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Ac
AIBN
br

Bn
Bu

DIBAL
DMAP
DMF
DMSO
equiv
ESI

Et
EWG
HMPA

KHMDS
LRMS
m

Me

Ms

MW

n-
NaHMDS
NMR
NOESY
[O]

Ph

Piv

ppm

q

quant

rt

acetyl
2,2'-azobis(isobutyronitrile)
broad

benzyl

butyl

doublet

diisobutylaluminium hydride
N,N-dimethyl-4-aminopyridine
N,N-dimethylformamide
dimethylsulfoxide

equivalent

elctrospray ionization

ethyl

electron withdrawing group
hexamethylphosphoric triamide
infrared spectroscopy
potassium hexamethyldisilazide
low resolution mass spectrometry
multiplet

methyl

Methanesulfonyl

micro wave

normal

sodium hexamethyldisilazide
nuclear magnetic resonance
nuclear Overhauser effect spectroscopy
oxidation

phenyl

pivaloyl

parts per million

quartet

quantitative

room temperature

singlet

triplet

tertiary



TBS
temp
Tf
TFA
THF
TLC
TMS
trig
Ts
V-40
V-70

tert-butyldimethylsilyl

temperature

trifluoromethanesulfonyl
trifluoroacetic acid

tetrahydrofuran

thin layer chromatography
trimethylsilyl

trigonal

p-toluenesulfonyl
1,1'-azobis(cyclohexane-1-carbonitrile)

2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile)
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Aok, BEHHEE LTHWOLNTE 22 XY BTk~ e BER 2R3 2 &b Tl £
NHEDOERARNT L TEED2 XY AT )V aA R (Daphniphyllum alkaloid) $E7% Z 71 % T2 BBfERE &
RESNTND |, ZRH2XUNT AT aA REIT, B CEEREDEEEZ RO TR, Zh
FNNEMECHR L2 =— 7 RERBREKE L O 0D, RERMECENILEH E LTHEEL D
EEEHEDTND %

Calyciphylline F (1)1% 2007 2L ERFO/NIHRBIC L 2T, 2 XY BV O—FETH 5
Daphniphyllum calycinum 7> b BBEREERE SNTHH XV T Va4 R Th 5 3(Figure 1), &Y
it & U CHEMECHEER L7z DRI E R L 3 SONkRFEL2ET 7 B AT T L2, 720 1
DTS ha R UBRIC T IRENZEE L2 8-7H F U v 7 1[4.2.1.0%] /) F 2 E#1E, 250 fix B2 54
FIRDIFAET DR Y ATV ha A ROFTH, 1 & [AFEYIC BEEREE R E & 7172 Calyciphylline D (2)%
DHPHET HEHTH D,

Calyciphylline F (1) Calyciphylline D (2) 8-Azatricyclo[4.2.1.0%8]
nonane skeleton

Figure 1. Calyciphylline F (1) X O D (2) D IERIFFK

Z OFER B RS ICBE L CITHEBEE TH L/ BIZ L o T, RO L9 RAEGHRIGRAIRE S LT
U5 (Scheme 1), 725 FAfEKINY) Td 5 Daphnimacropine (3)* O C7 ALOEELIZ L W A U7=H1H
K41 LT, #E< BRI IRBOSIZ L0 N-Co i MBS ND Z L T2 WAL L LT 5 TH D,

Daphnimacropine (3) 4 Calyciphylline D (2)

Scheme 1. 8-7 W U o7 m[4.2.1.0%]/ J Bkt i D LA ARG

— T, 1 IIRED S OUAGEN D72 < ZOFEMAREMIENEIII 20T > TW WS, FE#HEZ
BT 25 2 IZBW TR R R 1O mRNA FEIUEEER RS S TR Y ®, LIS [FAEROIEES WIRE
TE5, Dbz &b, FFILZO2=—2 ROV O AR & AWTE RN 2 T8 2 AL 7=%h
AR AR O E HIE L, 2 BIEICETF LT,
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1 DEERITIBNT, FKROHE 725 DITHMER N T HBRMEBHROBE TH D, 1 ITRFEERELED
BN LR DM E R ZIT L A ERTC WD RERESUITHRE B TFE DRI R D b7,
Z 2T, BAFRETIT 1 OBEMITEND, EHERLBRMEEREZEEOHME L 72D F r R BRORRM 722
WENEDOBR 1TV, LU NIRRT/ FE L ML L7 (Scheme 2)%,

Ns
N

o

oTIPS ° @
TH,NH 7
jg\/o H —_— s ,é N —_—
[4+3] Cycloaddition NsN
reaction

5 6 Tropinone 8

Scheme 2. v o — Ll AT 7T Vb T4 & DAL S

b, 2-vaX T U AT T —/L 5% THENH TUBHT LA T IV hTF A 6 240, 2

AUZXF LT N-Ns B —/L 7 2B S5 L [43 RS EIT L, b XU B~ LaEE A REZR b
nE 8 MREEICHONDENI D THD, AKISTIES HDLWEL TIZTOBEMILAZEAL THL
Z L TRk A BRI b e RV R E RIS L 2 ENATRE T B,
FBFIVIARTIEZ IO AN GBI T, B2 DR HBERM B HBE L 5T 1 OYO2E A EK
L7z (Figure2), ZOFFEMICOWTIEIN | ICFE#HT 5, 2 ETIE, 1 OGHEEICE W TIRELE 7o
CokFY T — NHCRORBIAML T vk BFARRT NG L ORF-IRFREETERSOSIZE LT,
BT AZBHFE L7z Microwave MW)RRS 2 FIH L 72 FHEIZOWTIER 5,

Chapter 1
OTIPS Intramolecular Bridgehead
[4"‘3] cycloaddition > radical reaction
\ /
Calyciphylline F (1)
Chapter 2
EWG
Ry _O_ _SMe /\EWG R,
el N — Rh R,
R; S Mw R;
tertiary xanthate 11 tertiary carbon quaternary carbon
radical 12 center 13

Figure 2. i SCHEZE



FE1E
Calyciphylline F D28 R%
1-1 AR

FFaml s Com LIz [4+3 1B LA NS & $#ER5 & L 7= Calciphylline F (1) A M (2O T Scheme 3 12
T,

CO,Me j]\
Bridgehead (0] SMe Diastereoselective o
T \ radical reaction . \ cyclization
'!‘_ Lt '!| Lt OB#SN_' — ":.:\\\
A
Calyciphylline F (1) 10 14

Intramolecular
[4+3] cycloaddition

Mukaiyama
Ns OTIPS aldol reaction
N H
" o  —
V¢ '
o oTMS 0Bn . -OBn
15 16 9

Scheme 3. Calyciphylline F (1) A AR Hk I

#% OREETR AR BIRFZE & 8% K Calyciphylline D (2)~D#5E AL & & L, 1 ORFBMEHEBALILA RO
METx YT — b 10 1ZxF U CTHEEAN. 7 VOS2 W CEAT DFHE 2 Tz, £72, 10 O 2R
FERMEBRICE LI e 25 =B ho e ) v 14 L0 IERBLKISEITH) 2 TOT AT L
ATRINNHER TE D LD & Lz, 72 14 143 BRALAINEIE % £ 0 ZhERM 72253 TNt~ & il &
HHZET, FHIEBONDLIEE T, ThbL, XS THNICNNs Er—LE2-onxs 7 U LT
v — ) VE A AT D BRI 9 KV BRI AR TED L LI, 9IE7 LT E RIS Vv oo
J—=NT—T )L 16 ZUT IV R—IIJRIZ T v 7Y 7 STk, BIRROFBEEZITH ZEIZLY
Bonsd LBz,

12 S FHNEH3IBRILESRIBE AR D& AL

P, TATE RIS LV LT ) — L —T )L 16 DEEFT -T2 (Scheme 4), HRD 2-745/L 21
B —/L 17 125%F LT Wittig SOSIZ K0 —REHR LI2%, o —/Ld Ns{bZ1TV, N-Ns £’z —/1 18
& L7z VT TSOH * HoO & WK RIS ZATH Z L TT AT e 15 2372, —hH T, v 2 v
fe =F L 19 1ZxF LC, Grignard #l7¢ EFl 2 OHRAIORGTE2T 72 2 A, I—RT7 AT 20 005
MEFH LAY T U 22D 2 & T IR LSHRUSAEITL, o-7 =271 21 %I
R 67% 1=, #WTTIPSOTf & R =F L7 &M, 21 & E/Z=3:1 ® TIPS =/ —)L=—F
V22 ~NEEHLUTZ, 22 DT AT UK LT, HMPA f#E F MeLi Z{EH &8, AF A7 br& L, &
BIZTMSCL ZFHWT OV U AV ) — ) T—T )L 16 21572, 16 X2 U B 7V 7 2 X DR L
TAREETHoTelod, HAERMO E EROKISTHNS Z & & Lz,
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1. Phan/OMe

NaHMDS, THF, 0 °C

i quant (E/Z = 1:5) AN TsOH-H,0 Ns H
\ " 2. NsCl, KRMDS, THF m Actone/H,0 = 5:1 m
-60 °C, 66% OMe 60 °C, 80% o
2-Formyl pyrrole 17 18 15
I
o) OBn o oTIPS 1. MeLi, HMPA, THF oTIPS
) . 92°
Eto\")J\OEt tBuli, 20 EtO TIPSOTE NEt g0 L -78°C, 92% Q
] Hex_zgefgfzg;, 1 ] oBn ., a?‘:'(?gé’:sﬂ) ) oBn 2 Ixis%’tgz“"’":’s otms L__oBn
Diethyl oxalate 19 21 22 16 (crude)

Schemed. 7Tt FISB LRI ALY ) — )L —T )L 16 DEFL

TN T FIN[A31BRALAH MBS DRIBMA 9 DA EIT- T2, BT VT E K15 LV U LY=
J = T—T )V 16 Z ATV R—=)VEISIZ T v 7V 7%, A Ul ZflokEeiElZ Ms B2 5 AL,
Ms ©=—7 /L 23 Z & L7 (Scheme5), IKIZ 23 (ZxF L C, Fix OHIL, I, 1BE ORETE21T > 7275,
HHE T2/ 24 ZH—THLZLITEEL S, BERWBy-Eaf k25 & OSBEREERIEAEY
BFOLNLDHTHoTe, £Z T, @It RU RREH & L TGS LIBHEG & AW 2iEeIbRE
Rl A, TREDOIERPLLHMET L7 204, =/ 24 EOREME L THDLZ &
It Lz, BN b 26 £/ 2 24 DIREWICHK LT NaBHy 2 /Ef &8, & CT7 b
26 & L7zth, TR FT Luche It a7 9 T & TERALAIBRA 9 2 ARk L7z,

Ns oTIPS
OTIPS 1. BF3-OEt,, aldehyde 15 N OTIPS various basic N Z X
CH,Cl,, -78 °C, 70% NS conditions \ /)
X > ® X —_— o OBn
oTMS oBn  2-MsCl, NEt; OMs O OBn :
CH,Cl,, -78 °C, 99% : 24
16 (crude) 23 : +
LiBHEt;, THF : Ns oTIPS
-15°C, 73% H N N
26:24 = 3:1 g =
. o] OBn
TIP 25
Ns L
\ / N Inseparable mixture
o OBn
26
OTIPS
+ NaBH,; Ns
N oTIPS CeCly-7H,0 ® X
N Y X THF/MeOH, rt OH OBn
\_/ o OBn 9 (crude)
24

Inseparable mixture

o3 N [43 BRI SO RITBEIA 9 D& Rk
7

Scheme 5.



