﬁHIJEII{ZIK@/E.\EEEJrE%uT Lm*’“ (Scheme 20).
AR —)ViFE Rk 172 % E9ERS, Horner-Wadsworth-Emmons S C K0 MIEE A E95. 4
Ulz aB-REaFI= ATV 173 IZRETUNTIVEM NS, B-TI/ ATV 174 2455, 155
NI22#k 7% Cbz TRk T 5. BONIALEWITEIIXIL T, =oAL AZ B AT 8 BERE
DI EREET D, IBIAEA Y 176 OV U E Sy ORI T Ny DAL BIRE
HHIETT AT VEAMR 177 ~LEHL

O
Ot-Bu
| HNT "X
————————————— | EEEREEEEEEEEE
Sonogashlra N S Aza-Michael
Boc HWE Boc X reaction
172 coupling 173
(0}
Enyne Selective Oxidative +BuO Cbz
NCbz MetatheS|s Cleavage of Dlene N
|
N —
Boc | | | Boc
177 COOR

Scheme 20
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TUAV ARV AFIBRMED A A LL FIZRT (Scheme 21). AV R—/LiBiEiR 172 OREFEES

sy TMS 7T LU EOBIAA Yy TV NI E Y 178 215727 i<, (ki 178 O
LT ERHERS3IZ%EL T Horner-Wadsworth-Emmons S0 Roush-1E 5295128 o, B-A A fn—o A
TIb 173 ZHEEELTZP o p-REBfI= 2T /L 173 (2%l Aza-Michael fANRGICEDAET UL
TIVEBEAL, IR 174 2457, IR 174 @ 2 #73% Cbz TR#EL, T2 AL AX®
TARBMA 175 ~EENTZ, o OCMER IR 5729012, MeOH 11 K,CO3 ZEHISE 2L
T TMS #:& Boc RDOBREAE 179 HEKLE.

=—-TMs o
Pd(PPh3),Cl, o} EtO),P Ot-Bu
| Cul | (E10), \)J\Ot Bu ’
| Et3 LiCl, DBU |
N~ Br MeCN N
Boc DMF Boc Boc \\ ™S
172 178 90% (2 steps) 173
(0] o) (0]
TMSHN/\/\ t-BuO CbzCl t-BuO t-BuO
n-BuLi _ NH j-Pr,NEt NCbz K2COs _ NCbz
THF N | N | MeCN N MeOH @LN |
78 ° 94% (3steps
78°C Boc || Boc ||| [ PO )
174 175 179
TMS TMS
Scheme 21
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BALRIBRA 175 MEHNT-DT, TU AL AR YL ADEEAT-7= (Table 2).2° BRALATER A
175 1ZxfL, &ift CHCl, W, 7T SR, 5 2 AR Grubbs fillfitA{EHSE/-L25,
HEYET28RbIR 180 13m0 o7, BRIBIR 180 2 GbheiroTc R/ KEL T, 7%
VIELOD Boc HAREDOEREFEN HINETHERLIK 180 IZBWCT ULV EAZELLTD, Bk
HIEBN RN Ao Tl THDHEZHND. I T, TULVEALDRKRERDINLD BERERDOR
BUERE CHRELZ. 970bh, TMS JiE Boc HEAFRELZIE 179 2HW=E2A, HAY
L5 exo BRALIR 181 2MUE 30% TELI. T, KISET VI D)pbIZ=TF L35 H
RFTIFHIZE TURNB Y E S DL bi-Tz.

o MesNYNMeS
CI”'"RU=\
tBuO | Cbz
NCbz PCy; N
| gas
N CH,CI
Ri || | 22 180: R'=Boc, RZ=TMS
reflux ’ o
181: R'=H, R“=H
R
Time Yield SM
Entry Substrate Gas (h) %) (%)
1 175(R'=Boc,R?=TMS)  Ar 18 n.r.
2 179 (R'=H,R?=H) Ar 18 30 23
3 179 ethylene 18 41 19
Table 2
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LAV ARV AD OGS EO R MIZHLLOD, BHETHERILE 181 LT
720, DT HIVEALBIGE TOMGEZIT>7= (Scheme 22). B2fbAk 181 O RATI)IVER %
TINVRUFEAEERT D72, BELLUIT VAU TRIBL7Z 0D, BHIETDHVRERITAD
T, 8 BERIAVHERLILEY 182 »Ebhiz. JRREL T, Boc EAFRELIZIET, A
R— N EEOEAHGENELRY, BAE 8 BERIADBBHERLLTRo720 ThHEE X
HND. R FEME SR COMKSRIZNEETH 72720, LufEfeiitcotL /=271
184 DAKEMBI L. T72bb, LAY 181 O=AT/)LE4y% DIBAL TiExlL, 7/LTER
183 #437=. 7/ kR 183 % Pinnick BRLIZID AR FE~LEE, Hi L /AT L~D
B ED, TUDNVEBACRIBAE 184 ZAHZENTETZ. FUDNVERLAIEAE 184 ZiEiR
toluene ', ACN 7#/E T, n-BuSnH Z1ERSELT7 VDN BIGRAFIIA LTIZEZA, IR EDER
bR 185 BELNDHDHATH-T-. ZOFBELTINEASMT 8 BERIMAOVDESICHEREL TL
FHHOTHHEB 2 DND. ZORIKIST FFRERRICA R — NV EBENEEHE TH DL LITLS
TEIAEEBZONTT2D, AV F—IVEHIT Boc EAREDE R ETHR#ETHZLET 8 B
BROZENEKDULERDD. LINL—FT, RiEELUIEHOTT LG ENTINERITIY
SARBNCH BEAE 2720, mMFOIAAIRETHHEZZOND. ZOIINITU AL AZEU R
ZHAWT, HIgHEZHOLDEALRETT P L7 [3.3.2] BHEEMEET HZLIINETH
HZEDHABINEIR ST,

O

Acidic or basic J)J\Ot-BuC
iti NHCbz
conditions _ | |
™ N o
H
182 X
Q 0]
NaClO,
H Cbz 2-methyl-2-butene (PhSe),  PhSe Cbz
DIBAL N NaH,PO, PBu,
=
CHCl I Il t-BUOH-H,0 CH,Cl,
-78°C H - rt rt
60% 183 57% (2 steps)
n-BuzSnH
ACN NCbz
toluene @
reflux -
185 trace
Scheme 22
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% i PhI(OAC),/TBAI % A=A B — /L AEH O ER A0 72 B BE A LSS DB S &
actinophyllic acid & &~ H

ATEICIX actinophyllic acid (1) O7 Vo A2vU A, JEERMZ NS, 55 FNT v
FIURICED, BRI B OREEZLY, actinophyllic acid (1) O LA ORESIEE TN LT-.
UINLRING, KA B TIZHLN DAL R —L D 20 (LEHEIEZEATHIEIZENHHZ
EHHBALZ. BTEIOA R &S L C actinophyllic acid (1) O&AATTHIZ0OICIT AR —
D 20 AN R U BRFEATEREZ B AT HMER DD, 2T, T CTICERICKSILIL &Y
162 @ 20 NLICEBEHRERAE AT L2ENTEIUL, ZOMBEEMR TELHIENTITARL, K
A RIS 2 LB R DI TEDEE 2 7o, REITIEALV N —/L 20 MLOFHO TR AL
FOGSDBAFE EE DGR~ I DN TR ~5,

Cbz
N

186 187
Scheme 23

AR =)V D 20 NEDF RS LSRR OHFIEL T actinophyllic acid (1) L4 TlE
vinblastine (188) 73%17 B, LW HMliALAMDOHBILL T, 20 MR BREAIA THS
TIRICL>TEHLZ SIRTL inhibitor 111 (189), IV (190) 23T H415.2 Zo koA M7t
BMOEE A RIEE AT 5LV EICB N T 20 MA~DOF RO E BEIAL S DB
RO TEFERNENZ D, LLans, ILAMED @A R — VI~ OB E RE LSS
IFEIUTE L ITFHIL TR,

cl cl
| )
NN N2

H =
07 "NH, o>

NH,
Vinblastine (188) Actinophyllic acid (1) SIRT1 Inhibitor Il (189) SIRT1 Inhibitor IV (190)

Figure 4
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THETHONTOWSAUR—AD 20 MiEERERELTHREMRTHEEZ VO 5.5

1976 4 Owllen HIX7TFTERT ALY —LFHEIR 191 1T t-BuOCl Z{EHSELZLTrm
aAYRL=2 192 AHEAL, TSREAIDEIR T LV EREROE AN EEZHREL T
ZDOTFEIL vinblastine (188) 72 & #EHE I KR DA FICHHI I TS,

t-BUOCl, EtsN, CH2C|2, 0 OC;
NaOH, MeOH, reflux cl

| _ |
N N N OMe
H  Co,Et CO,Et H  Co,Et
191 192 193
Scheme 24

1985 4F, Dmitrienko 51 1,2-C 7L XL AR —/L 194 (2K TR FZBAEFASET, 20 (il
BENEASNDI AR TP

Br2
| - | Br
N N
Ac

Ac
194 195

Scheme 25

1999 4, Inagaki HiE 2,3-P T NAF A RK—/L D 2a fit% Schlosser ¥iJETHi~7 ahAbLL,
WU T = a2 ORETFHI CE LT EEHREL T3

n-BuLi (3 equiv)

t-BuOK (2 equiv);
| - |
N E N
H H

H E
196 197

Scheme 26
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2011 4, JIIEESIZ T R FeRali Ry — LBk 198 (2% C, DMSO, TFAA 754N Tl
B - F A= AR ERSED HIET, AV F—A® 20 (MIAEEORERZ NS5 FiE
AL TS 3

®
DMSO, TFAA SMe,
CH,Cl,, -10 °C;
| ) | — |
N Nu N N
PMB PMB PMB Ny
198 199 200
Scheme 27

2013 4F, Klussmann ST oeRa L ) — LikiEk% 1 HEBRZEICIVREL TEONS
WEREY 201 ZREMESAEIC T =Y FE A CER TEX LI LA ML T 5.3e

OOH HNR;

sensitiser CF3002
|
N hv, 0, N MeOH
H
196 201

Scheme 28

flzh, BREFIELT 1,05 Se0,™™ 351N Ph(OAC), ™ 728 % FIV DR D J7 13 1531 T
W5, ERLOMEY, 1FEAE DRI BV TR BRALAI CA L R — VA TR LS5 THRY

DEMETFERL TD. ZNHDFIEOREREL T, FE O AFFHSROI TWDZENZET
s, BlIZIE, 2<DE5AE, AV R—/VEZRDELEHE, LLUIT VI NERE TEBLI MG
PEDE WAL F—/L TCUNBIGITHEITE T, AV F—LEHE LRI N R~ — R IR#ELRE DE
T RBIFETIRE LI AV R — I U U R BB 22 SR G2 B LT 5. RO AR
BWCX, 2O EMNZ D720 A L R— L DOERF TRV THREINDLIZEN L,
EIBIN Lt%%@ actinophyllic acid (1) OAMRIZIBNTEA L N —/VER EORELEZRE
L7=%4, 8 BERE ORI NI AT-0, EHE NN~ — el THRELTAUR
~/v®ea%4ﬁf“ R DMBENRDHD. DT, IR S CTARIEME A B — L O
PA BT R T HFENRLELRD,
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INETRIGHEBENEZ Z BN T C-H F#AZEGINIL, BRERIL T DRI ITFIRHIC
BIRENTWER ZOFELLTE BN, IRy, SUNNRE LI, FOHTHT
IV ONEINIARFE E DB Z Z 112K, @WUNEE R T80, ZO0BTIEZ ST
W5, iz, Sudrez it Boc JETRHESILZTIL 203 #IUF#EL PhI(OAC),™® /6% THll
fixnsd AcOI® TavHEL, O THBH T TAT R TFOTOHNAIAESE L T1E
EHEL TV Z0IHRA~TuF T OT DI MIOSHENR @, 1,5-KEBENCLY, T
B0 C-H #EEEEREMELTHIENTES,

(0] NHBoc NHB
o 1, (1 equiv) o o
740 PhI(OAc), (2 equiv) 74 740

CH,Cl,

o. 0
203 < Wiump, rt 204 ><

Scheme 29

2008 4, Baran 5% Hofmann-Loffler-Freytag oz AL 1,3-U 4 — L OB RRIEIZ DOV
THEL TV 9, 7ra—n 206 12 LTV T R—MERSEAZLT, A~
—h 207 ~EENE, KT, LN —h 207 OEZT 7 ITHL T CHCO,Br %:ﬁﬁb\fj%

FIL, HRHTHIETER RICTUHNVERESE, 1,6-KFEBT), Fi<BRk, MK
*IGT5 1,34 —/1 208 245 TN5.

Bk
OH CF3CH,NCO 1. Hofmann-L&ffler-Freytag reaction OH OH
R1)\/\R2 )\/\ 2. Hydrolysis R1MR2
206 207 208
CH3COQBI’ KZCO3
A~ A~
RS0 men, M Tamges Q¢
0" N il o~ o - . o
r
R1/‘\/¥\R2 R1)\/¥\R2 R1)\/kR2
H Br
209 210 211
Scheme 30
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EHIIINSD FEEALR— WS AT2ET, NG LS A U R— D C2a NLITx)
LU CERIRIICERRENBEATELO TIFRWNEE 2 72 (Scheme 31). EFRIZ, ThoeRuiL
NS =L I0FFESNATLT LAY 212 1TXILTC, Suérez SFEICfLIZEZA, FAICKL T,
FHIRT, CRET52L4L, BBELE Ca (T BV AN ASNI- LAY 213 MEDH
2. BEYETDRIEDNEIT T2 LT HLIZb 00, @5 Sudrez KIFICHITH~T -3
FREG ORI RS LIIMBEN NI THD. £2T, ARUGSH, 15-KEBBZRELE
TNV THLNEMER T DI-DIIA L R — V2R EOR#E RGN CTHHLTL T TIE
72K, Boc HETHHESNIZT FIER L Y —LFBER 214 Z W THERBNEZITo72. T0
fE, FRRIC C2a NEAT ERFIALSIIALEY 215 BELNDIEN DT, ZDTEND,
KRIEDG3FNTOZYHND L5 KFEBENCLHL D TIERL, BIOMETEITL T\WDHIE
DHEE SN, ARSI ETRISHEDMENESN T~ — e E OB TR 5| H TR
HESNIAV R — VAR, BRIV CRIAICE R L TE LW DR
LT A VR — N E BT 5 ECHERTHLEE 2, FEleRa a7

I> (1 equiv)
©\—/|© Phl(OAc), (2 equiv) |
N CHzclz, rt N
47%
OA
Ty o)\NHBu ¢
212 I, (1 equiv) 213
PhI(OAc), (2 equiv)
| |
Boc ° Boc
214 215 OAC
Scheme 31
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PO OE#E{LETT>7- (Table 3). ThFERaAN Y —)LFFEK 214 2ET )V
FEICHELT, iR, CHCl, 41, 0.75 M EDIVHEL 1.5 H&ED Phl(OAC), Z/EHSE-L2
A, TERALIKR 215 23R 38% TG (Entry 1). 97 E PhI(OAC), MASGIZE
WCHHATHLIDNEMER T ALK R ERZIT o225, EHhoh—FEHWeWEEIZiX
FOSFESHEAITUI2 221228030, RESFI Y FEE PhI(OAC), 2 ILIZHIATHLHZ LN b
7= (Entries 2 and 3). ZAuUZa v 3E PhI(OAC), DS LTAELD AcOl BAKISDIEMERITH
HZEERLTNDY F-, AcOl BRUSLIZZICIEIAA L S EAETHEEZ bNAT-0, =
VR E T O CThole b INAE LTS (Entry 4). WRIZKISEBIZEIL T
toluene T CIX[FIFLE, FERR T Tl 73% EmWIRTT S IAbIK 215 2M557- (Entry
5). ZZET, IURFELL Theb BRI v REARZ VTV, IR Wav R ThH5
TBAI ZH W TR E T ool A, IUHERRLFERRE OIET H IR ELNHZE03 b
7= (Entry 5). #WTIREICEL COMBEIT o7z, LU CHEREZ W 2354, Al oRIE
(mp = 16.7 °C) 7D, ZHLLL BIREZ FIFHZLIXNEETH D=8, CHCly & 1:1 OIREVREET
THEIEIT 272, 0 °C TIFUCERD A EA LI, IR 83% TT B IARIR 215 Mo 5T
LD T= (Entry 8). -20 °C TIHRISHEDHSIVRAE FAALN, RIGH A 12 B
ERLTZHOD, JFEIOWERIITES/Z2 ) -7 (Entry 9). IEEDOFEICEI L TIARE T
10% R DAETHSTZN, AV R—LD 5 (I FEFRFOEASN-IE 216 2RV TIEEA
2 Tidh-7- (Entries 11-13). LI EO#ES Entry 8 OShA il tb U CHEIC T 215
{107

[11]
R\©\_/|© PhI(OAc), (1.5 equiv) R |
N solvent (0.1 M) N
Boc

Boc temp.
214:R=H 215: R = HOAC
216: R =Cl 217:R=Cl

temp. time yield

entry R [1](eq) solvnt CC) (h) (%)
1 H I, (0.75) CH,Cl, rt 2 38
2 H -(0) CH,Cl, o 24 0
3b H I, (0.75) CH,Cl, 24 0
4 H I, (0.1) CH,Cl, rt 3 50
5 H I, (0.1) AcOH rt 3 73
6 H TBAI(0.2)  AcOH rt 1 78
7 H TBAI(0.2)  CH,Cly-AcOH (1:1)  rt 0.5 74
8 H TBAI(0.2)  CH,Cl,-AcOH (1:1) 0 2 83
9 H TBAI(0.2)  CH.Cl,-AcOH (1:1) 20 18 50

10 cI  TBAI(0.2) AcOH t 24 49
11 ClI  TBAI(0.2)  CH,Cl,-AcOH (1:1) rt 7 64
12 Cl  TBAI(0.2) CH,Cl,-AcOH (1:1) 0 3 85
13 ClI  TBAI(0.2) CH,Cl»AcOH (1:1) -20 16 -

3lsolated yield. "Without Phl(OAc),
Table 3
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%i@fxﬁm%#%ﬁﬁjﬁ‘*mif%fct , RICARBOG O AP DWW TOME 21T 72
(Figure 5). A F—/L 6 [LOEHERICITE R HETHS Cl, & 1?@5%1“3@5 MeO Jtrt,
’E’JW&W%T“T'YZVHAHZIK%%@‘: Fo, AV —VER EORERICBEL I VAT
HOIETTENAUK 219 21572, — T, XUV THR#ELIZA R —/LTIRIE
03113&?75)«7%%%%:. AV R—=IVEFZDOE MGV L > TERM P ARL EITIRDT2D ThHES
ABND. FWT 2,3 MLOMGE 7Bl TOMGEIZ1To72. 5 B %:Fﬁb\tzﬁ:., s ?“57
YRR 221 MESNTLOD, TRFAERBRESNIEZT Va—L 222 bELN-. 6 B
B 5 BERALAELLI-ZET, HEOFm M E23Y, Boc HEEDOMHAEAERNTHR2o727
I RSNIZEB ZOND. 728, T BROGAEIIZOII MBI, 7Hheimbik 223 2
I 68% THOHI-. KICTRIEREAL A — LA A B AL, RSSO SR %
B OWTHRFILTZ. TRIERE AN — )LD 3 (ll T )V EAEA LS, 7==/L
LW OEMET B BNEASNIALAY 224 BBRBIRICEDNTZ. —TF, 20 MITATF L
RN S B CIEBUSERAIAEALL, 3o (LIZAT LI EWHING T E R HE A S
TAbB& M 225 ELT. SUIRDOEMIEA R DAV N — A FHEERIZEBWTIL 2,3-UAF LTI
20 Nz, 2-=F/L-3-AF )L TiE 3a NIRRT R 28 ASNTZ (20030 = 20:80). 241
1% 6 BERILAEMT 20 ITAT VA E AL BISERIPER IR L 7= Z L EHPLOBR ThH
EZoND, A SHICHESET 3-mF L-2-7 0 /L TIHEIRMEIZMK F L2 (2a:30 = 30:70).
1,2 (i CTIHLEFRRLIALAE B O THIEIRAIIC 20 AT BN ALk &8 231
BIO 232 BMEONLZENDITE. ZOINCARRISIISARD B A Z DL 00, FEf7ess
AR =D 20 HLLIE 3o MLISERANCT BV A B A TELRIETHLILEZAL
MLz,

Cl MeO
| | | | |
N N N N N
Boc Hac Boc Oac BoC Oac TS OAc BN Oac

215: 83% 217: 85% 218: 78% 219: 79% 220: 49%

221 (R = Ac): 47% 223: 68% 224; 92% 225 61%
222 (R = H): 13%

OAc
@T/IQ
N
Boc Boc Boc Boc Boc

226: 80% 227 228 229 230
63% (227:228, 20:80) 79% (229:230, 30:70)
| [ P
N OAc N OAc
o] o]
231: 87% 232: 89%
Figure 5
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AL THEALET RV HIT Lewis i CUBETHZETHEDICHBEL, T AL 2R AES
HHENTEDY 22T, TRV EDERRALHIZOWTHEL (Figure 6). 7
bk 215 % -50 °C, CH.Cl, H', KEZHIFF/E T, Lewis B2 THDH TMSOTE ZAEHSEHZET,
EHSSHAEITL, FREOBEHIENESNT-. ZOHFIEICEY, TORR, TsNH, 728 D% #EH
AF NIRRT I HIRE D 1 IRFEHR, TU/I/“/?/’?D“/U/I/i/%/lxiv—?*ll/ézi%ﬂﬁﬂfﬁ@ﬁﬂﬁ,
T RA R VR EDEF B BRI BRED T TV T RARE Th o7, EBIZ, AT &
NS ACBUSIFEASRD UGS TH D 20 MAERERLESN TVBEAIC mmrsm: 3a {7

(LT DEHEE RS, ZOWEEFIHATHIETHRIC 20 MICHERERLZEALT-H£IZ, 3a
MICERERZE AT HZELAHETHD. T70bb, LI 20tz T Ak, BT HZE7e<
MeyZn TAFIVEE~EHAL, (LAY 234 ZIUR 87% TIH/Z. SHITLAEY 234 @ 3a (L%
TERhEIALL, HEETAZERLTIUNT T TTINE~BIRTLZETILAY 240 LR
82% TIRELIZ. 7o, ZIHOMIBHDOFELE ICBIL TiX trans RO ZANERBIZHEHND

NILY YIRSy
Nu (1.5 equiv)
@j;j TMSOTf (0.2 equiv) @j;)
Boc ngccl:z Boc
215
Boc Boc Boc Boc
232: 92% N3 233: 78"/ 234: 93°/ 235: 93%
(Nu = TMSN3) (Nu = TsNH,) (Nu = ZnMe,) (Nu = TMSCN)

N
Boc

236: 87%

N
Boc

237:73%

H
(Nu = ™S F ) (Nu = Bh (Nu = Indole) (Nu = Anisole) OMe
TBAI ZnMe, TBAI  TMS N N
PhI(OAc), TMSOTf Phi(OAc), TMSOTf -
©\T/|© CH,Cl,-AcOH  CH,Cl, N | CH,Cl,-AcOH  CH,Cl, N |
N (1:1) . 0—502°C N . (1:1) -50 °C N
o ° o,
214 0°C 7% (2 steps) 234 Me 0°C  82% (2 steps) 240 Me
Figure 6
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A D FOGHEE BT 25t 21T -7 (Figure 7). SUGOTEMERE IV #EE PhI(OAC), (2
F0AECT, HEIVERT EF L (AcOl) ThHEEZLNDY WHIVHEIET B F LD GE
LT @ O #ADBEUCEV AL INRENTI NS F R TOKREZEG &RE, @ hF A4
VBIRTEPEREA R T AR E RN R E S NS, ARG Y R T BT LA T
T IINVRX L NTUH AL DS HITTO C-H BI&kEE AL ChH-7-15E, Rbibe
TRLFX =PI C-H fEEBEIWIEN, B bIha TREIND. LLiaenis, KE O
HEFHORFHIBNT, 2 FRNICRUUAAIREDRISHEREY C-H A RHAITH D
5T, AR —D 20 MERRIZEREZILL TODBHINHLZEND, KRGS FHTDZ
CHNVKERETHEITL TWODAIEENEIRW B X615, @ OB T A BBl Q3=
U RWET BT NIRRT A AEOTTEAIE L TELZE, MICHEEEIO DT A AL
T BOSHE S TODZEND AIREMER EWEB 2 HID. IS, REISRICHORKIZAITHSL
TsNH, ZHAFSH7-L2A, TR UABIREELIZ TsNH, TEBRSNIALEY 242 PEDIL-
(Eq 1). ZOZEMBT BT EADBHO BP0 TREANTEITL TV D EE 2 HND.
FTo, RBUSTHLNIZT B AUK 224 & EFEER D CluELIE2 A, HEREDOIHLILE
RBINIphoTz (BEq 2). ZOZEND, FEEEOMINIAR A HHIZHETTL Q0D EE 2 LD, [FIAL
B FICOW TR EIT-72 (Eq 3). (LAY 224 T BRI ALRUGSRIICATLIZEZ A, 245
& 215 NENRER 85:15 D LLETHELN, TD kykp PfEIX 5.7 THY, /W TORNLIE
RENBIRISIZ. ZOZEND, REEOFBRVEIZITKE DR E R EDERFENR K ELBboT
BHEEZZ LS.

TBAI (0.2 eq)
Ph PhI(OAC)2 (1 5 eq) \\Ph \Ph
TsNH, . .
N CH,Cl,-AcOH (1:1) N N
Boc 2 Boc Boc
241 0°C 242 NHTs 224 OAc
wPh Ph
| | )
Eq. 2
N CH,Cl,-CD3CO,D (1:1) N (Ea.2)
E;Z OAc 0°C, 24 h Boc coco,
TBAI 243 not obtained
Phl(OAc),

| )+ | (Eq.3)
N CHchQ-ACOH N N
BocD H 0°C Boc b Boc H
244 245 OAC 215 OAc

85:15
(kH / kD = 57)
Figure 7
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INBDOFREREND, KIGOHEEZZ 227 (Scheme 32). T 72bh, Ik A4 &
PhI(OAC), 3L, TEMEFETHS AcOl 283824453 T AcOl 23AR—Ld C2-3 fif
ZIEMEEL, S—R=U AR 246 Z2RAESED. I—R=U LK 246 75%5?17"12]\‘/15 iz
Kok 247 2525, ZOE, BT ah SNAMEIZE > TAERDSIESILD. BHEIEA
VR VERPOOEFMGIZEY, /=T LAFUMEE 247 DEETEDHIED, 20 @HE7 =]
AEBERITHS. 728, 20 (ITHONUDEHILNFETHILAEY 234 OEE, 7ok Akic
F0ATUATRIA 250 2RSS Boc £5ED 1,3-TUNERCIVARLZELRD-0, 7 ah
b 30 THEITTD. 2,3 MR O T LR L TEBRSNIAL AL THRBEIC 2 (LA
TF NI ETHHE 1,3-TIVNVELORELRZTHD, BIMENK FLIZEEZ NS, AU
TR 249 (ZHEEHEALTHIET, IVRERMEEZRDZENTELD, RMLEHOATFHEEL
INXFEF IR 72 BB EEZ AL QD D728, IUHRICK LU CHEREA Syl HLIT Sy2 A
DHERBIZE->TEBETHZET, TR MUK 215 2525, BBEL7-avikh A4 1%
PhI(OAC), IZ&> Tk, &M THD AcOl AT 2.

Phl(OAc), + 1~ AcOl + Phl + AcO

|
AcOI
+/
Boc B
ocC R

Bog
214 R = H AcO 0
234 (R Me) 246 2471
=Me | -AcOH R=H j-AcOH
|
I ' Boc Boc
Boc 248 Me 249
AcO _ AcO _
1,3-allylic strain and/or I and/or |
250 AcOH OAc AcOH
| |
E N
0C Me Boc Hac
225 215
3a-isomer 2a-isomer
Scheme 32
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ABOtZ 440 HBY@Y actinophyllic acid (1) O-A R~ L7= (Scheme 33). 472, 7
CANBALIZ LS TRLNTALE Y 162 IZx U TARISRIFICA LIz fE R, LBALT HALE N
BREYICT R AbSA L&Y 251 ZUUR 88% TIHLILITHIILI:. ShiTfkad 251
DT BRI HEAE Lewis FEMESANET TMSCN Z{EHSE 2L T, actinophyllic acid (1) DAV
RUEE 7 DA REMIE THHY 7 /1 TEBSNIALAEY 252 ZIUE 75% THROLZENTE
Tz, 5%, RALEWOTT I EOANVKR U BE~OER, rl) P BOMELZITHIZLT
actinophyllic acid (1) ~EEHATEXHLEZBND. ZNHDOEHITHIERF P TH 5.

TBAI (0.2 equiv) TMSCN
BooN PhI(OAc), (1.5 equiv) BocN, TMSOTf BOeN
I z t AcO _-NCbz -10 °C NC
88% 75%
O 162 O 251 O 252 OH
(-)-Actinophyllic acid (1)
Scheme 33
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B HEBRAROA AR L7 Lycopodium 7V aA R D& A
% —Hi ()-Serratine, (+)-lycoposerramine T 35X U (#)-lycopoclavamine B D44 %

RN EE L (2)-serratine (60), (+)-lycoposerramine T (62) 3518 ()-lycopoclavamine B
(61) IZIEHL, ZTOHKEEAENLZE LT (Figure 8). ZHUHD KIAMITILE D EHKZFi>TD.
ZDTD, ZNHOEWITT N TIHEDO P RIA 253 OEMTEHEE 2 /-, LB PR
253 OEEFR 9 BERIMIIT A R0 EL THIBHZE A, /L T IR DO 531 NG
FOSMCEORESECE AL EZ -, Yoy /o [4.3.0] ‘BT Diels-Alder Stk 7271
TIERANAEEE TEHEE R T

ve, 1
HO

HO \\/N

(£)-Serratine (60) (+)-Lycoposerramine T (62) (+)-Lycopoclavamine B (61)

Oxidation and
Deprotection

Intramolecular

H Mitsunobu H H H
= Reaction Me/,/ = Mel,/ = Me/,/ -
———— AcO ——— AcO ——— HO
AcO / O HO / ©
N TBDPSO HO
s
253 255 256
Selective
Introduction of a H H Diels-Alder
Hydroxyl Group Me : Me : Reaction Me._~
— p— p— +
= = A
;Y : /e
HO ™SO || © OTMSs
OBn
HO 257 258 OBn 259 260

Figure 8
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FPIIE T rm [4.3.0] BASEREET 572012 Diels-Alder SUSOMEZEI{T-7= (Table 4). ¥
T2 259" LT )T 4N LT 22T AX AL IaR T ) 261 BWEEDA, INEVGEAE,
Lewis % AW RMFWTNOHEDBAHOAINE 262 (XIZEAE/DNI) T (Entries 1
and 2). ZOFIKNELT, P/ T74vD 2 NAETILFRIVETERLIZZET, RBEENRKELAR
D, KIGVEME F L2720 THHEE ZBND. Danishefsky Hidy = /7 ¢ VAR O & LA T 77
YDOPOVIT NF L ETHIETY )7 0LD LUMO 2METFL, BOSED A B9 D22 il
LTWD.2 AFEEBZICLTT AR CEBRLIZY T /7 0L 260 2V TRFTHZEELE.
BB, LAY 260 13 7a0T o EATHFELLIZRISS ST AT VR EO ARSI
DAL TS, {LAW 260 L= 259 L% toluene T, 90 °C ([ZINET2E, HIYET D
endo MK 262 AULHE 69% THELINLHEEDLIZ, exo KL 7% RIZETHZLnbn-7- (Entry
3). ZDXHIT, HHAMBGECIISUSFERA 20, T ORNICEE DO fRIEEST20,
~ A7 RIS TRAILZM ZORER, 190 °C ETMENT 5L TRUGHE RO Kig/ 4
FEITARIhL, IRICH W EN LN (Entry 4). LINLARRD, KRJSEMETIIAr—1LT v
DERICE T ONRIL T RA LI, EHRDMFTORE R, ARROGIT IS CMES 5L )9 5%
(ZC endo fAN{A 258 AEHLM: R ULR 70% THOHNHIEMN DM -T= (Entry 5). ARG
e rnm [43.0] BHOMEELINOD 4 RkFEETe 3 B LIoSLARHLOE AT
L7

Me E‘ Me E'
Me Conditions
« *+ oBn 1 — : v
or ™SO R O MSG R O
OTMS / Endo EXO
a .
2599(2.5 equiv) =z 5 R o E/\/\OBn 262
oBn 260 § —
(1.0 equiv) " OBn 258
Yield (%)
Entry  Dienophile Conditions m
1 261 BHT, xylene, 140 °C, 96 h trace
2 261 ZnCl,, CH,Cly, 0 °C, 30 min decomposed
3b 260 toluene, 90 °C, 40 h 69 7
4 260 MW, toluene, 190 °C, 20 min 75 11
5 260 neat, 80 °C, 24 h 70 7

290% geometrical purity (E/Z, 90:10). °On a milligram scale (40-100 mg).
€2.0 equiv of 259 were used.

