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B RS R R D21, FDEBEICR L TRADPLOMRESED THR,
E7e | RROHOLVBEOEEE TR TLAT., BB TEHEALMATHRLEY
DEEZRBFZETIL. TOFEBLBNELRD, ZNLOBRND, (LFEEBICLORRY R
LV, 2 OFEEOHRIENEEND, OISR EYTERE TR T RARDOF TH, £EZRK
RHBEY THBET NV RLAPIT. BICEBShTRY, ZOTITIRES NI H AR
(8~10 BIE)ZHivBEBELTROLDNRE, LA, ZORES B ERIHESET
BERRFIEIIDR D, TN BRI RIET EBEFREORES SIS TS,
 BRICHENDIL. OB EBAEBETIHLOFERERLE Y MRS NICBRE
VEFA S B LB BBEHT B, T72bb, Ev7uh2.0MbEM DTN R=/VEi CEE
CAMEREL. BEAOEE. FEBITF A FRGEREAL, BRE R'OBE, Hi<oT
WEB(LICIY, BETERLAYERINETERD (Scheme 1)

| Scheme 1. R . ~
Y AO .
0 A b (0] 7
dop—{ 1€y | — &
R3“TSR! ( 3 R
R? R! RzR
n=1,2,3 - -

Lo, KiESR ., EMEECESYBIOE OB EEDERICFET0ITIE, ZEE
MR ~DOEABNELRD, FLTERFIETIL, SORHLFEEBRDORPPVEL TTX
YAF LU EREA LY 3 7ul4.2.014 75 ) v OBEREA ROV TRE L, REBALK
I VBN BRI A e R AR AL,

£ 1 BT 6 LETAFANERRES 8- AFLIELIE 5

[4.2.014 2% )45 (Figure 1) DERARIEERALFISIZ OV T, 6 §

(LD BHRELERSE BRI OV TR ERET o, Pt
FER 4545 8 BERABRIRANCEITES RHL, TOEKRN R :
BT R SHEAEIC DOV TEELSGER RS,

2 2 T, ABMREEIGAL, AFLeyra(3.2.00
TEIHAVTREYT VR E T BRILEWE BT, TRERIALT, %E%fir%”a’%f
HHNABEXY—/VD AB BEKLRAE T 71[5.3. 1]?/7717&3@%@72‘\521, EbiZ
BRRLZREL-EREEEAIIOWVWTERS,

Figure 1.
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w18 AFLL vy rad2.0]4 22 ) BOBRENRISICIORE T BRHR GO
% -
1.1 s ' :
4 BBOEROERPRIGOEE AL LIS ABE. BEME I BRERIT, B
DEBERAL B MDA RIEL L TELHFFESN T& T, Cargill DI, Scheme 1127~y 6-4 1
B AT p-TsOH ZIEFTBE, RLRA OBEE R H L CERLEWES A BENK
IREEREL TS D,

Scheme 1.

o o
A p-TsOH
@:hs h

%7~ Fetizon Hi%. Scheme 2 [T/ T =XV AF LU E2HTHLEMT p-TsSOH ZEA TS
L BB OBEEEEL T T REEBLEWE S X P BF- OBt BLy /a2 B
MU ER% 52 AT LERDHICLTND Y, ‘

Scheme 2.

/'\+

O H Ho 0
% . / p-TsOH [ //
o] (’ 0 _

O .
- | fll
, 0o
D4 _
ij,':{ BF3-OEt, f] ;—BF3 éi“\
——— ) —_—

PR\, EAGIE LB Y LR T EBBEOFRFEERHL TS Y, v 7
O~ S L F L EDRA2IEMAMBILRIGIZEY, BHICERTEHE Y 7u[4.2.014
IR 1 OLENE 8 BEAIE /) 2 51D, ZORISIE, BRIV R=VE~ERL.
C1-C6 HFEEHBEZ, 8 BBEAITF AV EER, BEMEBEMRE R OBE), BROMBHIIH
553 FHBRILIZIY, 38R 8 BRILEW 2 Z2HEE TS (Scheme 3).




Scheme 3.