1-3 TAEBIRIEKGE 8-7 b U 27 1[4.2.1.0°% /) F B OBE

5O NI BRALATEEAR 9 2 W T, o FRARBIBRIGI NS DF 21T o 7, Tlix G2 at Lok
B9V run XX U EEER —78°C T1 4 ED THNH TUHET 52 L THX VT IUNADF A A %
P&l L7c e iy FIN[ASBIBRALATMBOE S R I T 5 Z L &2 L Lo, AFEICE D 2 o =Btk
v/ 14 BLO2T NRAME L TELN 1427=2:1), ZORAWITDEERNEECTH 7203, Hi
< Ns HEOPFHIC L > THLNET I UARIZBWN T Y B F D T L TOHBENRTREL 72 . 2N ZF
T 228 B LUN29 21572 (Scheme 6),

Intramolecular

[4+3] cycloaddition oe : o o '
N OTIPS ' '
NS THNH (1.0 equiv) : 5 5 :
W/ h CH,Cly, -78 °C @ 0 nen L e N
2012, — NsN ' sN- sN- '
OH OBn < 559%, 14:27 = 2:1 oBno\_ : 0Bn 25
9 (crude) A : 14 27 :
ElZ=3:1 e ]
Inseparable mixture
o) o
PhSH, K,CO; 5 5
+ \
DMF, rt HN- o HN-
3% OBn D oen
28 29
Calyciphylline F (1)
2 1

Scheme 6. 73 F-W[431BR{LATINEUGE KO 2 2 28,29 DERL

BFHNTT I 28 B L UN29 (253D NOESY HIE D R 4 Figure 3 1277, KRENIRIMENDS,
TNENCSLTDOYT AT LAY —ThDHI N ghoTle, THUTEY, WAERY & b0 TN4+3]ER
AEATINBEIZ BN T endo FLCRUSPHEIT L2 Z E RN S E 7Aoo 7=, F 7=, Calyciphylline F (1)D24&
FAZFIH ATHEZR CS MEDSIAR L2 D7 I 28 WEAMM Th o7,

~«—» : NOESY

Figure3. 7 3 28 B X129 2%f4 % NOESY /&

Z OSAEIRPEIZ RS LT, 0 FA3BRILAIISOE 23 i RIS T L. BRALRITBE(R 9 o= ) — /L=
—TND EZ LWRERILIKRD CS DT T AT LA~ —IC KM S iz &5 2 7= (Figure 4), 37205, 9

DEKRBIONZENFNCHERBIREB, C 2T, BibiA 14, 27 2R LI LHED L Z AEEL
8



TV,

Ns OTIPS
N A
W/
OH OBn
9 (crude)
EIZ=3:1
E isomer I Z isomer
®_'; Concerted @_';
o endo o
NsN- (o) cyclization NsN-' O,
san S =
OBn
B [
o
5 5
NsN O NsN Q@
oBn° s P OBn
14 27
2 : 1

Figure 4. 731 P[4+3]BRALATINBOGR O SRR

WAZ CONLDNR L F DR R L | 8-TH h U 7 1[42.1.0%8 ) F Bk DOHEZE AT > 7= (Scheme 7),
T2 28 1TxF L CHE A SRE ARG LA R, MR Lo A & 7 — VIR REES Y O AT 5 2
& T CY DN F DO RMACR R BICR LS EIT L, FIEDO YT AT LA~ —30 IR 75% THTz, #it
WT30 DT I ET KL, AFILT AT /031 & Lz, 31 2% LC THF itd, -78°C T
KHMDS X TMSCl Z/EHSE 52 & T, 0 FNT IV R—AREHES T v ax s ROREDET
L. 8&7H MU 7 a[4.21.0%]/F > 32 % “TRIE 7% TH—-D YT AT LA~—& LTHET D
Z LTI LT,

MeO
cho3 > cho3 MeO >
degassed MeOH DMF, 30 C
rt, 75%

— — —_
Cl—SiMe,
KHMDS
TMSCI o o
—_—— —_—
THF, —78 °C MeoJl\le -““> 97%
; " (2 steps)
N-
OBn
32
_ D - Single stereoisomer

Scheme 7. 8-7 % FVU 7 1[4.21.048] /7 F 2 32 DERK



AR L7z 32 D NOESY HIIiE DG FR % Figure 512777, KRENTRITHHENC LV | 32 OFFLARBLE %
PE LTz, BLE, 87 U v 7 m[4.2.1.0%) ./ F 5 % & Te Calyciphylline F (1) WUBR LB ¥ OIS %
PERR L72D T, HtW T TR HEBRMEE RS OREEEIZ IR T, D RNBEROBEICE T LT,

32 Calyciphylline F (1)

~s—>» : NOESY

Figure5. 8-7% hVU 7 1[4.2.1.048] /7 F > 32 12%f9 % NOESY #|E

1-4 DI HBREEBROBE

FP. AF AT ATV 32 1% LT Grignard BUSEATV, A Y 7BV h 2 33 IR 78% THAK L
72 (Scheme 8), #EV T, Pd/C il Z FH T2 KBS INZ L5 33 ONEA L7 > & Bn EDORESE
AT, xS RE LR, 1 4 &D TFA /776 FC Bn =—7 /L 2151 L L 72356 TD %4 Bn &
DOBRFENETIT U, A U7e—FoKBER IS/ LT Appel SRS E{TV, I UFETHZETI—RTLh
34 1572, ZOBE, 34 LRIAERITHD N T2 VIR AT 4 UAF T REDOGBERNEECH > 7272
D, BEVMOEFROKINHWZ, 34 OIREWICK LT, HFERE L SmL #/EH S22 A,
FHBIC 7 O VBALROGDEIT L, SRERVERINTZT v a— 38 28T 5 Z LIT L7z, K
T 351K L T MK DR E 2 3 A T2 03 IeESeE T T El BERUG 134 < AT, 250 TMS
T—T VEEOSRREEIC LV KBELHRAE T2 2 L b REETH -7,

o  OTMs oTMS 1. Hy, PdiC oTMS

. MgBr TFA (1.0 equiv)
MeO .-“ MeOH, rt, quant. >
l!l- ,‘-“‘ THF 0°C 2.1, PPh,, imidazole
0Bn 78% CH,Cly, 1t
32
OH OTMS OTMS
Sml, xS Deoxygenation v
— ;) —H— 7
THF, rt N- o N- o
35 36

Scheme 8. Sml, & H V7= /S BER DOREEE

LEDZ &t ZRKEEIEZ B LR W7o e B kg 2 325 LT (Scheme 9), § 726, MUBRE
FEE 32 1Zx L CETHAR ATV, WAL 7 1 & Bn BaBRE LT, 4 Ul —#okig k% TBS
FEICTHRF#EL . TBS =—T /137 & L2, iV T 37T DAF LT AT VA% LT DIBAL #7T & Swern
bZATH) ZLICRY, AT RIEARM LT, WITHLI 38 1% LT Wittig KISZE D4 V7
AR VEOBEANE R TZN, FABEM L, FTEOA Y T exX=)L 39 [ 3G bnkholz, £
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Z T (-)-Spirotryprostatin B DA RKIZE T D Carreira D FYE 6 2 5HI, L0 REMEOE W PT ALk
> 40 % A7z Julia-Kocienski SUG &2 1T 272 & 2 A BUSIEMMEIZHEIT L, 39 ZUUR 7T1% THD Z &1
% L7z,

0 oTMS 1. Hy, PdIC

o TFA (1.0 equiv)
> MeOH, rt, quant.

1. DIBAL, CH,Cl,
-15°C, 99%

L
’

2. TBSCI, imidazole
DMAP, CH,ClI,, rt, 88%

2. (COCI),, DMSO, NEt;
CH,Cl,, -78 to 0 °C, 83%

AY
N\r T oTMS
4
N ,‘N

Scheme 9. A YV 7’ a~X=)L 39 D&%

WIZHF ZHHWT39 D2 5OV U NAVEEFREL, A —/L 41 ZH K L72 (Scheme 10), 1§ 54172 41
D 1 FRAKRFERIEIZXT LT Appel SUGNMZ LD 3 v FEbER AN, BRIO I — K70 2 42 1TEWE L)
BoT, WO “MoKBRL L OBRLEISPEIT L7727 b7 Ke 770 43 REARD & L THLR
Too T T, BIROGDIRR & 72 5 ok 2 R LT REZ AW TRBROBELITH 2L & Lz,

HF lodination
THF/H,0
0 °C, quant
41
(o]
W R\S
R\ > >4\ K >

Lt + l!l Lot
42 (desired) 43 (undesired)
trace Major product

Scheme 10. ¥4 —/L 41 (%7 % Appel S Z &5 3 7 E LD G

AR EAToTofER, PV U AT —TF L 39 TR LTA Y 7 — LRI 1 Y& TFA Z{Ef &
HZETEMTMS 20729 Z 872K, —#k TBS D A& @RI HifRET D Z LIz L, 7=
—)1 44 %1537- (Scheme 11), ¥XKIC 44 % . Finkelstein Stz G e — TREOEHTI— K7L 45 L L
72o 452X LT AIBN, KFL F U TFNARXEE ST E 2 A, 6-exo-trig B T 2 Ty VERAVEUE D3
Mz HET L, T2 RNERNDIERINTZ 46 & 211 OV T AL T A~—RAME L THEZ, Zhick
Y . Calyciphylline F (1)D#EHE72 2> 28 BV ORI RTh L7z, & %IZ HF % W C =8k TMS &
ERLREL, Tva—47 L LT,

11



OTMS OTMS

TFA 1. MsCl, NEt;
(1.0 equiv) CH,Cl,, -78 °C, 78%
MeOH, rt 2. Nal, Acetone
90% 80 °C, 94%
39 44

OTMS
AIBN
Bu3SnH HF
PhMe, 110 °C THF/H,0, 0 °C
92% 79%
dr=2:1

46 47

Calyciphylline F (1)

Scheme 11. 7>Z 8 HERMEEHS 47 DA

1-5 BEALT DA NVRIGEDETIVIRETE Calyciphylline F D247

BAEBIZINT ., FHOMREIXIRK B L ERAEHOEATH L, I TET, HELE L LET L
XY T — b 48 ZHWTHBEENL T ¥ W VRIS DET IS E1T - 7= (Table 1), 723, AEFHIDBESR
TITo 7o), IEMRINERITE L TE TR,

Table 1. FBHAN. T 2D Ve DE T VIS

\/COZMe
(10 equiv) PivO
PhMe
Entry Condition Results (ESI-LRMS and '"H NMR)
1 AIBN, Bu3SnH, 110 °C, 12 h recovery of 48, polymer
2 Tf,NH; AIBN, Bu3zSnH, 110 °C, 12 h 50, recovery of 48, polymer
3 Tf,NH; V-40, (TMS);SiH, 110 °C, 12 h 49, 50, recovery of 48, polymer
4 Tf,NH; AIBN, (TMS);SiH, 80 °C, 12 h 49, 50, recovery of 48, polymer
5 Tf,NH; V-40, (TMS);SiH, 130 °C, 12 h decomposition
62 Tf,NH; AIBN, (TMS);SiH, 110 °C, 1 h 50, polymer

a. reagents were added by using syringe pump

FPT KR T D ANFAESRMEE LT, T U BABIGAIE LT AIBN, EioHlE LCKFELNY 7 F
WAREZRNT, 77 UNMBAFNEDORIGEITST2E A, FH T —h 48 DTV iEe] %
AT, BEEZRIT AR E o572 (Bntry 1), 7 VDA LRWEREN, 0 FHICHFET D =k
7 2 UDOINIEFRNCH D EE L, Entry2 TlX 48 & THNH UG SH, =7 3027 vk Liz
BRI T POV LTz, 5 &, TVMNOREITHRETEZbOD, BTERTHD 50 135