Table 4
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bEaW 258 NELNTZDT, HFNTT XL OBETLBIORU D IVEOBREICOWTHRFL
7= (Table 5). {tA#) 258 Z/KFEFRIAL T, MeOH-ACOH DIRATASE T, PA/C % FV - B
TR LTZEZA, TAR ST NI ETRITTEIND LR, XUV FERIOY TMS 3
MEREESN, SDITT AT PNEMAGLIALEY 264 3507 (Entry 1). 7V @ EAl,
FES TR T, AHOEHIZIB W TEIEITENEE 2 bhiciod, RMeAEwERWTS
BOEMAEITOIZEE L. — T, RRISET AT 2R UTIRIE TIE IESE AL ENRDY, i
TR TTICIVIRIME F I 57 FHMICRIER D72, SR RIGERMIIC OV TRFTLIZHE
F, i-PrOH 1, Pearlman filfifiiz AV 240012 C TMS EEBMEERESILAAL A 263 LERESN
AtE 264 NENEHEEMERESN (Entry 3). LAY 263 L{bEW 264 1356
DL, VU BT 52LT TMS OERERTHLILEY 264 [JNURSELZEITHD)
L7

H H
Mer ™S Hp(1atm)  Me :
Conditions
: —’0 56 h < Citric acid R =TMS 263
o) T N MeOH
TMSO | | RO ? o) (99%) ReH 264
258 OBn OH
Yield (%)
Entry Conditions
263 264
1 10% Pd/C, MeOH-AcOH (5:1) - 3~68
2 Pd(OH),/C, EtOH - 43
3 Pd(OH),/C, iPrOH 62 17
4 Pd(OH),/C, tBuOH 54 -
Table 5
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vy rn [43.0] BHEOEEICKIDLIZ2D, WICKEBEREOE AZOWTHRHFEITo7
(Scheme 34). &% 264 % Sharpless HDTRFIACSISSAETATL, TAZ L EAIC 2 #
IKERIELRIC D DRI AT VR ALY 0 C, (LA 265 1%L T PhSH Z4ff
NS, LG 266 397, AEITEEMESRM T THET, REETHY, EiRLLETIE, U
Fa 7 VR — VORI HR T 2805 2 Mok = U bpBlegsniz. fBoniibay
266 D7 x=/LF 4% Raney Ni TFrRZEL, serratine (60) 72E 2B e C15 (/KERHLDE
ASITALEY) 256 ZA5HZLICAEILTe. 1 flukigz TBDPS fbL, o /KEEEZT EF v
{L35ZLT, (LAY 255 ~LEnY

H V(O)(acac), o H PhSH
Me : t-BuOOH  Me, LG Cs,CO;
: MS4A : DMF /Q:‘?
HO O toluene-CH,Cl, HO (e} (e}
0°C 76% (2 steps) HO
HO 264 HO 265 HO 266
TBDPSCI

DMAP H Ac,0

H -
Raney-Ni Me,,, ; Et;N Me.,, : Bi(OTf)3 Me
HO HO
EtOH : CH,Cl, - Et,0
reflux / rt o ©0°C o)
o) HO AcO
78% HO § 93% § 89% §

HO 256 TBDPSO 267 TBDPSO 255

Scheme 34

39



IKEE IO ST RRIRAYZDE N ICR B LIZDT, G%EHF 9 BEABE T DI LR =L~
DT INFINVFEDE AN HOWTORMREIT-7- (Table 6). L& 255 O R a8 4 #hikFE
DN E T D720 BOSHEPMEW DTNz, 7R F LE72E 0 Grignard 3728 O REEHIZ
KLU TREERBEREEE G A TVDIEND, TR CHLZ LN TSN, FE,
Grignard FZETIIT M DT VAITEITLIZb DD, W7 EF AL EET Hien -7 (Entry
1). LILAnD, BOSHAWNIC Lewis LT BFs-OEt, A dLfF&E7-L24, BHIET 57Uk
& 269 NFFLFEDIRTHONDLZEN DD >T= (Entry 2). BF;-OFEt, 12 FD Grignard #X 3K
SAMBIAECDT NV ax U REiR 52 T e F IV EDOBBZ I T DEE NS, £
7z, BF3-OEt, ®7200IZ B(OMe); & HW G E b [ DIRTHAMA 269 2155283 TE/
(Entry 3). 575N ROUEE BIRL, REMOBRFIEIT-72. Lewis FEVEAAE FC, 7YY
T, TUNWAR, TUNIRT 728 DREFEAER ST, BOGSHEIMERNTZ03 7 UARE 269
FESN o7, —J7 T, AlCl; & AllyIMgCl 235 RN TRRBLL 72 7 UL 7 L = Lk 3%
WGB3 B F VAR ZE R BAFRINER T UMLK 269 MMGHILHZ LMol
L, ZOFIEITBENEHE THLEVI R DD ST220, SR T AINOEET VLT VI=
ULARIEA RS HI LTz @ADL In A E VA SIS TR T UL T A=
U LRI V2 LTS, RZEDILRTT U LR 269 2437~ (Entry 4).% SOICIRE A HosAL
THIETEENRIERTT UMLK 269 21552 LI LT- (Entry 5).

H
Me,, : Conditons ~ Me,,
AcO HO
AcO o
TBDPSO TBDPSO TBDPSO
255 268 269
Entry Conditions Product (%)

1 AllylMgCl, THF, -78 °C 268
2 AllylMgCl, BF3*OEt,, -78 °C  269(77)
3 AllyIMgCl, B(OMe)s, -78 °C  269(75)
4 AllylBr, Al, In, THF, -20 °C 269(86)
5 AllylBr, Al, In, THF, -30 °C 269(quant)

Table 6
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TUNMEIE 269 2ZMFHNT-DT, RICAELTZT /Va— 5Ol kzERB 272 -7- (Scheme 35).
HEbAEWE AR T 2720120 5 BERNTEIRBICHKSELLENGHD. ZO LI 70 HIE
Yang HiZ2&5 (-)-8-deoxyserratinine (52) DR HFKIZHWT SOCI, ZHWAHIETEMSILT
WA ZoFHEEBEID, LAY 269 IZHLTEVYUAEE T, SOCL Z{EASE-b00, T
FUCK U THBIETDBIKIE 270 EBROIMITTORIAKEAE 271 23 211 OHETHLNZ. Bk
kK 271 MESNHHEHELT, K7 A7 EOIBI I L ENN TG L TNDEE 2L,

socl,

H
pyridine  Me,, Me, :
AcO AcO
CH,Cl, :
0°C § |
TBDPSO TBDPSO TBDPSO
269 270 o 271
Scheme 35

FIT, IR T Vo A ERERAL T A E TR SIS ORIREN L ETDEE 2, RatE
BZ7po7= (Scheme 36). Kilw7 V7% 9-BBN TtRukwHE b, w<ibicky, o4 —v
272 ~EEWLT-. Fiz, 7R 255 OT VLB IO RrFRY#l, Bbafkilil TfTHoZeT 2
THE, IR 82% (T TUA—/v 272 2D LM T2, BV A4— b 272 ([ZERfilfi
Amberlyst 15 Z{EHSEAHZLT, 3TV a— KRS, WET Vs 273 ZERAI5
HZETHREI LT, LAY 273 OT La— L E431T NsNH, ZERER S I KB AL, xthed 5
UL 274 2157-51 ZD1%, TBDPS % TBAF THREL, BLATENMA 254 ~Lix 457
WHIERINIZ RV EEHR 9 BREZMEL, {bEW 253 2157

/\/Br
H In (cat) H 9-BBN H H
Me., ~G Al Me., ~G THF, 50 °C; Me. G Amberlyst 15 Me,,_~G
AcO —> AcO AcO AcO

: THF : OH NaBO3+4H,0 : OH toluene
AcO O 30°C AcO H,0, 50 °C AcO 50°C
82% (2 steps)
TBDPSO TBDP. TBDP
255 SO 268 SO 1o TBDPSO 5
272 273
NsNH,
DMEAD DMEAD
PPh, TBAF PPhg
toluene THF toluene
rt 0°C rt
75% (2steps) 78% (2 steps)
TBDPSO  NHNs HO NHNs
274 254

Scheme 36
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ZIVETOMRFET, Lycopodium 7L ABRARDIERFTH THS 3 BRIEDOFHOMBEITHKIIL
7=DT, AMuEWERNTENZTNO KRR ~DFFEETT-7= (Scheme 37). AHREAITRIK
HO (x)-fawcettimine (51) DORERIHNLNIZH D LD IEEFFOZEND, RIREDOA
AR A S BITA R EITOZEE LT, T 70D, mCPBA ZHWTILEY 253 OT V7 45y
HITRFIALLTCEDA, a-TARFUR 275 & B-TARFUR 276 ZENETUNER 42%, 53% T
72. (¥)-Serratine (60) DAL B-TARFTR 276 BMLETHY, —H T (x)-lycoposerramine
T (62), (¥)-lycopoclavamine B (61) DA RITIZTARFT T RO EFIC BRI AR TEHEE
26Nz FPE B-mARF TR 276 VT ()-serrating (60) DAKEITHIZEELIZ. B-TRF
TR 276 (TKRIUTHEANMESE T, PhSH ZAESE2L2Ah, /i EnikrESH, £EUKE 2 &
TIVNZRFVRAIIL, 4 BHALEY 277 MR 95% THEOLNZ. — T, o-TRF IR
275 Z[FBEOSFMETRIBLIZHE, DRI VR ~OMIMNTRILT, /IIVERRESNZTIV
278 NFHLNDHD AT T,

a—epoxide B—epoxide
275 42% 276 53%

Me.,,
PhSH, KQCOS ACO
MeCN, rt
Scheme 37

B-TARFUR 276 HAFLILE 2 kT /Vv=a— L 277 % IBX TEE{LL diacetylserratine 278
~ERE TRFIVEET VISR TRET DL T, (+)-serratine (60) AU 79% THLZ
LWL, &b (2)-serratine (60) DASFEAZ LT —H I SCEMEEIER I B W —%
KL

H
KOH Me, ~G
HO o
MeOH-H,0 4
N N . .
AcO AcO (10:1) ud N
\\/ \\/ 79% (2 steps) \\/

277 Diacetylserratine (278) (+)-Serratine (60)

Scheme 38
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WKIZ (%)-lycoposerramine T (62), (+)-lycopoclavamine B (61) D& A ZILVENATT=. il
ZNDOZARFURICK L TR TR L 7-L2A, ZARF U RPLEBAINOEIRAIICEEEL, 7Y
NT =)L PGHNTz. ECTET AT DONARIE a-TARX TR 275 226k E ROHZTH-T-
DIZHIL, B-TARFUR 276 DIE Z IROHZTH -7

TsOH Me,,,
AcO

THF-H,O
reflux
62%

276 Ns

Scheme 39

DI TN E R U B E L CIROD EOITE LT (Scheme 40). Z DS ORI
e CoRE LR T AIETHVR T AU RAEL, 7o ALl TTUAT La— L3155
NI=bDOEEZBND. 2D, BAELIZAINR DT DAL RA—=a (T ERMOT IV ir
DRI R EREBE H 250025, TRFURONMRICEIDEEFR 9 BEROMERN cis &
trans TLEALT D720, B FBIENELRDa RA—Tar o l-bDEEZ NG, FEER, v
AT Y UBROIRA—vald 2 TNV ED o M OT R DAy T T ERNG B
IRHZEEITRLEY, T REBRESEILCNDEEZLND. BIETEIREMOT VI %
E KTHLHZD, £T1T a-mRFTR 275 oH{GoNLIEW 279 ZHWTEMEITOZELL
7=

H H H H {
// AcO AcO AcO

dd,J=8227 N N N
276 Ns 282 Ns 280 Ns

Scheme 40
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ERALE I ap-REFN7 R BNEENTREY, K& TR T/ UV EEBRE TR, T4
L —MZEDREFMICB W TEEREISN TSN, 58 EORGELE Boc b
B T-. ZD%, TUNLTI)ILa— L4y % MnO, Tlg{kL, TFA T Boc AE&RETHIET,
(#)-lycoposerramine T (62) ~SELZENTEZ, (LAY 283 OT vFILVEEREL, 2 DD 2
T a— e IBX TRRIEL, /by 286 ~LiEix, fiklZ Boc HEFRETHILT,
HEUTETIVR 0N TAIT I — V&AL, (2)-lycopoclavamine B (61) 23MFHiiz. EI{LD
SEARICBIL T DD B LA E LIZBRIZ, 7R DINLE -3t e =/ D RIHD T L L85
DT INVERCIVHBERTHZE0D, ZOIHRNIATRILLIZEEZ ZBND. ZhbD(bE
W DANT T — 2L TH ML I F I RO —BZ n T 2 &2 i L7z,

H PhSH, K,CO4 H H
Me.,, : MeCN, rt; Me., z MnO, Me.,, : TFA Me
AcO "OH AcO OH AcO (0]
Boc,0 CH,Cl, CH,Cl,
sat. NaHCO3 AcO 91% AcO 0°C
83% 2 ¢ 2 79%
N N N
279 Ns Boc 283 Boc
KOH 284 (+)-Lycoposerramine T
MeOH-H,0, rt (62)
H
Me.,, B TFA Me.,,
HO o] HO
0°C

65% for 3 steps

(£)-Lycopoclavamine B
oc 285 286 Boc

Scheme 41

Flo, Z27 Ny 280 HWTZ R ~DFFEITOWTHRETLT. (Scheme 42). £TI3%EH
RIS Boc LML, TULT Aa— i %E MnO, Tlg{bLizLZAh, =/ 288
2Nz, =/ ARG BRMALLIALEY 284 NZNZIUNLE 80%, 7% CTHOLILLHILEN DN
2. ZOX e B GITEB EORBRIZ IV > TWbEE X DT-T=0, {LEY 288 D EMEALIZ
DOWTHRFI LI, #ERAYIC, CHCly T TIER T 5L T, SBMLLLB 284 3L 91%
THELNZ. LAY 284 (+)-lycoposerramine T (62) DAL RIIATH DT, AMEEWITEL
TIEW S DOERELRINSE R TEDHZEN D) -T=. ()-lycopoclavemine B (61) (ZBIL THEAL
DEMAGIZIV A TEDEE ZHND.

H PhSH, K,CO; H
Me., = MeCN, rt; Me.,, = MnO, .
AcO OH AcO OH AcO
Boc,0 CH,Cl,
sat. NaHCO; rt
288: 80%
74% :
“ g 284: 7%
S oc Boc
CHClj, reflux Boc
280 287 28 7d.91% 284
Scheme 42
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WIDEARAIZER LT, BIfiDOARRKIZIBWT, #inE e TEsNIbAaY 258 137 V7
oy DI E L THE A B REZEDE AN AIEETHDHEHE 2 HiLHT, Lycopodium 7 /L HaAR
DONEFRA72 R ERA~DIRBNTEHEE 2 DD (Scheme 43). B HEHDE AL, AIHICHENL
TR TR ARG T AL T, BREELTKREN) 2 SOEHRNLLEEZ: Lycopodium 7 /LA
BARDE R REEL 72D, R TIIARE AR O RFLLEDMOIEZIEE R ~DRHIZS
WTHR 5.

H 1) Pd(OH),/C, H, H R'g| H
Me : -PrOH, rt Me : Me LN
citric acid S S5

MeOH N o)

Y 2
TMSO |[ 0 HO io HO i
258 264 “OH

OBn
Scheme 43

LU R A ki i &2 79 (Scheme 44). Rk & a2 AWV CRF A RREER T 57
HIZIX Diels-Alder SGEARFALT DLEN DD, O HFEEL T I VRAIHEE AL 7a
ARUT ) UHFER 289 AV )TN ELTHWEYD T AT LR Diels-Alder SIS A HR
U XTA007aX0T )V FHER 202 (3708750 D OERKRETHOWL TV
FEATH D20, AFEIIEEMEN @O EE 2 BB 5

OTBDPS OTBDPS H
Me< : Diels-Alder Me H s Me H Me -
~ [ = - _ e N
OBn 289 290 “OBn 291 “OBn HO 264
Similar Reaction
OTBDPS OTBDPS OTBDPS OTBDPS
H H H
TBSO_~ BHT TBsO TBSO TBSO 2
AN Xylene J
140 °C > Y7
OMe O Med MO Med 1 O Med M O
292 293 294 295
72:20:8

Scheme 44
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X 7/L7¢ 4-hydroxycyclopent-2-enone (297) 1 3CHREEEND 55T p-iEAEE (296) 7HARLL
7= (Scheme 45).%® &{t&¥% TBDPS JTHH#EL, i Cav#El, BIOBEELY V7T
TIVK ARy A B NL, Diels-Alder SUMI B /pT T )7 4L 289 ~EEN-,

OBn
— OTBDPS

., TBDPSCI
OH N OTBDPS | PA(PERs)Cle
HO/, COzH N 2

1 _ Ref. 530 DMAP pyridine i-Pr,NH
HO” “COH 25% for 8 steps Q CHzCly Q o, THRoc ©
° o
p-(-)-Tartaric Acid 0% 0°C  66% (2 steps)
296 OBn 289

Scheme 45

Boniz Y741 289 &AWV, Diels-Alder G DRiatE1T-7= (Table 7). ~AZ70ij¥
FRESS:14°C 190 °C (T 7225, 30 43 TRISIEFEREL, BEALT DMK 290 L2 Do
ﬁ{ﬂxfh?%ﬁoé:&%mzaftA% 299 DIREMNENENSELI (Entry 1). Zhoo{bE
IAT L0~ T T7 40— ZE0 BT AT FRETH STz, PEEPMEROWAE R LS T DI TINE
\2&b TBDPSO J@Eﬁxﬂﬁ%ﬁbﬂ\5_2:75>J$lf‘&>53:%716m”: ZZTC, RIGREE 150 °C (2
T2l h, JFEIOMERIZITEDRD 7203, IR, BIRMEOUGER AL (Entry 2). K
TR 2 B CR AT LR R, BRI Db 00, IR TH RISIZHEIT T 528 bioT-
(Entry 3). EZ TR CRIGEIT 1224, ROGIE 24 R CoefEl, ZAao ik
290 ZUNEE 87%, TDMODIEEY 299 ZULFE 13% T/ (Entry 4). ARSI o i4
BET AN endo THEITLIZEB ZHND. ZHLOZELY, vaXx v ISR/ B2 ¢
1372, ZOFHEBRICIVY = )71l LOMO D= F —Z K FSH52E TSR
FREETCWBEEZLNS.

OTBDPS H OTBDPS H OTBDPS ~—Me
Me = N Coniti Me - A Me //)/
“~ onditions TMSO H
"'OTBDPS
o eOIi'\\/")S /o TMSO \ TMSO ] Z o
g OBn
OBn OBn OBn
289(1 equiv) 290 299 Mixture
" Yield (%)
E
ntry Conditions 200 299 SM
1 toluene (0.1 M), MW, 190 °C, 30 min 37 19 -
2 toluene (0.1 M), MW, 150 °C, 30 min 54 11 14
3 toluene (0.1 M), rt, 24 h 5 - 84
4 neatrt,24h 87 13 -

Table 7
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LHETDHANE 290 2GR T HIENTED, v ax v EHOREEZTWY, FilRlOEE
BT DA T A ~DFHEZ{T 7= (Scheme 46). f1{A& 290 (& DBU Z{EMASHE, T o%
IHNBEEL 7= 2 291 B4S72. LAY 291 & MeCN W CHilR LI HZLT, TAF L
IaR T U INR TSI, T BRI EUTALE Y 300 BNEONAZLEMR LT, Fz,
DBU f£1E T, #filiEca1To28 T, BEELE LA FIRFICITOZEb B ChoTe. ZORE, v
T ) ET X ATIBEITLINDE DD, WET V7 AZBAL TS, B (LEETHHEL, &
HALDRMATEL TWDHDD, TAT o BREMLL THZRWESEY 301, BYE(LLZLEY
300 BLOT 7 U B LESnIAbA Y 302 BENEHIE 33%, 29%, 27% TEHHILT-.

4 OTBDPS H
Me — psu Me : Pd(OH), Me
—_—
THF MeCN :
TMSO |L b9, TMSO |L k TMSO/( 0
200° 201° BnO" 300
H OTBDPS Pd(OH) H H H
Me - N 2 Me o —
DBU  citric acid Me : Me
MeCN  MeOH : :
- ’L o et e
290° BnO 301:33%  B"O300:20% B 302: 279

Scheme 46

Diels-Alder SRS ERESHETTT2IELMRLIZOT, ZNOLDE IR DA — T 7
Z1T\, Lycopodium 7 /L h AR OARE ARk &Eﬁ:ﬁ‘é_ké:u‘: LsL7ess, HEME TH
%X 7/V7¢ 4-hydroxycyclopent-2-enone (297) % & T A7-0OIZILFERIRBL OB A (296) 7>
5 4 BlOATLIav N TT7 41— %G AF 8 I%%ifi%%f%@, ‘B0 Ia T
FHEE (289 AR T LD ETCHLDL., —F T, TEINKD
4-hydroxycyclopent-2-enone [Z7/L 7V 7 /La—Link 1 TR THEEN S KEICE KT HE
555 L THRILAME RN ET HIE TR IR v rav T ) ke AT HIEEL
7z
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Henschke HIE 2 MLAT VFAbENTZL 70T 358K rac-303 &)/ 8—8 T4y
FIL, FE<HIER LY, REUSOT La—/L (S)-303 ZfHRL, T AT /VERSY Z K55 i
HIET, TEIROTIaT U FHER rac-303 0D 3 LR TINER 92%, >90%ee TOHR
FAbZER LT (Scheme 47). 7235, U/ — BB CIXBIRIENR 43 Th-o72720, {bE
¥ (R)-303 % EV/ S—BTHFENEITHILET, 1T FHME LAY (R)-304 %215
TW5, BHIIARFEZICHTAZLE TE IR T )T UNER A THHEEZZT-. L LR
Mo, REIOINNFoEE ZEBITOZLITA R LREAEMEICLTLE). 22T, FitMmick
DI P Z DDl E LT, G RE T 72D RS f D @ VB BB DS BT 72 D7
W, INETHEHAL TN )74 llD O-_U DNV HEE N-Z XA NV IA~ERBTHZLELT.

 HCOoH

Lipase OAC PPhg Lipase OAc
V|ny| acetate DEAD Guanidine VlnyI acetate \
THF MeOH
N © N © N © N © N °
i-PrO,C i- PrOzC i PrOZC i- PrOzC i PrOzC
rac-303 R)-304 S)-303 R)-303 R)-304
96 7% ee 89 6% ee 92% for 3 steps >90% ee 83% > 99.0% ee
Scheme 47
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UR—BE W BT AT L A&7 Diels-Alder S IZEAF TV E 70
[4.3.0] BHOELEICHOWTOMEFETT 7= (Scheme 48). SCHEREEEN D 710~ T ) FFER
305 IV, e BEEISIC LAy BIORTERA rac-307 &#757-.%8 {L&¥ rac-307 @
W ENTRIE, CHLCl, 1, #3521 C Lipase PS Amano SD, 73 /L iLfit EREL CHEfRE =
N WD ERER RSB OIS, BIRMEEZRL, REIGO/LEY (S)-307 7% >95%ee, 7/
JABAR (R)-308 73 94-95%ee THFOHILZ. ZNHOLEMOHMERIELE L, BIRO FiEEFETT
HHETRSINDEMN, Bl TAHINTEMEINNIEFO KRR ECTHFETHIETIRELTND.
INODLEWE FEET 5287, JIER IS TRSDOILEY (S)-307 OT Vva— V5% K
X EHZETTVUEIR (R)-308 A LA% rac-307 7D 76-81%, >95%ee THHHILN
T&7=, BT YLkl (R)-308 % VT Diels-Alder D #2172, L&YW
(R)-308 [T st A E O DT DI A LT 7 Z A )L HAZ KOV FL T80, MRSt
TIE, R)—RERSTT280, EEEELT THF 2 W TH—R TRISEITHIZ L. ZDhE
F, SOGITEE, 4 B TREEL, K 309 2527 LnLash, exo K7 B o
BEMR 310 LD BEREE IR EMEL THRLNTEZD, TTIEINLOILEWEBEEHA 310
NEWNHRSEDZEEL. T7bb, RISERME, BEEY =2 E T TREL, fit\ T
CH.Cl, & i-Pr,NEt A 52T, TRV OMEEL/-{LE® 310 23R 78-82%, endo-exo
e 94:6 OEIRTHON. 2B, (LAWY 310 ONFHEIL 91%ee Th-o7-. AMEEWE T
fimm T 5Z& T, endo & 310 OAZIIT M e =T TFA~— (>99%ee) LU THEET LI
LT,

= “NPhth
OTMS DMAP OTMS Pd(PPh;),Cl, OH vinyl acetate OAc
EtsN Cul, i- Pr2NH Lipase PS Amano SD
THF, o °C CH,Cl,, rt
43-92% for 2 steps // o) // o)
305
NPhth NPhth NPhth
M rac-307 (S)-307 (R)-308
e~ >95%ee  94-95%ee
acetic acid N
PPh; OAc H OAc then H
DMEAD { OTMS Me i-Pr,NEt Me 5
THF THF, rt f 78-82%, 91%ee :
0°C // 9 TMSO ‘ ’ o) endo:exo = 94:6; TMsO ‘ | o}
76-81% (2 steps) recrystallization
80%, >99%ee
NPhth NPhth ' NPhth
(R)-308, >95%ee 309 310
Scheme 48
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BFoNTALEY 310 Z W CHALE SCOMFIZ1T>7- (Table 8). i-PrOH 1, Pearlman fififi
EROVDEMHTIEEWKIGR R ZLEEL, SRBNEM L. ZO%Eb 7 ¥a A VA E A+
HZET, IIENME T L2720 ThHEB 2 HID. MeOH Z MW -86b, RIS R NI
ftL7=. Pearlman filff-CiISEIZ TMS E¥insZeT, RNOEMICEL 52128525
N2, KORRFIRSAETITHZEE LY 70, MeOH w1, PA/IC Z TR T 21T
ST bTA, IR T ) ET AR RS DR IS ARIT, WERT A s B L ET IR T
ENDHZLEMER L. Kb, BT HZLT, TMS EDBRESnLEY 311, {LEW
312, BEMLAEY 313 BENTNEDNIZ. 728, ZNLOILEMIIAT L a~ T F7 41—
FOBEFTRE ChhoTe. Fio, MR ITORISKHZTE T 5L T, ZNEnOIEHITON
THREE ORI CTRLZEIIKR L TD. ZNHDLE ORI 2 G I DV T BIER
A THD. BEITIR 313 ONAREBRPEIZEIL TIX convex HHKFBIRMBETLIZEE 2D
ERLE L.

H Pd/C, H, H H H H
Me : MeOH, rt, T; Me : Me z Me G :
;é % citric acid \Q:% \@ \Q;?

TMSO ]{ o) HO \LO HO \LO HO :\LO
31

NPhth NPhth NPhth
NPhth 311 312 3
310
f 0,

Entry PdiC (%) T(h) 344 Y'g'f’z(ﬁ’)sw

1 10 24 59 13 4

2 20 120 24 52 17

3 50 120 - 34 40

Table 8
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B T CRONIALAE AW TEFEE R L OB A E1T>7- (Scheme 49). L& 311

(ZXFLC, Crabtree fiftfitz IV Nz AKFEALGAFITAT T 28D, T A8 3 KA LR U i)
DERHTBR TSNALEY 314 243725 WROT, (LB 314 DT I —LE S ET BT L
fEL k&Y 315 2457-. RLAMIE (+)-fawcettimine 72X DZNF TELA KIS T
Lycopodium 7 /v AaAREFRIUSIARMLFED AT NV EHEBG LTS, Fill T, (k&Y 313 O7 L=
—NETEFMELT, (bEY 316 ~EELZLT, 2 FifHD C15 MDOAF NVEEDNLAREFF>
/\EEEPF'EHZF%S: SHZEITRPI LT, BT, BB EREEOE AL To72. TRIKRTO A AL D

BLRBRICTRF R EZEALIZRIZ, PhSH Zf1INEt:, %V T Raney Ni TONifits, Kz
%é}'fﬂzﬁﬂlxﬂﬂ“é ETEEY 319 4372, F-, TARFUR 317 ICH L CEDICRFRERE
ZEANTHZET ()-serratanidine (66) ~&#5E AR FREAN G ATRE CTH -7, 772D,
REAIELUCHEEEL U LB EASEDE, TRV ENRINISEASNTALEY 320 %15
HIENTET ALEY 320 OT Va— w7 'vFALL, L&Y 321 ~EEW -, 2k
BEIT 4 FEOBEREDS ARG A SN G R E 552 LI IILT-.

Ac,O
H H H 2 H
Me 5 Crabtree’s cat. Me,, z Bi(OTf); Me,,, :
?j\x CH,Cly, H, m MeCN ij(
HO / ©  81:84% Ho / © 0°C AcO / O
94-95%
PhthN 311 PhthN 314 PhthN 315
H ACZO
Me : Bi(OTf); Me
HO 0 AcO o
89 98%
PhthN 313 PhthN
4 V(O)acac), PhSH S I Ac,0 H
Me : TBHP - Cs,CO;s e,,, Raney Ni Bi(OTf); Me/ G
AcO
B toluene, 0 °C B DMF, 0 °C é EtOH  Et,0 H
HO O 69-81% HO o  92% HO o 0°C AcO o
44-63%
PhthN 312 PhthN 317 PhthN 318 @steps) o 319
CsOAc Ac,0
AcOH Bi(OTf)3
DMSO : MeCN E
100 °C HO o
0%
PhthN 320 (2 StePS) PhthN 321
Scheme 49
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BRI O N IRRIRANE AT HZLICRBILIZDOT, RICEREFE 9 BEROBEICAT IR
PE Tl (Table 9). 7XaANFEOREITELE THLER TV WSR2 i e2h, 7
ZaANVFEDBRRITITEI L= DD, 55FND7 R ~DERZI O A EITL, ERTY
322 NELNZ (Entry 1). 90 °C, =F LU TV AEASELEM T, ZofEL7 XA L
AT ESNDLOOD, AUT IV Tk ~EMNL, BIRAIY 324 3557 (Entry 2).
FOREMEDE MeNH, Z WAL TRIEICTIZZaA LV EDOREITIZRDILIZb DD, Z0
B OHBEHRIECERIRAIY 324 O AEMER L (Entry 3). 7X¥aA NV KERELTELDLTR
COHBBHINEETIIdH o7, VR NTRHIK /U Vinak B Zigole. 7Hau N HalREL
FOSIRA 2T T CTRNOEEEE MeNH, ZBREL. B, WEA I, NsCl EXiEE4
2L, TIVN IV MbLENTALEY 326 ZIUR 92% THRHIENTE/ (Entry 4). LinL7g
M5, C15 NEDAFIVIEDNANWOIE 315 TiE, /3 Wbk 327 OILRIT 58% (CET
K FL7z (Entry 5). ZAUCHOWTIETZH ANV EERET HZETHELLT IV OAIUTERRDMIELE
SITNDIEN TLC JIWERESINTZ. £IT, AVTERESTZD, TINFNZOWTRELT.
WIMAIELT K,CO3 MR T-ETA, HEIMIFIELNT, 7T EF AL EOBREL T ERDILD
(LA HEHIT- (Entry 6). EtOH HCIlE7 B F VAR ESNAZ L0 b)so72728, THF
THRISEATST2bDO0, WERIZEALIZASN20 T (Entry 7). HRH&RHIC KPO, ZHSINT 52
ETTULER 85% (CTHMETD /L IR 327 24552 LICkEILT- (Entry 8).

R" H R'" H R' H R'" H
R2|1|5- = Conditions R2 T R21 T R ;
z =\ :
AcO / O AcO g N-NH, AcO\__ N AcO § 0
PhthN 316: R'= Me, R%=H HN 322 324 NsHN 326
315: R'= H, R>=Me 323 325
Entry Conditions Product (%)
1 316 NH,NH,eH,0, EtOH, rt 322
2 316 ethylenediamine, Butanol, 90 °C 324
3 316 MeNH,, EtOH, rt; NMR 324
4 316 MeNH,, EtOH, rt; NsCI, NaHCO;, THF-H,O 326 (92)
5 315 MeNH,, EtOH, rt; NsCl, NaHCO3, THF-H,O 327 (58)
6 315 MeNH,, K,COs, EtOH, rt; NsCl, THF-H,0, 0 °C -
7 315 MeNH,, K,CO3, THF-H,0, rt; NsCl, THF-H,0, 0 °C 327 (51)
8 315 MeNH,, K;PO,, THF-H,0, rt; NsCl, THF-H,0, 0 °C 327 (85)

Table 9
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FRERERLLEEZAWT, 555 9 BBROMBEIC OV TORGTETT>7- (Scheme 50).
T HOA VI TV Fe DI T B 3 S TR O B BV Th RAFARINER THETL7Z.
W LB 327-329 O wT UL, EUT KT Vo aeRary &, Bbds2E
TUA—/V 334-337 B, BRBIC 3 T A — L OB ES TN GIC LS EFE 9
BREMBELL. Zho0BRETOThoOBEER LS P BRI O CHRIBRICEITL. L
UG, WERIZYGEDRMIA TR L TERY, BE, RISERFIZONTILRDMFAEIT>TD,
VL EORREHZED 4 FEOILE TR 342-345 A3 D2 LIz,

A: MeNHy, K3PO,, THF-HO, rt; 2
3 3

LY NsCl, THF, 0 °C R B~ R

RZ, G or R%, G Ain - RY

T
T

R1 R1 R']
B B: MeNH,, EtOH, rt; B THF, -30 °C : {ToH
AcO o) NsCl, NaHCO;, THF-H,O AcO o)
PhthN NsHN NsHN
R'=H, R2=Me,R®=H 327: A, 58-85%
R'=Me, R2=H, R¥=H 326: A, 77-92%
R'= OAc, R2=Me, R®=H 328: B, 58%
R'= OAc, R?2= Me, R®= OAc 329: A, 65-83%
H DMEAD R
ThxBH,, THF, rt; g PPhg G
NaBO3+4H,0, H,0, rt toluene
reflux
H
NsHN © Ns
R'=H, R2Z=Me, R3=H 334: 54-63% 338 342: 38-50%
R'=Me, R2=H, R®=H 335: 57-66% for 2 steps 339 343: 49-64% for 2 steps
R'= OAc, R2= Me, R3= H 336: 58% P 340 344: 52% P
R'= OAc, R2= Me, R®= OAc 337: 44-46% 341 345: 36-46%

Scheme 50
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FEREOLBPBAERNEONTOT, TUOEHWTERENOBERENE AN
Lycopodium 7 /L HBaARDERKIZ OV TG LZ. ZE ot Iz L, mCPBA
TZRFUNEAT-T2LTA, ZD wf OHFIIMEY 342 Tik 90:10, {LEY 343 Tl
20:80, fb&W 344 Ti 4555, {LEW 345 Tt 80:20 THY, v 7ua~FH U EBROEHEML
DR REZITHIENHHL (Scheme 51). BB TIIRARMOE KN HEITHY, 4
HABIRVEICRL THO IR ISR THRARD. 20720, ARISHBITERNHEFZITV, Th
EILD R ~EFLZEELT.

Ns
343
20:80

Scheme 51
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EPIHEAEY 342 AT (-)-8-deoxyserratinine (52) ~D#E%A1T-7= (Scheme 52). 1k
AW 342 OTEFNIEREL, (LAY 346 372 Fi T, LAWY 346 % Sharpless Sef
(ZC, AKEEFELFICHEDD 2R REE AL, (L&Y 347 % PhSH TS HZLT, AU
T NERF T RAEMIIL, LEY 348 2157, LAWY 347 % IBX MRALDRIEITAT L
LZA, ra B ) — VRS D BN EARAYIZ RS AL, (-)-8-deoxyserratinine (52) A3fFHA7z.
KL EYDTENE DI 52 E Lo B EASRT LT —Z DO LEMEE D — B &2 iR L7-.* £72,
(-)-8-deoxyserratinine (52) (XZALE TICARHF BN SEARESINLTEY, ZOMIIEEGHEEL
TW5. ZD720, BRLTZAIEEWTET TIER, oG b BARIZ DU T i ek Bl i A i ad
THIENTET-. 728, (-)-8-deoxyserratinine (52) 2>HIXZALETIZ 6 fEEED Lycopodium 7
IVABARSOFEIRESINTNDT8, ZNHDERE KL L2 E12725.

H  V(O)acac),
KOH Me,, : TBHP  Me,,

MeOH-Hzo :' CH20|2
(10:1) HO rt
50°C 2
N N
Ns Ns
342 346

PhSH H

H
K2CO3 Me/,l - IBX Me/,} 5
OH O
MeCN S DMSO S
N

rt HO \\/ rt HO \\/N

79-84% (3 steps) 48-75%
° 348 ° (-)-8-Deoxyserratinine (52)
(I)H
H N
ref. 10 Me. ~ 0 Me
JR—— O
e 3 g
o\, ‘ I

8-deoxy-

13-dehydroserratinine (120) Lycoflexine (53) Lycoposerramlne B (565)

Me

Fawcettimine (51) Fawcettidine (112) Lycoposerramine-Q (111)
Scheme 52
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HeWNT, LB 343 75 (-)-lycopoclavamine A (56) ~DE kA B2 -7~ (Scheme 53).
1b&% 343 I MCPBA ZAEASHET-EZA, ZNETEITEARD B-mRF IR 350 NEARY
LLTHELNTE. B-mARF R 350 NEAMMEL TIRONZT2D, RILEWNL R ~L
Wz LELT, B-mARFUR 350 AR CEE T HIET, TUNLT va—/L 351 BT e, T
VA 4y DL AR IE (#)-lycoposerramine T (62) Z A L& LB 2 A THD,
(-)-lycopoclavamine A (56) (ZHERELDO LI ThH o7z, LLERND, RERANIZT La—LE
NEBILTHIET, T ATRMEENATRE THLZEN TRINT 20, ZOFEEMEED
HZLELT LAY 341 OTETFNVEEREL, HEWT, S VA Boc HALAZHALTE.
%I 2 20 2 T a—)L % IBX TEELL, TFA Z{EfSE7-L25, Boc EMFRESNTZ
%, SHIZEIET 48 BEEIBEER 3228 T, 77V OBMEBIW, ~IT73F— L OB
1TL, (-)-lycoposerramine A (56) M &L=, AALEWOEFEART LT —Z X CHkEE B U
—HaR L

mCPBA Me : TsOH:H,0 Me

NaHCO; -0 THF-H,0
CH,Cl, AcO reflux
rt B 56-75%
a 349: 11-13%
343 Ns B 350: 56-58% Ne
PhSH, K,CO5

MeCN, rt; Me

Boc,0. H,0, rt;
KOH, rt
48-58%

TFA Me

rt, 48 h
85%
(2 steps)

Lycopoclavamine A (56)

[0]?%5 -56.3 (¢ 0.58, CHClI3)
[a]?°p —48.8 (¢ 0.11, CHCI3)*®

Scheme 53
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VT, ()-serratine (60), (+)-lycoposerramine T (62) LU (-)-lycopoclavamine B (61) M5
%17 >7- (Scheme 54). A RICOVWTIZTEIREFL FIETITo72. TOREE, AKLE
(-)-serratine 351" (-)-lycopoclavamine B O Yt B 0D 74 513 STk i & 0D — B flegR L 7.9 mP
T LD, ()-serratine 33X Y (-)-lycopoclavamine B i xf EliE AR E T HIEN TE .
(+)-lycoposerramine T (62) Oiffaxtfic & DR EIZEAL TILBAE, it Ths.

Me/,‘
AcO

[a]®p -7.9 (c 0.073, EtOH)
[0]?*p —11.8 (¢ 0.39, EtOH)*™
(-)-Serratine (60) [¢]*’p~15.0 (c 1.02, EtOH)*

344

il

Me,,

L» AcO
AcO 2

N
Ns 275: 42%

102 steps

(+)-Lycoposerramine T (62)
l 3 steps
OH
Me (e}
H
HO
N

(-)-Lycopoclavamine B (61)
[a]®p ~14.0 (c 0.087, CHCl3)
[a]?°p —13.9 (¢ 0.06, CHCI3)*®

Scheme 54
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54412 (-)-serratanidine (66) D& A 1T-7= (Scheme 55). {b-&4 345 1Z%ILC Yang HO
FHiEEZ BT Shi RFTRIALKISEMEATT2ET, B-mARF TR 357 ZRINANIHEHZE
WTERED B-RF TR 357 O/ VERERETHIET, BELIZ(LAY 358 AR 90%
THELN., AL T A — vE IBX TBILL, St T T TF LV EERETHILET,
(-)-serratanidine (66) #UX=E 63% TIFHIEITIILIZ. AR LT= (-)-serratanidine (66) D4
FEANRT LT =2 B L ORENE T SGROB D& RV —E A RL, (-)-serratanidine (66) @ ik}
BLEIC DV THIRE T HIENTER

Shi cat. (356)(1 equiv)
Oxone (3 equiv) ACO:
NaHCO; (10 equiv) Me,, -~

T
T
>
%]
T

>

Q

O
T

MeCN
aq. EDTA-Na
55%

KOH Me,,

MeOH-H,0

63% (2 steps) [a]?°, -34.7 (c 0.17, EtOH)

Y
HO \\/ lit.[a]'25p -52.0 (c 1.01, EtOH)%
(-)-Serratanidine (66) lit.[a]*°p -31.0 (c 0.049, EtOH)*™

Scheme 55
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T i

Pl bEZFEDHE, FHITIEZIROE K Z R LT actinophyllic acid 33X T Lycopodium
TNIIRARDEMFEEATV, LA T ORGSR A 1572
Aza-Michael i, PABRAZ B X, BT IV ERAV S Z HWAZET, actinophyllic
acid OHLVEFEOMEEICAREILTC. FRIC, EERBLZ D NV EALRISIET e v 7 a B i ok
FICH R FETHHZEE R LT, Actinophyllic acid OISO B REFLZE A4 HiEFL T,
TBAI & PhI(OAC), Z oA R— /W& B REHAL TEO UG E R LT, ABROSIZZHh
FTRIEMPMENEE 25N TN AV R — W L ThEE R S TR T e 5
BRI E AN A[RE CTh o7z, BALTZ T BV T EIRS IR, TEOERER~
LEMATIRE ChooTeZeM b, AN — VOIS T LB DO ERE DB AN EZ ML TET-.
SHIZ, A% actinophyllic acid @& kA2~ L, actinophyllic acid D A1/L7R > g
DOEMETHLY T ) B2 BIRANTE AT HZ LTI LTz,
Diels-Alder SOtz Bzl L7z 3 BRI T ) R Z I 2 & kI (2 &, (£)-serratine,
(#)-lycoposerramine T 3L (z)-lycopoclavamine B OO &AM LTZ. SHIZ, AN
BRRBELBRL, R LT5H2LT, (H)-serratine, 3L} (-)-lycopoclavamine B 721) Tl
72K, EOMOERIATHD (-)-serratanidine 3L (-)-lycopoclavamine A D& FE 4 FED
Lycopodium 7 /L AaARDHIO AR A ER L=, 7=, (-)-8-deoxyserratinine % &3 52
LT, KMbEmokExRIR 6 FEOB A MbERLT.

Al FFBDPTOTA IR EIE G KL, £D%, ke ~LRAT22LT,
BB ENHIFFTE 5. Actinophyllic acid D& FEAFZE TIEA B R 2 MALIE A5
ZET, ZLOBEREP B IR FIREICRDEE 2 ON5. IDIZ, TOA R CRHTIENT
ETeAL R = VIO 7 B R AV BUS I MEZR B TS 8 1 AT REZR AV Vil JH & PH 2 > 2
LM, actinophyllic acid 7217 Tld7e<, MO EA L R— LA ~ERELEANTHRRICH
72 FETHHEV 2D, Lycopodium 7V 1A RO A AR TR OWTHEIZ IV E TH B O
WER RO A R A REINATOZEN ATREL I oTz., A1k, ZOMREICH T84T, A H
IR A FF OB BR LRI LA OV TORBRBERTHEE ZHND.
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e

IXUDIZ, BERENE D 7R FHRITHFSEEE ST R L CLLR, AR ERDIEEEA 15D, FIFLL
WIFFEBRBR AR L L TIESWE LT BT ARG A T4 B BRI S D DIEH R B L E 9

Fo, RUFFEOZITICEEL, &EREMEEAED > T4 2B S, His 82 B0ELT-nE
1E—WEBR IR L £ 7

IR DOEL R U WNOIAVETIZ, EEREEEDD TR ROMEHRICE D E TOMRIA i

LT, WFFEOHED JFICHOW TR ETE X E U724 1S BB R EH L £

AMFFEDZATICH L T lEWe IS E L, BEEmE L, fmifiess, \HE
<Al ﬁ%aﬁfﬁzuﬁ“

FERENE SRR BT P20 TR L 72 I B B 5 1, RN B L, BRCRHHE L, v
o%z%b%@téb\iw_ FIEAE DT 2 (LB L E T

FEE oy THESE PR FR B O 1 L%, TRIEAZHERIR, WAL 502 O FEIR S
H%, LA EMUEESIIIARRSCORIE L L AR MmEME £ Lz, RSl 7

THERFO @ IELBIRZIII R DO A7 MR L T EINE L Z L IEiE<
JGHEL £

NMR HIE 2B T2 R &7 G AR E L T2V E LIS IR KR T2 2 — DO REIT
P I LR L E 7

Tl BB ETTRE O EREL QO EE U SR KT 2 — D FARES

NIRRT L £

BBIC, AFNTOOLINETOM, Pl b3z 720, R IR RFFH TRAFEE
F TN ZL D FE R BITUDO DB E£7
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EEBROE

General methods: All reactions are performed in oven-dried glassware under nitrogen atmosphere.
All reagents purchased commercially were used without further purification. All solvents were used
after dried by distillation from appropriate dehydrating reagents such as calcium hydride,
sodium/benzophenone, or molecular sieves. Deuterated chloroform was passed through an alumina
column before used for NMR analysis of synthesized natural products. IR spectra were recorded on
Horiba IR-710 FT/IR spectrometer. *H and **C NMR spectra were recorded on JEOL JNM ECA600
(600 MHz and 150 MHz, respectively) spectrometers. Chemical shifts (o) are quoted relative to
tetramethylsilane (*H NMR) and the residual signals of chloroform (**C NMR). Silica gel column
chromatography was carried out on silica gel 60N (Kanto Kagaku Co., Ltd., spherical, neutral,
63-210 um) unless otherwise noted. Mass spectra were recorded on JEOL JMS-T100TD (direct
analysis in real time, DART) or JEOL JMS-700 spectrometers (fast atom bombardment, FAB). A

microwave reaction was conducted using Biotage® Initiator.

Ester 153:

A mixture of 151 (10.0 g, 35.8 mmol), potassium vinyltrifluoroborate (7.19 g, 53.7 mmol),
palladium acetate (80.4 mg, 0.358 mmol), 1,3-bis(diphenylphosphino)propane (148 mg, 0.358
mmol), and potassium carbonate (7.42 g, 53.7 mmol) in i-PrOH (360 mL) was heated at 70 °C for 4
h. The reaction mixture was diluted with water and extracted with Et,O. The organic layer was
washed with brine and dried with NaSO,. The mixture was concentrated under reduced pressure to
give a crude material of alkene 152.

To a suspension of NaH (60% in mineral oil, 2.15 g, 53.7 mmol) in THF (180 mL) was added
dropwise a triethyl phosphonoacetate (12.0 g, 53.7 mmol) at 0 °C. After the mixture was stirred for
15 min at room temperature, a solution of crude alkene 7 in THF (60 mL) was added and the mixture
was stirred for 1 h at room temperature. The reaction mixture was quenched with a saturated NH,CI
solution and extracted with Et,O, and the organic layer was washed with brine and dried with
Na,SO,4. After removal of solvent under reduced pressure, the residue was purified by silica gel
chromatography (hexane/AcOEt, 40:1) to give 153 (11.2 g, 92%) as colorless crystals, mp 65-66 °C
(MeOH-H,0); *H NMR (600 MHz, CDCl3) § 1.35 (t, J = 7.2 Hz, 3H), 1.69 (s, 9H), 4.28 (q, J = 7.2
Hz, 2H), 5.42 (dd, J = 17.5, 1.7 Hz, 1H), 5.73 (dd, J = 11.3, 1.7 Hz, 1H), 6.61 (d, J = 16.2 Hz, 1H),
7.05 (dd, J = 17.5, 11.3 Hz, 1H), 7.31-7.38 (m, 2H), 7.89-7.92 (m, 2H), 8.17 (d, J = 8.6 Hz, 1H); **C
NMR (150 MHz, CDCly) ¢ 14.4, 28.2, 60.3, 85.1, 115.8, 118.2, 120.3, 122.8, 123.7, 125.6, 127.1,
128.0, 136.1, 137.6, 141.4, 150.0, 167.7; IR (CHCIls;, cm™) 1628, 1730, 1739; HRMS (DART+)
calcd for CyHsNO, [MH]" 342.17053, found 342.16941.
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Amine 154:

To a stirred solution of N-trimethylsilyl-3-butenylamine (2.52 g, 17.6 mmol) in THF (90 mL) was
added dropwise n-BuLi (1.67 M in hexane solution, 29.4 mL, 17.6 mmol) at —78 °C. After stirring
for 15 min at 0 °C, solution of 8 (3.00 g, 8.79 mmol) in THF (40 mL) was added dropwise at —78 °C,
and the mixture was stirred for 3 h at same temperature. The reaction mixture was quenched with a
saturated NH,CI solution and extracted with Et,0, and the organic layer was washed with brine and
dried with Na,SO,4. After removal of solvent under reduced pressure, the residue was purified by
silica gel chromatography (hexane/AcOEt, 10:1) to give 154 (3.07 g, 85%) as a Yellow oil; *H NMR
(600 MHz, CDCly) ¢ 1.22 (t, J = 6.9 Hz, 3H), 1.67 (s, 9H), 1.78 (brs, 1H), 2.11-2.15 (m, 2H),
2.42-2.51 (m, 2H), 2.72 (dd, J = 15.8, 4.8 Hz, 1H), 3.05 (dd, J = 15.8, 9.6 Hz, 1H), 4.13 (9, J = 6.9
Hz, 2H), 4.64 (dd, J = 9.6, 4.8 Hz, 1H), 4.95-4.97 (m, 1H), 5.00 (dd, J = 17.2, 2.1 Hz, 1H), 5.39 (dd,
J=17.9, 2.1 Hz, 1H), 5.55 (dd, J = 11.7, 2.1 Hz, 1H), 5.68 (ddt, J = 17.2, 13.7, 6.9 Hz, 1H), 6.91 (dd,
J =17.8, 11.6 Hz, 1H), 7.19-7.22 (m, 1H), 7.27-7.30 (m, 1H), 7.97 (d, J = 8.2 Hz, 1H), 8.11 (d, J =
8.2 Hz, 1H) ; *C NMR (150 MHz, CDCl,) & 14.1, 28.2, 34.2, 41.3, 46.5, 51.5, 60.5, 84.1, 115.4,
116.0, 118.8, 120.2, 120.8, 124.4, 124.3, 128.0, 128.8, 135.73, 135.76, 136.6, 150.4, 172.2; IR
(CHClI3, cm™) 1720, 1728, 2983; HRMS (DART+) calcd for Co4HasN,0,4 [MH]* 413.24403, found
413.24360.

Diene 156:

To a stirred solution of 154 (3.07 g, 7.44 mmol) and i-Pr,NEt (1.45 g, 11.2 mmol) in MeCN (37
mL) was added ChzCl (1.52 g, 8.93 mmol) at room temperature and stirred for 1 h. The reaction
mixture was quenched with a saturated NaHCO3 solution and extracted with Et,O, and the organic
layer was washed with brine and dried with Na,SO,4. After removal of solvent under reduced
pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 8:1) to give 156
(3.77 g, 93%) as a yellow oil; 'H NMR (600 MHz, CDCl5) § 1.07 (br, 3H), 1.66 (s, 9H), 2.02 (br,
1H), 2.21 (br, 1H), 3.14 (br, 2H), 3.39 (br, 2H), 3.97 (br, 2H), 4.76 (d, J = 17.2 Hz, 1H), 4.83 (d, J =
9.6 Hz, 1H), 5.18 (br, 2H), 5.31 (d, J = 17.9 Hz, 1H), 5.46-5.53 (m, 2H), 5.83 (br, 1H), 6.89 (br, 1H),
7.20-7.36 (m, 7H), 7.78 (br, 1H), 8.15 (d, J = 8.2 Hz, 1H); *C NMR (150 MHz, CDCl,) 6 13.9, 28.1,
33.6, 38.3, 44.9, 21.0, 60.4, 67.0, 84.5, 115.5, 116.3, 120.0, 120.1, 122.9, 124.37, 124.42, 127.9,
128.26, 128.31, 128.4, 128.6, 135.1, 135.6, 136.7, 137.7, 150.0, 155.1, 170.5; IR (CHCls, Cm'l) 1691,
1731; HRMS (DART+) calcd for C3,HsoN,0s [MH]* 547.28081, found 547.27873.

Compound 158:
A mixture of solution of 156 (50.0 mg, 0.0915 mmol) and Grubbs 2™ generation catalyst (1.6 mg,
0.00183 mmol) in CH,CI, (9.1 mL) was heated for 12 h at reflux. The reaction mixture was

concentrated and purified by silica gel chromatography (hexane/AcOEt, 5:1) to give 158 (23.6 mg,
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50%) as a colorless oil; *H NMR (600 MHz, CDCl) § 1.15-1.19 (m, 3H), 1.66 (s, 9H), 2.19 (br, 1H),
2.55 (br, 1H), 3.07-3.01 (m, 2H), 4.11 (br, 2H), 5.09 (br, 2H), 5.98 (br, 1H), 6.64-8.08 (m, 11H); *C
NMR (150 MHz, CDCls) ¢ 14.05, 14.09, 28.2, 29.1, 36.2, 36.9, 60.7, 60.8, 67.4, 84.2, 84.3, 115.3,
115.4, 118.8, 122.6, 122.8, 124.1, 1245, 127.8, 127.9, 128.2, 128.3, 128.4, 129.0, 135.7, 136.4,
136.6, 150.3, 150.4, 156.3, 170.5; IR (CHCl;, cm™) 1697, 1728; HRMS (DART+) calcd for
C3oHasN,0s [MH]* 519.24951, found 519.24984.

Selenoester 160:

To a stirred solution of 158 (767 mg, 1.48 mmol) in THF-H,O (5:1, 15 mL) was added LiOH-H,0O
(186 mg, 4.44 mmol) at 0 °C. The reaction mixture was allowed warm up to room temperature and
stirred for 24 h at same temperature. The reaction mixture was quenched with a saturated NH4CI
solution and extracted with Et,O, and the organic layer was washed with brine and dried with
Na,SO4. The mixture was concentrated under reduced pressure to give a crude material of the
corresponding carboxylic acid.

To a stirred solution of the crude carboxylic acid and diphenyl diselenide (554 mg, 1.78 mmol) in
CH,CI, (15 mL) was added tributylphosphine (360 mg, 1.78 mmol) at room temperature, and the
mixture was stirred for 2 h at same temperature. The reaction mixture was concentrated and purified
by silica gel chromatography (hexane/AcOEt, 5:1) to afford 160 (824 mg, 89%) as a colorless foam;
'H NMR (600 MHz, CDCl3) 6 1.66 (s, 9H), 2.19 (br, 1H), 2.53 (br, 1H), 3.20-3.51 (m, 2H), 4.21 (br,
1H), 5.09 (br, 1H), 5.97 (br, 2H), 6.29 (br, 0.5H), 6.67 (d, J = 9.3Hz, 0.5H), 6.86 (d, J = 11.3Hz,
0.5H), 7.06 (br, 0.5H), 7.23-7.46 (m, 15H), 8.07 (d, J = 7.9Hz, 1H); *C NMR (150 MHz, CDCl5) §
28.2, 29.2, 47.9, 67.2, 67.5, 84.2, 84.3, 115.3, 115.4, 118.21, 118.23, 122.7, 122.8, 122.9, 124.1,
124.3, 124.6, 125.8, 126.0, 127.6, 127.7, 127.8, 127.9, 128.0, 128.2, 128.3, 128.4, 128.7, 128.9,
129.0, 129.1, 129.3, 129.4, 131.4, 132.8, 135.67, 135.71, 135.72, 135.73, 135.75, 136.2, 136.5,
150.2, 150.3, 156.0, 197.3; IR (CHCls, cm™) 1699, 1728; HRMS (DART+) calcd for Cs4H3sN,OsSe
[MH]* 631.17112, found 631.16946.

Ketone 162:

To a refluxed solution of 160 (3.95 g, 6.27 mmol) in toluene (630 mL) was added a solution of
tributyltin hydride (2.74 g, 9.41 mmol) and 1,1'-azobis(cyclohexanecarbonitrile) (306 mg, 1.25
mmol) in toluene (630 mL). After heating for 3 h, The reaction mixture was concentrated and
purified by silica gel chromatography (hexane/AcOEt, 4:1) to give 162 (2.51 g, 85%) as a colorless
foam; '"H NMR (600 MHz, CDCls) ¢ 1.69 (s, 9H), 1.91 (m, 1H), 2.12 (m, 1H), 2.88-2.96 (m, 1H),
3.08-3.25 (m, 3H), 3.40-3.44 (m, 1H), 3.64-3.70 (m, 1H), 4.13 (d, J = 14.4Hz, 0.55H), 4.27 (d, J =
14.4Hz, 0.45H), 5.13 (d, J = 12Hz, 0.55H), 5.15 (d, J = 12.4Hz, 0.55H), 5.2 (d, J = 12Hz, 0.45H),
5.26 (d, J = 12.4Hz, 0.45H), 5.82 (br, 0.45H), 6.01 (br, 0.55H), 7.17 (dd, J = 7.4, 7.4Hz, 0.45H),
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7.27-7.45 (m, 7H), 7.59 (d, J = 7.6Hz, 0.55H), 8.07 (d, J = 7.9Hz, 1H); *C NMR (150 MHz, CDCl5)
0 28.3, 30.5, 30.91, 30.97, 31.04, 39.8, 39.9, 44.1, 49.42, 49.43, 50, 50.3, 67.6, 67.8, 84.67, 84.73,
115.46, 115.53, 115.6, 117.31, 117.32, 117.89, 117.9, 123, 123.1, 124.56, 124.59, 127.9, 128.1,
128.2, 128.3, 128.5, 128.7, 135.32, 135.34, 136.4, 136.5, 137.69, 137.71, 150.4, 150.5, 154.9, 155.3,
212.3, 212.6; IR (CHCl;, cm™) 1697, 1728; HRMS (DART+) calcd for CpH3N,O0s [MH]*
475.22330, found 475.22451.

Imine 165:

To a solution of 162 (50.0 mg, 0.105 mmol) in EtOH (1 mL) was added palladium on carbon (10%
wt., 5.0 mg, 0.00470 mmol). The resulting suspension was vigorously stirred under atmosphere of
H, (balloon) for 1 h at room temperature. The mixture was then filtered through Celite™,
concentrated under reduced pressure and purified by silica gel chromatography (CHCly/MeOH,
20:1) to give 165 (20.8 mg, 62%) as a yellow oil; "H NMR (600 MHz, CDCl3) 6 1.71 (s, 9H), 1.76
(dd, J =12.7, 9.3 Hz, 1H), 2.43-2.48 (m, 1H), 2.87 (dd, J = 17.2, 13.1 Hz, 1H), 3.15 (dd, J = 19.9,
9.6 Hz, 1H), 3.48 (ddd, J = 16.5, 8.2, 8.2 Hz, 1H), 4.07 (dd, J = 16.2, 9.3 Hz, 1H), 4.17 (dd, J = 17.2,
3.1 Hz, 1H), 6.66 (d, J = 12.0 Hz, 1H), 7.1 (d, J = 12.0 Hz, 1H), 7.26-7.30 (m, 2H), 7.61 (d, J = 8.9
Hz, 1H), 8.01 (d, J = 8.6 Hz, 1H); *C NMR (150 MHz, CDCls) § 28.4, 30.4, 32.1, 47.0, 58.2, 84.8,
115.4, 116.9, 117.3, 123.2, 124.3, 127.5, 128.6, 135.3, 139.8, 150.4, 175.8; IR (CHCls, cm™) 1313,
1458, 1562, 1727; HRMS (DART+) calcd for CyoH23N,0, [MH]" 323.17595, found 323.17914.

Amine 170:

To a solution of 162 (200 mg, 0.421 mmol) in EtOH (4.2 mL) was added sodium borohydride (15.9
mg 0.421 mmol) at 0 °C, and the mixture was stirred for 30 min at same temperature. The reaction
mixture was quenched with a saturated NH4CI solution and extracted with CH,Cl,, and the organic
layer was washed with brine and dried with Na,SO,4. The mixture was concentrated under reduced
pressure to give a crude material of alcohol 162.

To a solution of alcohol in EtOH (4.2 mL) was added palladium on carbon (10% wt., 20 mg, 0.0188
mmol). The resulting suspension was vigorously stirred under atmosphere of H, (balloon) for 2 h at
room temperature. The mixture was then filtered through Celite™, and concentrated under reduced
pressure to give a crude material of amine 168.

To a solution of crude amine 168 in 1, 2-dichloroethane (4.2 mL) and a solution of
chloroacetaldehyde (ca. 40% in water, 0.138 mL, 0.842 mmol) was added sodium
triacetoxyborohydride (178 mg, 0.842 mmol) at 0 °C, and the mixture was stirred for 30 min at same
temperature. The reaction mixture was quenched with a saturated NaHCO3 solution and extracted

with CH,ClI,, and the organic layer was washed with brine and dried with Na,SO,4. The mixture was
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concentrated, and the residue was purified with c silica gel chromatography (hexane/AcOEt, 1:5) to
give 170 (106 mg, 63%, as a mixture of two diastereomers) as a colorless foam.

'H NMR (600 MHz, CDCl5) 6 1.70 (br, 9.5H), 1.80-1.84 (m, 0.5H), 1.90-2.00 (m, 1.5H), 2.08 (d, J =
14.4Hz, 0.5H), 2.27 (dd, J = 15.1, 7.6Hz, 0.5H), 2.32-2.36 (m, 0.5H), 2.43-2.48 (m, 1H), 2.52-2.74
(m, J = Hz, 3.5H), 2.83-2.93 (m, 1.5H), 3.23-3.28 (m, 1H), 3.41 (dd, J = 18.9, 5.8Hz, 0.5H),
3.54-3.60 (m, 2H), 3.67 (dd, J = 18.9, 5.5Hz, 0.5H), 3.97 (br, 0.5H), 4.20 (br, 0.5H), 4.26 (d, J =
6.5Hz, 0.5H), 4.32 (br, 0.5H), 7.21-7.27 (m, 2H), 7.38 (d, J = 7.9Hz, 0.5H), 7.41 (d, J = 7.2Hz,
0.5H), 7.74 (d, J = 8.3Hz, 1H); **C NMR (150 MHz, CDCl) ¢ 27.1, 28.3, 29.1, 30.7, 33.1, 39.4,
40.8, 42.4, 42,5, 43.2, 43.8, 47.8, 48.6, 53.8, 54.2, 58.9, 59.3, 71.9, 72.5, 84.0, 84.1, 114.1, 115.0,
115.4, 1155, 117.1, 117.2, 122.66, 122.74, 123.3, 123.7, 130.0, 130.3, 135.2, 135.5, 137.8, 138.8,
150.67, 150.73; IR (CHCls, cm™) 1728; HRMS (DART+) calcd for CnHso®CIN,O3 [MH]
405.19449, found 405.19268.