12



NODHTHoTe, £ T, X@E@EmWIETTAIZ HWIUE, 4 LTAGIENL 7 ¥ 1 v &8 TTHI & O KOG
DIHICE S LB 2, Entry 3 TlEmEWIEILH & L TTMS)SIH Z W TN ETT-72 & Z A, ESI-
LRMS (2 CATE O MR REDHHEGE ST 49 DA AR T 2 Z LN TE 72, Entry 4 TIIT7 27 U LEEA
FNDORY ~— (b2 ffT 5720, HEE 80°CE TN TRISEITo72M, Entry 3 & [REROFRER L 72
S7, F72, Entry 5 TIHREICTH D 48 ZIHET D72, 130°CE THIR L7223 48 BN fR T HAER L 72
o7z, —J T, Entry6 TiEx U > VR 7o A0 TRIEE RPITHR A 12N 2 5 FEEZRA T2, ETK
50 O LRER E o7, LEXY | BERGEEE Tl Entry 3 D&M EZ NS Z 8 & LT,

BT MR TORREEEE R, £, HIHARMELE 47 O =fok@BEE2 7 — MEL, 51 &
L7z (Scheme 12), Z DR, =fk7T I VIS AFIALES NIRRT =7 L2 52 bEIARM E L TR
e BT STITK L CET AMIE CORBERMEZ N Lic & 2 A fGENLT ¥ I VEUS S EIT L,
ESI-MS (2 THTEE D MUk iR 38 HMEEE S 7172 Calyciphylline F (1) DA & MR+ 25 2 LN TE 7=,

s s
)I\ )l\ TfNH;
OH 0~ sMe 0~ “sMe A COMe
o NaH R w
> " > CS,, Mel > - > > - > V-40, (TMS),SiH
—_— —_—_—
N — THF, rt n— o108 —A PhMe, 110 °C
Me”
a7 51 52 Calyciphylline F (1)

Scheme 12. Calyciphylline F (1) &A%
PUE X 0 IO USSR RO ML H 5 b DD, Calyciphylline F (1) DHDEA R &R LT, £

T AR n— L L AT UNTF A L O WNASB RIS 2RI L7 KIS 26 5o
KD TEH % o

13



B2E

Microwave FREHIC X 2 Bl WUk iR RABSLIE D BRI

2-1 FBEBLL T ¥ W IVIR)S DFRE

55 1 FE(ZF T Calyciphylline F (1)O2EAILER L7 DD, A OIEIAN 7 ¥ I VEIGNIZ X
% VAR R SEAEEE NIRRT EORM AL L T\ e, RIS TIL, =XV o7 — b I VN34
SELHDIC, MEETH D THONH Z2FINFE L THWTWERN, ZRICED T Z UV ABAFILORY <
—EIMELTLE D Z &5, RIGRE R LK TH > 72 (Scheme 13),

)]\ | T,NH
07 SsMe L ian
x_COMe
o -
: > V-40, (TMS);SiH
0 (TSR

n—K ' PhMe, 110 °C
51 Calyciphylline F (1)

Scheme 13. #&SANL 7 27 A1 )V B O R RE A

L ZAT, MEHNANTA ReBdie=fnT A4 LR EISELT VAN EHNT, IRRFELZHEL
TWBBIE SN E ISR OBREF N HEEDOD TS, L0 AFRE 72 ST LI — L b 3E X475
T ANE RO THFRRFE-RERES Z TR L TWABNIEZAVE TITEB] LvE STV % fiilt,
Overman, MacMillan H{F=#k 7 PNV OFAER E LT, =7 Vv a—AnbiFE Loy o UEEEZ v
2L Ry 7 2 S A S L TWD 10 22T, EFA=MT L a—/L 53 Z TS = g~
DOFEALERABRTD, BAREREIMETH DL 2 Ve =7 I VU BRIG L7e#, BE RV
JEISHEAT L7ZHEE AR O N DA T, TEDOT 2 VR S4 25T 5 2 LIXTE o7,

o
cl o
%oa J\
OH 0 07 “CO,Et

PivO ‘> NEt;, DMAP PivO \>

q Lt —f— 7 o

N CH,Cly, 78 °C N:

53 54

Scheme 14. EF /L =#k 7 /L a2 —)L 53 D = T ~DFEAL,

— T BO=BT N A=K L THEFY T — FOBEANTWRETH T2y, =RFH T — b
ST DIV AN TRIBHR-RFREUSIE, B =AY & O] % ZBRHE, 7Y v
FUTFARAREDRIICRES T, DLEDZ Enh, ZHFY T — b S REFRET
NI b OFFER G- RFR- IR FRTE R BUG DO BRFEIZ IR D #LATZ,
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22 =kFV T — M ERAWIE G FRIRR-IREREETERE G DB %

BERTOET NN LZER L, BE L LTBMOBIAM X T —FTHD 1-T X~ FxH
T—hS5EHEL 2, TIZUVNAERAT IV 56a & DTV HNVISTMEEMZE LT (Table 2), £72. &F&
R TODBNISEEZR L, VU OR T E2FIH LRV R T,

Table 2. —#&7 27D oy [lRFRE-R BRGSO Al

s CO,Me
)]\ X CO:Me

56a (5.0 equiv)
—_—m—

Initiator (40 mol%)
Reductant (2.0 equiv)

Solvent (0.02 M)

55 Temp, Time 57a
Entry Initiator Reductant Solvent Temp. (°C) Time (min) Yield (%)?
1 V-40 Bu3SnH PhMe® 110 120 27
2 V-40 Bu;SnH xylene® 140 120 32
3 V-40 BuzSnH xylene 140 (MW) 10 84
4 V-40 Bu3SnH PhMe 110 (MW) 10 38
5 V-40 Bu3SnH xylene 180 (MW) 10 92
6 V-70 Bu;SnH xylene 180 (MW) 10 96
7 AIBN Bu3SnH xylene 180 (MW) 10 99
8 AIBN (TMS);SiH xylene 180 (MW) 10 99
9° AIBN Bu3SnH xylene 180 (MW) 10 82
10 AIBN Bu3SnH xylene 180 (MW) 5 99

a. NMR yield using CHBr; as an internal standard.
b. The reaction was conducted in 0.075 M solution.
c. 2.5 equiv of 56a was used.

FP MV UVEBER . 110°CTT P hVBREAAIE LT V40, BTAlE LTKRFEIL N TFALAXE M
W fREV TR SR LT & 2 A, TR DRF-RFBFEA DB SN2 A FILT AT )L §7a D5 27% &K
IWRTH LT (Bntry 1), RICKISEEZ 140CIZHIB L& 2 A, IERIT 32%cbdMicm LT
(Entry 2), — 5 C. FEEDORIE%E 10 43 D Microwave MW)IRE F TITo72 & 24, IERIL 84%IZ KIE
\ZE S 72 (Bntry 3), Microwave FRE 23 =% 7 — NN B DT P IVEISIZIRIITH 5 & 430
STeDT, WITIRE DR A1T > 72, Microwave U | 110°CTRISZAT 72 & 2 A, IUHEIF 32% &K
T L7 (Entry )73, 180 COSM:TITNERIL 92%F Tl L L7z (Entry 5), KIZ T ¥ B VBIGHAIZ V-70,
AIBN [ZEH L TN ZIT272E 2A, WL EINET 57a 5.2 558 & 72> 72 (Entries 6, 7), %
T KB R T TFARAXORODICT T o2& AlE LT25E S EEMIIC5Ta h3F G472 (Entry 8),
— T, TZ VUIVERAT )L 56a DYE%E 2.5 YEETHOT &, IRIL 82%E DT ML L7z (Entry
9), FZIZ, RUSKHEZ 5 0 MICER LT, FERIZERMIC 57a 2525 L 5302572 (Entry 10),

PLE XY | Microwave M 2RI U7z 70 MR F-R B S TERSS DR e 52 AT 2 L3 T
XTDT, WA RETARET VT 2 HWT, 2 OmINFH 2 84 L7z (Table 3),
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Table 3. & - R&7 /L7 o Om G FFH OBt

EWG

S Z "Ry

J\ Rz R,

56 (5.0 equiv) Ry
—_—
AIBN (40 mol%)
Bu3;SnH (2.0 equiv)
xylene (0.02 M), MW
55 180 °C, 5 min 57

EWG

o) o
X _CN . _SO,Ph
N X X
\)I\OPh NMe,
56b: 96%2 56c: 99% 56d: 99% 56e: 85%

P E CN CO,Me CO,H
XP(O)(OEY), ﬁ/ P

cl
56f: 64%2 56g: 97% 56h: 74%30 56i: 66%P
CO,Et CO,Et o CO,Et
Ph\)\ ©¢ Z
\)\coza ZNco,Et W)\coﬁ
56j: 71%2 56k: 67%? 561: 22%2 56m: 0%

a. NMR yield using CHBr; as an internal standard.
b. inseparable from reagents

FP. REERMT AT LE L TT 2=/ AT /L 56b & VTG EIToT2 8 2 A, FT2OIE 57b %
IR 96% CHMTE 2, F/2, 72 K 56c, =k U/ 5s6d, ALKy 56e DX DB RyIMEE L
FEHEIZBWTH, TN 99%. 99%. 85%& HlR CTHIMAN G HivTe, —J7 T, ARAREE S6f %
FWTZBRIE, BEED 64%I(E T L7, RICoE# S zo,B-FaFI= A7 VARG LTz, A FIVEB S
777 Va=hrUL56g Il THRINIMEZR HEIT L, MIMEZIE 97% TH 212, £/, Z7un
B ST 56h IZHBWW T, BRERLZHZR S 2 L2 BB b, WEBEO B LR U ERE B O 56i
TIEHHPREONEZNL L, MIMERSGLRZ, LHLAEnND, MK STh BL ST X ) 5 vs
T AL DRI L OGEENREETH o7, WITBALIC A FVEE, 7 = =V 5% D 56j, 56k & VT
JEEAT o Te & 2AH ZFNENIER T1%, 67% TR Z G- 272, 7 ma X2 - 1-4 2 561 ICBW T,
BOSITHELT L7223, 2% RN Th o7z, £/, PO B L 72 o7z 56m TIISLIRRET OR8N K
=<, MSIEELSET LD o7,

PLEDZ B, Microwave HBST ZFIH L7 ARSITHEA @B ARE T V7 A2k L ThHEH ATEE T
HD LT, T2 TRIC, FBIEEM TRV kP 7 — FMYEICR L CHOAIS N @A TE 25
ZFH4 L7z (Table 4),
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Table 4. =&Y 7 — b O SEFH O

EWG
S R, EWG
o SMe 56 (5.0 equiv) R
R1/1\R3 AIBN (40 mol%) R; Rs
R, Bu3SnH (2.0 equiv) R,
xylene (0.02 M), MW
55 180 °C, 5 min 58
Substrate Alkene Product Yield
o o SMe o SO,Ph
E ><:>< < XS0-Ph E ><:>(\/ 68%
(o] Me S 0 Me
55b 56e
o o SMe cN o CN
DO YT oot
0 Me S o) Me
55b 569
S
J\ SO,Ph
(o) SMe 90%?
\/SOZPh Me
Me
55¢ 56e 58¢c
j]\ CO,Ph
(o) SMe
@\/’\ X -COzPh ©\/’\) 63%°
Me Me
Me Me
55d 56b 58d

a. NMR yield using CHBr; as an internal standard.