Core of actinophyllic acid (171):

To a stirred mixture of 170 (279 mg, 0.689 mmol) and K,CO3 (190 mg, 1.38 mmol) in DMSO (7
mL) was added IBX (579 mg, 2.07 mmol) and stirred for 30 min at room temperature. To this
mixture was added a solution of t-BuOLi (276 mg, 3.45 mmol) in t-BuOH (7 mL) at 0 °C, and the
mixture stirred for 30 min at room temperature. The reaction mixture was quenched with saturated
NH4CI solution and extracted with AcOEt. After drying with Na,SO,, solvent was removed under
reduced pressure. The residue was purified with silica gel chromatography (CHCls/MeOH, 20:1) to
afford 171 (171 mg, 71%) as a yellow oil; "H NMR (600 MHz, CDCl5) ¢ 1.61-1.64 (m, 1H), 1.69 (s,
9H), 2.13-2.19 (m, 1H), 2.31-2.42 (m, 2H), 2.87 (d, J = 14.8 Hz, 1H), 3.14 (br, 1H), 3.18-3.23 (m,
1H), 3.29-3.41 (m, 4H), 3.69 (dd, J = 18.9, 6.5 Hz, 1H), 4.49 (d, J = 6.2 Hz, 1H), 7.23-7.28 (m, 2H),
7.54 (d, J = 7.6 Hz, 1H), 8.07 (d, J = 8.2 Hz, 1H); *C NMR (150 MHz, CDCls) 6 28.2, 30.0, 31.1,
33.5, 48.4, 48.5,52.8, 58.3, 58.8, 84.4, 113.7, 115.4, 117.6, 122.9, 124.2, 129.7, 135.3, 137.8, 150.5,
214.0; IR (CHCI3, cm™) 1728; HRMS (DART+) calcd for CyH,N,05 [MH]™ 367.20217, found
367.20330.
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Typical procedure for direct acetoxylation:

tert-Butyl 1-acetoxy-1,2,3,4-tetrahydrocarbazole-9-carboxylate (215):

To a stirred solution of indole 214 (54.3 mg, 0.200 mmol) in CH,Cl,-AcOH (1:1, 2 mL) was added
PhI(OACc), (96.6 mg, 0.300 mmol) and BusNI (14.8 mg, 0.0400 mmol) at 0 °C, and the mixture was
stirred for 3 h. The reaction mixture was quenched with a 10% aqueous solution of Na,SO3; and
extracted with CH,ClI,, and the organic layer was washed with brine and dried with Na,SO,. After
removal of the solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 10:1) to give 215 (54.5 mg, 83%) as colorless crystals, mp 94-95 °C (hexane).; *H
NMR (600 MHz, CDCl3) & 8.10 (d, J = 8.2 Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.30-7.34 (m, 1H),
7.22-7.26 (m, 1H), 6.40 (s, 1H), 2.86 (d, J = 16.2 Hz, 1H), 2.58 (ddd, J = 16.2, 10.0, 6.2 Hz, 1H),
2.29 (d, J = 13.7 Hz, 1H), 2.05 (s, 3H), 1.96 (t, J = 13.7 Hz, 1H), 1.90 (br, 2H), 1.65 (s, 9H); °C
NMR (150 MHz, CDCl3) 6 170.3, 150.0, 136.3, 131.3, 128.6, 125.1, 122.5, 121.6, 118.7, 115.9, 83.8,
66.0, 29.5, 28.2, 21.3, 21.0, 17.7; IR (CHCl;, cm™) 1735, 1456, 1371, 1248; HRMS (DART+) calcd
for CygH,3NO, [M]* 329.1627, found 329.1635.

tert-Butyl 1-acetoxy-6-chloro-1,2,3,4-tetrahydrocarbazole-9-carboxylate (217):

Using the typical procedure, tert-butyl-6-chloro-1,2,3,4-tetrahydrocarbazole-9-carboxylate (61.2
mg, 0.200 mmol) was treated with Phl(OAc), (96.6 mg, 0.300 mmol) and BusNI (14.8 mg, 0.0400
mmol) in CH,CI,-AcOH (1:1, 2 mL) for 3 h. After work-up, silica gel chromatography
(hexane/AcOEt, 5:1) gave 3 (61.6 mg, 85%) as colorless crystals, mp 132.0-132.5 °C (hexane); *H
NMR (600 MHz, CDCl3) & 8.02 (d, J = 8.9 Hz, 1H), 7.42 (d, J = 2.1 Hz, 1H), 7.25-7.27 (m, 1H),
6.37 (s, 1H), 2.78-2.81 (m, 1H), 2.53 (ddd, J = 16.5, 10.7, 5.8 Hz, 1H), 2.29 (d, J = 14.1 Hz, 1H),
2.05 (s, 3H), 1.84-1.97 (m, 3H), 1.64 (s, 9H); °C NMR (150 MHz, CDCl3) & 170.2, 149.6, 134.6,
132.7, 129.8, 128.1, 125.1, 120.9, 118.3, 116.9, 84.3, 65.7, 29.3, 28.1, 21.2, 20.8, 17.5; IR (CHClI;,
cm™) 1743, 1720, 1448, 1367; HRMS (FAB+) calcd for CyH»,CINO, [M]" 363.1237, found
363.1243.

tert-Butyl 1-acetoxy-6-methoxy-1,2,3,4-tetrahydrocarbazole-9-carboxylate (218):

Using the typical procedure, tert-butyl 6-methoxy-1,2,3,4-tetrahydrocarbazole-9-carboxylate
(60.3 mg, 0.200 mmol) was treated with PhI(OAc), (96.6 mg, 0.300 mmol) and BuyNI (14.8 mg,
0.0400 mmol) in CH,CI,-AcOH (1:1, 2 mL) for 5 h. After work-up, silica gel chromatography
(hexane/AcOEt, 10:1) gave 218 (55.6 mg, 78%) as a colorless oil.; "H NMR (600 MHz, CDCl;) &
7.99 (d, J = 8.9 Hz, 1H), 6.91-7.26 (m, 2H), 6.37 (s, 1H), 3.86 (s, 3H), 2.81 (d, J = 15.5 Hz, 1H),
2.55 (ddd, J = 16.2, 10.0, 6.2 Hz, 1H), 2.29 (d, J = 12.7 Hz, 1H), 2.05 (s, 3H), 1.89-1.97 (m, 3H),
1.64 (s, 9H); B3¢ NMR (150 MHz, CDCly) 6 170.3, 155.7, 149.8, 131.9, 130.9, 129.3, 121.3, 116.7,
113.6, 101.2, 83.6, 65.9, 55.6, 29.4, 28.2, 21.3, 21.0, 17.6; IR (CHCl3, cm™) 1738, 1614, 1479, 1394;
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HRMS (FAB+) calcd for CpH2sNOs [M]* 359.1733, found 359.1726.

1-Acetoxy-9-tosyl-1,2,3,4-tetrahydrocarbazole (219):

Using the typical procedure, 9-tosyl-1,2,3,4-tetrahydrocarbazole (50.0 mg, 0.154 mmol) was treated
with PhI(OAc); (74.1 mg, 0.230 mmol) and BuyNI (11.4 mg, 0.0308 mmol) in CH,Cl,-AcOH (1:1,
1.5 mL) for 4 h. After work-up, silica gel chromatography (hexane/AcOEt, 3:1) gave 219 (46.5 mg,
79%) as colorless crystals, mp 132.5-134.0 °C (hexane).; *H NMR (600 MHz, CDCls) & 8.09 (d, J =
8.2 Hz, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 7.9 Hz, 1H), 7.23-7.34 (m, 3H), 7.18 (d, J = 8.2
Hz, 2H), 6.37 (s, 1H), 2.84 (d, J = 16.2 Hz, 1H), 2.52-2.58 (m, 1H), 2.33 (s, 3H), 2.28 (d, J = 13.7
Hz, 1H), 2.05 (s, 3H), 1.85-1.91 (br, 3H); *C NMR (150 MHz, CDCls) § 170.1, 144.5, 136.5, 136.2,
131.7, 129.7, 129.0, 126.4, 125.6, 123.5, 123.3, 119.1, 114.7, 64.5, 29.7, 21.5, 21.2, 21.1, 17.1; IR
(CHCl3, cm™) 1734, 1454, 1369, 1255; HRMS (FAB+) calcd for Cy;H»NO,S [M]* 383.1191, found
383.1195.

1-Acetoxy-9-benzyl-1,2,3,4-tetrahydrocarbazole (220):

Using the typical procedure, 9-benzyl-1,2,3,4-tetrahydrocarbazole (51.0 mg, 0.195 mmol) was
treated with PhI(OAc), (92.4 mg, 0.287 mmol) and BuysNI (14.4 mg, 0.0390 mmol) in
CH,CI,-AcOH (1:1, 2 mL) for 0.5 h. After work-up, silica gel chromatography (hexane/AcOEt,
10:1) gave 6 (30.5 mg, 49%) as a colorless oil. 220 was relatively unstable. *"H NMR (600 MHz,
CDCl3) 6 7.59 (d, J = 7.6 Hz, 1H), 7.18-7.25 (m, 5H), 7.12 (t, J = 7.2 Hz, 1H), 6.93 (d, J = 7.6 Hz,
2H), 6.15 (s, 1H), 5.28 (d, J = 17.2 Hz, 1H), 5.24 (d, J = 17.2 Hz, 1H), 2.97 (d, J = 16.8 Hz, 1H),
2.69 (dd, J = 15.8, 8.9 Hz, 1H), 2.11 (br, 1H), 1.94-1.99 (m, 3H), 1.60 (s, 3H); *C NMR (150 MHz,
CDCly) 6 170.4, 137.8, 137.3, 131.5, 128.5, 127.1, 126.4, 125.9, 122.8, 119.3, 119.1, 114.6, 109.6,
63.4, 46.3, 30.1, 20.9, 20.6, 18.6; IR (CHCl3, cm™) 1727, 1716, 1454, 1371; HRMS (FAB+) calcd
for Cy1H,1NO, [M]* 319.1572, found 319.1569.

tert-Butyl 3-acetoxy-2,3-dihydrocyclopenta[b]indole-4(1H)-carboxylate (221),

tert-butyl 3-hydroxy-2,3-dihydrocyclopenta[b]indole-4(1H)-carboxylate (222):

Using the typical procedure, tert-butyl 2,3-dihydrocyclopenta[b]indole-4(1H)-carboxylate (50.0 mg,
0.194 mmol) was treated with Phl(OAc), (93.7 mg, 0.291 mmol) and BusNI (14.3 mg, 0.0388
mmol) in CH,CI-AcOH (1:1, 2 mL) for 1 h. After work-up, silica gel chromatography
(hexane/AcOEt, 10:1) gave 221 (28.9 mg, 47%) and 222 (7.2 mg, 13%) as a colorless oil,
respectively;

221:'H NMR (600 MHz, CDCl3) 6 8.25 (d, J =8.2 Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.33 (t, J= 7.6
Hz, 1H), 7.24 (t, J = 7.6 Hz, 1H), 6.27 (d, J = 6.2 Hz, 1H), 2.90-2.95 (m, 2H), 2.73-2.78 (m, 1H),
2.38-2.43 (m, 1H), 2.06 (s, 3H), 1.61 (s, 9H); *C NMR (150 MHz, CDCl3) 5 170.7, 149.2, 141.1,
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139.1, 130.7, 125.5, 124.9, 122.8, 119.7, 116.2, 83.4, 74.3, 36.6, 28.2, 22.4, 21.3; IR (CHClI;, cm™);
HRMS (FAB+) calcd for C1gH,1NO, [M]* 315.1471, found 315.1466.

222: *H NMR (600 MHz, CDCl3) & 7.98 (br, 1H), 7.43 (d, J = 7.5 Hz, 1H), 7.28 (t, J = 7.5 Hz, 1H),
7.23 (t, J = 7.5 Hz, 1H), 5.45 (s, 1H), 2.87-2.97 (m, 2H), 2.68 (ddd, J = 14.1, 8.6, 5.2 Hz, 1H), 2.44
(ddd, J = 16.8, 8.9, 4.5 Hz, 1H), 1.71 (s, 9H), 1.62 (s, 1H); *C NMR (150 MHz, CDCly) & 174.3,
127.2, 126.4, 124.18, 124.17,122.9, 119.7, 115.91, 115.90, 84.7, 70.5, 36.6, 28.2, 22.4; IR (CHCls,
cm™®) 1709, 1371; HRMS (FAB+) calcd for C1gH1oNO5 [M]* 273.1365, found 273.1376.

tert-Butyl 6-acetoxy-7,8,9,10-tetrahydrocyclohepta[b]indole-5(6H)-carboxylate (223):

Using the typical procedure, tert-butyl 7,8,9,10-tetrahydrocyclohepta[b]indole-5(6H)-carboxylate
(57.1 mg, 0.200 mmol) was treated with PhI(OAc), (96.6 mg, 0.300 mmol) and BuyNI (14.8 mg,
0.0400 mmol) in CH,CI,-AcOH (1:1, 2 mL) for 4 h. After work-up, silica gel chromatography
(hexane/AcOEt, 5:1) gave 9 (46.4 mg, 68%) as a colorless oil.; *H NMR (600 MHz, CDCl3) § 8.02
(d, J = 8.6 Hz, 1H), 7.49 (d, J = 7.9 Hz, 1H), 7.28-7.31 (m, 1H), 7.21-7.25 (m, 1H), 6.82 (d, J =55
Hz, 1H), 2.84-2.86 (m, 2H), 2.40-2.44 (m, 1H), 2.04 (s, 3H), 1.93-2.02 (m, 3H), 1.85-1.87 (m, 1H),
1.71-1.76 (m, 1H), 1.68 (s, 9H); *C NMR (150 MHz, CDCl5) & 170.3, 150.3, 135.5, 135.0, 129.1,
125.2, 124.7, 122.3, 118.5, 115.4, 84.0, 69.1, 29.4, 28.2, 26.9, 23.5, 22.7, 21.1; IR (CHClIs, cm'l)
1735, 1455, 1371, 1247; HRMS (FAB+) calcd for Co0HsNO, [M]* 343.1784, found 343.1780.

tert-Butyl 1-acetoxy-3-phenyl-1,2,3,4-tetrahydrocarbazole-9-carboxylate (224):

Using the typical procedure, indole 241 (100 mg, 0.288 mmol) was treated with Phl(OAc), (139 mg,
0.432 mmol) and BuyNI (21.3 mg, 0.0576 mmol) in CH,Cl,-AcOH (1:1, 3 mL) for 1 h. After
work-up, silica gel chromatography (hexane/AcOEt, 5:1) gave 224 (107 mg, 68%, trans:cis=82:18)
as a white solid.; "H NMR (600 MHz, CDCl, for a mixture of trans and cis isomers) & 8.13 (d, J =
8.2 Hz, 1H, for trans), 8.09 (d, J = 8.2 Hz, 1H, for cis), 7.20-7.48 (m, 7H, for trans and 7H, for cis),
6.55 (s, 1H, for trans), 6.47 (t, J = 7.2 Hz, 1H, for cis), 3.26-3.30 (m, 1H, for trans and 1H, for cis),
3.16 (dd, J = 15.5, 4.1 Hz, 1H, for trans), 3.04 (dd, J = 16.5, 5.2 Hz, 1H, for cis), 2.93 (ddd, J = 16.2,
9.3, 2.1 Hz, 1H, for cis), 2.77-2.80 (m, 1H, for cis), 2.69 (dd, J = 16.2, 11.7 Hz, 1H, for trans), 2.53
(d, J =14.4 Hz, 1H, for trans), 2.28 (td, J = 13.4, 3.8 Hz, 1H, for trans), 2.11-2.13 (m, 1H, for cis),
2.07 (s, 3H, for trans), 1.91 (s, 3H, for cis), 1.67 (s, 9H, for trans), 1.65 (s, 9H, for cis); *C NMR
(150 MHz, CDCls, for a mixture of trans and cis isomers) 6 170.2, 149.9, 145.0, 136.6, 131.8, 131.0,
128.6, 128.5, 128.23, 128.20, 127.0, 126.6, 126.5, 125.3, 125.0, 122.7, 121.4, 118.7, 118.6, 116.0,
115.5, 84.0, 83.8, 68.2, 66.2, 38.7, 37.1, 36.2, 35.5, 29.8, 28.6, 28.2, 28.1, 21.3, 21.0; IR (CHClIs;,
cm™) 1736, 1456, 1371, 1211; HRMS (FAB+) calcd for CosH,7NO, [M]" 405.1940, found 405.1945.

tert-Butyl 4-acetoxy-1-methyl-1,2,3,4-tetrahydrocarbazole-9-carboxylate (225):
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Using the typical procedure, indole 234 (50.0 mg, 0.175 mmol) was treated with Phl(OAc), (84.6
mg, 0.263 mmol) and BusNI (12.9 mg, 0.0350 mmol) in CH,Cl,-AcOH (1:1, 1.8 mL) for 4 h. After
work-up, silica gel chromatography (hexane/AcOEt, 5:1) gave 225 (36.7 mg, 61%, trans:cis=91:9)
as a colorless oil. The stereochemistry was speculated by the coupling constant of the proton of C4
and the nOe experiment [The identification was ensured by 2D NMR (COSY, HMQC)].; *H NMR
(600 MHz, CDCls, for a mixture of trans and cis isomers; only characteristic peaks are described for
cis isomer) 6 8.13 (d, J = 8.2 Hz, 1H, for trans), 7.46 (d, J = 7.9 Hz, 1H, for trans), 7.20-7.28 (m, 2H,
for trans), 6.24 (s, 1H, for trans), 6.19 (t, J = 6.2 Hz, 1H, for cis), 3.71 (t, J = 5.8 Hz, 1H, for trans),
3.54 (dd, J = 11.4, 5.5 Hz, 1H, for cis), 2.34-2.39 (m, 1H, for cis), 2.29 (t, J = 15.8 Hz, 1H, for trans),
2.20-2.23 (m, 1H, for cis), 2.12 (t, J = 14.4 Hz, 1H, for trans), 2.05 (s, 3H, for trans), 1.97 (d, J =
14.8 Hz, 1H, for trans), 1.69 (s, 9H, for trans), 1.37 (d, J = 6.9 Hz, 3H, for cis), 1.27 (d, J = 6.9 Hz,
3H, for trans); *C NMR (150 MHz, CDCls, for a mixture of trans and cis isomers; only
characteristic peaks are described for cis isomer) & 170.8, 150.1, 144.2, 136.2, 128.0, 127.7, 124.0,
123.9, 122.9, 122.8, 118.7, 118.2, 115.8, 115.5, 114.8, 113.7, 83.9, 67.7, 64.1, 28.8, 28.6, 28.2, 28.1,
26.0, 25.6, 24.2, 23.9, 21.4, 20.6, 19.4; IR (CHCl3, cm™) 1735, 1722, 1456, 1371; HRMS (FAB+)
calcd for CyHosNO, [M]" 343.1784, found 343.1782.

tert-Butyl 2-(acetoxymethyl)-3-methyl-2,3-dimethylindole-1-carboxylate (226):

Using the typical procedure, indole tert-butyl 2,3-dimethylindole-1-carboxylate (50.0 mg, 0.204
mmol) was treated with Phl(OAc), (96.6 mg, 0.306 mmol) and BusNI (15.1 mg, 0.0408 mmol) in
CH,CI,-AcOH (1:1, 2 mL) for 3 h. After work-up, silica gel chromatography (hexane/AcOEt, 8:1)
gave 226 (49.6 mg, 80%) as a colorless oil. A minor impurity detected by 1H NMR analysis might
be a regioisomer, but it was difficult to identify it due to very small peaks.

226: 'H NMR (600 MHz, CDCl3) & 8.16 (d, J = 11.7 Hz, 1H), 7.50 (d, J = 11.7 Hz, 1H), 7.24-7.34
(m, 2H), 5.46 (s, 2H), 2.32 (s, 3H), 2.04 (s, 3H), 1.66 (s, 9H); *C NMR (150 MHz, CDCl3) & 170.8,
150.0, 136.3, 129.6, 129.2, 125.2, 122.5, 119.6, 119.0, 115.6, 83.7, 57.5, 28.1, 21.0, 8.7; IR (CHClI;,
cm) 1372, 1456, 1371, 1351; HRMS (FAB+) calcd for C;7H,:NO, [M]* 303.1471, found 303.1467.
226°: 'H NMR (600 MHz, CDCl3)  8.09 (br, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.31 (d, J = 7.9 Hz, 1H),
7.18 (t, J = 7.9 Hz, 1H), 7.10 (t, J = 7.9 Hz, 1H), 4.61 (s, 2H), 3.36 (s, 3H), 2.30 (s, 3H); *C NMR
(150 MHz, CDCl3) 6 135.7, 130.5, 128.8, 122.1, 119.1, 118.8, 110.7, 109.6, 65.5, 57.8, 8.4.

tert-Butyl 2-(1-acetoxyethyl)-3-methyl-1H-indole-1-carboxylate (227),

tert-butyl 3-(acetoxymethyl)-2-ethyl-1H-indole-1-carboxylate (228):

Using the typical procedure, tert-butyl 3-ethyl-2-propyl-indole-1-carboxylate (51.9 mg, 0.200
mmol) was treated with Phl(OAc), (96.6 mg, 0.300 mmol) and BusNI (14.8 mg, 0.0400 mmol) in
CH,CI,-AcOH (1:1, 2 mL) for 3 h. After work-up, silica gel chromatography (hexane/AcOEt, 10:1)
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gave a mixture of 227 and 228 (39.6 mg, 63%, 227:228=18:82) as a yellow oil.; *H NMR (600 MHz,
CDCls, for a mixture of 227 and 228) 6 8.11 (d, J = 7.6 Hz, 1H, for 228), 8.04 (d, J = 8.2 Hz, 1H, for
227), 7.56 (d, J = 7.2 Hz, 1H for 228), 7.46 (d, J = 7.9 Hz, 1H, for 227), 7.22-7.28 (m, 2H, for 227
and 2H, for 228), 6.73 (d, J = 6.8 Hz, 1H, for 227), 5.27 (s, 2H, for 228), 3.13 (q, J = 7.6 Hz, 2H, for
228), 2.38 (s, 3H, for 227), 2.05 (s, 3H, for 227 and 3H, for 228), 1.69 (s, 9H+9H, for 227 and 228),
1.25 (t, J = 7.6 Hz, 3H, for 228); *C NMR (150 MHz, CDClI; for a mixture of 227 and 228; several
peaks of 227 are obscure) 6 171.1, 150.1, 143.0, 135.9, 129.0, 124.4, 123.8, 122.8, 118.24, 118.17,
115.6, 115. 4, 112.7, 84.0, 56.8, 28.5, 28.2, 28.1, 21.0, 20.4, 20.1, 15.1; IR (CHCls, cm™) 1737, 1477,
1394, 1205; HRMS (FAB+) calcd for C1gH,3NO, [M]* 317.1627, found 317.1629.

tert-Butyl 2-(1-acetoxypropyl)-3-ethyl-1H-indole-1-carboxylate (229),

tert-butyl 3-(1-acetoxyethyl)-2-propyl-1H-indole-1-carboxylate (230):

Using the typical procedure, tert-butyl 2-ethyl-3-methylindole-1-carboxylate (50 mg, 0.174 mmol)
was treated with Phl(OAc), (84.1 mg, 0.261 mmol) and BusNI (12.9 mg, 0.0348 mmol) in
CH,CI,-AcOH (1:1, 1.8 mL) for 4 h at room temperature. Since compound 16 was relatively
unstable, after work-up, yield (79%, 229:230=30:70) was determined by *H NMR (600 MHz,
CDCls) analysis of the crude product (internal standard: mesitylene). A mixture of 229 and 16 were
partially isolated for identification.; "H NMR (600 MHz, CDCls, for a mixture of 229 and 230) &
8.12 (d, J = 8.2 Hz, 1H, for 230), 8.05 (d, J = 8.2 Hz, 1H, for 229), 7.75 (d, J = 7.2 Hz, 1H, for 230),
7.49 (d, J = 7.6 Hz, 1H, for 229), 7.20-7.28 (m, 2H, for 229 and 2H, for 230), 6.68 (dd, J = 8.6, 6.2
Hz, 1H, for 229), 6.17 (g, J = 6.9 Hz, 1H, for 230), 3.10 (ddd, J = 14.1, 9.6, 5.5 Hz, 1H, for 230),
3.02 (ddd, J = 15.8, 9.6, 5.8 Hz, 1H, for 16), 2.84-2.96 (m, 2H, for 229), 2.03-2.07 (m, 5H, for 229
and 3H, for 230), 1.67-1.70 (m, 9H, for 229 and 13H, for 230), 1.57 (br, 1H, for 230), 1.23 (t, J = 7.6
Hz, 3H, for 229), 1.00-1.01 (m, 3H, for 229 and 3H for 16); *C NMR (150 MHz, CDCls, for a
mixture of 229 and 230; several peaks of 229 were obscure) 6 170.4, 150.4, 138.1, 136.3, 127.4,
124.3, 123.4, 122.4, 119.7, 118.2, 115.7, 83.8, 66.6, 28.6, 28.3, 28.2, 23.6, 21.2, 21.1, 17.8, 14.8,
14.0, 10.4; IR (CHCI;, cm™); HRMS (FAB+) calcd for CpHy7NO, [M]* 345.1940, found 345.1944.

10-Methyl-6-0x0-6,7,8,9-tetrahydropyrido[1,2-a]indol-9-yl acetate (231):

Using the typical procedure, 10-methyl-8,9-dihydropyrido[1,2-a]Jindol-6(7H)-one (50.0 mg, 0.251
mmol) was treated with PhI(OAc), (121 mg, 0.376 mmol) and BusNI (18.5 mg, 0.0502 mmol) in
CH,CI,-AcOH (1:1, 2.5 mL) for 2 h. After work-up, silica gel chromatography (hexane/AcOEt, 2:1)
gave 231 (56.5 mg, 87%) as a colorless amorphous.; *"H NMR (600 MHz, CDCl5) & 8.48 (d, J = 8.2
Hz, 1H), 7.51 (d, J = 7.9 Hz, 1H), 7.39 (t, J = 7.0 Hz, 1H), 7.31 (t, J = 7.4 Hz, 1H), 6.36 (s, 1H), 3.10
(ddd, J = 18.6, 13.4, 5.2 Hz, 1H), 2.77 (dd, J = 17.5, 2.4 Hz, 1H), 2.34-2.38 (m, 1H), 2.31 (s, 3H),
2.21-2.27 (m, 1H), 2.07 (s, 3H); *C NMR (150 MHz, CDCls) 5 169.9, 168.3, 134.6, 130.24, 130.20,
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126.0, 123.9, 119.0, 117.4, 116.6, 61.5, 29.1, 26.9, 21.1, 8.6; IR (CHCls, cm™) 1376, 1701, 1458,
1371; HRMS (FAB+) calcd for Cy5H3sNO3 [M]* 257.1052, found 257.1047.

10-Benzyl-6-0x0-6,7,8,9-tetrahydropyrido[1,2-a]indol-9-yl acetate (232):

Using the typical procedure, 10-benzyl-8,9-dihydropyrido[1,2-a]indol-6(7H)-one (51.8 mg, 0.188
mmol) was treated with Phl(OAc), (90.8 mg, 0.282 mmol) and BuyNI (13.9 mg, 0.0376 mmol) in
CH,CI,-AcOH (1:1, 2 mL) for 5 h. After work-up, silica gel chromatography (hexane/AcOEt, 5:1)
gave 232 (55.6 mg, 89%) as yellow needles, mp 104-105 °C (hexane).; *H NMR (600 MHz, CDCl5)
58.51(d,J=8.2Hz, 1H),7.41 (d, J=8.2 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.23 (t, J = 7.9 Hz, 3H),
7.16 (d, J = 7.9 Hz, 3H), 6.37 (s, 1H), 4.19 (d, J = 16.2 Hz, 1H), 4.07 (d, J = 16.2 Hz, 1H), 3.08 (ddd,
J=175,13.7,5.2 Hz, 1H), 2.78 (d, J = 16.5 Hz, 1H), 2.35 (d, J = 13.4 Hz, 1H), 2.25 (dd, J = 13.7,
13.4 Hz, 1H), 1.92 (s, 3H); *C NMR (150 MHz, CDCl5) § 169.8, 168.3, 139.3, 134.8, 131.2, 129.5,
128.4,128.1, 126.2, 125.9, 124.1, 119.9, 119.6, 116.6, 61.4, 29.6, 29.1, 26.8, 20.9; IR (CHCl3, cm™)
1735, 1704, 1456, 1373; HRMS (FAB+) calcd for C;H1oNO3 [M]* 333.1365, found 333.1368.

tert-Butyl 1-azido-1,2,3,4-tetrahydrocarbazole-9-carboxylate (232):

Typical procedure for substitution reactions of 215:

To a stirred solution of 215 (50.0 mg, 0.152 mmol) and trimethylsilylazide (26.3 mg, 0.228 mmol) in
CH,CI; (1.5 mL) was added TMSOTT (6.8 mg, 0.0304 mmol) at -50 °C, and the mixture was stirred
for 30 min at the same temperature. The reaction mixture was quenched with a saturated solution of
NaHCO; and extracted with CH,CI,, and the organic layer was washed with brine and dried with
Na,SO,4. After removal of the solvent under reduced pressure, the residue was purified by silica gel
chromatography (hexane/AcOEt, 5:1) to give 232 (43.5 mg, 92%) as a colorless oil.; *H NMR (600
MHz, CDCls) 6 8.14 (d, J = 8.2 Hz, 1H), 7.46 (d, J = 7.2 Hz, 1H), 7.31-7.34 (m, 1H), 7.23 (t, J = 6.9
Hz, 1H), 5.33 (s, 1H), 2.84 (dd, J = 16.5, 5.2 Hz, 1H), 2.57 (ddd, J = 16.5, 10.7, 5.8 Hz, 1H), 2.15 (d,
J = 13.4 Hz, 1H), 1.90-1.97 (m, 3H), 1.71 (s, 9H); **C NMR (150 MHz, CDCl5)  150.1, 136.2,
131.1, 128.6, 125.1, 122.7, 120.7, 118.7, 115.9, 84.2, 54.6, 30.5, 28.2, 20.8, 17.5; IR (CHCI;, Cm'l)
2100, 1724; HRMS (FAB+) calcd for C17H,0N40, [M]* 312.1586, found 132.1592.

tert-Butyl 1-methyl-1,2,3,4-tetrahydrocarbazole-9-carboxylate (234):

Using the typical procedure, 215 (50.0 mg, 0.152 mmol) was treated with dimethylzinc (1M solution
in hexane, 0.23 mL, 0.228 mmol) and TMSOTf (56.7 mg, 0.228 mmol) in CH,Cl, (1.5 mL). After
work-up, silica gel chromatography (hexane/AcOEt, 20:1) gave 234 (39.4 mg, 93%) as a colorless
oil.; 'H NMR (600 MHz, CDCls) & 8.12 (d, J = 8.2 Hz, 1H), 7.37 (d, J = 7.6 Hz, 1H), 7.21-7.24 (m,
1H), 7.19 (t, J = 7.6 Hz, 1H), 3.56 (br, 1H), 2.71 (d, J = 16.2 Hz, 1H), 2.54 (ddd, J = 16.5, 8.2, 8.2
Hz, 1H), 1.92-1.98 (m, 1H), 1.81-1.90 (m, 2H), 1.75 (d, J = 13.1 Hz, 1H), 1.67 (s, 9H), 1.28 (d, J =
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6.8 Hz, 3H); *C NMR (150 MHz, CDCl3) § 150.4, 140.3, 136.1, 129.7, 123.4, 122.3, 117.6, 115.9,
115.6, 83.1, 31.1, 28.5, 28.2, 21.2, 21.0, 17.8; IR (CHCls, cm™) 1720, 1456, 1363, 1143; HRMS
(DART+) calcd for C15H,4NO, [MH]" 286.1807, found 286.1801.

tert-Butyl 1-cyano-1,2,3,4-tetrahydrocarbazole-9-carboxylate (235):

Using the typical procedure, 215 (50.0 mg, 0.152 mmol) was treated with trimethylsilylcyanide (22.6
mg, 0.228 mmol) and TMSOTT (6.8 mg, 0.0304 mmol) in CH,CI; (1.5 mL). After work-up, silica gel
chromatography (hexane/AcOEt, 5:1) gave 235 (41.8 mg, 93%) as a colorless oil.; *H NMR (600
MHz, CDCl5) 6 8.17 (d, J = 8.6 Hz, 1H), 7.43 (d, J = 7.9 Hz, 1H), 7.32-7.35 (m, 1H), 7.24 (t, J = 7.6
Hz, 1H), 4.49 (s, 1H), 2.82 (d, J = 17.9 Hz, 1H), 2.60-2.64 (m, 1H), 2.35-2.39 (m, 1H), 2.00-2.08 (m,
3H), 1.73 (s, 9H); °C NMR (150 MHz, CDCl3) 6 149.9, 136.0, 128.5, 126.9, 125.1, 122.8, 120.5,
119.5, 118.4, 115.8, 84.9, 28.1, 28.1, 27.9, 20.4, 19.2; IR (CHCls;, cm'l) 2241, 1728, 1456, 1350;
HRMS (DART+) calcd for C1gH»: N0, [MH]* 297.1603, found 297.1596.

tert-Butyl 1-allyl-1,2,3,4-tetrahydrocarbazole-9-carboxylate (236):

Using the typical procedure, 215 (50.0 mg, 0.152 mmol) was treated with allyltrimethylsilane (26.1
mg, 0.228 mmol) and TMSOTT (6.8 mg, 0.0304 mmol) in CH,CI, (1.5 mL). After work-up, silica gel
chromatography (hexane/AcOEt, 20:1) gave 236 (41.1 mg, 87%) as a colorless oil.; '"H NMR (600
MHz, CDCl3) § 8.10 (d, J = 8.2 Hz, 1H), 7.38 (d, J = 7.2 Hz, 1H), 7.19-7.25 (m, 2H), 5.83-5.91 (m,
1H), 5.04-5.10 (m, 2H), 3.52 (br d, J = 8.6 Hz, 1H), 2.72 (d, J = 16.5 Hz, 1H), 2.53-2.61 (m, 2H),
2.15 (dd, J = 22.7, 10.3 Hz, 1H), 1.98 (br d, J = 10.3 Hz, 1H), 1.80 (br, 2H), 1.68 (s, 9H); *C NMR
(150 MHz, CDCls) 6 150.5, 138.9, 137.3, 136.1, 129.7, 123.5, 122.3, 117.7, 116.6, 116.2, 115.6, 83.3,
38.6, 33.1, 28.3, 26.3, 21.0, 17.5; IR (CHCl3, cm™) 1732, 1720, 1458, 1365; HRMS (DART+) calcd
for CoHzsNO, [MH]" 312.1964, found 312.1957.

tert-Butyl 1-(2-oxo-2-phenylethyl)-1,2,3,4-tetrahydrocarbazole-9-carboxylate (237):

Using the typical procedure, 215 (50.0 mg, 0.152 mmol) was treated with
1-phenyl-1-trimethylsilyloxyethylene (43.8 mg, 0.228 mmol) and TMSOTf (6.8 mg, 0.0304 mmol)
in CH,Cl, (1.5 mL) for 15 min. After work-up, silica gel chromatography (hexane/AcOEt, 10:1)
gave 237 (43.1 mg, 73%) as a colorless oil.; *H NMR (600 MHz, CDCl5)  8.13 (d, J = 7.9 Hz, 1H),
8.02 (d, J = 7.6 Hz, 2H), 7.55 (t, J = 7.6 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.41 (d, J = 7.6 Hz, 1H),
7.27 (d, J = 7.9 Hz, 1H), 7.22 (d, J = 7.2 Hz, 1H), 4.21 (br d, J = 8.6 Hz, 1H), 3.46 (d, J = 16.2 Hz,
1H), 3.19 (dd, J = 17.2, 10.3 Hz, 1H), 2.76 (dd, J = 16.2, 3.8 Hz, 1H), 2.59 (ddd, J = 16.2, 11.0, 6.5
Hz, 1H), 1.96 (br, 2H), 1.76-1.87 (m, 2H), 1.59 (s, 9H); "*C NMR (150 MHz, CDCl5) & 198.8, 150.4,
137.9, 137.2, 136.1, 132.9, 129.5, 128.6, 128.0, 123.8, 122.5, 117.7, 117.4, 115.7, 83.7, 42.8, 29.7,
28.2, 27.7, 21.0, 17.7; IR (CHCl;, cm™) 1728, 1685, 1458, 1363; HRMS (DART+) calcd for
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CasH2NO3 [MH]™ 390.2069, found 390.2050.

tert-Butyl 1-(indol-3-yI)-1,2,3,4-tetrahydrocarbazole-9-carboxylate (238)

Using the typical procedure, 215 (50.0 mg, 0.152 mmol) was treated with indole (26.7 mg, 0.228
mmol) and TMSOTf (6.8 mg, 0.0304 mmol) in CH,CIl, (1.5 mL). After work-up, silica gel
chromatography (hexane/AcOEt, 20:1) gave 238 (53.3 mg, 91%) as colorless crystals, mp
170.0-171.0 °C (hexane).; *H NMR (600 MHz, CDCls) & 8.22 (d, J = 7.9 Hz, 1H), 7.77 (s, 1H), 7.66
(d, J=7.9 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.27-7.31, (m, 2H), 7.21 (t, J = 7.6 Hz, 1H), 7.18 (t, J =
7.2 Hz, 1H), 7.12 (t, J = 7.2 Hz, 1H), 6.20 (br s, 1H), 5.01 (br s, 1H), 2.78 (dd, J = 16.2, 3.4 Hz, 1H),
2.63 (ddd, J = 15.8, 11.3, 5.5 Hz, 1H), 2.29 (br d, J = 12.7 Hz, 1H), 2.14-2.20 (m, 1H), 1.70-1.73 (m,
1H), 1.58-1.65 (m, 1H), 1.14 (s, 9H); *C NMR (150 MHz, CDCl3) & 150.5, 136.6, 136.5, 135.7,
129.4,126.1, 123.8, 122.4, 122.3, 121.8, 120.3, 119.1, 119.0, 117.84, 117.77, 115.3, 111.2, 83.0, 32.4,
30.3, 275, 21.2, 18.1; IR (CHClIs, cm'l) 1716, 1458, 1365, 1332; HRMS (FAB+) calcd for
CasH2sN,0, [M]* 386.1994, found 386.2001.

Synthesis of 240:

To a stirred solution of 214 (100 mg, 0.368 mmol) in CH,CIl,-AcOH (1:1, 3.7 mL) was added
PhI(OACc), (178 mg, 0.552 mmol) and BuyNI (27.2 mg, 0.0736 mmol) at 0 °C, and the mixture was
stirred for 3 h. The reaction mixture was quenched with a 10% aqueous solution of Na,SO3; and
extracted with CH,ClI,, and the organic layer was washed with brine and dried with Na,SO,. After
removal of solvent under reduced pressure to give crude 215.

To a stirred solution of crude 215 and dimethylzinc (1.0 M solution in hexane, 0.55 mL, 0.552
mmol) in CH,CI; (3.7 mL) was added TMSOTT (123 mg, 0.552 mmol) at -50 °, and the mixture was
stirred for 30 min at the same temperature. The reaction mixture was quenched with a saturated
solution of NaHCO; and extracted with CH,ClI,, and the organic layer was washed with brine and
dried with Na,SO,4. After removal of solvent under reduced pressure, the residue was purified by
silica gel chromatography (hexane/AcOEt, 20:1) to give 234 (91.1 mg, 87%) as a colorless oil.

To a stirred solution of 234 (39.4 mg, 0.138 mmol) in CH,CIl,-AcOH (1:1, 1.4 mL) was added
PhI(OAc), (66.7 mg, 0.207 mmol) and BuyNI (10.2 mg, 0.0276 mmol) at 0 °C, and the mixture was
stirred for 3 h. The reaction mixture was quenched with a 10% aqueous solution of Na,SO3; and
extracted with CH,ClI,, and the organic layer was washed with brine and dried with Na,SO,. After
removal of solvent under reduced pressure to give crude 225.

To a stirred solution of crude 225 and allyltrimethylsilane (47.3 mg, 0.414 mmol) in CH,CI, (0.14
mL) was added TMSOTf (18.4 mg, 0.0276 mmol) at -50 °C, and the mixture was stirred for 30 min
at the same temperature. The reaction mixture was quenched with a saturated solution of NaHCO;

and extracted with CH,Cl,, and the organic layer was washed with brine and dried with Na,SO.,.
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After removal of the solvent under reduced pressure, the residue was purified by silica gel
chromatography (hexane/AcOEt, 20:1) to give 240 (36.7 mg, 82%) as a colorless oil..; *H NMR (600
MHz, CDCly) 6 8.14 (d, J = 7.9 Hz, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.18-7.25 (m, 2H), 5.90-5.97 (m,
1H), 5.07-5.11 (m, 2H), 3.57 (dt, J = 18.6, 5.8 Hz, 1H), 2.97 (dt, J = 14.8, 4.1 Hz, 1H), 2.57 (br d, J
= 14.4 Hz, 1H), 2.08-2.20 (m, 2H), 1.85-1.91 (m, 1H), 1.77 (d, J = 14.1 Hz, 1H), 1.68 (s, 9H), 1.59
(d, J = 13.7 Hz, 1H), 1.24 (d, J = 6.9 Hz, 3H); **C NMR (150 MHz, CDCls) 5 150.4, 140.3, 137.7,
136.4, 129.0, 123.4, 122.3, 119.2, 118.0, 116.1, 115.8, 83.3, 38.4, 31.1, 28.4, 28.2, 26.0, 20.8, 20.4;
IR (CHCls, cm™) 1720, 1456, 1363, 1327; HRMS (FAB+) calcd for Cy;H,NO, [M]* 325.2042,
found 325.2044.

1-Deuterated butyl 1,2,3,4-tetrahydrocarbazole-9-carboxylate (244):

To a stirred solution of 215 (162 mg, 0.490 mmol) and BusSnD (266 mg, 0.735 mmol) in CH,Cl,
(1.5 mL) was added TMSOTT (21.8 mg, 0.0980 mmol) at -50 °C, and the mixture was stirred for 30
min at the same temperature. The reaction miOxture was quenched with a saturated solution of
NaHCO; and extracted with CH,CI,, and the organic layer was washed with brine and dried with
Na,SO,4. After removal of the solvent under reduced pressure, the residue was purified by silica gel
chromatography (hexane/AcOEt, 9:1) to give 244 (74.8 mg, 56%) as a colorless oil.; *H NMR (600
MHz, CDCl3) & 8.12 (d, J = 8.2 Hz, 1H), 7.37 (d, J = 6.9 Hz, 1H), 7.18-7.24 (m, 2H), 2.96 (br, 1H,
CHD), 2.63 (br, 2H), 1.86-1.90 (m, 2H), 1.81-1.86 (m, 2H), 1.65 (s, 9H).

MS (DART) ([MH]", rel intensity, %): 273 (100).

Isotope-labeling experiment using 244:

Using the typical procedure, indole 244 (49.5 mg, 0.182 mmol) was treated with Phl(OAc), (87.8
mg, 0.273 mmol) and BuyNI (13.4 mg, 0.0364 mmol) in CH,Cl,-AcOH (1:1, 2 mL). After work-up,
silica gel chromatography (hexane/AcOEt, 10:1) gave a mixture of 245 and 215 (34.0 mg, 57%,
245:212=85:15) as colorless crystals.

'H NMR (600 MHz, CDCl;) & 6.40 (s, 0.15H, CD(H)OAC).

MS (DART) ([IM-OAc]" and related peaks, rel intensity, %): 270 (20.1), 271 (100), 272 (17.3). [2:
MS (DART) ([M—OAc]") and related peaks, rel intensity, %): 269 (45.0), 270 (100), 271 (20.0)]

80



2-Alkynylcyclopentenone 260:

To a stirred solution of 2-iodo-2-cyclopentenone (15.9 g, 76.6 mmol), benzyl propargyl ether® (22.4
g, 153 mmol), bis(triphenylphosphine)palladium(l1) dichloride (2.69 g, 2.41 mmol) and copper (I)
iodide (1.46 g, 7.66 mmol) in THF (380 mL) was added diisopropylethylamine (23.3 g, 230 mmol)
at 0 °C and stirred for 30 min at the same temperature. The reaction mixture was quenched with a
3% solution of HCI and extracted with Et,O. The organic layer was washed with a saturated Na,S,03
and brine, and dried with Na,SO,4. After removal of the solvent under reduced pressure, the residue
was purified by silica gel chromatography (hexane/AcOEt, 4:1) to give 260 (17.1 g, 98%) as a
colorless oil.

'H NMR (600 MHz, CDCl3) & 7.80 (t, J = 3.1 Hz, 1H), 7.33-7.38 (m, 4H), 7.28—7.30 (m, 1H), 4.63
(s, 2H), 4.37 (s, 2H), 2.70-2.72 (m, 2H), 2.46-2.47 (m, 2H); *C NMR (150 MHz, CDCl3) & 205.6,
165.8, 137.2, 129.5, 128.3, 128.0, 127.8, 91.8, 77.1, 71.6, 57.7, 33.8, 27.2; IR (CHCl3, cm™) Vyax
2358, 1714; HRMS (FAB+) calcd for Cy5H150, [MH]* 227.1072, found 227.1067.

Diels-Alder adducts endo-258 and exo0-258:

Table 4, entry 3

To a solution of 260 (240 g, 10.6 mmol) in toluene (75 mL) was added
1-trimethylsilyloxy-3-methylbuta-1,3-diene (259) (4.14 g, 26.2 mmol). The mixture was heated for
40 h at 90 °C. The reaction mixture was concentrated under reduced pressure. The residue was
purified by silica gel chromatography (hexane/AcOEt, 10:1) to give endo-258 (2.82 g, 69%, the first
elute) and exo-258 (279 mg, 7%, the second elute) as a colorless oil, respectively.

Table 4, entry 4

To a solution of 260 (453 mg, 0.200 mmol) in toluene (0.4 mL) was added
1-trimethylsilyloxy-3-methylbuta-1,3-diene (259) (78.2 mg, 0.500 mmol). The mixture was heated
in the microwave at 190 °C for 20 min. The reaction mixture was concentrated under reduced
pressure. The residue was purified by silica gel chromatography (hexane/AcOEt, 10:1) to give
endo-258 (57.5 mg, 75%, the first elute) and exo-258 (8.3 mg, 11%, the second elute) as a colorless
oil, respectively.

Table 4, entry 5

The mixture of 260 (2.42 g, 10.69 mmol) and 1-trimethylsilyloxy-3-methylbuta-1,3-diene (259)
(2.51 g, 16.04 mmol) was heated for 24 h at 80 °C. The reaction mixture was concentrated under
reduced pressure. The residue was purified by silica gel chromatography (hexane/AcOEt, 10:1) to
give endo-258 (2.86 g, 70%) and exo0-258 (278 mg, 7%) as a colorless oil, respectively.

endo-258:

'H NMR (600 MHz, CDCls) 8 7.26-7.34 (m, 5H), 5.49 (s, 1H), 4.57 (s, 2H), 4.36 (s, 1H), 4.17 (s,
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2H), 2.47-2.52 (m, 2H), 2.31 (dd, J = 18.9, 8.9 Hz, 1H), 2.21 (dd, J = 18.6, 8.9 Hz, 1H), 2.07-2.14
(m, 1H), 2.02 (d, J = 17.5 Hz, 1H), 1.84 (dd, J = 7.6, 19.2 Hz, 1H), 1.78 (s, 3H), 0.10 (s, 9H); °C
NMR (150 MHz, CDCly) 6 213.8, 137.2, 134.3, 127.9, 127.8, 127.4, 120.2, 85.8, 78.8, 70.6, 68.9,
57.0, 50.3, 40.1, 38.1, 29.6, 25.5, 23.6, —0.3; IR (CHClIs, cm'l) Vmax 1745; HRMS (FAB+) calcd for
Ca3H3,05Si [MH]" 383.2042, found 383.2036.

ex0-258:

'H NMR (600 MHz, CDCl3) § 7.32-7.36 (m, 4H), 7.28 (t, J = 6.7 Hz, 1H), 5.38 (s, 1H), 4.59 (s, 2H),
4.30 (s, 1H), 4.20 (s, 2H), 2.66 (dt, J = 12.0, 7.2 Hz, 1H), 2.37-2.47 (m, 3H), 2.17-2.23 (m, 1H),
1.68-1.74 (m, 3H), 1.70 (s, 3H), 0.14 (s, 9H); *C NMR (150 MHz, CDCl5) & 211.3, 137.6, 134.5,
128.3, 128.2, 127.7, 122.7, 84.3, 80.6, 71.0, 64.9, 57.6, 54.3, 39.8, 34.4, 30.6, 25.4, 23.4, 0.2; IR
(CHCl3, cm™) Vinax 1747; HRMS (FAB+) calcd for Cy3H3103Si [MH]" 383.2042, found 383.2036.

Diol 264:

To a solution of endo-258 (5.00 g, 13.1 mmol) in i-PrOH (130 mL) was added Pearlman's catalyst
(20%, 500 mg) at room temperature and vigorously stirred for 5 h under a hydrogen atmosphere
(balloon). The reaction mixture was filtered through Celite™ and concentrated under reduced
pressure. The residue was dissolved in MeOH (50 mL) and added citric acid (7.00 g, 33.3 mmol),
and the mixture was stirred for 15 h at room temperature. The reaction mixture was neutralized with
a saturated solution of NaHCO; and extracted with CH,Cl,. The organic layer was washed with
brine, and dried with Na,SO,. After removal of the solvent under reduced pressure, the residue was
purified by silica gel chromatography (hexane/AcOEt, 1:1) to give 264 (2.58 g, 88%) as a colorless
oil.; "H NMR (600 MHz, CDCls) & 5.28 (s, 1H), 3.87 (br, 1H), 3.63-3.70 (m, 2H), 3.18 (br, 1H), 2.79
(br, 1H), 2.24-2.31 (m, 3H), 2.12-2.19 (m, 1H), 1.93 (dd, J = 17.0, 9.3 Hz, 1H), 1.72—1.80 (m, 4H),
1.67 (s, 3H), 1.51-1.58 (m, 2H); *C NMR (150 MHz, CDCl3) & 226.5, 132.8, 123.8, 69.1, 62.9,
54.0, 41.4, 36.7, 36.6, 27.13, 27.08, 26.3, 23.5; IR (CHCls, cm™) Vyax 3429, 1716; HRMS (FAB+)
calcd for C13H,,05 [MH]" 225.1491, found 225.1489..

Triol 266:

To a stirred suspension of 264 (2.00 g, 8.91 mmol) and activated MS4A (4.00 g) in toluene-CH,Cl,
(5:1, 90 mL) was added tert-butyl hydroperoxide (5.5 M in decane, 4.9 mL, 26.7 mmol) and vanadyl
acetylacetonate (118 mg, 0.446 mmol) at 0 °C, and the mixture was stirred for 2 h at the same
temperature. The reaction mixture was quenched with a 10% solution of Na,S,0s3, filtered through
Celite™, and extracted with CH,Cl,. The organic layer was washed with brine, and dried with
Na,SO, Removal of the solvent under reduced pressure gave crude epoxide 265 The crude 265 was
dissolved in DMF (9 mL), and thiophenol (1.96 g, 17.8 mmol) and cesium carbonate (5.80 g, 17.8

mmol) were added to this soluition at 0 °C. After the mixture was stirred for 4 h at the same
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temperature, it was diluted with water and extracted with AcOEt. The organic layer was washed with
brine and dried with Na,SO,. After removal of solvent under reduced pressure, the residue was
purified by silica gel chromatography (hexane/AcOEt, 1:5) to give 266 (2.37 g, 76%) as a colorless
oil.; 'H NMR (600 MHz, CDCl3) & 7.47 (d, J = 7.9 Hz, 2H), 7.30 (t, J = 6.5 Hz, 2H), 7.23 (t, J = 6.5
Hz, 1H), 4.36 (d, J = 10.7 Hz, 1H), 3.81 (t-like, J = 8.9 Hz, 1H), 3.69-3.70 (m, 1H), 3.62—-3.66 (m,
1H), 2.81 (br, 1H), 2.77 (d, J = 12.0 Hz, 1H), 2.34 (dd, J = 19.2, 8.9 Hz, 1H), 2.21-2.29 (m, 3H),
1.94-2.10 (m, 3H), 1.88 (br, 1H), 1.61-1.65 (m, 3H), 1.49-1.52 (m, 1H), 1.23 (s, 3H); **C NMR
(150 MHz, CDCl3) 6 223.9, 136.6, 130.5, 129.3, 127.0, 71.6, 69.1, 63.6, 62.4, 57.1, 45.7, 45.0, 33.8,
26.72, 26.66, 23.1, 21.7; IR (CHCls, cm™) Vpax 3485, 1718; HRMS (FAB+) calcd for CigH,70,S
[MH]" 351.1630, found 351.1637.

Triol 256:

To stirred solution of 266 (4.09 g, 11.1 mmol) in EtOH (55 mL) was added an excess of Raney Ni
(W-2) at room temperature, and the mixture was refluxed for 3 h under a hydrogen atmosphere. The
reaction mixture was filtered through Celite™ and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (AcOEt) to give 256 (2.21 g, 78%) as a colorless
amorphous.; '"H NMR (600 MHz, CDCl5) & 4.03 (d, J = 9.5 Hz, 1H), 3.84 (td, J = 8.4, 3.8 Hz, 1H),
3.64 (t, J = 6.0 Hz, 2H), 2.38 (ddd, J = 19.6, 8.9, 6.0 Hz, 1H), 2.23-2.29 (m, 2H), 2.06—2.12 (m, 2H),
1.99 (ddt, J = 12.9, 8.9, 6.2 Hz, 1H), 1.87 (ddd, J = 13.4, 3.8, 1.4 Hz, 1H), 1.75 (ddd, J = 14.1, 6.2,
1.2, 1H), 1.69 (dd, J = 13.4, 8.1, 1H), 1.48-1.66 (m, 6H), 1.24 (s, 3H); *C NMR (150 MHz, CDCl5)
0 224.4,72.2,70.6, 62.8, 54.6, 43.0, 40.1, 37.1, 36.7, 28.7, 27.6, 27.3, 24.9; IR (CHCl;, Cm'l) Viax
3458, 1720; HRMS (FAB+) calcd for C13H,30, [MH]" 243.1596, found 243.1598.

Diol 267:

To a stirred solution of 256 (240 mg, 0.991 mmol) and triethylamine (151 mg, 1.49 mmol) in CH,Cl,
(10 mL) was added TBDPSCI (300 mg, 1.09 mmol) and DMAP (6.1 mg, 0.0496 mmol) at room
temperature, and the mixture was stirred for 2 h at the same temperature. The reaction mixture was
guenched with a saturated solution of NaHCO3 and extracted with Et,O. The organic layer was
washed with brine, and dried with Na,SO,4. After removal of the solvent under reduced pressure, the
residue was purified by silica gel chromatography (hexane/AcOEt, 2:1) to give 267 (442 mg, 93%)
as a colorless oil.; "H NMR (600 MHz, CDCls) & 7.63—7.64 (m, 4H), 7.42 (t-like, J = 7.6 Hz, 2H),
7.38 (t-like, J = 7.6 Hz, 4H), 4.09 (d, J = 9.3 Hz, 1H), 3.78 (td, J = 8.6, 3.8 Hz, 1H), 3.63-3.67 (m,
2H), 2.39 (br, 1H), 2.34 (ddd, J = 19.6, 8.9, 6.2 Hz, 1H), 2.18-2.23 (m, 2H), 2.04 (ddt, J = 12.7, 9.3,
6.5 Hz, 1H), 1.93 (ddt, J = 13.1, 8.9, 6.5 Hz, 1H), 1.82 (dd, J = 13.4, 2.7 Hz, 1H), 1.78 (br, 1H),
1.60—1.72 (m, 3H), 1.44—1.53 (m, 3H), 1.20 (s, 3H), 1.05 (s, 9H); *C NMR (150 MHz, CDCl5) &
224.4, 135.5, 133.75, 133.73, 129.6, 127.6, 72.2, 70.4, 63.7, 54.5, 43.1, 40.2, 37.0, 36.7, 28.6, 27.6,
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27.2, 26.8, 24.8, 19.1; IR (CHCls, cm™) Vpmax 1730; HRMS (FAB+) calcd for CagHai0,Si [MH]®
481.2774, found 481.2771.

Diacetate 255:

To a stirred solution of 267 (1.38 g 2.88 mmol) in Et,O (10 mL) was added acetic anhydride (1.47 g,
14.4 mmol) and bismuth(lI1) trifluoromethanesulfonate (94.5 mg, 0.144 mmol) at 0 °C, and the
mixture was stirred for 2 h at the same temperature. The reaction mixture was quenched with a
saturated NaHCO; solution and extracted with Et,O. The organic layer was washed with brine, and
dried with Na,SO,. After removal of the solvent under reduced pressure, the residue was purified by
silica gel chromatography (hexane/AcOEt, 5:1) to give 255 (1.44 g, 89%) as a colorless oil.; *H
NMR (600 MHz, CDCly) 6 7.63 (dd, J = 6.5, 1.4 Hz, 4H), 7.43 (t-like, J = 7.6 Hz, 2H), 7.38 (t-like,
J=7.6 Hz, 4H), 4.94 (t, J = 4.1 Hz, 1H), 3.64 (dt, J = 10.0, 5.8 Hz, 1H), 3.59 (dt, J = 10.0, 6.5 Hz,
1H), 2.66 (dd, J = 15.5, 4.1 Hz, 1H), 2.29-2.33 (m, 1H), 2.18-2.25 (m, 3H), 2.10 (dd, J = 18.2, 8.9
Hz, 1H), 1.96 (s, 3H), 1.94 (s, 3H), 1.76 (dd, J = 16.2, 6.5, 1H), 1.58—1.64 (m, 2H), 1.50 (s, 3H),
1.42-1.48 (m, 2H), 1.30-1.36 (m, 1H), 1.04 (s, 9H); *C NMR (150 MHz, CDCl3) & 219.6, 170.1,
169.2, 135.51, 135.49, 133.71, 133.67, 129.6, 127.6, 79.0, 73.2, 63.6, 52.3, 38.4, 36.7, 35.5, 34.8,
28.9, 27.4, 26.8, 26.1, 24.7, 22.8, 21.1, 19.1; IR (CHCls, cm™) Vinax 1739; HRMS (FAB+) calcd for
Ca3H4506Si [MH]" 565.2985, found 565.2988.

Diol 272:

To a stirred solution of allyl bromide (1.06 g, 8.78 mmol) in THF (10 mL) were added aluminium
powder (237 mg, 8.78 mmol) and indium powder (48.2 mg, 0.420 mmol) at room temperature and
stirred for 1 h. The reaction mixture was added to a solution of 255 (1.24 g, 2.20 mmol) in THF (10
mL) at —30 °C and stirred for 3 h. The reaction mixture was quenched with a saturated NH,CI
solution and extracted with Et,0. The organic layer was washed with brine, and dried with Na,SO.,.
Removal of solvent under reduced pressure gave crude alcohol 268. After the crude 268 was
dissolved in THF (21 mL), 9-borabicyclo[3.3.1]nonane (0.5 M in THF, 12.6 mL, 6.30 mmol) was
added at 50 °C, and the mixture was stirred for 6 h at the same temperature. After water and
NaBO;-3H,0 were added, the mixture was further stirred for 1 h at 50 °C. The reaction mixture was
guenched with a saturated NH4CI solution and extracted with AcOEt. The organic layer was washed
with brine, and dried with Na,SO,. After removal of the solvent under reduced pressure, the residue
was purified by silica gel chromatography (hexane/AcOEt, 1:2) to give 272 (1.12 g, 82%, single
isomer) as a colorless amorphous.; *H NMR (600 MHz, CDCls) & 7.63—7.66 (m, 4H), 7.41—7.43 (m,
2H), 7.36—7.39 (m, 4H), 5.22 (dd, J = 11.7, 5.8 Hz, 1H), 3.68-3.71 (m, 2H), 3.58-3.65 (m, 2H),
2.37 (t, J = 11.7 Hz, 1H), 2.27 (dd, J = 11.7, 5.8 Hz, 1H), 2.18 (t, J = 14.4 Hz, 1H), 2.03 (s, 3H),
1.98-2.00 (m, 2H), 1.95 (s, 3H), 1.81-1.88 (m, 6H), 1.58—1.66 (m, 5H), 1.53 (s, 3H), 1.42-1.49 (m,
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1H), 1.34 (td, J = 13.7, 1.8 Hz, 1H), 1.13 (td, J = 13.4, 3.8 Hz, 1H), 1.04 (s, 9H); **C NMR (150
MHz, CDCly) § 170.3, 169.7, 135.5, 133.9, 133.8, 129.6, 127.61, 127.59, 88.3, 81.7, 72.6, 64.2, 63.5,
52.0, 39.9, 39.7, 39.6, 37.4, 35.9, 29.3, 27.6, 27.5, 27.1, 26.8, 23.0, 22.5, 21.1, 19.2; IR (CHCl,,
cm™) Vmex 2360, 1734, 1718; HRMS (FAB+) calcd for CyHssO-Si [MH]* 625.3561, found
625.3575.

Sulfonylamide 274:

To a stirred solution of 272 (480 mg, 0.768 mmol) in toluene (8 mL) was added Amberlyst® 15 (48
mg) at 50 °C, and the suspension was stirred for 9 h at the same temperature. The reaction mixture
was filtered through Celite™ and concentrated under reduced pressure to give crude alcohol 273.
After the crude 273 was dissolved in toluene (8 mL), triphenylphosphine (302 mg, 1.15 mmol),
2-nitrobenzenesulfonamide (233 mg, 1.15 mmol) and di-2-methoxyethyl azodicarboxylate (269 mg,
1.15 mmol) were added to this solution at room temperature, and the mixture was stirred for 1 h at
the same temperature. The reaction mixture was diluted with water and extracted with toluene. The
organic layer was washed with brine, and dried with Na,SO,4. After removal of the solvent under
reduced pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 2:1) to give
274 (454 mg, 75%) as a colorless amorphous.; *H NMR (600 MHz, CDCl3) & 8.11 (dd, J = 5.8, 3.1
Hz, 1H), 7.83 (dd, J = 5.8, 3.8 Hz, 1H), 7.69—7.71 (m, 2H), 7.63 (d, J = 6.5 Hz, 4H), 7.42 (1, J= 7.6
Hz, 2H), 7.37 (t, J = 7.6 Hz, 4H), 5.39 (s, 1H), 5.33 (t, J = 6.2 Hz, 1H), 4.80 (dd, J = 7.2, 2.4 Hz, 1H),
3.57-3.63 (m, 2H), 3.08 (d, J = 6.9 Hz, 1H), 3.06 (d, J = 6.9 Hz, 1H), 2.34-2.39 (m, 1H), 2.26-2.29
(m, 1H), 2.01-2.05 (m, 2H), 1.96 (s, 3H), 1.93 (s, 3H), 1.82—1.91 (m, 5H), 1.70—1.75 (m, 2H), 1.52
(s, 3H), 1.34-1.41 (m, 3H), 1.25-1.29 (m, 1H), 1.02 (s, 9H); *C NMR (150 MHz, CDCl5) & 170.11,
170.10, 148.1, 135.53, 135.52, 133.8, 133.7, 133.5, 132.7, 131.1, 129.6, 127.6, 125.4, 125.1, 80.8,
73.4, 63.9, 55.0, 43.9, 38.9, 38.6, 37.4, 36.9, 31.5, 28.1, 27.3, 26.8, 25.4, 24.9, 22.6, 21.3, 19.2; IR
(CHCl3, cm™) vpax 1733, 1716, 1542, 1373; HRMS (FAB+) calcd for CyHssN,0gSSi [MH]*
791.3398, found 791.3414.

Azocine 253:

To a stirred solution of 274 (350 mg, 0.443 mmol) in THF (5 mL) was added
tetra-n-butylammonium fluoride (1 M in THF, 0.89 mL, 0.886 mmol) at 0 °C, and the mixture was
stirred for 3 h at the same temperature. The reaction mixture was quenched with a saturated NH,CI
solution and extracted with Et,0. The organic layer was washed with brine, and dried with Na,SO.,.
After the solvent was removed under reduced pressure, crude alcohol 254 was obtained. To a
solution of the crude 254 in toluene (44 mL) were added triphenylphosphine (139 mg, 0.532 mmol)

and di-2-methoxyethyl azodicarboxylate (125 mg, 0.532 mmol) at room temperature, and the
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mixture was stirred for 2 h at the same temperature. The reaction mixture was diluted with water and
extracted with toluene. The organic layer was washed with brine, and dried with Na,SO,. After
removal of the solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 1:1) to give 253 (183 mg, 78%) as a colorless amorphous.; *H NMR (600 MHz,
CDCl3) 8 7.88 (dd, J=7.9, 1.4 Hz, 1H), 7.70 (td, J = 7.2, 1.4 Hz, 1H), 7.67 (td, J = 7.6, .1.4 Hz, 1H),
7.56 (dd, J = 7.6, 1.4 Hz, 1H), 5.64 (s, 1H), 4.81 (dd, J = 4.5, 2.4 Hz, 1H), 3.39 (td, J = 12.4, 3.1 Hz,
1H), 3.22-3.25 (m, 1H), 3.07 (ddd, J = 14.8, 11.7, 4.8 Hz, 1H), 2.86 (dt, J = 13.1, 3.4 Hz, 1H), 2.53
(dd, J = 16.8, 8.2 Hz, 1H), 2.36 (dd, J = 15.5, 6.9 Hz, 1H), 2.11-2.27 (m, 4H), 2.02-2.05 (m, 1H),
2.00 (s, 3H), 1.96-1.98 (m, 2H), 1.93 (s, 3H), 1.82 (dd, J = 15.5, 2.4 Hz, 1H), 1.75-1.77 (m, 2H),
1.61-1.69 (m, 2H), 1.56 (s, 3H), 1.43—1.45 (m, 1H); *C NMR (150 MHz, CDCls) § 170.12, 170.08,
148.7, 142.9, 133.4, 131.1, 130.9, 130.6, 127.6, 123.7, 81.1, 74.3, 57.0, 50.8, 45.2, 39.0, 38.7, 38.2,
37.4,30.7, 28.2, 26.2, 22.5, 22.3, 21.3, 20.7; IR (CHCl3, cm™) vinax 1726, 1549, 1373, 1263; HRMS
(FAB+) calcd for CpsH35N,08S [MH]* 535.2114, found 535.2119.

Epoxides 275 and 276:

To a stirred solution of 252 (369 mg, 0.690 mmol) in CH,Cl, (7 mL) was added
m-chloroperoxybenzoic acid (75 %, 318 mg, 1.38 mmol) at room temperature, and the mixture was
stirred for 12 h at the same temperature. The reaction mixture was quenched with a 10% solution of
Na,S,03; and saturated solution of NaHCO3, and extracted with CH,Cl,. The organic layer was
washed with brine, and dried with Na,SO,4. After removal of the solvent under reduced pressure, the
residue was purified by silica gel chromatography (hexane/AcOEt, 1:2) to give 276 (197 mg, 52%,
the second elute) and 275 (161 mg, 42%, the first elute) as a colorless amorphous, respectively.

276:

'H NMR (600 MHz, CDCl3) & 7.91 (dd, J = 7.90, 1.4 Hz, 1H), 7.67-7.73 (m, 2H), 7.58 (dd, J = 7.9,
1.4 Hz, 1H), 4.98 (dd, J = 8.2, 2.7 Hz, 1H), 3.57 (s, 1H), 3.31 (br-d, J = 11.0 Hz, 2H), 3.13 (br, 1H),
3.05 (br-d, J = 12.7 Hz, 1H), 2.54 (t, J = 13.4 Hz, 1H), 2.28 (dd, J = 13.7, 5.5 Hz, 1H), 2.18 (dd, J =
14.4, 8.9 Hz, 1H), 2.14 (dd, J = 13.4, 5.8 Hz, 1H), 2.11 (s, 3H), 2.01-2.09 (m, 2H), 1.93 (s, 3H),
1.89 (br, 1H), 1.85 (dd, J = 13.7, 3.1 Hz, 1H), 1.79 (dd, J = 16.2, 3.8 Hz, 1H), 1.69—1.73 (m, 4H),
1.59-1.65 (m, 1H), 1.50—1.55 (m, 1H), 1.50 (s, 3H); *C NMR (150 MHz, CDCl3) & 170.3, 170.1,
148.7, 133.7, 131.3, 130.9, 130.6, 123.9, 81.1, 75.0, 69.9, 61.9, 50.9, 49.5, 46.8, 44.0, 39.3, 38.0,
34.6, 34.0, 25.6, 25.2, 23.6, 22.4, 21.3, 20.8; IR (CHCl3, cm™) Vinax 2360, 1724, 1590, 1373; HRMS
(FAB+) calcd for CpgH3sN,0S [MH]" 551.2063, found 551.2059.