TP, eIV UREATLXIV T — b 55b EE =L AR Y S6e L DKL EIToTZE T A,
AT O 58b LR 68% CTHK T E 72, RIZ 55b 1Tkt L Ca@EHa 7 V> CTh b 56g ZEH ST
L2 A, 581 BUE 59% TR LT, —H Ty RERVIAMICER/I YT — e BT 24047
VHEAR 55¢ T Chugaev BEA L 29 2 L R S BUBSHEIT L, 58¢ IR 90% CTH- 2 7, F7o, #HIK
FEE 554 12 W TS BUNMIHFRRE OIGRCHEAT L, 0K 58d 231G v, Lz > T, fBEAf
T— NS D =Y T — NEVBEICBWTYH, KRSHENTH L Z RN gnoi,

PLEX Y Microwave B ZFIHT 52 & T, =XV T — MHRO=ZMT Oh b Hix72E
RRT N v & OFHG RSB IRFBREETERRBUS & BT 5 2 &L N TE 72 B, KRUSIIEHEA LS D
=X T — N EBEBFRRET NG L DT RIRFE-IRBFE G TERSS DRID TOFITH 5,
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B IZBA%E L 7= Microwave )it % FV N C., Calyciphylline F (1)DAGEENL T 3 1 )V I G D €T AFSGE & 1T
272 (Scheme 15), 73 FHIZEFANRT NI 2G5 =#kFH 7 — K 5912k LT, 7EkD TLNH &
BN P HNOEEATD &, BILE 60 LN DLDHTH o7, —J7, AR Lo &FEICf L
el A, BAEFELAELNT, TEOMNRRZNPELZINZLEERE T 7 b 61 ZEEMNICHEDHE
Wlipodz, 6113AX ) ) v AEETAERIZL Y, Calyciphylline F (1)~ L #FEA[EETH D DT, SHA
FEAE LG AND Z & T, RO TR BICER LRI TE 5,

O§J s
Tf,NH; OJ\SMe V-40

AIBN, Bu3SnH N Bu;SnH ;
—_ e NS - o
> PhH, 80 °C T “> xylene,180°C  ~S— | /  o..... » Calyciphylline F (1)
N: " MW, quant

59 61

Scheme 15. Microwave FRY 2 AV NT-AGTENL T ¥ IV G D FF VAFSE
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S

A, FEFIFL =772 8T RY L7 u[42.1.0% ) FUEKEAT LI XY AT haA R
T 5 Calyciphylline F (1) DDA % #5% L7z (Scheme 16), T 72 H, /3 FWNIZ N-Ns EEr—/L &
-2 X T Y AT IV a— ) )VENL Z2 AT D RIEEA 91Tk LT TN 1B LA INBOS 2 v Z & T,
ZBRME DSBS 14 BRI LTz, TO%, BIROYT A LT AR REHRIZLY | 8-7
P RU 7 a[42.1.0% ) F oG A G e TR RBRMIEEH 51 28 LTz, &#%IZ, 51 O =#F 7
— NEALIZXS UCHESANL 7 ¥ I VIS &2 WD 2 & Tk R % & Te ik FAISH A8 A L, Calyciphylline
F)DOHIOEEREENK LT, £z, REHRIIE e —L 3T UV FF 2 & D41 N[4+318RIbAT
IO Z R U Te RER BB R DRI DI T 5 (FE—F),

E Intramolecular

' [4+3] cycloaddmon

E NsN-
: OBn OBn

Bridgedhead
radical reaction

Calyciphylline F (1) 51

Scheme 16. Calyciphylline F (1) 425 5%

Flo, RN EARUTANT T, =X T — FHRO =T VAN E | EFARRT VT & Off
7205 1R R R }—?‘?ﬁxﬁ‘z}i}fi%ﬁﬁ% L72 (Scheme 17), 372 b ka7 =Xt 7— FNEEEIZH L,
5 43T Microwave BB T, AIBN, kFE(L NV 7 F N AX ELARETNVT7 %2 1ISO0CTIERH S5 &
[RFB-IRFREC DS S 4L, BRA R U R AR I T,

EWG
AIBN
Ry _O._ _SMe Busan /\EWG R
it Ry
R; S MW, 180 °C R;
tertiary xanthate 11 tertiary carbon quaternary carbon
radical 12 center 13

15 examples, 22-99%

Scheme 17. Microwave RS 2K F U 72 DUk iR B AEEETE O B %6
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ARFET, BHICAFARLEMT Va2 — AP o EEICHRTE 2 =kF 7 —F 2R L TEY,
IR 0 BT AR TR OHSEAT 2 B 1=, AR BB TA R ik & L TR
HCED (B,
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ES e

General Information

All the reactions were carried out under an argon atmosphere. Tetrahydrofuran (THF) was freshly prepared by
distillation from benzophenone ketyl before use. Anhydrous hexane, acetone, CH,Cl,, DMF, MeOH, PhMe and
xylene were purchased from Kanto Chemical Co. Inc. All commercially obtained reagents were used as received.
All microwave-irradiation reaction was carried out with CEM Discover™ SP in sealed heavy-walled Pyrex tubes
with constant temperature, pressure, and irradiation power (300 W).

NMR spectra were recorded on a JEOL JNM-AL400 (400 MHz), a Bruker AV400N (400 MHz) and AV500N (500
MHz). Chemical shifts were reported in parts per million (ppm), and signals were expressed as singlet (s), doublet
(d), triplet (t), quartet (q), multiplet (m) and broad (br). For 'H NMR spectra (CDCI; or CD3;0D), the residual solvent
peaks were used as the internal reference (7.26 ppm or 3.31 ppm), whereas the central solvent peak was used as the
reference (77.0 ppm) for 3C NMR spectra (CDCl3). Mass spectra were recorded on a Water/Micromass LCT
PREMIER. Infrared (IR) spectra were recorded on a JASCO FT/IR-4200 spectrometer using KBr plate. Analytical
thin layer chromatography (TLC) was performed with E. Merck pre-coated TLC plates, silica gel 60F-254, layer
thickness 0.25 mm. Flash chromatography was performed on Kanto Chemical 60N (0.040-0.050 mm) mesh silica

gel. Merck aluminiumoxid 90 aktiv basisch (0.063—-0.200 mm) was used for the treatment of basic aluminium oxide.
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B1E

2-(2-Methoxyvinyl)-1H-pyrrole (1S)

cl
o PhPl_OMe
N NaHMDS 4
H . RS
N/ THF, 0 °C, quant N\
(E/Z=1:5) OMe
2-Formyl pyrrole 17 18

To a solution of methoxymethyl triphenylphosphonium chloride (50.2 g, 147 mmol) in THF (88 mL) was added
NaHMDS (1.0 M solution in THF, 147 mL, 147 mmol) at 0 °C. After the reaction mixture was stirred at 0 °C for
30 min, a solution of 2-formyl pyrrole 17 (5.00 g, 52.6 mmol) in THF (17 mL) was added. After stirring at 0 °C for
1 h, the reaction was quenched with saturated aqueous NH4Cl at 0 °C and the mixture was extracted with hexane
(x3). The combined organic layers were washed with brine, dried over MgSQOys, filtered and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (hexane/EtOAc = 20/1 to
2/1) to give 18 (quant, E/Z = 1:5) as a purple oil. (Z)-1S: "H NMR (400 MHz, CDCls): § 3.63 (s, 3H), 5.72 (d, J =
6.6 Hz, 1H), 5.96 (d, J = 6.6 Hz, 1H), 6.04 (m, 1H), 6.15 (m, 1H), 6.75 (m, 1H), 9.18-9.48 (1H, br); (E)-1S: 'H
NMR (400 MHz, CDCl3): 6 3.63 (s, 3H), 5.72 (d, J = 13.2 Hz, 1H), 6.04 (m, 1H), 6.16 (m, 1H), 6.68 (m, 1H), 6.68
(d, J =13.2 Hz, 1H), 7.80-8.20 (1H, br).

2-(2-Methoxyvinyl)-1-(2-nitrophenylsulfonyl)-1H-pyrrole (18)

H Ns
N N NsCl, KHMDS N N
\ / THF, -60 °C, 53% m
OMe gram scale OMe
1S 18

To a solution of 1S (2.59 g, 21.0 mmol) in THF (47 mL) was added KHMDS (1.0 M solution in THF, 37.8 mL, 37.8
mmol) at —78 °C. After the reaction mixture was stirred at —60 °C for 30 min, a solution of NsCl (6.98 g, 31.5 mmol)
in THF (21 mL) was added. After stirring at —60 °C for 1 h, the reaction was quenched with saturated aqueous
NaHCOs3 at —60 °C and the mixture was extracted with EtOAc (x3). The combined organic layers were washed with
brine, dried over MgSOs, filtered and concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (hexane/EtOAc = 6/1 to 4/1 to 2/1) to give 18 (3.40 g, 53%, E/Z = 1:5) as a brown
solid. (2)-18: 'TH NMR (400 MHz, CDCls): § 3.74 (s, 3H), 5.67 (d, J = 7.2 Hz, 1H), 6.06 (d, J = 7.2 Hz, 1H), 6.37
(t,J=3.4Hz IH,), 6.78 (m, 1H), 7.20 (m, 1H), 7.27 (m, 1H), 7.61 (m, 1H), 7.71 (m, 1H), 7.81 (m, 1H); (£)-18:
'"H NMR (400 MHz, CDCls): & 3.59 (s, 3H), 5.90 (d, J = 12.8 Hz, 1H), 6.17 (m, 1H), 6.28 (m, 1H), 6.67 (d, J =
12.8 Hz, 1H), 7.33 (m, 1H), 7.34 (m, 1H), 7.61 (m, 1H), 7.72 (m, 1H), 7.76 (m, 1H).
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2-(1-(2-Nitrophenylsulfonyl)-1 H-pyrrol-2-yl)acetaldehyde (15)

Ns TsOH-H,0 Ns

N X N H
—_—
m Actone/H,0 = 5:1 m
OMe 60 °C, 80% o
18 15

To a solution of 18 (1.26 g, 4.09 mmol) in acetone (70 mL) and H>O (4.0 mL) was added TsOH-H>O (916 mg, 5.32
mmol) at room temperature. After stirring at 60 °C for 48 h, the reaction was quenched with saturated aqueous
NaHCO;3 at 0 °C and the mixture was extracted with EtOAc (x3). The combined organic layers were washed with
brine, dride over MgSOs, filtered and concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (hexane/EtOAc = 1/1) to give 15 (962 mg, 80%) as a yellow solid. 15: 'H NMR (400
MHz, CDCl): 6 3.84 (s, 2H), 6.31 (m, 1H), 6.38 (m, 1H), 7.28 (m, 1H), 7.33 (m, 1H), 7.68 (m, 1H), 7.77 (m, 1H),
7.89 (m, 1H), 9.60 (s,1H).

5-Benzyloxy-3-methyl-2-ethyl-oxopentanoate (21)

|
o \(/03" o
EtO t-BuLi, 20 EtO
OEt >
Hexane/Et,0 = 3:1
o 60 °C, 67% o OBn

Diethyl oxalate 19 21

To a solution of #~-BuLi (1.64 M solution in n-pentane, 15.8 mL, 25.8 mmol) in hexane (52 mL) and Et;O (17 mL)
was added a solution of iodoalkane 20 (3.0 g, 10.3 mmol) in hexane (17 mL) and Et,O (6.0 mL) at —100 °C. After
stirring at —100 °C for 10 min, the reaction mixture was warmed to —60 °C. After stirring at —60 °C for 30 min, to
the mixture was slowly added diethyl oxalate 19 (2.52 mL, 18.6 mmol). After the reaction mixture was stirred at
—60 °C for 30 min, the reaction was quenched with saturated aqueous NH4Cl at —60 °C and the mixture was extracted
with EtOAc (x3). The combined organic layers were washed with brine, dried over MgSOs, filtered and concentrated
under reduced pressure. The residue was purified by flash silica gel column chromatography (hexane/EtOAc =10/1)
to give 21 (1.84 g, 67%) as a yellow oil. 21: 'TH NMR (400 MHz, CDCl3): & 7.40-7.28 (m, 5H), 4.41 (d, J = 4.0 Hz,
2H), 4.27-4.15 (m, 2H), 3.50-3.38 (m, 3H), 2.10-2.00 (m, 1H), 1.87-1.78 (m, 1H), 1.28 (t,J = 7.5 Hz, 3H), 1.17
(d, J=6.7 Hz, 3H).
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5-Benzyloxy-3-methyl-2-ethyl(triisopropylsilyloxy)pent-2-enoate (22)

o OTIPS
EtO TIPSOTf, NEt; EtO N
o OBn quaﬁ:‘(zlglé,:ts:ﬂ ° OBn
21 22

To a solution of 21 (10.2 g, 40.9 mmol) in CH,Cl, (100 mL) were added NEt; (17.1 mL, 123 mmol) and TIPSOTf
(16.5 mL, 61.4 mmol) at 0 °C. After stirring at room temperature for 12 h, the reaction was quenched with saturated
aqueous NaHCOjs at 0 °C and the mixture was extracted with CH>Cl, (x3). The combined organic layers were dried
over MgSOq, filtered and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane/EtOAc = 30/1) to give 22 (quant, £/Z = 3:1) as a colorless oil. (E)-22: '"H NMR (400 MHz,
CDCl3): 6 7.37-7.26 (m, SH), 4.51 (s, 2H), 4.21 (q, J = 7.2 Hz, 2H), 3.61 (t, J = 6.8 Hz, 2H), 2.71 (t, J = 6.8 Hz,
2H), 1.87 (s, 3H), 1.32 (t,J = 7.2 Hz, 3H), 1.29-1.16 (m, 21H).

6-Benzyloxy-4-methyl-3-(triisopropylsilyloxy)hex-3-en-2-one (2S5)

OTIPS OTIPS
MeLi, HMPA
Et g
o AN _— AN
THF, -78 °C
o OBn 02% o OBn
22 2s

To a solution of 22 (20.2 g, 48.0 mmol) in THF (120 mL) were added HMPA (41.8 mL, 240 mmol) and MeLi (1.12
M solution in EtO, 107 mL, 120 mmol) at —78 °C. After stirring at —78 °C for 1.5 h, the reaction was quenched
with saturated aqueous NH4Cl at —78 °C and the mixture was extracted with EtOAc (x3). The combined organic
layers were washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography (hexane/EtOAc = 20/1) to give 2S (17.3 g, 92%, E/Z=3:1)
as a colorless oil. (E)-2S: '"H NMR (400 MHz, CDCl;): 8 7.36—7.30 (m, 5H), 4.49 (s, 2H), 3.59 (t, J = 6.4 Hz, 2H),
2.53 (t,J = 6.4 Hz, 2H), 2.26 (s, 3H), 1.82 (s, 3H), 1.20-0.97 (m, 21H).
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8-Benzyloxy-2-hydroxy-6-methyl-1-(1-(4-nitrophenylsulfonyl)-1 H-pyrrol-2-yl)-5-(triisopropylsilyloxy)
oct-5-en-4-one (35)

Ns

N H

oTIPS OTIPS N OTIPS
TMSCI, NaHMDS BF;-OEt,, 15 Ns
N — N - N
o oBn  THF, -78°Ctort OTMS OBn CH,Clp, -78 °C OH O OBn
70 % (2 steps)
28 16 (crude) 3S

To a solution of 28 (2.94 g, 7.52 mmol) in THF (38 mL) was added NaHMDS (1.0 M solution in THF, 15.0 mL,
15.0 mmol) at —78 °C. After stirring at —78 °C for 1 h, TMSCI (2.38 mL, 18.8 mmol) was slowly added and the
reaction was warmed to room temperature over 30 min. After stirring at room temperature for additional 30 min,
the mixture was concentrated under reduced pressure. The residue was diluted with pentane, then filtered to
eliminate the solid particulate. The solution was concentrated under reduced pressure to give the crude 16 as a
colorless oil, which was used without further purification.

To a solution of aldehyde 15 (2.43 g, 8.27 mmol) in CH,Cl, (19 mL) was added BF3-OEt, (1.42 mL, 11.3 mmol) at
—78 °C. And then a solution of crude 16 (3.48 g, 7.52 mmol) in CH>Cl, (19 mL) was readily added at —78 °C. After
stirring at —78 °C for 1 h, the reaction was quenched with saturated aqueous NaHCO3 at —78 °C and the mixture
was extracted with CH2Cl, (x3). The combined organic layers were dried over MgSOQs, filtered and concentrated
under reduced pressure. The residue was purified by flash silica gel column chromatography (hexane/EtOAc = 2/1)
to give 3S (3.62 g, 70% for 2 steps, E£/Z = 3:1) as a brown oil. (£)-3S: "TH NMR (400 MHz, CDCl3): & 7.86 (m, 1H),
7.71 (m, 1H), 7.63 (m, 1H), 7.35-7.28 (m, 6H), 7.09 (m, 1H), 6.31 (m, 1H), 6.27 (m, 1H), 4.47 (s, 2H), 4.28—4.21
(m, 1H), 3.55 (t, J = 6.8 Hz, 2H), 2.93-2.79 (m, 3H), 2.63-2.46 (m, 3H), 1.79 (s, 3H), 1.12-1.00 (m, 21H).

8-Benzyloxy-6-methyl-1-(1-(4-nitrophenylsulfonyl)-1 H-pyrrol-2-yl)-4-oxo-5-(triisopropylsilyloxy)oct-5-en-2-
yl methanesulfonate (23)

OTIPS OTIPS
Ns Ns
N MsCI, NEt; N

\_/ OH O OBn CH,Cl,, 78 °C \/ OMs O 0Bn
99%
38 23

To a solution of aldehyde 3S (4.20 g, 6.13 mmol) in CH>Cl> (31 mL) were added NEt; (2.56 mL, 18.4 mmol) and
MsCl1 (860 pL, 11.0 mmol) at —78 °C. After stirring at —78 °C for 1 h, the reaction was quenched with saturated
aqueous NH4Cl at —78 °C and the mixture was extracted with CH>Cl, (x3). The combined organic layers were dried
over MgSO0s, filtered and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane/EtOAc = 2/1) to give 23 (4.62 g, 99%, E/Z = 3:1) as a brown oil. (E)-23: '"H NMR (400
MHz, CDCls): 6 7.85-7.82 (m, 1H), 7.78-7.66 (m, 2H), 7.48 (d, J = 8.0 Hz, 1H), 7.36 —7.27 (m, 6H), 6.31 (m, 2H),
5.38-5.30 (m, 1H), 4.47 (s, 2H), 3.56 (t, J = 6.8 Hz, 2H), 3.24-3.09 (m, 3H), 2.95 (s, 3H), 2.86 (dd, J = 18.5, 3.6
Hz, 1H), 2.51 (t, J = 6.8 Hz, 2H), 1.81 (s, 3H), 1.11-0.96 (m, 21H).
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8-Benzyloxy-6-methyl-1-(1-(4-nitrophenylsulfonyl)-1 H-pyrrol-2-yl)-5-triisopropylsilyloxyoct-5-en-4-one (26)

oTIPS OTIPS OTIPS
N LiBHEt N° N _
3
\_/ OMs O h oBn THR -15°C, 73% \/ 0 h oB Y o h oB
s n 26:24 = 3:1 n n
23 26 24

To a solution of 23 (3.41 g, 4.47 mmol) in THF (4.5 mL) was added LiBHEt; (1.0 M solution in THF, 6.71 mL,
6.71 mmol) at —30 °C using syringe pump over 30 min, then the reaction mixture was warmed to —15 °C. After
stirring at —15 °C for 2 h, the reaction was quenched with saturated aqueous NH4ClI at —15 °C and the mixture was
extracted with EtOAc (x3). The combined organic layers were washed with brine, dried over MgSQOy, filtered and
concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography
(hexane/EtOAc = 4/1) to give mixture of 26 and 24 (2.16 g, 73%, 26:24 = 3:1) as a brown oil. (£)-26: 'H NMR (400
MHz, CDCls): 6 7.86—7.81 (m, 1H), 7.73-7.67 (m, 1H), 7.65-7.58 (m, 1H), 7.39—-7.21 (m, 6H), 7.07 (d, J = 8.0
Hz, 1H), 6.31-6.25 (m, 2H), 4.47 (s, 2H), 3.57 (t, J = 6.8 Hz, 2H), 2.63-2.56 (m, 3H), 2.55-2.48 (m, 1H), 2.43 (t,
J=6.8 Hz, 2H), 1.86—-1.80 (m, 2H), 1.80 (s, 3H), 1.12-0.96 (m, 21H).

(3aR,75,8a5)-7-(2-benzyloxyethyl)-7-methyl-1,2,3,6,7,8a-hexahydro-8 H-3a,6-epiminoazulen-8-one (28)

Ns OTIPS NaBH, Ns OTIPS
N CeCl37H,0 N Tf,NH
X T X - =
W/ | 0B THF/MeOH, rt N/ CH,Cl,, -78 °C
n OH OBn < 559, 14:27 = 2:1
26 9 (crude)
ElZ=3:1

PhSH, K,CO,

DMF, rt, 73%
28:29 = 2:1

14 27 : 28 29

Inseparable mixture

To a solution of 26 (4.66 g, 6.97 mmol) in THF (17 mL) and MeOH (52 mL) was added CeCls-7H>O (13.0 g, 34.9
mmol) at room temperature. After stirring at room temperature for 20 min, NaBH4 (1.32 g, 34.9 mmol) was added
by 3 portions. After stirring at room temperature for 12 h, the reaction was quenched with saturated aqueous NH4Cl
and small amount of 1M HCl solution at 0 °C and the mixture was extracted with EtOAc (x3). The combined organic
layers were washed with saturated aqueous NaHCOs3, brine, dried over MgSQs, filtered. The solution was
concentrated under reduced pressure to give crude 9 as a colorless oil, which was used without further purification.
To a solution of crude 9 (8.63 mg, 0.0129 mmol) in CH>Cl, (260 puL) was added a solution of TH,NH (3.63 mg,
0.0129 mmol) in CH>Cl, (50 pL) at =78 °C. After stirring at —78 °C for 30 min, the reaction was quenched with
saturated aqueous NaHCOj3 at —78 °C and the mixture was extracted with CH2Clz (x3). The combined organic layers

were dried over MgSQy, filtered and concentrated under reduced pressure. The residue was purified by flash silica
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gel column chromatography (hexane/EtOAc = 3/1) to give a mixture of 14 and 27 (3.50 mg, 55%, 14:27 = 2:1) as
a brown oil.

To a solution of a mixture of 14 and 27 (36.5 mg, 0.0735 mmol) in DMF (740 uL) were added K,COs (61.0 mg,
0.441 mmol) and PhSH (30.0 pL, 0.294 mmol) at 0 °C. After stirring at room temperature for 1 h, the reaction was
quenched with saturated aqueous NH4Cl at 0 °C and the mixture was extracted with Et;O (x3). The combined
organic layers were washed with brine, dried over MgSOQs, filtered and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (hexane/EtOAc = 1/1 to CHCl3/MeOH = 30/1) to
give 28 (11.1 mg, 73%) and 29, respectively as a yellow oil. 28: "TH NMR (500 MHz, CDCl;): § 7.34-7.27 (m, 5H),
6.33 (dd, J =5.7, 1.9 Hz, 1H), 6.07 (d, J = 5.7 Hz, 1H), 4.43 (d, J = 11.7 Hz, 1H), 4.39 (d, J = 11.7 Hz, 1H), 3.75
(d,J =19 Hz, 1H), 3.62-3.57 (m, 1H), 3.45-3.40 (m, 1H), 2.96 (dd, J = 11.7, 7.6 Hz, 1H), 2.43 (m, 1H), 2.10-1.47
(m, 7H), 0.99 (s, 3H); 29: '"H NMR (500 MHz, CDCl3): § 7.36-7.30 (m, 5H), 6.37 (dd, J = 5.7, 2.5 Hz, 1H), 6.24
(d, J =5.7Hz, 1H), 4.50 (d, J = 12.0 Hz, 1H), 4.47 (d, J = 12.0 Hz, 1H), 3.74 (d, J = 2.5 Hz, 1H), 3.61 (t, J= 7.6
Hz, 2H), 2.31 (t,J = 9.8 Hz, 1H), 2.10-1.54 (m, 8H), 1.32 (s, 3H).