275:

'H NMR (600 MHz, CDCl3) 8 7.90 (dd, J = 7.6, 1.4 Hz, 1H), 7.66—7.72 (m, 2H), 7.56 (dd, J = 7.9,
1.4 Hz, 1H), 5.04 (s, 1H), 3.55 (br-t, J = 11.3 Hz, 1H), 3.35 (br-d, J = 12.7 Hz, 1H), 3.26 (br-t, J =
11.3 Hz, 1H), 3.18 (s, 1H), 2.97 (br-d, J = 12.7 Hz, 1H), 2.90 (dt, J = 16.2, 2.7 Hz, 1H), 2.32 (d, J =
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15.8 Hz, 1H), 2.26 (t, J = 11.7 Hz, 1H), 2.14-2.18 (m, 2H), 2.04 (br, 1H), 1.98 (s, 3H), 1.96 (s, 3H),
1.80-1.88 (m, 2H), 1.74-1.76 (m, 2H), 1.54-1.63 (m, 3H), 1.46-1.49 (m, 2H), 1.45 (s, 3H); °C
NMR (150 MHz, CDCls) & 170.0, 169.2, 148.9, 133.5, 131.1, 130.8, 130.6, 123.8, 78.9, 74.0, 66.9,
61.9, 51.1, 46.6, 45.6, 33.0, 32.6, 31.0, 27.2, 26.0, 25.1, 23.0, 21.2, 20.7, 18.7; IR (CHCl3, cm™®) Vpmax
1735, 1728, 1548, 1373; HRMS (FAB+) calcd for CpsH3sN,0sS [MH]" 551.2063, found 551.2052.

Tetracyclic system 277:

To a stirred solution of 276 (95.0 mg, 0.173 mmol) and thiophenol (38.1 mg, 0.346 mmol) in MeCN
(2 mL) was added potassium carbonate (47.8 mg, 0.346 mmol) at room temperature, and the mixture
was stirred for 5 h at the same temperature. The reaction mixture was diluted with water and
extracted with CHCIs. The organic layer was washed with brine, and dried with Na,SO,4. After
removal of the solvent under reduced pressure, the residue was purified by silica gel chromatography
(CHCIly/MeOH, 1:2) to give 277 (59.6 mg, 95%) as a colorless amorphous.; *H NMR (600 MHz,
CDCly) 6 4.75 (s, 1H), 3.67 (br, 1H), 3.06 (br, 1H), 2.87 (d, J = 16.5 Hz, 1H), 2.67 (br, 2H), 2.52 (br,
2H), 2.35 (dd, J = 21.0, 15.1 Hz, 2H), 2.09 (s, 3H), 2.09-2.14 (m, 2H), 1.98 (s, 3H), 1.92 (t, J = 9.6
Hz, 1H), 1.75 (d, J = 13.4 Hz, 1H), 1.62—1.65 (m, 5H), 1.50—1.56 (m, 2H), 1.25 (s, 3H), 1.17 (td, J =
13.4, 4.1 Hz, 1H); *C NMR (150 MHz, CDCl3) & 170.1, 168.9, 79.35, 79.25, 78.2, 76.3, 52.3, 50.6,
455, 39.7, 35.2, 33.7, 32.9, 28.3, 27.5, 23.1, 21.7, 21.4, 20.9, 20.8; IR (CHCl3, cm™) Vyax 1728,
1371; HRMS (FAB+) calcd for C»H3,NOs [MH]* 366.2280, found 366.2277.

Serratine (60):

To a stirred solution of 277 (75.9 mg, 0.208 mmol) in DMSO (2.1 mL) was added IBX (116 mg,
0.416 mmol) at room temperature, and the mixture was stirred for 1 h at the same temperature. The
reaction mixture was quenched with a saturated solution of NaHCOzand extracted with Et,O. The
organic layer was washed with brine, and dried with Na,SO,. Removal of the solvent under reduced
pressure gave crude diacethylserratine (278). To a solution of the crude 278 in MeOH-H,0 (10:1, 2.1
mL) was added KOH (11.7 mg, 1.04 mmol) at room temperature, and the mixture was stirred for 2 h
at the same temperature. The reaction mixture was quenched with a saturated solution of NH4CI and
extracted with CHCI;. The organic layer was dried with Na,SO,4. After removal of the solvent under
reduced pressure, the residue was purified by silica gel chromatography (CHCIs/MeOH, 10:1) to
give serratine (60) (45.6 mg, 79%) as a colorless amorphous.; '"H NMR (600 MHz, CDCl5) & 4.46
(br-d, J = 6.2 Hz, 1H), 3.63 (br, 1H), 3.02 (dd, J = 16.8, 10.3 Hz, 1H), 2.96 (dd, J = 21.1, 9.5 Hz,
1H), 2.87 (br, 1H), 2.79 (dd, J = 19.2, 10.3 Hz, 1H), 2.72 (d, J = 10.7 Hz, 1H), 2.60-2.95 (m, 2H),
2.25 (t, J = 11.5 Hz, 1H), 2.07-2.11 (m, 1H), 1.84-1.95 (m, 5H), 1.74-1.77 (m, 3H), 1.61 (d, J =
13.6 Hz, 1H), 1.56 (d, J = 13.6 Hz, 1H), 1.25 (s, 3H), 1.08 (td, J = 13.7, 4.0 Hz, 1H); *C NMR (150
MHz, CDCl3) 6 214.9, 76.8, 75.1, 72.0, 52.5, 50.2, 45.1, 39.3, 37.9, 35.2, 32.5, 30.9, 25.1, 21.4, 21.0,
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20.8; IR Vmax (CHClg, cm'l) 2929, 1735; HRMS (FAB+) calcd for CigH,sNO; [MH]* 280.1913,
found 280.1912.

Allyl alcohol 279:

To a stirred solution of 275 (60.0 mg, 0.109 mmol) in THF-H,O (10:1, 1 mL) was added
p-toluenesulfonic acid monohydrate (4.1 mg, 0.0218 mmol), and the mixture was refluxed for 15 h.
The reaction mixture was quenched with saturated solution of NaHCO; and extracted with Et,O. The
organic layer was washed with brine, and dried with Na,SO,4. After removal of the solvent under
reduced pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 1:5) to give
279 (37.0 mg, 62%) as a colorless amorphous.; *H NMR (600 MHz, CDCls) 6 7.96 (dd, J = 7.6, 1.5
Hz, 1H), 7.65-7.71 (m, 2H), 7.62 (dd, J = 7.6, 1.5 Hz, 1H), 5.71 (dd, J = 12.2, 5.5 Hz, 1H), 5.32 (s,
1H), 4.40 (d, J = 4.8 Hz, 1H), 3.66 (dd, J = 15.3, 7.2 Hz, 1H), 3.43 (br, 1H), 3.30 (br, 1H), 2.91-2.94
(m, 2H), 2.67-2.74 (m, 1H), 2.51 (dt, J = 13.6, 5.8 Hz, 1H), 2.41 (td, J = 13.1, 5.0 Hz, 1H),
2.16-2.21 (m, 3H), 1.99 (br, 1H), 1.97 (s, 3H), 1.89 (s, 3H), 1.85-1.95 (m, 3H), 1.68 (dd, J = 12.9,
6.5 Hz, 1H), 1.64 (dd, J = 15.3, 6.43 Hz, 1H), 1.56 (dd, J = 16.0, 3.3 Hz, 1H), 1.48 (s, 3H); °C
NMR (150 MHz, CDCls) § 170.2, 169.3, 151.6, 148.0, 133.5, 132.3, 131.5, 131.2, 125.8, 124.1, 78.1,
75.5,74.1, 51.0, 48.8, 48.6, 38.3, 37.6, 34.3, 33.1, 28.6, 27.2, 25.3, 23.0, 21.3; IR (CHCl3, cm™) Vinax
1727, 1687, 1546, 1373, 1265; HRMS (FAB+) calcd for CysHssN,0gS [MH]™ 551.2063, found
551.2055.

Allyl alcohol 283:

To a stirred solution of 279 (37.0 mg, 0.0672 mmol) in MeCN (0.6 mL) were added thiophenol (14.8
mg, 0.134 mmol) and potassium carbonate (74.4 mg, 0.538 mmol) at room temperature, and the
mixture was stirred for 6 h at the same temperature. Successively, a saturated solution of NaHCO;
and di-tert-butyl dicarbonate (44.0 mg, 0.202 mmol) were added, and the resultant mixture was
stirred for 10 h at room temperature. The reaction mixture was diluted with water and extracted with
Et,O. The organic layer was washed with brine, and dried with Na,SO,. After removal of the solvent
under reduced pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 1:2)
to give 283 (26.0 mg, 83%) as a colorless amorphous.; *H NMR (600 MHz, CDCl;) § 5.66-5.69 (m,
1H), 5.30 (br, 0.4H), 5.27 (br, 0.6H), 4.33 (t, J = 5.3 Hz, 1H), 3.48-3.66 (m, 3H), 2.85-3.01 (m, 2H),
2.54-2.60 (m, 1H), 2.46-2.51 (m, 1H), 2.38-2.43 (m, 1H), 2.16-2.21 (m, 1H), 2.08-2.11 (m, 1H),
1.96 (s, 3H), 1.89 and 1.88 (both s, total 3H), 1.85—1.93 (m, 2H), 1.68—1.74 (m, 1H), 1.54—1.66 (m,
5H), 1.48 and 1.47 (both s, total 3H), 1.47 and 1.44 (both s, 9H); **C NMR (150 MHz, CDCl3) &
170.18, 170.16, 169.32, 169.26, 155.9, 155.4, 126.7, 126.5, 79.6, 79.4, 78.3, 78.2, 75.8, 75.7, 74.4,
74.2, 48.5, 48.4, 46.5, 45.8, 38.1, 37.9, 37.8, 37.3, 34.4, 34.2, 33.1, 33.0, 29.4, 29.1, 28.52, 28.47,
27.21, 27.17, 23.7, 23.6, 23.0, 22.4, 21.3; IR (CHCl3, cm™) vpax 1728, 1675; HRMS (FAB+) calcd
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for CasH4oNO; [MH]" 466.2805, found 466.2808.

(E)-Enone 284:

To a stirred solution of 283 (5.7 mg, 0.0122 mmol) in CH,Cl, (1 mL) was added activated
manganese dioxide (57 mg) at room temperature, and the mixture was stirred for 30 min at the same
temperature. The reaction mixture was filtered through Celite™ and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (hexane/AcOEt, 1:2) to give 284
(5.1 mg, 91%) as a colorless amorphous.; *H NMR (600 MHz, CDCl5)  6.75 (dd, J = 12.2, 6.9 Hz,
0.4H), 6.71 (dd, J = 12.4, 6.9 Hz, 0.6H), 5.37-5.39 (m, 1H), 4.00 (br, J = 10.8 Hz, 0.4H), 3.58 (br-d,
J = 11.7 Hz, 0.6H), 3.24-3.36 (m, 1.6H), 3.00-3.12 (m, 3.4H), 2.63-2.73 (m, 1H), 2.24-2.38 (m,
4H), 1.98-2.04 (m, 2H), 1.961 and 1.957 (both s, total 3H), 1.84—1.88 (m, 1H), 1.82 (s, 3H),
1.68-1.71 (m, 2H), 1.53 and 1.52 (both s, 3H), 1.46-1.49 (m, 1H), 1.45 and 1.43 (both s, 9H); ©°C
NMR (150 MHz, CDCl3) 6 205.42, 205.37, 170.1, 170.0, 169.4, 169.2, 155.5, 155.1, 141.6, 141.3,
137.6, 136.5, 79.8, 79.6, 78.40, 78.37, 74.6, 74.5, 47.3, 46.6, 45.4, 44.7, 41.5, 41.3, 33.5, 33.4, 33.3,
32.7, 32,5, 29.53, 29.51, 28.5, 28.4, 27.2, 22.94, 22.91, 22.1, 20.88, 20.85; IR (CHCl3, cm™) Vpax
1731, 1718, 1681; HRMS (FAB+) calcd for CysH3sNO; [MH]" 464.2648, found 464.2650.

Lycoposerramine T (62):

To a stirred solution of 268 (5.2 mg, 0.0112 mmol) in CH,CI, (0.5 mL) was added trifluoroacetic
acid (0.5 mL) at 0 °C, and the mixture was stirred for 1 h at the same temperature. The reaction
mixture was neutralized with a saturated solution of NaHCO; and extracted with CH,Cl,. The
organic layer was dried with Na,SO,4. After removal of solvent under reduced pressure, the residue
was purified by silica gel chromatography (CHCIls/MeOH, 1:2) to give lycoposerramine T (62) (3.2
mg, 79%) as a colorless oil.; *H NMR (600 MHz, CDCl,) 6 6.74 (dd, J = 12.2, 6.9 Hz, 1H), 5.42 (t, J
= 2.9 Hz, 1H), 3.07-3.14 (m, 1H), 3.01-3.05 (m, 2H), 2.91 (ddd, J = 13.9, 10.0, 3.1 Hz, 1H), 2.81
(td, J =11.7. 2.2 Hz, 1H), 2.71 (qd, J = 13.2, 2.7 Hz, 1H), 2.66 (dt, J = 14.3, 5.0 Hz, 1H), 2.27-2.38
(m, 5H), 1.96 (s, 3H), 1.85-1.90 (m, 1H), 1.83 (s, 3H), 1.69—1.73 (m, 3H), 1.53 (s, 3H), 1.35-1.40
(m, 1H); *C NMR (150 MHz, CDCl5) & 205.8, 170.1, 169.4, 141.4, 138.4, 78.5, 74.6, 47.3, 47.1,
46.7, 41.3, 33.6, 33.4, 32.6, 31.1, 29.8, 27.3, 26.5, 22.9, 20.9; IR (CHCls, cm™) Ve 1732, 1720,
1259; HRMS (DART+) calcd for C,oH3oNOs [MH]™ 364.2124, found 364.2120.

Lycopoclavamine B (61):

To a stirred solution of 283 (19.1 mg, 0.0410 mmol) in MeOH-H,0 (10:1, 0.4 mL) was added KOH
(11.5 mg, 0.205 mmol) at room temperature, and the mixture was stirred for 12 h at the same
temperature. The reaction mixture was neutralized with a saturated solution of NH,CI and extracted

with CH,Cl,. The organic layer was dried with Na,SO,. Removal of the solvent under reduced
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pressure gave crude triol 285. To a solution of the crude 285 in DMSO (0.4 mL) was added IBX
(57.4 mg, 0.205 mmol) at room temperature, and the mixture was stirred for 3 h at the room
temperature. The reaction mixture was quenched with saturated solution of NaHCO3z and extracted
with Et,0. The organic layer was washed with brine, and dried with Na,SO,4. The solvent was
removed under reduced pressure to give crude diketone 286. After the crude 286 was dissolved in
CH,CI; (1 mL), trifluoroacetic acid (1 mL) was added at 0 °C, and the mixture was stirred for 1 h at
the same temperature. The reaction mixture was neutralized with a saturated solution of NaHCO;
and extracted with CHCI3-MeOH (5:1). The organic layer was dried with Na,SO,. After removal of
solvent under reduced pressure, the residue was purified by amino silica gel (Fuji Silysia Chemical
Ltd, CHROMATOREX® NH-DM1020) chromatography (CHCIy/MeOH, 10:1) to give
lycopoclavamine B (61) (7.4 mg, 65%) as a colorless amorphous.; *H NMR (600 MHz, CDCls) &
6.94 (dd, J = 7.4, 2.1 Hz, 1H), 3.74 (td, J = 13.9, 4.1 Hz, 1H), 3.52 (ddd, J = 16.3, 12.4, 4.8 Hz, 1H),
2.97 (dd, J = 15.8, 6.7 Hz, 1H), 2.75-2.82 (m, 1H), 2.71 (dd, J = 14.1, 5.3 Hz, 1H), 2.61 (dd, J =
17.7, 6.2 Hz, 1H), 2.52 (d, J= 13.1 Hz, 1H), 2.31-2.34 (m, 1H), 2.27 (td, J = 12.9, 4.3 Hz, 1H), 2.14
(dt, J=12.0, 5.7 Hz, 1H), 1.94 (d, J = 17.7 Hz, 1H), 1.78 (ddd, J = 13.6, 5.2, 2.4 Hz, 1H), 1.53—1.70
(m, 6H), 1.50 (s, 3H), 1.11 (t, J = 13.2 Hz, 1H); **C NMR (150 MHz, CDCl5) 5 205.6, 140.6, 136.6,
85.4, 71.4, 53.2, 46.8, 46.7, 46.0, 45.6, 42.7, 36.1, 29.8, 29.6, 29.1, 22.7; IR (CHCl3, cm™) Vynax 1718,
1645; HRMS (FAB+) calcd for C16H24NO; [MH]* 278.1756, found 278.1753.

Allyl alcohol 287:

To a stirred solution of 280 (101.2 mg, 0.184 mmol) in MeCN (1.8 mL) were added thiophenol (40.6
mg, 0.368 mmol) and potassium carbonate (76.1 mg, 0.551 mmol) at room temperature, and the
mixture was stirred for 6 h at the same temperature. Successively, a saturated solution of NaHCO;
and di-tert-butyl dicarbonate (120 mg, 0.551 mmol) were added, and the mixture was stirred for 10 h
at room temperature. The reaction mixture was diluted with water and extracted with Et,O. The
organic layer was washed with brine, and dried with Na,SO,4. After removal of the solvent under
reduced pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 1:2) to give
287 (63.1 mg, 74%) as a colorless amorphous.; *H NMR (600 MHz, CDCl3) & 5.39 (d, J = 10.7 Hz,
0.45H), 5.31 (d, J = 10.7 Hz, 0.55H), 5.09-5.11 (m, 1H), 4.50—4.54 (m, 1H), 4.02 (dd, J = 13.6, 3.4
Hz, 0.45H), 3.93-3.96 (m, 0.55H), 3.91 (dd, J = 13.9, 3.6 Hz, 0.55H), 3.80 (dd, J = 14.4, 8.6 Hz,
0.45H), 2.81-2.91 (m, 1H), 2.69 (dd, J = 15.1, 4.8 Hz, 0.55H), 2.62 (dd, J = 14.8, 5.7 Hz, 0.45H),
2.51-2.59 (m, 1H), 2.46 (dd, J = 14.8, 6.2 Hz, 0.45H), 2.39 (dd, J = 15.1, 5.8 Hz, 0.55H), 2.13-2.24
(m, 3H), 2.01 and 2.00 (both s, total 3H), 1.97 and 1.96 (both s, total 3H), 1.65-1.99 (m, 7H),
1.46-1.58 (m, 2H), 1.52 and 1.51 (both s, total 3H), 1.48 and 1.45 (both s, total 9H); *C NMR (150
MHz, CDCl3) 6 170.14, 170.11, 169.9, 169.7, 155.4, 155.3, 150.4, 149.8, 126.9, 126.5, 79.5, 79.4,
79.20, 79.18, 74.9, 72.5, 72.0, 55.7, 55.1, 51.9, 51.3, 51.1, 50.8, 40.2, 39.8, 39.7, 39.5, 37.9, 37.1,
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37.0, 36.8, 35.5, 35.2, 29.5, 29.1, 28.4, 28.3, 25.7, 25.4, 24.4, 22.71, 22.66, 21.4; IR (CHCl;, cm™)
Vmax 1728, 1680; HRMS (FAB+) calcd for CpsHyoNO7 [MH]" 466.2805, found 466.2812.

(2)-Enone 288:

To a stirred solution of 287 (66.3 mg, 0.142 mmol) in CH,CIl, (1.4 mL) was added activated
manganese dioxide (663 mg) at room temperature, and the mixture was stirred for 30 min at the
same temperature. The reaction mixture was filtered through Celite™ and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (hexane/AcOEt, 1:1) to
give 288 (52.3 mg, 80%) and 284 (4.3 mg, 7%) as a colorless amorphous, respectively.

288: 'H NMR (600 MHz, CDCly) & 6.42 (dd, J = 9.6, 7.6 Hz, 0.4H), 6.26 (dd, J = 11.2, 6.2 Hz,
0.6H), 5.10-5.14 (m, 1H), 3.80-3.86 (m, 0.6H), 3.68-3.73 (m, 0.4H), 3.65 (dt, J = 13.7, 5.3 Hz,
0.6H), 3.56 (dt, J = 13.4, 6.0 Hz, 0.4H), 3.31 (br, 0.6H), 3.21 (br, 0.6H), 2.90-2.92 (m, 1.4H), 2.77
(br, 0.4H), 2.68 (dd, J = 13.2, 7.2 Hz, 0.4H), 2.65 (dd, J = 13.4, 7.4 Hz, 0.6H), 2.38-2.43 (m, 0.4H),
2.25-2.29 (m, 0.6H), 2.06-2.19 (m, 5H), 2.06 and 2.03 (both s, total 3H), 1.93 (s, 3H), 1.71-1.82 (m,
3H), 1.63 and 1.60 (both s, total 3H), 1.51-1.64 (m, 1H), 1.45 and 1.43 (both s, total 9H), 1.40—1.50
(m, 1H); °C NMR (150 MHz, CDCls) § 207.0, 206.6, 170.0, 169.77, 169.75, 155.5, 155.1, 142.8,
142.3, 139.5, 138.0, 80.3, 80.2, 79.5, 79.3, 76.4, 75.8, 54.0, 53.9, 51.5, 50.9, 49.5, 48.2, 44.1, 43.9,
40.7, 39.9, 39.7, 37.6, 37.2, 36.7, 36.1, 28.5, 28.1, 28.0, 27.8, 27.0, 26.2, 24.3, 23.8, 23.1, 22.4, 22.3,
21.29, 21.25, 21.2; IR (CHCls, cm™) Vyax 1727, 1714, 1679; HRMS (FAB+) calcd for C,sH3sNO;
[MH]" 464.2648, found 464.2655.

Isomerization of 288 to 284

A solution of 288 (52.3 mg, 0.113 mmol) in CHCI; (1.1 mL) was refluxed for 7 days. The reaction
mixture was concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/AcOEt, 1:1) to give 284 (47.4 mg, 91%).
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Alcohol rac-307:

To a stirred solution of 4-trimethylsiloxycyclopent-2-enone 305 (1.00 g, 5.87 mmol), Et;N (1.19 g,
11.7 mmol) and N,N-dimethyl-4-aminopyridine (DMAP, 143 mg, 1.17 mmol) in THF (12 mL) was
added dropwise a solution of iodine (2.24 g, 8.81 mmol) in THF (12 ml) over 1 h at 0 °C. The
reaction mixture was quenched with a 10% solution of Na,S,03 and extracted with Et,O. The
organic layer was washed with brine and dried with Na,SO4. Removal of the solvent under reduced
pressure gave crude 2-iodo-4-trimethylsiloxy-cyclopent-2-enone 306.

To a stirred solution of crude 306, N-propargylphthalimide (1.63 g, 8.81 mmol),
bis(triphenylphosphine)palladium(ll) dichloride (82.4 mg, 0.117 mmol) and copper(l) iodide (22.4
mg, 0.117 mmol) in THF (12 mL) was added diisopropylamine (3.56 g, 35.2 mol) at 0 °C, and the
mixture was stirred for 2 h at the same temperature. After acetic acid (2.11 g, 35.2 mmol) and MeOH
were added to the reaction mixture, stirring was continued for 30 min at same temperature. The
reaction mixture was diluted with water and extracted with AcOEt. The organic layer was washed
with brine and dried with Na,SO,4. After removal of the solvent under reduced pressure, the residue
was purified by silica gel chromatography (hexane/AcOEt, 1:2) to give 307 (1.22 g, 78%) as a
colorless amorphous. [Note: The reaction was also carried out on larger scale. The reaction on 3.90 g
scale gave 307 in better yield (92%), whereas the reaction on 26.9 g scale gave lower yield (43%) of
307. Thus, reproducibility of the procedure was somewhat modest because the reaction might be
sensitive to stirring, temperature and the addition rate of reagents. Although we did not optimize the
reactions on decagram scale, controlling them carefully would be important to reproduce the good
yield.]

'H-NMR (CDCls): 6=7.88 (2H, dd, J = 5.5, 3.1 Hz), 7.75 (2H, dd, J = 5.3, 2.9 Hz), 7.57 (1H, d, J =
2.4 Hz),5.01 (1H, s), 4.66 (2H, s), 2.85 (1H, dd, J = 18.7, 6.4 Hz), 2.44 (1H, br s), 2.34 ppm (1H, dd,
J =187, 2.2 Hz); ®*C-NMR (CDCl,): 6=167.0 163.6, 134.3, 131.9, 130.1, 123.6, 91.3, 73.1, 68.5,
43.9, 27.8 ppm; IR (CHCL3): Vmax=3594, 3475, 3027, 1774, 1720 cm*; HRMS (FAB+): calcd for
C1sH12NO, [MH]* 282.0766, found 282.0764.

Kinetic resolution of alcohol rac-307 (Synthesis of acetate 308):

To a stirred suspension of 307 (1.00 g, 3.55 mmol) and lipase PS Amano SD (300 mg) in CH,ClI, (10
mL) was added vinylacetate (949 mg, 10.7 mmol) at room, temperature, and the mixture was stirred
for 72 h at the same temperature. The reaction mixture was filtered through Celite™ and
concentrated under reduced pressure gave a crude mixture of (S)-307 (>95% ee) and (R)-308 (95%
ee). (S)-307 and (R)-308 were isolated from the small sample and analyzed by HPLC.

The crude mixture of (S)-307 and (R)-308 were dissolved in THF (18 mL), and di-2-methoxyethyl
azodicarboxylate (DMEAD®, 499 mg, 2.13 mmol) and acetic acid (213 mg, 3.55 mmol) were added
to this solution. A solution of triphenylphosphine (PPhs, 559 ¢, 2.13 mmol) in THF (5 mL) was
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added dropwise to the mixture over 2 h at 0 °C. The reaction mixture was diluted with water
extracted with AcOEt. The organic layer was washed with brine and dried with Na,SO,. After
removal of the solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 2:1) to give (R)-308 (864 mg, 76% yield, >95% ee) as a yellow oil. [Note: The
reaction on 9.05¢g scale gave (R)-308 in 81% yield (>95% ee; (S)-307: >95% ee, (R)-308: 94% ee in
the resolution step).]

HPLC: The enantiomeric excess value of the product was analyzed CHIRALCEL OJ-H column,
EtOH/MeOH = 1:1 (0.5 mL/min), (R)-307, tz=8.4 min; (S)-307, tg=9.3 min, (R)-308, tz=19.3 min;
(S)-308, t;=29.2 min; *H-NMR (CDCl,): =7.89 (2H, dd, J = 5.2, 3.1 Hz), 7.76 (2H, dd, J = 5.2, 3.1
Hz), 7.56 (1H, d, J = 2.4 Hz), 5.81-5.80 (1H, m), 4.68 (2H, s), 2.90 (1H, dd, J = 18.9, 6.5 Hz), 2.39
(1H, dd, J = 18.9, 1.9 Hz), 2.08 ppm (3H, s); **C-NMR (CDCl;): §=200.2, 170.2, 166.8, 159.2, 134.3,
131.9, 123.6, 92.3, 72.8, 69.9, 40.6, 27.8, 20.8 ppm; IR (CHCL3): Vyn=1772, 1724 cm™; HRMS
(FAB+): calcd for CygH1sNOs [MH]* 324.0872, found 324.0873; [a]*p= +77.5 (c = 0.99, CHCIs).

Bicyclo[4.3.0] compound 310:

To a solution of (R)-308 (9.38 g, 29.0 mmol) in THF (30 mL) was added
1-(trimethylsilyloxy)-3-methylbutadiene (E:Z, ca. 90:10, 9.07 g, 58.0 mmol) at room temperature,
and the mixture was stirred for 96 h at same temperature. The reaction mixture was concentrated
under reduced pressure. The residue was dissolved in CH,Cl, (150 mL) and added i-Pr,NEt (5.62 g,
43.5 mmol) and stirred for 24 h at same temperature. The reaction mixture was diluted with water
and extracted with CH,Cl,. The organic layer was washed with brine, and dried with Na,SO,4. After
removal of the solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 5:1) to give 310 (9.44 g, 78% yield, 91% ee, as a mixture of endo/exo; 94:6) as a
colorless solid. Recrystallization (hexane/AcOEt, 5:1) gave highly pure 310 (7.48 g, 80%, >99% ee:
minor enantiomer not detected) as colorless needles, mp 133-134 °C. [Note: Reactions on 614 mg
and 3.13 g scale were also carries out, and 310 was obtained in 82% and 79% vyield, respectively
(stereoselectivity was almost same). The product was further purified by recrystallization likewise.
Replacement of the solvent (THF — CH,Cl,) was not required on these scales. However, the
elimination reaction tended to be slower on larger scale, and the reaction in CH,CI, was faster.
Therefore, replacement of the solvent was recommended in the reaction on a large scale.]

HPLC: The ee of the product was analyzed CHIRALCEL OJ-H column, hexane/MeOH = 50:1 (0.5
mL/min), (-)-310, t;=28.3 min; (+)-310, tz=29.9 min; 'H-NMR (CDCl,): 6=7.86 (2H, dd, J = 5.5,
3.1 Hz), 7.73 (2H, dd, J = 5.5, 3.1 Hz), 7.43 (1H, dd, J = 5.8, 2.4 Hz), 6.12 (1H, dd, J = 5.8, 2.1 Hz),
5.69-5.69 (1H, m), 4.46 (1H, d, J = 4.8 Hz), 4.43 (2H, s), 3.21 (1H, tt, J = 7.9, 2.3 Hz), 2.27-2.19
(2H, m), 1.75 (3H, s), 0.01 ppm (9H, s); *C-NMR (CDCl,): §=167.0, 164.9, 138.6, 134.0, 133.2,
132.0, 125.0, 123.4, 83.6, 75.0, 71.4, 51.5, 48.7, 30.7, 27.5, 23.2, —0.06 ppm; IR (CHCI): Vinax=1774,
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1720 cm %; HRMS (DART+): calcd for CogHa6NO,Si [MH]® 420.1549, found 420.1596; [0]?n=
+145.3 (c = 0.50, CHCI,).

Hydrogenation of 310:

Typical procedure under a hydrogen stream (1 atm) (Table 8, entry 2): To a solution of 310 (2.82 g,
6.72 mmol) in MeOH (70 mL) was added 10% Pd/C (564 mg) and the mixture was vigorously
stirred for 120 h under a hydrogen stream. Citric acid (1.29 g, 6.72 mmol) was then added, and the
mixture was further stirred for 6 h at room temperature. After the reaction mixture was filtered
through Celite®, the filtrate was neutralized with a saturated solution of NaHCO5 and extracted with
CH,CI,. The organic layer was washed with brine and dried with Na,SO,4. After removal of the
solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 3:1) to give 311 (562 mg, 24%, the third elute) as colorless needles, 312 (1.22 g,
52%, the second elute) as colorless prisms, and 313 (390 mg, 17%, the first elute) as a colorless
amorphous.

Reactions shown entries 1 and 3 were performed on 200 mg scale.

Allyl alcohol 311:

Mp: 113-114 °C (hexane/AcOEt); "H-NMR (CDCls): 9=7.84 (2H, dd, J = 5.5, 3.1 Hz), 7.71 (2H, dd,
J=5.5,3.1Hz), 5.54 (1H, s), 3.90 (1H, br s), 3.66-3.61 (2H, m), 2.34-2.31 (2H, m), 2.23 (1H, dd, J
=17.9, 7.6 Hz), 2.17 (1H, d, J = 6.2 Hz), 2.12 (1H, dt, J = 19.2, 8.9 Hz), 2.00-1.85 (3H, m), 1.73
(4H, s), 1.67-1.64 (2H, m), 1.53-1.49 (1H, m), 1.46-1.42 ppm (1H, m); *C-NMR (CDCl,):
0=222.5, 168.3, 135.6, 133.9, 132.0, 123.2, 121.5, 69.6, 53.4, 38.7, 38.2, 36.1, 31.1, 30.1, 26.3, 23.9,
23.7 ppm; IR (CHCls): Vmax=1712 cm'; HRMS (FAB+): calcd for C,HNO, [MH]* 354.1705,
found 354.1704; [a]*®p= +64.2 (c = 0.37, CHCI).

Homoallyl alcohol 312:

Mp: 112-113 °C (hexane/AcOEt); *H-NMR (CDCly): 6=7.84 (2H, dd, J = 5.5, 3.1 Hz), 7.72 (2H, dd,
J=5.5,3.1Hz),5.26 (1H, s), 3.81 (1H, ddd, J = 10.3, 9.3, 5.2 Hz), 3.74-3.65 (2H, m), 3.03 (1H, d,
J =10.3 Hz), 2.75 (1H, br), 2.26-2.23 (3H, m), 2.13-2.06 (1H, m), 1.90-1.88 (2H, m), 1.79-1.71
(2H, m), 1.68-1.63 (1H, m), 1.65 (3H, s), 1.49 ppm (1H, td, J = 12.8, 4.0 Hz); **C-NMR (CDCly):
0=225.8, 168.3, 133.9, 132.5, 132.0, 123.5, 123.2, 69.1, 53.8, 41.3, 38.1, 36.8, 36.5, 28.2, 26.3, 23.4,
23.3 ppm; IR (CHCI3): Vyax=1772, 1712, 1398 cm Y HRMS (ESI+): caled for Cy;H23NNaO4
[MNa]* 376.1525, found 376.1524; [0]*°p= +61.3 (¢ = 0.95, CHCIs).