(3aR,75,8aR)-7-(2-benzyloxyethyl)-7-methyl-1,2,3,6,7,8a-hexahydro-8 H-3a,6-epiminoazulen-8-one (30)

K,COs

—_
degassed MeOH
rt, 75%

28 30

To a solution of 28 (16.4 mg, 0.0527 mmol) in MeOH (260 pL) was degassed by freeze-thaw procedure (x3), then
K>COs3 (9.47 mg, 0.0685 mmol) was added at room temperature. After stirring at room temperature for 1 h, the
reaction was quenched with saturated aqueous NH4Cl at 0 °C and the mixture was extracted with Et,O (x5). The
combined organic layers were washed with brine, dried over MgSQs, filtered and concentrated under reduced
pressure. The residue was purified by flash silica gel column chromatography (hexane/EtOAc = 2/1) to give 30
(12.3 mg, 75%) as a yellow oil. 30: '"H NMR (400 MHz, CDCl3): & 7.38-7.29 (m, 5H), 6.28 (dd, J = 5.4, 1.7 Hz,
1H), 6.24 (d,J = 5.4 Hz, 1H), 4.48 (brs, 2H), 3.82 (brs, 1H), 3.63-3.53 (m, 2H), 2.29 (t,J = 8.8 Hz, 1H), 2.20-2.12
(m, 1H), 2.08-1.61 (m, 7H), 0.96 (s, 3H).
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(35,45,68,6aR,9a5,105)-10-(2-Benzyloxyethyl)-10-methyl-6-trimethylsilyloxy-5,6,6a,7,8,9-hexahydro-3 H-
3,6-methanocyclopenta[g|pyrrolizine-5-methylcarboxylate (32)

o

)J\/Br
MeO KHMDS
K,CO3 TMSCI MeO
—_—
DMF, 30 °C THF, -78 °C
97% (2 steps)
30 31 32

Single stereoisomer

To a solution of 30 (18.9 mg, 0.0607 mmol) in DMF (300 pL) were added KoCO;3 (41.9 mg, 0.304 mmol) and
methyl bromoacetate (20.2 pL, 0.212 mmol) at room temperature. After stirring at 30 °C for 12 h, the reaction was
cooled to room temperature and quenched with saturated aqueous NH4Cl at 0 °C and the mixture was extracted with
Et,0 (x3). The combined organic layers were washed with brine, dried over MgSOQsa, filtered and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (hexane/EtOAc = 3/1) to
give a mixture of 31 and methyl bromoacetate (28.2 mg) as a yellow oil.

To a solution of a mixture of 31 and methyl bromoacetate (28.2 mg) in THF (600 uL) were added KHMDS (1.0 M
solution in THF, 91.1 pL, 0.0911 mmol) and TMSCI (13.8 pL, 0.109 mmol) at —78 °C. After stirring at —78 °C for
30 min, the reaction was quenched with saturated aqueous NH4Cl at —78 °C and the mixture was extracted with
EtOAc (x3). The combined organic layers were washed with brine, dried over MgSQOs, filtered and concentrated
under reduced pressure. The residue was purified by flash silica gel column chromatography (hexane/EtOAc = 5/1
to EtOAc/MeOH = 10/1) to give 32 (26.9 mg, 97% for 2 steps, single stereoisomer) as a colorless oil. 32: 'TH NMR
(400 MHz, CDCl3): 6 7.34-7.30 (m, 5H), 5.87 (d, J = 5.8 Hz, 1H), 5.83 (dd, J = 5.8, 2.7 Hz, 1H), 4.46 (br s, 2H),
4.14 (d, J = 2.7 Hz, 1H), 3.71 (s, 3H), 3.54-3.48 (m, 3H), 2.23 (t, J = 8.5 Hz, 1H), 2.06-1.98 (m, 1H), 1.87-1.31
(m, 7H), 0.88 (s, 3H), 0.17 (s, 9H).

(35,45,65,6aR,9a5,105)-10-(2-tert-Butyldimethylsilyloxyethyl)-10-methyl-6-(trimethylsilyloxy)octahydro-
1H-3,6-methanocyclopenta[g]pyrrolizine-5-methylcarboxylate (37)

o OTMS fo) OTMS

DMAP
o —_—
\ CH,Cl,, rt

88%

\ \%
- > Hp, PdIC, TFA  MeO
—

Lt

\\\> TBSCI, imidazole

MeOH, rt
quant

To a solution of 32 (162 mg, 0.356 mmol) in MeOH (3.6 mL) were added TFA (27.4 uL, 0.356 mmol) and Pd/C
(81 mg, 50 wt%) at room temperature. The reaction mixture was stirred under hydrogen atmosphere at room
temperature for 12 h, then flushed with argon, filtered, and concentrated under reduced pressure to give 4S as a
white solid. The crude 4S was used for next reaction without further purification.

To a solution of crude 4S in CH>Cl, (3.6 mL) were added imidazole (291 mg, 4.27 mmol), DMAP (21.7 mg, 0.178
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mmol) and TBSCI (430 mg, 2.85 mmol) at room temperature. After stirring at room temperature for 12 h, the
reaction was quenched with H>O at 0 °C and the mixture was extracted with EtOAc (x3). The combined organic
layers were washed with brine, dried over MgSQys, filtered and concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography (hexane/EtOAc = 1/1 to 1/2) to give 37 (150 mg, 88% for
2 steps) as a colorless oil. 37: '"H NMR (400 MHz, CDCls): § 3.77 (t, J = 8.0 Hz, 1H), 3.72 (s, 3H), 3.66-3.59 (m,
3H), 2.10-1.50 (m, 13H), 0.91 (s, 3H), 0.87 (9H), 0.18 (s, 9H), 0.02 (s, 6H).

(35,45,68,6aR,9aS5,105)-10-(2-tert-Butyldimethylsilyloxyethyl)-10-methyl-6-(trimethylsilyloxy)octahydro-
1H-3,6-methanocyclopenta[g]pyrrolizin-5-yl)methanol (5S)

To a solution of 37 (150 mg, 0.312 mmol) in CH>Cl, (3.1 mL) was added DIBAL (1.03 M solution in n-hexane,
1.52 mL, 1.56 mmol) at —15 °C. After stirring at —15 °C for 40 min, the reaction was quenched with saturated
aqueous solution of potassium tartrate at —15 °C and the mixture was extracted with EtOAc (x6). The combined
organic layers were washed with brine, dried over MgSOQs, filtered and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (EtOAc/MeOH = 4/1) to give 5S (140 mg, 99%) as
a colorless oil. 5S: 'H NMR (400 MHz, CDCl5): & 5.06 (br s, 1H), 3.86 (t, J = 11.0 Hz, 1H), 3.79-3.70 (m, 2H),
3.64 (dd, J = 12.4, 7.8 Hz, 2H), 3.03 (d, J = 7.8 Hz, 1H), 2.07-1.34 (m, 13H), 0.90 (s, 3H), 0.84 (s, 9H), 0.10 (s,
9H), —0.01 (s, 6H).

(35,45,65,6aR,9a5,105)-10-(2-tert-Butyldimethylsilyloxyethyl)-10-methyl-6-(trimethylsilyloxy)octahydro-
1H-3,6-methanocyclopenta[g]pyrrolizine-5-carbaldehyde (38)

OTMS

(cocl),, DMSO
NEt,

CH,Cl,
~781t0 0 °C
83%

To a solution of DMSO (177 uL, 2.50 mmol) in CH2Cl (2.1 mL) was added oxalyl chloride (107 puL, 1.25 mmol)
at —78 °C. After stirring at —78 °C for 30 min, a solution of 5S (140 mg, 0.312 mmol) in CH>Cl, (2.1 mL) was added
at —78 °C. After the mixture was stirred at —78 °C for 30 min, NEt3 (522 pL, 3.74 mmol) was added and the reaction
mixture was warmed up to 0 °C. After stirring at 0 °C for 1 h, the reaction was quenched with saturated aqueous

NaHCOs3 at 0 °C and the mixture was extracted with EtOAc (x6). The combined organic layers were washed with
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brine, dried over MgSOs, filtered and concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (hexane/EtOAc = 1/1 to 0/1) to give 38 (117 mg, 83%) as a colorless oil. 38: 'H NMR
(400 MHz, CDCls): 8 9.96 (s, 1H), 3.76 (d, J = 6.3 Hz, 1H), 3.65-3.59 (m, 2H), 3.31 (s, 1H), 2.10-1.23 (m, 13H),
0.95 (s, 3H), 0.86 (s, 9H), 0.18 (s, 9H), 0.01 (s, 6H)..

(35,45,68,6aR,9a5,105)-10-(2-tert-Butyldimethylsilyloxyethyl)-10-methyl-5-(2-methylprop-1-en-1-yl)-6-
(trimethylsilyloxy)octahydro-7 H-3,6-methanocyclopenta|g]pyrrolizine (39)

o OTMS ,N\r OTMS
|
S _N R

To a solution of PT-sulfone 40 (197 mg, 0.780 mmol) in THF (2.6 mL) was added KHMDS (1.0 M solution in THF,
780 uL, 0.780 mmol) at —78 °C. After stirring at —78 °C for 30 min, a solution of 38 (117 mg, 0.260 mmol) in THF
(2.6 mL) was added at —78 °C. After the mixture was stirred at —78 °C for 1 h, the reaction mixture was slowly
warmed to room temperature. After stirring at room temperature for 12 h, the reaction was quenched with saturated
aqueous NH4Cl at 0 °C and the mixture was extracted with EtOAc (x3). The combined organic layers were dried
over MgSO0s, filtered and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane/EtOAc = 1/1 to 0/1) to give 39 (88.2 mg, 71%) as a colorless oil. 39: '"H NMR (400 MHz,
CDCl3): 65.41(d,J=7.1 Hz, 1H),4.40 (d,J = 5.1 Hz, 1H), 4,10 (d, J = 7.1 Hz, 1H), 3.77-3.66 (m, 2H), 2.34—-1.50
(m, 11H), 1.75 (s, 3H), 1.69 (s, 3H), 1.44-1.35 (m, 2H), 1.03 (s, 3H), 0.87 (s, 9H), 0.15 (s, 9H), 0.05 (s, 6H).

2-((35,4S5,65,6aR,9a5,105)-10-Methyl-5-(2-methylprop-1-en-1-yl)-6-(trimethylsilyloxy)octahydro-1H-3,6-
methanocyclopenta[g]pyrrolizin-10-yl)ethan-1-ol (44)

OTMS

TFA

MeOH, rt
90%

To a solution of 39 (110 mg, 0.230 mmol) in MeOH (4.6 mL) was added TFA (26.4 uL, 0.345 mmol) at 0 °C. Then
the reaction mixture was warmed to room temperature. After stirring at room temperature for 12 h, the mixture was
concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography
(hexane/EtOAc = 1/1 to EtOAc/MeOH = 4/1) to give 44 (75.3 mg, 90%) as a white solid. 44: "H NMR (400 MHz,

CD:OD): 6 5.45 (d, J = 7.6 Hz, 1H), 4.63 (br s, 1H), 4.36 (d, J = 7.6 Hz, 1H), 3.72-3.62 (m, 2H), 2.69 (t, J = 8.5
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Hz, 1H), 2.44—1.42 (m, 12H), 1.83 (s, 3H), 1.76 (s, 3H), 1.10 (s, 3H), 0.19 (s, 9H).

2-((35,4S5,65,6aR,9a5,108)-10-Methyl-5-(2-methylprop-1-en-1-yl)-6-(trimethylsilyloxy)octahydro-1H-3,6-
methanocyclopenta[g]pyrrolizin-10-yl)ethyl methanesulfonate (6S)

MsCl, NEt;
—_—
CH,Cl,, -78 °C
78%

To a solution of 44 (75.3 mg, 0.207 mmol) in CH>Cl, (2.1 mL) were added NEt; (86.6 puL, 0.621 mmol) and MsCl
(29.0 pL, 0.373 mmol) at —78 °C. After stirring at —78 °C for 40 min, the reaction was quenched with saturated
aqueous NaHCOs3 at —78 °C and the mixture was extracted with EtOAc (x6). The combined organic layers were
dried over MgSQys, filtered and concentrated under reduced pressure. The residue was purified by flash silica gel
column chromatography (EtOAc/MeOH = 10/1 to 4/1) to give 6S (71.8 mg, 78%) as a colorless oil. 6S: 'H NMR
(400 MHz, CD30D): 6 5.41 (d, J = 7.3 Hz, 1H), 4.41-4.34 (m, 2H), 4.22 (br s, 2H), 3.09 (s, 3H), 2.58-2.50 (m,
2H), 2.35-2.29 (m, 1H), 2.17-1.59 (m, 10H), 1.83 (s, 3H), 1.70 (s, 3H), 1.11 (s, 3H), 0.22 (s, 9H).

(35,45,65,6aR,9a5,105)-10-(2-Iodoethyl)-10-methyl-5-(2-methylprop-1-en-1-yl)-6-(trimethylsilyloxy)-
octahydro-1H-3,6-methanocyclopenta|g]|pyrrolizine (45)

Nal

acetone, 80 °C
94%

To a solution of 6S (71.8 mg, 0.163 mmol) in acetone (1.6 mL) was added Nal (29.3 mg, 0.196 mmol) at room
temperature. Then the reaction mixture was heated up to 80 °C. After stirring at 80 °C for 1 h, the reaction mixture
was cooled to room temperature and quenched with H,O, extracted with EtOAc (x6). The combined organic layers
were dried over MgSOQy, filtered and concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (EtOAc/MeOH = 9/1) to give 45 (72.4 mg, 94%) as a colorless oil. 45: '"H NMR (400
MHz, CDCl3): 8 5.25 (d, J = 6.6 Hz, 1H), 3.87 (d, J = 7.1 Hz, 1H), 3.83 (d, J = 6.6 Hz, 1H), 3.07-3.02 (m, 2H),
2.64-2.54 (m, 1H), 2.18-1.40 (m, 12H), 1.73 (s, 3H), 1.64 (s, 3H), 0.91 (s, 3H), 0.12 (s, 9H).
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(3aS5,45,4a8,5R,8S5,8a5,8bR,9S5)-5-Isopropyl-8-methyl-8a-(trimethylsilyloxy)decahydro-4,8,3a-
(epipropane[1,1,3]triyl)cyclopenta[b]indole (46)

OTMS

AIBN
Bu;SnH

PhMe, 110 °C
92%
dr=2:1

To a solution of 45 (31.2 mg, 0.0659 mmol) in PhMe (1.3 mL) were added BuzSnH (43.2 uL, 0.165 mmol) and
AIBN (3.25 mg, 0.0198 mmol) at room temperature. The reaction mixture was degassed by freeze-thaw procedure
(x3), heated up to 110 °C. After stirring at 110 °C for 1 h, the reaction mixture was cooled to room temperature and
concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography
(hexane/EtOAc = 1/1 to EtOAc/MeOH = 4/1 to 2/1) to give 46 (21.0 mg, 92%, dr = 2:1) as a colorless oil. 46
(major): "H NMR (400 MHz, CD30D): § 3.95 (t,J = 5.3 Hz, 1H), 3.40 (br s, 1H), 2.32 (t,J = 8.8 Hz, 1H), 2.25-1.17
(m, 16H), 1.03 (s, 3H), 1.01 (d, J = 4.5 Hz, 3H), 0.97 (d, J = 6.5 Hz, 3H), 0.20 (s, 9H).

(3aS5.,45,4aS5,5R,85,8a5,8bR,9S5)-5-Isopropyl-8-methyloctahydro-4,8,3a-(epipropane[1,1,3]triyl)-
cyclopenta[b]indol-8a(4aH)-ol (47)

HF

THF/H,0, 0 °C
79%

46 47

To a solution of 46 (21.0 mg, 0.0604 mmol) in THF (900 pL) was added 46% HF in H>O (300 uL) at 0 °C. After
stirring at 0 °C for 30 min, TMSOMe (300 pL) was added. The reaction mixture was stirred at room temperature
for additional 10 min, then concentrated under reduced pressure. The residue was purified by basic aluminium oxide
(CHCls) to give 47 (13.1 mg, 79%) as a white solid. 47 (major): '"H NMR (400 MHz, CD30D): § 3.47 (brd,J = 6.5
Hz, 1H), 3.01 (d, J = 1.6 Hz, 1H), 2.00—1.23 (m, 17H), 0.98 (d, J = 6.8 Hz, 3H), 0.93 (d, J = 6.8 Hz, 3H), 0.89 (s,
3H).
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Calyciphylline F (1)

TH,NH;
. _CO,Me
NaH -
CS,, Mel V-40, (TMS);SiH
THF, rt PhMe, 110 °C
47 51 Calyciphylline F (1)

To a solution of 47 (0.068 mg, 0.247 umol) in THF (49 pL) was added NaH (57.1% in oil, 0.933 mg, 22.2 pmol)
at room temperature. After stirring at room temperature for 1 h, CS, (1.12 uL, 18.5 umol) was added. The reaction
mixture was stirred at room temperature for 1 h, then Mel (1.15 pL, 18.5 pmol) was added. After stirring at room
temperature for 12 h, the reaction mixture was quenched with saturated aqueous NH4Cl at 0 °C and the mixture
was extracted with CHCl; (x6). The combined organic layers were dried over MgSQys, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane to MeOH) to give
51 as a colorless oil. 51: LCMS (ESI): m/z [M+Na]" calcd for C20H31NNaOS, 388.17, found 388.35.

To a solution of 51 (0.045 mg, 0.123 pmol) in PhMe (62 pL) was added a solution of TH-NH (0.0346 mg, 0.123 pL)
in PhMe (31 pL) at room temperature. After stirring at room temperature for 10 min, (TMS)3SiH (0.949 uL, 2.95
pmol), a solution of V-40 (0.0751 mg, 0.308 pumol) in PhMe (31 pL) and methyl acrylate (1.33 pL, 14.8 pmol) were
added at room temperature. The reaction mixture was degassed by freeze-thaw procedure (x3), heated up to 110 °C.
After stirring at 110 °C for 12 h, the mixture was cooled to room temperature, concentrated under reduced pressure.
1: LRMS (ESI): m/z [M+Na]" calcd for C»H3sNNaO; 368.2565, found 368.4663.
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BrE

Typical
X-50:Ph
KHMDS S6e
[0><:><OH CS,, Mel o o SMe AIBN, Bu;SnH o SO,Ph
mas LXK LX<
lo) Me THF, rt, 54% o Me S xylene, ny o Me
180 °C, 5 min
7s 55b 68% 58b

Procedure for the synthesis of xanthates and microwave-assisted radical reaction.

To a solution of tertiary alcohol 7S (82.1 mg, 0.477 mmol) in THF (2.4 mL) was added KHMDS (1.0 M solution in
THEF, 1.43 mL, 1.43 mmol) at 0 °C. After stirring at room temperature for 1 h, CS, (86.3 uL, 1.43 mmol) was added
to the reaction mixture. The mixture was stirred at room temperature for 20 min. Then Mel (89.1 pL, 1.43 mmol)
was added. After stirring at room temperature for 1 h, the reaction was quenched with saturated aqueous NH4Cl at
0 °C and the mixture was extracted with EtOAc (x3). The combined organic layers were washed with brine, dried
over MgSOq, filtered and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane/EtOAc = 20/1) containing N, N-dimethylaniline to give xanthate 55b (67.2 mg, 54%) as a
yellow oil. 55b: "H NMR (400 MHz, CDCl3): 8 3.93 (brs, 4H), 2.46 (s, 3H), 1.82—1.70 (m, 6H), 1.60—1.57 (m, 2H),
1.21 (s, 3H).

To a solution of 55b (10.3 mg, 0.0393 mmol) in xylene (2.0 mL) were added BuzSnH (21.7 pL, 0.0786 mmol),
AIBN (2.58 mg, 0.0157 mmol) and phenyl vinyl sulfone 56e (33.1 mg, 0.197 mmol) at room temperature. The
reaction mixture was degassed by freeze-thaw procedure (x3), heated under microwave irradiation at 180 °C for 5
min. After being cooled to room temperature, the resultant mixture was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 1/0 to 10/1) to give 58b (8.6 mg, 68%)
as a white solid. 58b: m.p. 102—104 °C; '"H NMR (500 MHz, CDCl3): § 7.90 (d, J = 7.5 Hz, 2 H), 7.67 (t, J = 7.5
Hz, 1H), 7.58 (t, J = 7.5 Hz, 2 H), 3.90 (t, J/ = 4.0 Hz, 4H), 3.05 (dd, J = 13.0, 8.5 Hz, 2H), 1.66 (dd, J = 13.0, 9.0
Hz, 2H), 1.60-1.50 (m, 4H), 1.39-1.34 (m, 4H), 0.88 (s, 3H); '3C NMR (125 MHz, CDCl):
5 139.0, 133.7,129.3, 128.0, 108.6, 64.18, 64.15, 52.1, 34.5, 31.6, 30.6; IR (KBr): 2932, 1447, 1306, 1149, 1088,
746, 689 cm™!; HRMS (ESI): m/z [M+H]" caled for C17H2504S 325.1474, found 325.1462.

3-Adamantanyl-methylpropanoate (57a)
come colorless oil; 'TH NMR (500 MHz, CDClz): & 3.66 (s, 3H), 2.26 (t, J = 8.5 Hz, 2H), 1.98 (br s, 3H),
1.70 (d, J=12.0 Hz, 3H), 1.61 (d, J=12.0 Hz, 3H), 1.45 (br d, J = 2.0 Hz, 6H), 1.42 (t, J = 8.5 Hz,
2H); 3C NMR (125 MHz, CDCl3): § 175.2, 51.5, 42.0, 38.9, 37.0, 31.9, 28.6, 27.9; IR (KBr): 2901,
2844, 1740, 1450, 1304, 1195, 1149, 1103, 774 cm™'; HRMS (ESI): m/z [M+H]" calcd for C14H230,
223.1698, found 223.1691.

57a
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3-Adamantanyl-phenylpropanoate (57b)
co,pn @ white solid; m.p. 43—46 °C; '"H NMR (500 MHz, CDCls): & 7.37 (t, J=7.5 Hz, 2H), 7.22 (t, J=".5
Hz, 1H), 7.07 (d, /= 7.5 Hz, 2H), 2.52 (t, /= 8.0 Hz, 2H), 1.98 (br s, 3H), 1.72 (d, J = 12.0 Hz, 3H),
1.64 (d, J = 12.0 Hz, 3H), 1.57-1.52 (m, 8H); *C NMR (125 MHz, CDCl):
6 173.2,150.8, 129.4, 125.7, 121.5, 42.0, 38.9, 37.0, 32.0, 28.6, 28.4; IR (KBr): 2902, 2846, 1761,
1493, 1454, 1197, 1163, 1128 cm™!; HRMS (ESI): m/z [M+H]" caled for C1oH250, 285.1855, found

57b

285.1867.

3-Adamantanyl-/V,N-dimethylpropanamide (57¢)

0 NMe, yellow oil; 'TH NMR (500 MHz, CDCl3): § 3.00 (s, 3H), 2.93 (s, 3H), 2.26 (t, J= 8.5 Hz, 2H), 1.95
(brs, 3H), 1.70 (d, /= 12.0 Hz, 3H), 1.62 (d, /= 12.0 Hz, 3H), 1.48 (br d, J = 2.5 Hz, 6H), 1.41 (t,J
= 8.5 Hz, 2H); '3C NMR (125 MHz, CDCl;): & 174.0, 42.1, 39.3, 37.4, 37.1, 35.4, 32.0, 28.6, 27.0;
IR (KBr): 2902, 2845, 2359, 1647, 1507, 1396 cm™!; HRMS (ESI): m/z [M+H]" caled for CisH2sNO
252.1964, found 252.1973.