Alcohol 313:
'H-NMR (CDCly): 6=7.84 (2H, dd, J = 5.5, 2.9 Hz), 7.72 (2H, dd, J = 5.5, 3.1 Hz), 3.96 (1H, d, J =
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11.0 Hz), 3.76-3.66 (2H, m), 3.60 (1H, td, J = 11.5, 4.7 Hz), 2.39 (1H, dd, J = 19.8, 9.6 Hz), 2.29
(1H, dt, J=20.3, 9.3 Hz), 2.12-2.02 (2H, m), 1.99-1.91 (2H, m), 1.81-1.77 (2H, m), 1.66—1.64 (1H,
m), 1.56 (1H, ddd, J = 13.0, 9.4, 1.5 Hz), 1.43-1.33 (2H, m), 0.90 (1H, dt, J = 12.4, 12.0 Hz), 0.88
(3H, d, J=6.5Hz), 0.64 ppm (1H, dt, J = 13.4, 12.4 Hz).

BC-NMR (CDCls): 6=225.0, 168.3, 133.9, 132.0, 123.2, 71.5, 55.7, 41.8, 39.6, 38.4, 38.1, 34.2, 29.5,
27.2, 238, 23.1, 22.0 ppm; IR (CHCL): Vm=1772, 1712 cm'; HRMS (ESI+): calcd for
Cx:H2sNNaO4 [MNa]* 378.1681, found 378.1676; [0]*°»= —5.3 (¢ = 0.52, CHCIs).

Alcohol 314:

To a solution of 311 (717 mg, 2.03 mmol) in CH,Cl, (20 mL) was added Crabtree's catalyst
(Ir(cod)(PCys3)(Py)PFs, 16.3 mg, 0.0203 mmol), and the mixture was stirred for 6 h at room
temperature under a hydrogen atmosphere. After the reaction mixture was concentrated under
reduced pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 2:1) to give
314 (577 mg, 81%) as a colorless amorphous. [Note: The reaction on 50.0 mg scale was also
performed and gave a similar yield (84%).]

'H-NMR (CDCls): 6=7.84 (2H, dd, J = 5.4, 3.1 Hz), 7.72 (2H, dd, J = 5.4, 3.1 Hz), 3.80 (1H, d, J =
2.7 Hz), 3.65-3.61 (2H, m), 2.33-2.31 (2H, m), 2.11-2.03 (4H, m), 1.84—1.81 (1H, m), 1.68-1.56
(4H, m), 1.48-1.45 (2H, m), 1.35-1.24 (2H, m), 0.92 (3H, d, J = 6.7 Hz); *C-NMR (CDCls):
0=224.6, 168.3, 133.9, 132.0, 123.0, 72.9, 53.7, 39.5, 38.6, 38.2, 37.4, 33.7, 29.3, 25.0, 24.1, 21.5,
21.0; IR (CHCl3): Vinax=3606, 3448, 1772, 1712 cm™; HRMS (DART+): calcd for C,HpsNO,
[MH]* 356.1862, found 356.1901; [0]*°p= +4.5 (c = 0.84, CHCl5).

Acetate 315:

To a stirred solution of 314 (544 mg 1.53 mmol) in MeCN (7.5 mL) were added acetic anhydride
(Ac,0, 312 mg, 3.06 mmol) and bismuth(l11) trifluoromethanesulfonate (Bi(OTf)3;, 50.2 mg, 0.0765
mmol) at 0 °C, and the mixture was stirred for 1 h at the same temperature. The reaction mixture was
guenched with a saturated NaHCOj3 solution and extracted with Et,O. The organic layer was washed
with brine and dried with Na,SO,4. After removal of the solvent under reduced pressure, the residue
was purified by silica gel chromatography (hexane/AcOEt, 2:1) to give 315 (575 mg, 95%) as a
colorless amorphous. [Note: The reaction on 42.0 mg scale was also performed and gave a similar
yield (96%). In addition, we could apply a one-pot procedure to the reaction on a large scale to
supply the material rapidly: After completion of hydrogenation of 311 (2.08 g scale), the reaction
mixture was concentrated under reduced pressure. The residue was dissolved in MeCN and treated

with Ac,O and Bi(OTf); using the above procedure. After work-up and purification, 315 was
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obtained in ca. 90% vyield.]

'H-NMR (CDCly): 6=7.84 (2H, dd, J = 5.3, 3.1 Hz), 7.72 (2H, dd, J = 5.4, 3.0 Hz), 4.85 (1H, s),
3.68-3.59 (2H, m), 2.33-2.30 (2H, m), 2.11-2.05 (2H, m), 1.93 (3H, s), 1.89-1.78 (3H, m),
1.70-1.65 (3H, m), 1.46—1.43 (2H, m), 1.28 (1H, td, J = 13.7, 5.5 Hz), 1.18 (1H, ddd, J = 14.6, 12.5,
2.4 Hz), 0.91 ppm (3H, d, J = 6.5 Hz) ; *C-NMR (CDCl,): 6=221.0, 169.0, 168.2, 133.9, 131.9,
123.1, 75.9, 51.7, 39.6, 38.0, 37.6, 34.8, 33.2, 29.3, 24.7, 24.1, 21.9, 21.2, 20.6 ppm; IR (CHClI5):
Vmax=1772, 1739, 1712, 1398, 1242 cm *; HRMS (FAB+): calcd for CpsHsNOs [MH]" 398.1967,
found 398.1961; [a]*°p= +11.5 (c = 0.73, CHCI5).

Acetate 316:

To a stirred solution of 313 (320 mg 0.900 mmol) in MeCN (4.5 mL) were added Ac,0 (184 mg,
1.80 mmol) and Bi(OTf)3 (29.5 mg, 0.0450 mmol) at 0 °C, and the mixture was stirred for 1 h at the
same temperature. The reaction mixture was quenched with a saturated NaHCO; solution and
extracted with Et,0. The organic layer was washed with brine, and dried with Na,SO,. After
removal of the solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 2:1) to give 316 (317 mg, 89%) as colorless needles. [Note: The reaction on 1.12 g
scale was also performed and gave 316 in 98% vyield.]

Mp: 121-122 °C (hexane/AcOEt); *H-NMR (CDCls): 6=7.84 (2H, dd, J = 5.5, 3.1 Hz), 7.72 (2H, dd,
J =55, 3.1 Hz), 4.92 (1H, dd, J = 10.9, 4.4 Hz), 3.66 (2H, t, J = 6.8 Hz), 2.35 (1H, ddd, J = 19.4,
10.1, 2.6 Hz), 2.27 (1H, dt, J = 19.4, 8.9 Hz), 2.17-2.05 (2H, m), 1.96 (3H, s), 1.79-1.67 (4H, m),
1.58-1.41 (4H, m), 1.12 (1H, dt, J = 12.5, 11.3 Hz), 0.88 (3H, d, J = 6.7 Hz), 0.76 ppm (1H, dt, J =
13.6, 12.5 Hz); "*C-NMR (CDCls): 6=217.0, 170.8, 168.2, 133.9, 132.0, 123.2, 72.5, 55.4, 39.7, 37.9,
37.8, 36.2, 34.4, 29.3, 27.6, 23.8, 22.7, 21.9, 21.0 ppm; IR (CHCly): vmax=1772, 1736, 1712, 1398,
1248 cm ', HRMS (FAB+): calcd for CysHpsNOs [MH]* 398.1967, found 398.1961; [0]*'p= —14.3
(c=0.11, CHCIy).

Epoxide 317:

To a stirred suspension of 312 (67.4 mg, 0.191 mmol) and activated molecular sieves 4A (MS4A,
100 mg) in toluene (2 mL) were added tert-butyl hydroperoxide (tBuOOH, 5.5 M in decane, 0.069
mL, 0.382 mmol) and vanadyl(lV) acetylacetonate (V(O)(acac),, 2.5 mg, 0.00955 mmol) at 0 °C,
and the mixture was stirred for 6 h at the same temperature. The reaction mixture was quenched with
a 10% solution of Na,S,03, and filtered through Celite®. The filtrate was extracted with Et,0, and
the organic layer was washed with brine and dried with Na,SO,, After removal of the solvent under
reduced pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 1:2) to give
317 (57.1 mg, 81%) as a colorless amorphous. [Note: Reactions on 256 mg and 1.30 g scale were

also performed gave 317 in 69% and 77% yield, respectively.]
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'H-NMR (CDCls): 6=7.84 (2H, dd, J = 5.5, 3.1 Hz), 7.73 (2H, dd, J = 5.5, 3.1 Hz), 3.74 (1H, dt, J =
10.8, 3.6 Hz), 3.69 (1H, d, J = 11.0 Hz), 3.67-3.57 (2H, m), 3.28 (1H, d, J = 4.8 Hz), 2.66 (1H, ddd,
J=10.2, 8.4, 4.8 Hz), 2.42 (1H, ddd, J = 18.5, 8.7, 1.6 Hz), 2.22-2.20 (1H, m), 2.15-1.95 (4H, m),
1.71-1.67 (1H, m), 1.52-1.43 (2H, m), 1.42 (3H, s), 1.24-1.22 ppm (1H, m); *C-NMR (CDCl5):
6=220.9, 168.2, 133.9, 131.8, 123.1, 72.4, 61.0, 60.3, 51.8, 38.6, 38.1, 37.9, 31.8, 31.7, 23.4, 23.2,
22.8 ppm; IR (CHCIg): vinex=1773, 1739, 1712 cm i HRMS (DARTH+): calcd for Co;H»4NOs [MH]"
370.1655, found 370.1660; [a]®5= +8.2 (c = 0.64, CHCI5).

Diol 318:

To a stirred solution of 317 (1.05 g, 2.83 mmol) in DMF (6 mL) were added thiophenol (PhSH, 624
mg, 5.66 mmol) and cesium carbonate (Cs,CO3, 1.84 g, 5.66 mmol) at 0 °C. After the mixture was
stirred for 8 h at the same temperature, it was diluted with water and extracted with Et,O. The
organic layer was washed with brine and dried with Na,SO,4. After removal of solvent under reduced
pressure, the residue was purified by silica gel chromatography (hexane/AcOEt, 1:1) to give 318
(1.24 g, 92%) as a colorless amorphous.

'H-NMR (CDCls): 6=7.85 (2H, dd, J = 5.5, 3.1 Hz), 7.72 (2H, dd, J = 5.5, 3.1 Hz), 7.46-7.44 (2H,
m), 7.29-7.27 (3H, m), 7.21 (1H, t, J = 7.4 Hz), 4.21 (1H, d, J = 11.0 Hz), 3.79-3.66 (3H, m), 2.78
(1H, s), 2.75 (1H, d, J = 12.0 Hz), 2.34-2.31 (1H, m), 2.25-2.20 (3H, m), 2.02-1.99 (3H, m),
1.80-1.74 (2H, m), 1.60 (1H, t, J = 12.5 Hz), 1.45-1.41 (1H, m), 1.20 ppm (3H, s); *C-NMR
(CDCly): 6=223.4, 168.3, 136.6, 134.0, 131.9, 130.4, 129.3, 127.0, 123.3, 71.5, 69.0, 63.5, 57.0, 45.7,
44.9, 37.8, 33.8, 27.5, 23.1, 22.9, 21.8 ppm; IR (CHCIy): vnx=3487, 3014, 1772, 1712, 1672, 1398
cm ; HRMS (FAB+): calcd for C,;H30NOsS [MH]* 480.1845, found 480.1853; [o]''p= —31.1 (c =
0.78, CHCIy).

Diacetate 319:

To stirred solution of 318 (50.0 mg, 0.104 mmol) in EtOH (2 mL) was added an excess of Raney
Nickel (W-2) at room temperature, and the mixture was stirred for 3 h under a hydrogen atmosphere
at same temperature. After the reaction mixture was filtered through Celite™, the filtrate was
concentrated under reduced to give crude diol.

Crude diol was dissolved in MeCN (2 mL), and Ac,0 (31.9 mg, 0.312 mmol) and Bi(OTf);3 (3.4 mg,
0.00520 mmol) were added to this solution at 0 °C. After the mixture was stirred for 1 h at the same
temperature, the reaction mixture was quenched with a saturated NaHCO3; solution and extracted
with Et,0. The organic layer was washed with brine, and dried with Na,SO,4. After removal of the
solvent under reduced pressure, the residue was purified by silica gel chromatography

(hexane/AcOEt, 1:1) to give 319 (27.2 mg, 58%) as a colorless amorphous. [Note: Reaction on 17.0
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mg, 79.3 mg and 930 mg scale gave 319 in 56%, 63% and 44% vyield, respectively.]

'H-NMR (CDCls): 6=7.84 (2H, dd, J = 5.3, 3.1 Hz), 7.72 (2H, dd, J = 5.3, 3.0 Hz), 4.95 (1H, app. t,
J=3.4 Hz), 3.66-3.63 (2H, m), 2.69 (1H, dd, J = 15.4, 3.7 Hz), 2.34-2.21 (4H, m), 2.14-2.09 (1H,
m), 1.98-1.97 (1H, m), 1.95 3H, s), 1.91 (3H, s), 1.77 (1H, dd, J = 14.1, 4.6 Hz), 1.71-1.59 (4H, m),
1.51 (3H, s), 1.43—1.42 ppm (1H, m); *C-NMR (CDCl,): 6=219.2, 170.0, 169.2, 168.3, 134.0, 132.0,
123.3, 78.9, 73.0, 52.3, 38.5, 37.9, 36.8, 35.5, 34.8, 29.8, 26.2, 24.7, 23.8, 22.8, 21.0 ppm; IR
(CHCI3): Vimax=1739, 1712, 1398, 1255 cm *; HRMS (FAB+): calcd for CpsH3oNO; [MH]* 456.2022,
found 456.2005; [o]*°p= +21.5 (c 0.67, CHCIs).

Triacetate 321:

To a stirred solution of 317 (184 mg, 0.498 mmol) in DMSO (6 mL) were added cesium acetate
(CsOAc, 191 mg, 0.498 mmol) and acetic acid (59.8 mg, 0.996 mmol), and the mixture was heated
at 100 °C for 24 h. The mixture was diluted with water and extracted with Et,O. The organic layer
was washed with brine and dried with Na,SO,. Removal of solvent under reduced pressure gave
crude diol.

After crude diol was dissolved in MeCN (5 mL), Ac,0 (152 mg, 1.49 mmol) and Bi(OTf); (16.3 mg,
0.0249 mmol) were added to the solution at 0 °C, and the mixture was stirred for 1 h at the same
temperature. The reaction mixture was quenched with a saturated NaHCO3 solution and extracted
with Et,0. The organic layer was washed with brine and dried with Na,SO,4. After removal of the
solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 2:1) to give 321 (229 mg, 90%) as a colorless amorphous.

'H-NMR (CDCls): 6=7.83 (2H, dd, J = 5.5, 3.1 Hz), 7.72 (2H, dd, J = 5.5, 3.1 Hz), 5.26 (1H, d, J =
3.8 Hz), 5.03 (1H, t, J = 3.8 Hz), 3.67 (1H, ddd, J = 13.7, 7.9, 6.9 Hz), 3.57 (1H, ddd, J = 13.4, 8.6,
5.5 Hz), 2.88 (1H, dd, J = 15.6, 4.3 Hz), 2.44-2.41 (1H, m), 2.39-2.35 (1H, m), 2.30-2.23 (1H, m),
2.14 (3H, s), 2.11-2.05 (2H, m), 1.97 (3H, s), 1.96 (1H, dd, J = 15.8, 3.1 Hz), 1.90 (3H, s),
1.81-1.76 (1H, m), 1.60—1.55 (2H, m), 1.47 (3H, s), 1.43—1.35 ppm (1H, m); *C-NMR (CDCl,):
0=217.9, 169.8, 169.3, 168.9, 168.1, 134.0, 131.9, 123.2, 79.4, 72.7, 72.6, 51.9, 41.3, 38.3, 37.8,
31.0, 30.8, 24.0, 22.8, 22.6, 21.9, 20.87, 20.85 ppm; IR (CHCIy): Ve =1770, 1741, 1712, 1398, 1234
cm ', HRMS (FAB+): calcd for Cp7Hs,NOg [MH]" 514.2077, found 514.2081; [o]*’p= —15.3 (¢ =
1.21, CHCIy).

Nosylamide 327:

Procedure with K3PO,: To a stirred solution of 315 (50.0 mg, 0.126 mmol) in THF (1.3 mL) were
added K3PO,4 (54.8 mg, 0.252 mmol) and methylamine (ca. 12 M in H,0O, 0.13 mL, 1.56 mmol) at
room temperature, and the mixture was stired for 3 h at the same temperature. The solvnt was

removed under reduced pressure at 0 °C (important!). The residue was dissolved in THF-H,O (10:1,
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1.3 mL), and 2-nitrobenzenesulfonyl chloride (NsCI, 55.8 mg, 0.252 mmol) was added to this
soluition at 0 °C. After the mixture was stirred for 10 h at the same temperature, it was diluted with
water and extracted with AcOEt. The organic layer was washed with brine and dried with Na,SO,.
After removal of solvent under reduced pressure, the residue was purified by silica gel
chromatography (hexane/AcOEt, 1:1) to give 327 (48.0 mg, 85%) as a colorless amorphous. [Note:
Reactions on 372 mg and 2.20 g scale were also performed, and 67% and 66% vyield of 327 were
obtained. Production of the corresponding cyclic imine was observed when the solvent was removed
after removal the phthaloyl group of 315. Therefore, careful and rapid evaporation was required.
Probably, the yield of 327 decreased in the reaction on a large scale because a longer time was
needed for concentration.]

Procedure without K3PO,4: To a stirred solution of 315 (44.8 mg, 0.113 mmol) in EtOH (2 mL) was
methylamine (ca. 12 M in H,O, 0.10 mL, 1.13 mmol) at room temperature, and the mixture was
stirred for 12 h at the same temperature. The solvent was removed under reduced pressure at 0 °C
(important!). The residue was dissolved in THF (1 mL), and a saturated solution of NaHCO3; (1 mL)
and NsCI (55.8 mg, 0.252 mmol) was added to this solution at 0 °C. The mixture was then stirred
until completion of the starting material (within 10 h) at the same temperature. After work-up and
purification gave 327 (32.4 mg, 58%).

'H-NMR (CDCly): 6=8.12-8.11 (1H, m), 7.87—7.86 (1H, m), 7.77-7.74 (2H, m), 5.36 (1H, t, J = 5.9
Hz), 4.79 (1H, s), 3.07-3.04 (2H, m), 2.33 (1H, dd, J = 18.4, 7.6 Hz), 2.25-2.21 (1H, m), 2.11-2.05
(2H, m), 1.94 (3H, s), 1.86—1.82 (2H, m), 1.77 (1H, d, J = 14.4 Hz), 1.71 (1H, d, J = 14.3 Hz),
1.58-1.55 (2H, m), 1.44 (1H, dd, J = 11.6, 9.2 Hz), 1.26-1.22 (2H, m), 1.13-1.09 (1H, m), 0.91
ppm (3H, d, J = 6.5 Hz); ®*C-NMR (CDCls): 6=221.5, 169.1, 148.0, 133.61, 133.55, 132.8, 131.0,
125.4, 75.7, 51.7, 44.0, 39.6, 37.8, 34.8, 33.1, 29.1, 25.2, 24.7, 22.0, 21.3 20.6 ppm; IR (CHCIy):
Vmax=1739, 1543, 1241 cm ; HRMS (FAB+): calcd for CyHyN,0;S [MH]" 453.1695, found
453.1703; [0]**p= +37.1 (c = 0.85, CHCls).

Diol 334

To a stirred solution of allyl bromide (398 mg, 3.29 mmol) in THF (5.5 mL) were added aluminium
powder (88.8 mg, 3.29 mmol) and indium powder (3.1 mg, 0.274 mmol) at room temperature and
stirred for 1 h. This mixture was added to a solution of 327 (248 mg, 0.548 mmol) in THF (5.5 mL)
at =30 °C and stirred for 3 h. The reaction mixture was quenched with a solution of Rochelle salt and
filtered through Celite®. The filtrate was extracted with AcOEt, and the organic layer was washed
with brine and dried with Na,SO,. Removal of the solvent under reduced pressure gave crude
alcohol.

To a stirred solution of 2,3-dimethyl-2-butene (231 mg, 2.74 mmol) in THF (5.5 mL) was added
borane tetrahydrofuran complex (0.95 M in THF, 2.3 mL, 2.19 mmol) at 0 °C temperature, and the
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mixture was stirred for 1 h at the same temperature. The reaction mixture was added to a solution of
crude alcohol in THF (5.5 mL) at 0 °C, the resultant mixture was stirred for 6 h at room temperature.
After water (5.5 mL) and NaBO3-4H,0 (849 mg, 5.48 mmol) were added, the mixture was further
stirred for 48 h at room temperature. The reaction mixture was quenched with a saturated NH,CI
solution and extracted with AcOEt. The organic layer was washed with brine and dried with Na,SO.,.
After removal of the solvent under reduced pressure, the residue was purified by silica gel
chromatography (AcOEt) to give 334 (150 mg, 54%) as a colorless amorphous. [Note: The reaction
on 1.02 g scale was also performed, and 334 was obtained in 63% yield.]

'H-NMR (CDCl5): 6=8.13-8.12 (1H, m), 7.85-7.84 (1H, m), 7.75-7.73 (2H, m), 5.66 (1H, t, J = 6.0
Hz), 5.17 (1H, s), 3.76 (1H, dt, J = 10.7, 4.8 Hz), 3.65 (1H, ddd, J = 10.3, 8.6, 3.8 Hz), 3.10-3.06
(2H, m), 2.45 (1H, br s), 2.07 (3H, s), 2.00-1.97 (1H, m), 1.91-1.80 (3H, m), 1.76-1.66 (7H, m),
1.56-1.53 (5H, m), 1.37-1.34 (1H, m), 1.22—1.19 (2H, m), 0.89 ppm (3H, d, J = 6.5 Hz); *C-NMR
(CDCly): 6=170.6, 148.3, 133.8, 133.5, 132.8, 131.0, 125.3, 85.2, 71.9, 63.0, 49.7, 44.4, 42.2, 37.3,
34.9, 34.9, 33.2, 29.5, 26.4, 26.2, 24.0, 22.1, 21.9, 21.3 ppm; IR (CHCI3): vnax=1716, 1543, 1363
cm Y, HRMS (FAB+): calcd for CpgHs7N,0sS [MH] 513.2271, found 513.2258; [0]®p= +29.6 (c =
0.46, CHCIy).

Azonane 342:

Procedure using p-toluenesulfonic acid monohydrate (TsOH-H,0): To a stirred solution of 334 (321
mg, 0.626 mmol) in CH,Cl, (6 mL) was added TsOH-H,O (23.8 mg, 0.125 mmol) at room
temperature, and the mixture was stirred for 12 h at the same temperature. The reaction mixture was
guenched with a saturated NaHCO3 solution and extracted with CH,Cl,. The organic layer was
washed with brine and dried with Na,SO,. Removal of the solvent under reduced pressure gave
crude 338.

After this material was dissolved in toluene (60 mL), PPh; (246 mg, 0.939 mmol) and DMEAD®
(220 mg, 0.939 mmol) were added to this solution under reflux, and the mixture was stirred for 1 h at
the same temperature. The reaction mixture was concentrated under reduced pressure, and the
residue was purified by silica gel chromatography (hexane/AcOEt, 4:1) to give 342 (138 mg, 47%)
as a colorless amorphous. [Note: The reaction on a similar scale (359 mg) was repeated, and 342 was
obtained in 38% vyield.]

'H-NMR (CDCly): 6=7.90 (1H, dd, J = 7.7, 1.5 Hz), 7.71-7.66 (2H, m), 7.55 (1H, dd, J = 7.2, 1.7
Hz), 5.68 (1H, s), 4.85 (1H, dd, J = 4.6, 2.6 Hz), 3.51 (1H, td, J = 12.5, 4.0 Hz), 3.30 (1H, dd, J =
15.6, 5.0 Hz), 2.97 (1H, ddd, J = 14.8, 12.0, 4.8 Hz), 2.79 (1H, dt, J = 12.7, 3.6 Hz), 2.21-2.16 (5H,
m), 1.98 (1H, d, J = 15.1 Hz), 1.95 (3H, s), 1.83—1.80 (1H, m), 1.66—1.58 (7H, m), 1.23-1.19 (2H,
m), 0.90 ppm (3H, d, J = 6.5 Hz); *C-NMR (CDCl;): §=169.9, 148.7, 144.6, 133.4, 131.1, 130.8,
130.7, 129.2, 123.7, 74.4, 54.3, 50.2, 44.5, 39.0, 36.9, 34.3, 33.5, 28.8, 26.3, 22.3, 21.5, 21.44, 21.37,
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21.0 ppm; IR (CHCl3): vinax=1716, 1549, 1373, 1257 cm % HRMS (FAB+): calcd for Co4H33N,06S
[MH]* 477.2059, found 477.2055; [a]*’5= —41.8 (c = 1.08, CHCI5).

Nosylamide 326:

According to the procedure for the reaction of 315, 316 (1.12 g, 2.82 mmol) was treated with KsPO,
(1.20 g, 5.64 mmol) and methylamine (ca. 12 M in H,O, 3 mL, 36.0 mmol) in THF-H,O (10:1, 30
mL) (reaction time: 2 h), and the work-up of the reaction mixture gave the crude material.

This material was treated with NsCI (937 mg, 4.23 mmol) in THF-H,0 (10:1, 30 mL) (reaction time:
2h). After the work-up, the residue was purified by silica gel chromatography (hexane/AcOEt, 3:2)
to give 326 (980 mg, 77%) as a colorless amorphous. [Note: The reaction on 139 mg scale gave 326
in 84% yield. When the procedure without KsPO,4was used, 326 was obtained in 92% yield (42.3 mg
scale).]

'H-NMR (CDCl5): 6=8.12-8.11 (1H, m), 7.86—7.86 (1H, m), 7.75-7.74 (2H, m), 5.32 (1H, t, J = 5.8
Hz), 4.95 (1H, dd, J = 11.0, 4.5 Hz), 3.07-3.05 (2H, m), 2.32-2.29 (2H, m), 2.10 (3H, s), 2.10-2.05
(1H, m), 1.78 (1H, d, J = 12.4 Hz), 1.70 (1H, d, J = 13.7 Hz), 1.60—1.53 (4H, m), 1.48—1.44 (2H, m),
1.15 (1H, q, J = 11.6 Hz), 0.90 (3H, d, J = 6.5 Hz), 0.79 ppm (1H, g, J = 12.6 Hz); *C-NMR
(CDCly): 0=216.9, 171.3, 148.1, 133.6, 132.7, 131.0, 125.4, 72.3, 55.3, 43.8, 39.7, 37.7, 36.3, 34.5,
29.3, 27.2, 23.8, 23.7, 22.0, 21.3 ppm; IR (CHCl3): Vnax=1736, 1543, 1362, 1248 cm*; HRMS
(FAB+): calcd for Cy;H2sN,07S [MH]* 453.1695, found 453.1686; [0]*°p= —5.0 (c = 0.48, CHClIs).

Diol 335:

According to the procedure for the reaction of 327, a solution of 326 (100 mg, 0.221 mmol) in THF
(3 mL) was treated with the reagent prepared from allyl bromide (133 mg, 0.221 mmol), aluminium
powder (17.9 mg, 0.663 mmol) and indium powder (1.3 mg, 0.0110 mmol) in THF (3 mL) (reaction
time: 4 h). The work-up of the reaction mixture gave crude alcohol.

A solution of crude alcohol in THF (3 mL) was treated with a solution of thexylborane prepared
from 2,3-dimethyl-2-butene (92.6 mg, 1.10 mmol) and borane tetrahydrofuran complex (1 M in THF,
0.88 mL, 0.88 mmol) in THF (3 mL) (reaction time: 2 h). After treatment of the reaction mixture
with NaBO3-4H,0 (849 mg, 5.48 mmol) for 12 h and the work-up, the resultant residue was purified
by silica gel chromatography (AcOEt) to give 335 (65.2 mg, 57%) as a colorless amorphous. [Note:
The reaction on 759 mg scale gave 335 in 66% yield.]

'H-NMR (CDCls): 6=8.13 (1H, dd, J = 6.1, 2.8 Hz), 7.86 (1H, dd, J = 5.7, 3.3 Hz), 7.75-7.74 (2H,
m), 5.38 (1H, t, J = 5.6 Hz), 5.16 (1H, dd, J = 11.7, 6.2 Hz), 3.72-3.64 (2H, m), 3.10-3.04 (2H, m),
2.10 (3H, s), 1.89-1.83 (6H, m), 1.74—1.59 (7H, m), 1.52—1.29 (6H, m), 1.10-1.07 (1H, m), 0.91
ppm (3H, d, J = 6.4 Hz); *C-NMR (CDCls): 6=170.8, 148.1, 133.6, 133.5, 132.7, 131.2, 125.3, 88.0,
75.0, 63.5, 52.6, 44.3, 42.9, 38.7, 38.5, 37.6, 35.9, 30.0, 29.6, 27.6, 27.5, 24.4, 21.9, 21.3 ppm; IR
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(CHCly): Vmax=1726, 1543,1363, 1244 cm *; HRMS (FAB+) calcd for C,HaN,0sS [MH]*
513.2271, found 513.2261; [¢]'"o= —10.6 (c = 0.64, CHCI,).

Azonane 343:

According to the procedure of the reaction of 334, 335 (364 mg, 0.710 mmol) was treated with
TsOH-H,0 (27.0 mg, 0.142 mmol) in CH,Cl, (7 mL) (reaction time: 12 h). After work-up, crude 339
was obtained.

339 was treated with PPh; (281 mg, 1.07 mmol) and DMEAD® (249 mg, 1.07 mmol) in toluene (70
mL) (reaction time: 1 h). After concentration, the resultant residue was purified by silica gel
chromatography (hexane/AcOEt, 4:1) to give 343 (164 mg, 49%) as a colorless amorphous. [Note:
The reaction on 176 mg scale gave 343 in 64% yield.]

'H-NMR (CDCly): 6=7.88 (1H, d, J = 7.2 Hz), 7.70-7.65 (2H, m), 7.55 (1H, d, J = 7.6 Hz), 5.61 (1H,
s), 493 (1H, t, J = 4.3 Hz), 3.39 (1H, td, J = 12.5, 2.6 Hz), 3.25 (1H, dd, J = 14.8, 3.4 Hz),
3.08-3.03 (1H, m), 2.86 (1H, d, J = 13.1 Hz), 2.57 (1H, dd, J = 16.2, 8.2 Hz), 2.33-2.28 (1H, m),
2.23-2.18 (1H, m), 2.04-1.94 (3H, m), 1.99 (3H, s), 1.89 (1H, d, J = 16.5 Hz), 1.72-1.65 (6H, m),
1.52-1.50 (1H, m), 1.23-1.20 (2H, m), 0.91 ppm (3H, d, J = 6.2 Hz); *C-NMR (CDCls): §=170.1,
148.7, 143.2, 133.4, 131.1, 131.0, 130.6, 127.6, 123.7, 75.9, 56.8, 50.9, 45.3, 41.6, 39.8, 38.1, 34.3,
30.9, 28.0, 26.3, 23.4, 22.0, 21.5, 21.2 ppm; IR (CHCls): Vyax=1716, 1549 cm *; HRMS (FAB+):
calcd for Ca4H33N,06S [MH]* 477.2059, found 477.2064; [o] *5= —36.5 (¢ = 1.63, CHCI5).

Nosylamide 328:

According to the procedure (without K;PO,) for the reaction of 315, 319 (20 mg, 0.0439 mmol) was
treated with methylamine (ca. 12 M in H,0, 0.1 mL, 1.20 mmol) in EtOH (1 mL) (reaction time: 4
h). The work-up of the reaction mixture gave the crude material.

This material was treated with a saturated solution of NaHCO3; (1 mL) and NsCI (9.7 mg, 0.0878
mmol) in THF (1 mL) (reaction time: 10 h). After the work-up, the resultant residue was purified by
silica gel chromatography (hexane/AcOEt, 1:1) to give 328 (12.9 mg, 58%) as a colorless
amorphous. [Note: A more amount of 328 (252 mg, 21%) was prepared from 318 (1.13 g scale) in
three steps without purification of 319].

'H-NMR (CDCl5): 6=8.13-8.10 (1H, m), 7.87-7.86 (1H, m), 7.77-7.76 (2H, m), 5.39 (1H, t, J = 6.0
Hz), 4.91 (1H, t, J = 3.6 Hz), 3.08-3.04 (2H, m), 2.72 (1H, ddd, J = 15.5, 4.1, 1.4 Hz), 2.33-2.25
(4H, m), 2.10 (1H, dd, J = 18.0, 9.0 Hz), 1.99-1.97 (1H, m), 1.96 (3H, s), 1.94 (3H, s), 1.73 (1H, dd,
J=14.8, 5.8 Hz), 1.58-1.56 (3H, m), 1.51 (3H, s), 1.44 (1H, dd, J = 12.0, 9.3 Hz), 1.34—1.33 ppm
(1H, m); ®*C-NMR (CDCly): §=219.7, 170.0, 169.2, 148.0, 133.7, 133.4, 132.8, 131.0, 125.4, 78.7,
72.8, 52.1, 43.8, 38.6, 36.9, 35.2, 34.4, 29.5, 26.3, 24.8, 24.6, 22.8, 21.1 ppm; IR (CHCIy):
Vmax=1739, 1543, 1371, 1254 cm *; HRMS (FAB+) calcd for CpgH3iN,0eS [MH]" 511.1750, found
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511.1743; [0]*%5= +30.6 (C = 0.59, CHCI,).