3-Adamantanyl-propanenitrile (57d)
SN white solid; 265-267 °C (dec.); '"H NMR (500 MHz, CDCls): § 2.27 (t,J = 7.5 Hz, 2H), 1.98 (br s, 3H),
1.72 (d, J=12.0 Hz, 3H), 1.61 (d, J= 12.0 Hz, 3H), 1.48 (br d, J = 2.5 Hz, 6H), 1.50-1.47 (m, 2H); 13C
NMR (125 MHz, CDCIs): 6 121.0, 41.6, 39.4, 36.8, 32.1, 28.3, 11.0; IR (KBr): 2902, 2350, 2308, 1099,

oa 671,651 cnr'; HRMS (ESI): m/z [M+H]" caled for C13HagN 190.1596, found 190.1591.

1-(2-Phenylsulfonyl)ethyl-adamantane (57¢)
so,pn  colorless oil; 'TH NMR (500 MHz, CDCls): 8 7.90 (d, J = 7.0 Hz, 2H), 7.66 (t, J = 7.5 H, 1H), 7.57 (d,
J =17.5 Hz, 2H), 3.06 (m, 2H), 1.93 (br s, 3H), 1.68 (d, J = 12.0 Hz, 3H), 1.56 (d, J = 12.0 Hz, 3H),
1.47 (dd, J = 8.8, 8.5 Hz, 2H), 1.40 (br d, J = 2.5 Hz, 6H); '3C NMR (125 MHz, CDCl;3): § 139.2,
133.6,129.2, 128.0, 51.3, 41.9, 36.8, 35.8, 31.8, 28.4; IR (KBr): 2901, 2846, 2349, 2308, 1508, 1447,
1304, 1151, 1088, 688 ¢cm™'; HRMS (ESI): m/z [M+H]" caled for CisH2s02S 305.1575, found
305.1581.

2-Adamantanyl-(diethyl)ethylphosphonate (57f)
Q colorless oil; '"H NMR (500 MHz, CDCls): § 4.09 (q, J = 8.0 Hz, 4H), 1.96 (br s, 3H), 1.70 (d, J = 9.5
jo Hz, 3H), 1.65-1.61 (m, 5H), 1.44 (br s, 6H), 1.37-1.31 (m, 8H); '*C NMR (125 MHz, CDCls):
561.5,61.4,41.7,37.0, 36.0, 32.1, 28.5, 19.6, 16.5; IR (KBr): 2906, 2358, 2308, 1064, 681 cm™!;
HRMS (ESI): m/z [M+H]" calcd for C16H3003P 301.1933, found 301.1935.
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3-Adamantanyl-2-methyl-propanenitrile (57g)

EN - colorless oil; 'H NMR (500 MHz, CDCls): § 2.63 (m, 1H), 1.98 (br s, 3H), 1.71 (d, J = 12.5 Hz, 3H),
1.63 (d, J= 12.5 Hz, 3H), 1.61-1.53 (m, 8H), 1.32 (d, J = 7.0 Hz, 3H); '3C NMR (125 MHz, CDCl3):
5124.6,48.9,42.2,36.8,32.6,28.4,20.6, 19.2; IR (KBr): 2905, 2354, 1731, 1101, 586 cm!; HRMS
(ESD): m/z [M+H]* caled for Ci4H2oN 204.1752, found 204.1743.

57g

2-Adamantanyl-(diethyl)ethylmalonate (57j)

colorless oil; '"H NMR (500 MHz, CDCls): 8 4.18 (m, 4H), 3.56 (d, J = 5.0 Hz, 1H), 2.07 (dd, J =
7.5, 5.0 Hz, 1H), 1.96 (br s, 3H), 1.68 (d, J = 12.0 Hz, 3H), 1.60 (d, J=12.0 Hz, 3H), 1.53 (d, J =
12.5 Hz, 3H), 1.48 (d, J = 12.5 Hz, 3H), 1.27-1.24 (m, 6H), 0.97 (d, J = 7.5 Hz, 3H); 3C NMR (125
MHz, CDCl3): 6 170.4, 169.8, 61.3, 60.9, 51.8, 43.1, 39.3,

37.0, 35.2,28.6, 14.1, 10.4; IR (KBr): 2904, 2848, 1731, 1300, 1220, 1150, 1033 ¢cm™'; HRMS
(ESI): m/z [M+H]" calced for C19H3104323.2222, found 323.2207.

CO,Et

CO,Et

57j

2-Adamantanyl-(diethyl)phenylmethylmalonate (57k)

COLEt white solid; m.p. 60—63 °C; '"H NMR (500 MHz, CDCls): § 7.23-7.11 (m, 5H), 4.28-4.18 (m, 2H),
Ph coet 4.00 (d,J =11.0 Hz, 1H), 3.73-3.65 (m, 2H), 3.33 (d, J = 11.0 Hz, 1H), 1.91 (br s, 3H), 1.61 (d, J
= 13.0 Hz, 3H), 1.52—1.48 (overlapped, 9H), 1.30 (t, J = 7.5 Hz, 3H), 0.77 (t, J = 7.0 Hz, 3H); 13C
NMR (125 MHz, CDCls): 6 169.6, 168.4, 138.8, 127.2,126.4, 61.7, 61.1, 56.1, 53.5, 39.9, 36.7,
36.1, 28.5, 14.0, 13.4; IR (KBr): 2903, 2849, 1761, 1731, 1302, 1150, 1033, 705 cm™!; HRMS (ESI):
m/z [M+H]* calcd for C24H3304 385.2379, found 385.2376.

57k

3-Adamantanyl-cyclopentan-1-one (571)
o white solid; m.p. 55-58 °C; '"H NMR (500 MHz, CDCls): § 2.31 (dd, J = 18.5, 8.5 Hz, 1H), 2.19-2.09
(m, 2H), 2.01-1.95 (m, 4H), 1.84-1.82 (m, 1H), 1.73 (d, J = 12.0 Hz, 3H), 1.66 (d, J = 12.0 Hz, 3H),
1.63-1.53 (m, 5H), 148 (d, J = 12.0 Hz, 3H); C NMR (125 MHz, CDCl):
§220.2, 48.8, 40.0, 39.2, 38.9, 37.2, 33.4, 28.4, 22.5; IR (KBr): 2903, 2847, 1744 cm™'; HRMS (ESI):
571 m/z [M+H]* calcd for CisH230 219.1749, found 219.1748.

8-Methyl-8-(2-(phenylsulfonylethyl)-1,4-dioxaspiro[4.5]decane (58b)
o so,pn  White solid; mp. 102—-104 °C; "H NMR (500 MHz, CDCl5): § 7.90 (d, J = 7.5 Hz, 2 H), 7.67
[o><:>(Me\/ (t,J =17.5Hz, 1H), 7.58 (t, J = 7.5 Hz, 2 H), 3.90 (t, J = 4.0 Hz, 4H), 3.05 (dd, J = 13.0,
58b 8.5 Hz, 2H), 1.66 (dd, J = 13.0, 9.0 Hz, 2H), 1.60—-1.50 (m, 4H), 1.39-1.34 (m, 4H), 0.88
(s, 3H); 3C NMR (125 MHz, CDCls): § 139.0, 133.7, 129.3, 128.0, 108.6, 64.18, 64.15, 52.1, 34.5, 31.6, 30.6; IR

(KBr): 2932, 1447, 1306, 1149, 1088, 746, 689 cm™!; HRMS (ESI): m/z [M+H]" caled for C17H2504S 325.1474,
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found 325.1462.

2-Methyl-3-(8-methyl-1,4-dioxaspiro[4.5]decan-8-yl)propanenitrile (58I)
o cn  yellow oil; 'TH NMR (500 MHz, CDCl3): & 3.93 (s, 4H), 2.62 (td, J = 8.5, 6.5 Hz, 1H), 1.82 (dd,
Eo><:>(,v,e\( J=14.5,9.8 Hz, 1H), 1.67-1.44 (m, 9H), 1.45 (d, J= 8.5 Hz, 3H), 1.04 (s, 3H); 3C NMR (125
581 MHz, CDCl3): 6 124.1, 108.6, 64.21, 64.16, 35.0, 34.7, 32.4,
30.7, 30.6, 20.7, 20.4; IR (KBr): 3777, 1463, 1371, 1272, 1186, 1103, 1037, 952 cm™!; HRMS (ESI): m/z [M+H]*
caled for Ci3H2oNO; 224.1651, found 224.1659.

2-Methyl-2-(2-(phenylsulfonyl)ethyl)-2,3-dihydro-1H-indene (58c)
so,ph  White solid; m.p. 74-78 °C; 'H NMR (500 MHz, CDCl3): 6 7.91 (d, J = 7.5 Hz, 2H), 7.67 (t,
@(Me\/ J=175Hz 1H), 7.58 (t, J = 7.5 Hz, 2H), 7.12 (s, 4H), 3.10 (dd, J = 13.0, 8.5 Hz, 2H), 2.73
58¢ (d,J =15.5Hz, 2H), 2.65 (d, J = 15.5 Hz, 2H), 1.90 (dd, J = 12.5, 8.5 Hz, 2H), 1.05 (s, 3H);
3C NMR (125 MHz, CDCls): 6 141.9, 139.0, 133.7, 129.3, 128.0, 126.4, 124.7,
53.8,45.8,42.2,34.0,26.1; IR (KBr): 2925, 1304, 772 cm™!; HRMS (ESI): m/z [M+H]" caled for CisH2102S
301.1262, found 301.1256.

Phenyl 4,4-dimethyl-5-phenylpentanoate (58d)

co,pn  Colorless oil; 'TH NMR (500 MHz, CDCls) & 7.40-7.36 (m, 3H), 7.30-7.16 (m, 3H), 7.15 (d, J =
7.0 Hz, 2H), 7.07 (d, J = 7.5 Hz, 2H), 2.62-2.57 (m, 4H), 1.73 (t, J/ = 8.0 Hz, 2H), 0.93 (s, 6H);

Me 3C NMR (125 MHz, CDCl3): 6 172.7, 150.7, 138.6, 130.6, 129.4, 127.8, 126.0, 125.7, 121.5,
58d 48.3, 36.6, 34.0, 29.9, 26.3; IR (KBr): 2961, 1760, 1493, 1196, 1163, 1133, 701 cm™!; HRMS

(ESI): m/z [M+H]* calced for Ci9H230, 283.1698, found 283.1708.

(3aS,68,7S,12aR,12bS)-13,13-dimethyl-1,2,3,7a,8,11,12,12b-octahydro-6 H,10H-6,12a-methanocyclopenta h]
oxepino[4,3-b]pyrrolizin-10-one (61)

V-40
BuzSnH

xylene, 180 °C
MW, quant

59 61

To a solution of 59 (3.2 mg, 0.00843 mmol) in xylene (420 puL) were added BuzSnH (4.65 pL, 0.0169 mmol), V-40

(0.820 mg, 0.00337 mmol) at room temperature. The reaction mixture was degassed by freeze-thaw procedure (x3),
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heated under microwave irradiation at 180 °C for 10 min. After being cooled to room temperature, the resultant
mixture was concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/EtOAc = 1/0 to 0/1) to give 61 (quant) as a colorless. 61: '"H NMR (400 MHz, CDCl3): 6 6.00 (d, J = 5.8
Hz, 1H), 5.97 (dd, J = 5.8, 2.8 Hz, 1H), 4.39-4.29 (m, 2H), 3.69 (d, J = 2.8 Hz, 1H), 3.37 (d, J = 7.8 Hz, 1H), 2.84
(t,J = 8.5 Hz, 1H), 2.53-2.47 (m, 2H), 2.10-1.22 (m, 8H), 1.08 (s, 3H), 1.02 (s, 3H).
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