Diol 336:

According to the procedure for the reaction of 327, a solution of 328 (50 mg, 0.0979 mmol) in THF
(1 mL) was treated with the reagent prepared from allyl bromide (59.3 mg, 0.490 mmol), aluminium
powder (7.9 mg, 0.294 mmol) and indium powder (0.6 mg, 0.0049 mmol) in THF (1 mL) (reaction
time: 5 h). The work-up of the reaction mixture gave crude alcohol.

A solution of crude alcohol in THF (1 mL) was treated with a solution of thexylborane prepared
from 2,3-dimethyl-2-butene (41.2 mg, 0.490 mmol) and borane tetrahydrofuran complex (1 M in
THF, 0.39 mL, 0.392 mmol) in THF (1 mL) (reaction time: 2 h). After treatment of the reaction
mixture with NaBO3-4H,0 (151 mg, 0.979 mmol) for 12 h and the work-up, the resultant residue
was purified by silica gel chromatography (AcOEt) to give 336 (32.2 mg, 58%) as a colorless
amorphous.

'H-NMR (CDCl5): 6=8.14-8.13 (1H, m), 7.86—7.85 (1H, m), 7.76-7.74 (2H, m), 5.40 (1H, t, J = 6.0
Hz), 5.21 (1H, dd, J = 11.9, 6.0 Hz), 3.73-3.72 (1H, m), 3.67-3.66 (1H, m), 3.11-3.08 (2H, m),
243 (1H,t,J=11.9 Hz), 2.23 (1H, dd, J = 11.5, 6.0 Hz), 2.20-2.17 (1H, m), 2.10 (3H, s), 1.96—1.93
(2H, m), 1.95 (3H, s), 1.89—1.72 (5H, m), 1.70-1.48 (7H, m), 1.47 (3H, s), 1.35-1.32 (1H, m),
1.13-1.08 ppm (1H, m); *C-NMR (CDCls): 6=170.5, 170.3, 148.0, 133.7, 133.5, 132.7, 131.1,
125.2, 88.1, 81.5, 72.0, 63.2, 52.2, 44.1, 39.8, 39.6, 39.5, 37.3, 35.7, 29.6, 29.5, 27.3, 24.1, 22.9,
225, 21.2 ppm; IR (CHCls): Vma=1724, 1543, 1363, 1232 cm*; HRMS (FAB+): calcd for
CasHagN2010S [MH]" 571.2325, found 571.2313; [¢]*’p= —1.9 (¢ = 1.02, CHCIs).

Azonane 344:

According to the procedure for the reaction of 334, 366 (32.2 mg, 0.0583 mmol) was treated with
TsOH-H,0 (2.2 mg, 0.012 mmol) in CH,CI, (2 mL) (reaction time: 2 h). After the work-up, crude
340 was obtained.

340 was treated with PPh; (22.9 mg, 0.0875 mmol) and DMEAD® (20.5 mg, 0.0875 mmol) in
toluene (6 mL) (reaction time: 1 h). After concentration, the resultant residue was purified by silica
gel chromatography (hexane/AcOEt, 1:1) to give 344 (16.2 mg, 52%) as a colorless amorphous.
Physical data were accorded with those of the racemic compound.

[¢]”5=—8.1 (c = 0.30, CHClIs).

Nosylamide 329:
According to the procedure for the reaction of 315, 321 (20.0 mg, 0.0389 mmol) was treated with
K3POy4 (20.0 mg, 0.0942 mmol) and methylamine (ca. 12 M in H,0, 0.2 mL, 2.4 mmol) in THF-H,0

(10:1, 2 mL) (reaction time: 3 h), and the work-up of the reaction mixture gave the crude material.
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This material was treated with NsCI (17.2 mg, 0.0778 mmol) in THF-H,O (10:1, 2 mL) (reaction
time: 2 h). After the work-up, the residue was purified by silica gel chromatography (hexane/AcOEt,
1:1) to give 329 (18.2 mg, 83%) as a colorless amorphous. [Note: The reaction on 164 mg and 176
mg scale gave 329 in 83% and 65% yield.]

'H-NMR (CDCl5): 6=8.10 (1H, dd, J = 6.2, 3.1 Hz), 7.87 (1H, dd, J = 5.9, 3.2 Hz), 7.76 (2H, dd, J =
5.6, 3.7 Hz), 5.36 (1H, t, J = 6.2 Hz), 5.26 (1H, d, J = 3.8 Hz), 5.00 (1H, t, J = 3.9 Hz), 3.08-2.99
(2H, m), 2.87 (1H, dd, J = 15.6, 4.5 Hz), 2.38-2.36 (2H, m), 2.27-2.26 (1H, m), 2.15 (3H, s),
2.11-2.07 (2H, m), 1.98 (3H, s), 1.94 (3H, s), 1.64—1.57 (4H, m), 1.48 (3H, s), 1.28—1.26 ppm (1H,
m); *C-NMR (CDCls): 6=218.3, 169.9, 169.4, 169.0, 148.1, 133.7, 133.4, 132.8, 131.0, 125.5, 79.5,
72.7,72.3,52.0, 43.7, 41.6, 38.3, 30.94, 30.88, 25.2, 22.8, 22.7, 21.8, 21.04, 20.97 ppm; IR (CHCIy):
Vmax=1741, 1542, 1369, 1232 cm *; HRMS (FAB+) calcd for CpsH33N,01,S [MH]* 569.1805, found
569.1821; [0]%®p= —5.4 (c = 0.38, CHCly).

Diol 337:

According to the procedure for the reaction of 327, a solution of 329 (150 mg, 0.264 mmol) in THF
(2.6 mL) was treated with the reagent prepared from allyl bromide (182 mg, 3.29 mmol), aluminium
powder (42.6 mg, 1.58 mmol) and indium powder (1.5 mg, 0.0132 mmol) in THF (2.6 mL) (reaction
time: 3 h). The work-up of the reaction mixture gave crude alcohol.

A solution of crude alcohol in THF (3 mL) was treated with a solution of thexylborane prepared
from 2,3-dimethyl-2-butene (231 mg, 2.74 mmol) and borane tetrahydrofuran complex (0.95 M in
THF, 2.3 mL, 2.19 mmol) in THF (3 mL) (reaction time: 3 h). After treatment of the reaction mixture
with NaBO3-4H,0 (406 mg, 2.64 mmol) for 24 h and the work-up, the resultant residue was purified
by silica gel chromatography (AcOEt) to give 337 (75.0 mg, 46%) as a colorless amorphous. [Note:
When the reaction on a similar scale (176 mg) was repeated, 337 was obtained in 44% yield.]
'H-NMR (CDCly): 9=8.14-8.13 (1H, m), 7.86-7.85 (1H, m), 7.76-7.75 (2H, m), 5.72 (1H, d, J =
11.0 Hz), 5.53 (1H, t, J = 5.8 Hz), 5.17 (1H, dd, J = 12.2, 6.2 Hz), 3.72 (1H, dt, J = 10.3, 5.8 H2),
3.65-3.63 (1H, m), 3.12-3.08 (2H, m), 2.90 (1H, br s), 2.74 (1H, t, J = 12.0 Hz), 2.66 (1H, dd, J =
11.7, 6.0 Hz), 2.33 (1H, brs), 2.10 (3H, s), 2.09 (3H, s), 1.95 (1H, dd, J = 10.8, 8.1 Hz), 1.90 (3H, s),
1.88-1.87 (3H, m), 1.82—1.78 (1H, m), 1.64—1.52 (6H, m), 1.47 (3H, s), 1.34-1.30 (1H, m), 1.07
ppm (1H, td, J = 13.1, 4.8 Hz); *C-NMR (CDCl5): 6=170.9, 170.6, 170.1, 148.0, 133.5, 132.7, 131.0,
125.2, 87.7, 82.3, 76.7, 70.4, 63.2, 53.9, 43.9, 43.6, 38.0, 37.3, 34.6, 29.2, 27.3, 24.1, 23.4, 22.3,
21.1, 21.0, 17.4 ppm; IR (CHCI3): Vmax=1730, 1543, 1369, 1238 cm t: HRMS (FAB+): calcd for
CosH41N,01,S [MH]" 629.2380, found 629.2376; [a]**p= —11.6 (c = 0.75, CHCl5).

Azonane 345:
According to the procedure for the reaction of 334, 337 (85.8 mg, 0.136 mmol) was treated with
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TsOH-H,0 (5.2 mg, 0.027 mmol) in CH,CI, (2 mL) (reaction time: 12 h). After the work-up, crude
341 was obtained.

341 was treated with PPh; (53.5 mg, 0.204) and DMEAD® (47.8 mg, 0.204 mmol) in toluene (14
mL) (reaction time: 1 h). After concentration, the resultant residue was purified by silica gel
chromatography (hexane/AcOEt, 1:2) to give 345 (37.6 mg, 46%) as a colorless amorphous. [Note:
The reaction (75.0 mg scale) with Amberlyst® 15 was tested, and 345 was obtained in 36% yield.]
'H-NMR (CDCl,): 6=7.89 (1H, dd, J = 7.7, 1.5 Hz), 7.71-7.66 (2H, m), 7.56 (1H, dd, J = 7.6, 1.7
Hz), 5.63 (1H, d, J = 2.1 Hz), 5.46 (1H, d, J = 7.9 Hz), 4.94 (1H, dd, J = 4.9, 3.4 Hz), 3.44 (1H, td, J
=12.7,3.9 Hz), 3.26 (1H, dd, J = 14.9, 4.0 Hz), 3.03-2.98 (1H, m), 2.83 (1H, dt, J = 12.9, 3.4 Hz),
2.64 (1H, dd, J = 15.8, 5.0 Hz), 2.51-2.49 (1H, m), 2.33-2.28 (1H, m), 2.22-2.15 (4H, m), 2.09 (3H,
s), 2.06—2.05 (1H, m), 2.02 (3H, s), 1.92 (3H, s), 1.78 (1H, dt, J = 14.5, 4.3 Hz), 1.74-1.71 (2H, m),
1.66-1.61 (1H, m), 1.54 (3H, s), 1.47-1.42 ppm (1H, m); *C-NMR (CDCls): §=170.1, 169.9,
169.6, 148.7, 143.1, 133.5, 131.2, 130.8, 130.7, 127.3, 123.8, 81.3, 76.0, 73.0, 57.1, 50.4, 44.8, 43.2,
35.76, 35.73, 29.9, 28.2, 22.4, 22.0, 21.34, 21.28, 21.1, 20.8 ppm; IR (CHCI): Vnax=1732, 1549,
1373, 1240 cm *; HRMS (FAB+) calcd for CogHazN,010S [MH]' 593.2169, found 593.2183; [a]*p=
—34.0 (c = 0.98, CHCI,).

Diol 348:

To a solution of 342 (15.0 mg, 0.0315 mmol) in MeOH-H,0 (10:1, 1 mL) was added KOH (17.7 mg,
0.315 mmol), and the mixture was heated for 24 h at 50 °C. The reaction mixture was quenched with
a saturated solution of NH,CI and extracted with CHCIs. The organic layer was dried with Na,SO,,
and removal of the solvent under reduced pressure gave crude alcohol 346.

After the crude material of 346 was dissolved in CH,Cl, (1 mL), activated MS4A (30.0 mg),
V(O)(acac); (1.7 mg, 0.00630 mmol) and tBUOOH (5.5 M in decane, 0.013 mL, 0.158 mmol) were
added to this solution at 0 °C, and the mixture was stirred for 1 h at the room temperature. The
reaction mixture was quenched with a 10% solution of Na,S,0O3 and filtered through Celite®. The
filtrate was extracted with CH,Cl,, and the organic layer was washed with brine and dried with
Na,SO, Removal of the solvent under reduced pressure gave crude epoxide 347.

After the crude material of 347 was dissolved in MeCN (1 mL), PhSH (6.9 mg, 0.0630 mmol) and
K,COj3 (8.7 mg, 0.0630 mmol) were added to this solution at room temperature, and the mixture was
stirred for 2 h at the same temperature. The reaction mixture was diluted with water and extracted
with CHCIs;. The organic layer was washed with brine and dried with Na,SO,4. After removal of the
solvent under reduced pressure, the residue was purified by silica gel chromatography
(CHCI3/MeQH, 1:2) to give 348 (6.6 mg, 79%) as a colorless amorphous. [Note: The reaction on
136 mg scale gave 348 in 84% yield.]

'H-NMR (CDCls): 6=4.01 (1H, br s), 3.68 (1H, br s), 3.61 (1H, s), 3.16 (1H, br s), 2.66-2.63 (2H,
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m), 2.52-2.51 (1H, m), 2.42 (1H, dd, J = 21.7, 8.9 Hz), 2.33 (1H, t, J = 11.7 Hz), 2.11 (1H, brs),
2.04 (1H, br's), 1.93-1.91 (1H, m), 1.77-1.67 (5H, m), 1.54-1.46 (5H, m), 1.22 (1H, td, J = 13.1,
4.9 Hz), 1.01 (1H, td, J = 13.2, 3.8 Hz), 0.91 ppm (3H, d, J = 6.5 Hz); *C-NMR (CDCl,): 6=79.7,
78.0, 75.2, 52.6, 51.1, 45.8, 39.9, 39.3, 36.3, 32.1, 27.3, 22.2, 21.4, 21.1, 20.6, 20.0 ppm; IR
(CHCIR): vmax=2951, 2360 cm b HRMS (DART+) calcd for Ci6H,sNO, [MH]" 266.2120, found
266.2134; [0]"®p= —3.2 (c = 0.35, CHCls).

(-)-8-Deoxyserratinine:

To a stirred solution of 348 (10.0 mg, 0.0377 mmol) in DMSO (0.5 mL) was added 2-iodoxybenzoic
acid (IBX, 52.8 mg, 0.0754 mmol) at room temperature, and the mixture was stirred for 4 h at the
same temperature. The reaction mixture was quenched with a saturated solution of NaHCO; and
extracted with hexane-AcOEt (1:1). The organic layer was washed with brine and dried with Na;SOy.
After removal of the solvent under reduced pressure, the residue was purified by silica gel
chromatography (CHCI3/MeOH, 50:1) to give (—)-8-deoxyserratinine (7.4 mg, 75%) as a white solid.
[Note: The reaction on 6.6 mg scale gave (—)-8-deoxyserratinine in 43% yield. An experimental error
could not be ignored due to the reaction on small scale. For instance, loss in the extraction or
purification step was possible because 8-deoxyserratinine was a highly polar compound.]

'H-NMR (CD30D): 6=3.51 (1H, s), 2.95 (1H, dt, J = 12.0, 9.3 Hz), 2.86 (1H, td, J = 10.6, 4.9 Hz),
2.70 (1H, d, J = 10.7 Hz), 2.65 (1H, ddd, J = 12.0, 8.6, 1.4 Hz), 2.48 (1H, dd, J = 18.7, 11.2 Hz),
2.35-2.31 (2H, m), 2.15-2.12 (1H, m), 2.02-2.00 (2H, m), 1.89-1.79 (4H, m), 1.62—1.54 (3H, m),
1.35-1.31 (3H, m), 1.13—1.11 (1H, m), 0.91 ppm (3H, d, J = 6.5 Hz); *C-NMR (CD;0D): §=218.1,
78.8, 74.5, 53.4, 51.2, 45.9, 39.9, 39.0, 34.1, 33.0, 25.8, 22.8, 22.5, 21.8, 21.5, 21.0 ppm; IR
(CHCL3): Viax=3622, 3448, 2950, 2925, 1734, 1458 cm *; HRMS (DART+) calcd for CysH,6NO,
[MH]" 264.1964, found 264.1943; [a]*®,= —10.2 (c = 0.58, EtOH).

Epoxydation of 343 (Synthesis of epoxide 350):

To a stirred solution of 343 (13.9 mg, 0.0282 mmol) in CH,Cl, (1 mL) was added
m-chloroperoxybenzoic acid (NCPBA, 75 %, 13.0 mg, 0.0564 mmol) at 0 °C, and the mixture was
stirred for 2 h at room temperature. The reaction mixture was quenched with a 10% solution of
Na,S,03; and a saturated solution of NaHCOg, and extracted with CH,Cl,. The organic layer was
washed with brine and dried with Na,SO,4. After removal of the solvent under reduced pressure, the
residue was purified by silica gel chromatography (hexane/AcOEt, 1:1) to give 350 (8.0 mg, 58%,
the second elute) and 349 (2.4 mg, 13%, the first elute) as a colorless amorphous, respectively.
[Note: The reaction on 111 mg scale gave 350 and 349 in 56% and 11% yield, respectively.]

Epoxide 350:
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'H-NMR (CDCl3): 9=7.90 (1H, d, J = 7.6 Hz), 7.73-7.68 (2H, m), 7.58 (1H, d, J = 7.6 Hz),
4.86-4.84 (1H, m), 3.54 (1H, s), 3.33-3.30 (2H, m), 3.14-3.07 (1H, m), 3.01 (1H, d, J = 12.5 Hz),
2.79 (1H, t, J = 13.8 Hz), 2.16-2.12 (1H, m), 2.13 (3H, s), 2.05-2.01 (2H, m), 1.86-1.46 (11H, m),
1.17 (1H, g, J = 12.1 Hz), 0.88 ppm (3H, d, J = 5.8 Hz); *C-NMR (CDCly): §=170.7, 148.6, 133.6,
131.3, 131.1, 130.5, 123.8, 80.6, 69.7, 62.0, 51.1, 48.9, 46.8, 43.5, 42.3, 36.3, 36.0, 34.4, 29.8, 26.1,
25.6, 22.0, 21.3, 21.1 ppm; IR (CHCI3): Viax=1728, 1549, 1373, 1250 cm %; HRMS (FAB+): calcd
for CoqHssN,0-S [MH]* 493.2008, found 493.2009; [0]*°,= —24.1 (c = 1.28, CHCI,).

Epoxide 349:

'H-NMR (CDCl3): 6=7.90 (1H, d, J = 7.4 Hz), 7.70-7.65 (2H, m), 7.57 (1H, d, J = 7.7 Hz), 5.16 (1H,
s), 3.53-3.49 (1H, m), 3.38 (1H, d, J = 14.8 Hz), 3.28-3.26 (1H, m), 3.18-3.16 (2H, m), 2.17-2.11
(3H, m), 2.01 (3H, s), 1.99-1.97 (2H, m), 1.80-1.66 (9H, m), 1.45 (1H, dd, J = 15.6, 4.3 Hz),
1.33-1.32 (1H, m), 1.00 ppm (3H, d, J = 6.7 Hz); *C-NMR (CDCls): 6=169.8, 148.8, 133.4, 131.4,
131.2, 130.5, 123.9, 74.9, 68.0, 63.7, 51.8, 48.7, 46.9, 36.2, 36.0, 32.7, 28.3, 25.6, 24.2, 23.5, 22.7,
21.6, 20.5 ppm; IR (CHCls): Vmna=1730, 1549, 1373, 1248 cm*; HRMS (FAB+): calcd for
C24H33N,0,S [MH]" 493.2008, found 493.2009; []*®5= —24.6 (c 0.75, CHCIs).

Allyl alcohol 351:

To a stirred solution of 350 (8.4 mg, 0.0171 mmol) in THF-H,O (10:1, 2 mL) was added TsOH-H,O
(3.3 mg, 0.0171 mmol), and the mixture was refluxed for 5 h. After cooling, the reaction mixture
was quenched with saturated solution of NaHCOz and extracted with Et,O. The organic layer was
washed with brine and dried with Na,SO,4. After removal of the solvent under reduced pressure, the
residue was purified by silica gel chromatography (hexane/AcOEt, 1:2) to give 351 (6.3 mg, 75%) as
a colorless amorphous. [Note: The reaction on 64.1 mg gave 351 in 56% yield.]

'H-NMR (CDCly): 6=7.83 (1H, dd, J = 7.8, 1.5 Hz), 7.70-7.67 (2H, m), 7.59 (1H, dd, J = 7.7, 1.4
Hz), 5.87 (1H, ddd, J = 12.0, 4.8, 1.4 Hz), 5.13 (1H, d, J = 7.0 Hz), 5.05 (1H, dd, J = 10.0, 4.0 H2),
3.93 (1H, ddd, J = 14.3, 4.3, 2.5 Hz), 3.50 (1H, t, J = 12.3 Hz), 2.97 (1H, qd, J =, 12.0, 4.6 Hz), 2.73
(1H, d, J = 14.4 Hz), 2.67 (1H, ddd, J = 14.4, 11.7, 3.1 Hz), 2.40 (1H, dt, J = 14.1, 6.9 Hz),
2.37-2.34 (1H, m), 2.10-2.05 (1H, m), 2.06 (3H, s), 1.80—1.73 (3H, m), 1.69—1.52 (5H, m), 1.48
(1H, d, J = 14.1 Hz), 1.42 (1H, dt, J = 13.1, 12.2 Hz), 1.34 (1H, dt, J = 12.2, 10.8 Hz), 0.91 ppm (3H,
d, J = 6.4 Hz); *C-NMR (CDCly): 6=170.3, 150.7, 148.7, 133.4, 131.9, 131.4, 129.8, 125.1, 124.0,
80.0, 72.8, 55.3, 53.4, 52.1, 45.0, 39.3, 39.2, 38.9, 36.7, 31.0, 29.7, 24.6, 22.1, 21.6 ppm; IR
(CHCL,): vmax=3602, 1732, 1547, 1373, 1248 cm t: HRMS (FAB+): calcd for C,4H3,N,0;SNa
[MNa]* 515.1828, found 515.1824; [o]*'p= +40.7 (¢ = 1.21, CHCI).

Diol 352:
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To a stirred solution of 351 (35.9 mg, 0.0729 mmol) in MeCN (1 mL) were added PhSH (16.1 mg,
0.146 mmol) and K,COj3 (20.2 mg, 0.146 mmol) at room temperature, and the mixture was stirred
for 4 h at the same temperature. Water (1 mL) and di-tert-butyl dicarbonate (Boc,0, 63.6 mg, 0.292
mmol) were added to the reaction mixture, and the mixture was stirred for 3 h at room temperature.
Successively, KOH (81.8 mg, 1.46 mmol) and MeOH (3 mL) was added at 50 °C, and the mixture
was stirred for 12 h at the same temperature. The reaction mixture was quenched with a saturated
solution of NH,CI and extracted with CH,Cl,. The organic layer was dried with Na,SO,4. After
removal of the solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 1:1) to give 352 (12.7 mg, 48%) as a colorless amorphous. [Note: The reaction on
6.3 mg gave 352 in 58% yield.]

'H-NMR (CDCl5): 6=5.66 (0.45H, dd, J = 12.1, 3.0 Hz), 5.54 (0.55H, dd, J = 12.2, 3.1 Hz), 4.59 (1H,
t,J=5.2 Hz), 4.01-3.77 (3H, m), 2.99-2.95 (1H, m), 2.53 (1.55H, m), 2.40 (0.45H, dd, J = 14.3, 6.7
Hz), 2.27-2.23 (1H, m), 2.19-2.16 (1H, m), 2.06 (1H, br s), 1.93—1.36 (12H, m), 1.48 (4.95H, ),
1.46 (4.05H, s), 0.96 and 0.95 ppm (total 3H, both d, J = 6.0 Hz); “*C-NMR (CDCl5): §=155.9, 155.6,
152.1, 151.2, 126.4, 125.7, 79.4, 79.3, 76.3, 76.0, 73.2, 72.9, 55.7, 55.2, 53.7, 53.4, 51.7, 51.2, 42.8,
42.7,42.3,42.2,41.9,41.4,38.0, 37.8, 37.7, 37.1, 29.5, 28.9, 28.5, 28.4, 27.8, 27.2, 26.1, 24.6, 23.4,
23.1 ppm; IR (CHCI3): vm=3602, 3431, 1678, 1367, 1161 cm *; HRMS (FAB+): calcd for
C1HasNO,Na [MNa]* 388.2464, found 388.2457; [0]™’p= +68.3 (¢ = 0.85, CHCIs).

(-)-Lycopoclavamine A:

To a stirred solution of 352 (12.7 mg, 0.0.347 mmol) in DMSO (1 mL) was added IBX (48.6 mg,
0.174 mmol) at room temperature, and the mixture was stirred for 3 h at the same temperature. The
reaction mixture was quenched with saturated solution of NaHCO; and extracted with Et,O. The
organic layer was washed with brine and dried with Na,SO,, and removal of the solvent under
reduced pressure gave crude diketone 353.

After this crude material was dissolved in CH,CI, (1 mL), trifluoroacetic acid (TFA, 0.25 mL) was
added to this solution at room temperature, and the mixture was stirred for 48 h at the same
temperature. After removal of the solvent under reduced pressure, the residue was purified by
amino-silica gel (Fuji Silysia Chemical Ltd., CHROMATOREX® NH-DM1020) chromatography
(CHCI3/MeOH, 40:1) to give (—)-lycopoclavamine A (7.7 mg, 85%) as a colorless amorphous.
'H-NMR (CDCly): 6=6.92 (1H, dd, J = 7.3, 1.9 Hz), 3.74 (1H, td, J = 14.0, 4.4 Hz), 3.51 (1H, ddd, J
= 15.4, 12.3, 4.7 Hz), 2.93 (1H, dd, J = 15.4, 6.7 Hz), 2.79 (1H, ddd, J = 19.5, 12.2, 6.6 Hz), 2.72
(1H, dd, J = 14.2, 5.4 Hz), 2.56 (1H, dd, J = 17.8, 6.6 Hz), 2.33-2.23 (2H, m), 2.17 (1H, br s),
2.15-2.07 (2H, m), 1.91 (1H, t, J = 12.0 Hz), 1.91 (1H, d, J = 18.0 Hz), 1.73-1.64 (2H, m),
1.58-1.56 (1H, m), 1.52—1.49 (1H, m), 1.35 (1H, dt, J = 12.7, 2.3 Hz), 0.88 (3H, d, J = 6.6 Hz), 0.55
ppm (1H, dt, J = 13.7, 12.4 Hz); *C-NMR (CDCl,): 6=206.6, 141.3, 136.1, 84.9, 53.3, 46.5, 45.9,
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43.1, 42.8, 40.4, 37.2, 30.3, 29.7, 27.2, 22.9, 22.2 ppm; IR (CHCl3): Vyma=3573, 1716, 1641 cm %,
HRMS (FAB+): calcd for CisH2NO, [MH]® 262.1807, found 262.1812; [0]*°p= ~56.5 (c = 0.58,
CHCL,).

Below compounds were synthesized from 344 according to the same procedures as the racemic
synthesis. Each optical rotation data is shown.

276

[¢]”5= +0.1 (c = 0.56, CHCIs).

275
[¢]* o= —18.8 (c = 0.53, CHCly).

277
[0]¥b= +26.4 (c = 0.19, CHCI5).

(-)-Serratine
[0]%b= ~7.9 (c = 0.073, EtOH).

279
[0]®p= +71.1 (c = 0.28, CHCI5).

280
[0]®p= +24.1 (c = 0.31, CHCI5).

(-)-lycopoclavamine B
[0]%5= —14.0 (c = 0.087, CHCI,).

Epoxide 357:

To a stirred suspension of 345 (16.1 mg, 0.0272 mg), Shi’s epoxidation catalyst (7.0 mg, 0.0272
mmol), NaHCO; (229 mg, 0.272 mmol) and a solution of disodium dihydrogen
ethylenediaminetetraacetate (Na,(EDTA), 4 X 10 M, 0.5 mL) in MeCN (0.5 mL) was added
Oxone® (50.2 mg, 0.0816 mmol) at the room temperature, and the mixture was stirred for 1 h at the
same temperature. The reaction mixture was quenched with a 10% solution of Na,S,03 and extracted
with CH,Cl,. The organic layer was washed with brine and dried with Na,SO,4. After removal of the
solvent under reduced pressure, the residue was purified by silica gel chromatography
(hexane/AcOEt, 1:5) to give 357 (9.1 mg, 55%) as a white solid.
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'H-NMR (CDCly): 9=7.91 (1H, dd, J = 7.9, 1.4 Hz), 7.72 (1H, td, J = 7.6, 1.6 Hz), 7.68 (1H, td, J =
7.6, 1.4 Hz), 7.58 (1H, dd, J = 7.6, 1.4 Hz), 5.30 (1H, d, J = 9.6 Hz), 5.02 (1H, dd, J = 12.5, 4.3 Hz),
3.59 (1H, s), 3.31-3.24 (2H, m), 3.16-3.11 (1H, br), 3.06 (1H, d, J = 11.7 Hz), 2.72 (1H, ddd, J =
16.2, 11.9, 2.1 Hz), 2.61 (1H, dd, J = 12.0, 4.5 Hz), 2.33 (1H, t, J = 12.2 Hz), 2.14 (3H, s), 2.09-1.98
(3H, m), 2.07 (3H, s), 1.91-1.90 (2H, m), 1.91 (3H, s), 1.76-1.65 (SH, m), 1.52 ppm (3H, s);
BC-NMR (CDCly): 9=170.3, 170.1, 169.9, 148.7, 133.7, 131.3, 131.1, 130.7, 123.9, 82.0, 80.2, 75.7,
68.9, 61.7, 51.1, 50.9, 47.3, 45.5, 35.8, 35.7, 31.0, 29.7, 26.0, 25.8, 22.3, 21.2, 21.1, 18.2 ppm; IR
(CHCLy): Vma=1736, 1549, 1371, 1238 cm*; HRMS (FAB+): calcd for CpgHgrN,OuS [MH]®
609.2118, found 609.2135; [0]'*p= —41.8 (c = 0.61, CHCI,).

Alcohol 358:

To a solution of 357 (9.1 mg, 0.0149 mmol) in MeCN (1 mL) were added PhSH (3.3 mg, 0.0298
mmol) and K,CO3 (4.1 mg, 0.0298 mmol) at room temperature, and the mixture was stirred for 1 h
at the same temperature. The reaction mixture was diluted with water and extracted with CHCl;. The
organic layer was washed with brine, and dried with Na,SO,4. After removal of the solvent under
reduced pressure, the residue was purified by silica gel chromatography (CHCI;/MeOH, 1:1) to give
358 (5.7 mg, 90%) as a colorless amorphous.

'H-NMR (CDCls): =522 (1H, s), 4.86 (1H, s), 3.70 (1H, br s), 3.07-3.04 (2H, m), 2.71-2.65 (4H,
m), 2.36 (1H, td, J = 11.6, 2.5 Hz), 2.13-2.03 (3H, m), 2.08 (3H, s), 2.05 (3H, s), 2.01 (3H, s), 1.96
(1H, dd, J = 16.5, 3.1 Hz), 1.93-1.91 (1H, m), 1.64—1.60 (4H, m), 1.52—-1.50 (1H, m), 1.42 3H, s),
1.21 ppm (1H, td, J = 13.2, 3.9 Hz); "*C-NMR (CDCl,): 6=169.5, 169.1, 168.8, 80.0, 78.5, 78.3, 75.8,
72.5, 52.3, 50.6, 45.4, 40.5, 38.1, 30.2, 30.1, 23.1, 22.6, 21.6, 21.5, 21.0, 20.8, 20.6 ppm; IR
(CHCL3): Vmax=1734, 1371, 1234 cm *; HRMS (FAB+): calcd for C,H3NO; [MH]* 424.2355,
found 424.2340; [a]*®5= —9.9 (c = 0.47, CHCI,).

(-)-Serratanidine:

To a stirred solution of 358 (5.7 mg, 0.0135 mmol) in DMSO (0.5 mL) was added IBX (7.6mg,
0.0270 mmol) at room temperature, and the mixture was stirred for 1 h at the same temperature. The
reaction mixture was quenched with a saturated solution of NaHCOzand extracted with Et,O. The
organic layer was washed with brine and dried with Na,SO,4. Removal of the solvent under reduced
pressure gave crude ketone 359.

After 359 was dissolve in MeOH-H,O (10:1, 1 mL), KOH (7.6 mg, 0.135 mmol) was added to the
solution at room temperature, and the mixture was heated for 1 h at 50 °C. The reaction mixture was
guenched with a saturated solution of NH4CI and extracted with CHCI5. The organic layer was dried

with Na,SO,4. After removal of the solvent under reduced pressure, the residue was purified by silica
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gel chromatography (CHCIs/MeOH, 10:1) to give (-)-serratanidine (2.5 mg, 63%) as a colorless
solid.

'H-NMR (CDCls): 6=4.05 (1H, dd, J = 11.6, 6.4 Hz), 3.59 (1H, d, J = 11.3 Hz), 3.15-3.14 (1H, m),
3.07-3.05 (1H, m), 2.91 (1H, br d, J = 7.2 Hz), 2.66 (1H, brt, J = 12.0 Hz), 2.56 (1H, t, J = 9.6 Hz),
2.48 (2H, brd, J = 5.7 Hz), 2.22 (1H, dd, J = 12.8, 6.4 Hz), 2.13-2.09 (1H, m), 1.91-1.85 (4H, m),
1.77-1.73 (1H, m), 1.70 (1H, d, J = 13.9 Hz), 1.64 (1H, d, J = 12.9 Hz), 1.37 (1H, td, J = 14.0, 3.6
Hz), 1.19 ppm (3H, s); *C-NMR (CDCls): 6=217.5, 79.1, 75.9, 74.9, 72.4, 50.0, 46.9, 45.7, 43.4,
42.6, 39.9, 37.9, 31.0, 22.6, 19.5, 19.3 ppm; IR (CHCls): Vye,=3593, 3398, 1736 cm'; HRMS
(DART+): calcd for CysHosNO4 [MH]" 296.1862, found 296.1883; [0]*°p= —34.7 (¢ = 0.17, CHCly).
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