[~AO. T
O’\«A Kx — o
-+ _
' R ( R® * '
1 R2 R1
1 - R 2

Fe ALY 2 DXSRAVTAEY TR EEE T 5T BREDRIART BIIEIL,
INETICHTIRESN TN, REUS TR — B CRBILEME DRI AR TE,
FLORIBLE M OF RIS EL COISABHIFETED,

FRIEDIIT, SHRBLEEREEEL . S EEEEE~DHE
BRYELD, 22T, TXYAF LU EZEALEAFL L
2 ral42.014 7% % (Figure. 1) DERLRKISEEEL:, Figure. 1
AFVe s ral42.01F 78 )R, v ra~Fe UEET VU DRI BILR
ISR BRI TED, EDHFRITIL, AINVEZVELZX VAL T 4000 2 FBIED
BRELRHD. BREOREFHICHL TENENBRISHETRTIE, SBIT sp? BED
LD EHTFNE—BREEMLTOBT0 , Z DERAT BN RSERTE,
KETIE, AFLETIa42004 75 ) BOBREN IS E REEICRL, RE&
MER~DOFAESEXT-5E 8 BRILAD~DFLWEREBRIEDCHRELITo 7
(Scheme 4),

KRS E B R E AWM EROFRFEL Ly ©
iﬂ R = Me, Et,

i-Pr, t-Bu

7] Scheme 4.
o) O
ij:/[/ acid (A)
e ]
R - : R?




12 FERLEE
Bx DB Ve 6-BEAT LU E Y 704,201 M B OBRAREERNL K
BEBELRBIN 3-6 1 YT B 7a~Fk /T LV DRI IMBLR LD
AR LT= (Scheme 5), BaflfEEL L, 4 D/VAREE (BF;+Et,0, AICl;, FeCl;, TiCly, BC
1) BEY, 7L 27 NE; (p-TsOH, H,SOs. CF3SOsH) Z V=, &R, /o bkew
Hb, BERRANCAER T EREENERY, (1) AlCh, CFSOsH, BF;-E;0, FeCl; (2)
TiCL. BCl, (3)p-TsOH, H,SO4 & V=B A CELNBERY B RE2oT, LT, Zhb
E AL CHEMEE 5, TR COERERIL 6 (LOBBERCELDE Y,

Scheme 5.

L

 R=Me, Et,_i-Pr, t-Bu

(1) AlCl;, CF5SOsH. BF;-Et,0. FeCly % FAV =354 DAL K it
TNDOBEE AW-BE . ERM 79 5 %7, AICL & AW=fER% Table 1 IR T,

o) , 0
AICl; (2.0 eq.) ifk
- +
CHClp, it R

R
3-6 ifipiy
Table 1. Rearrangement Using AICl3
substrate time products
~ 3(R=Me) . 03h 7a (46 %) '
4R =Ef) 05h 7b (52 %)
5(R = i-Pr) 02h 8a (38 %) 9a (31 %)
6(R = 2-Bu) 1.0h . 9b (70 %)

BH#AE R OBEWILIY, BONAERDBERoTr, BADND KIS EE% Scheme 6 |
Y. ET BRI AT LU EERL T IuT 2B D C6-CT #EHHE, FiE
ADTERT B, RD3i-Pr, -BuZTiE, ADLR OBBNCLVRERDF A EB LML,
%< 5 BROFTR. BIEIZED 6-5MEBRLAY 8 L9 2157, BHLE R H Me, Et LTI,
R' OBENCIVERTEIIF A AT—EE LT ZH T, FHEE A 0L REERBLR5T-
DI AT TE25%27,



Scheme 6.

0 0 B 0 ~ o
acid (&) A Al |R = Me, Et
C =2 |G — ¢ =2
’ R
R R R
3-6 A 7
o "_
A
’3R1
.
R'=H, Me

(2) TiCly, BCl & IV =358 DB RS |
TiCl, BCL Z V5L, BRIELIZZEME 8 BR(LEWEE T ARY 10-12 24572, TiCl,
Z VT HER% Table 2 1IELD T2,

(@] 0] O 0 _
TiCl, (2.0 eq.)
O e HCENES
R Ci R R
-6 ObRoEr  TbRwe "
Table 2. Rearrangement Using TiCly
substrate time ‘ products
3(R =Me) 2.5h 10a (50 %)
4R =Et) 1.5h 10b (37 %)
S(R =i-Pr) 2.0h 11a (40 %)
6(R =¢-Bu) 0.7h 11b (58 %) 12 (10 %)

IOGEELIELAER, BHRE R OBWVICIVEDNDERYNB RIS, ZNbD LR Y%
BREREEE Scheme 7 1TR T, BERSH LRV ERRIZ/EFA L. C1-C6 i ES DEEZY
.



BIETC.8 BEIF AP C BERT D, BHE R 23 i-Pr, Bu ZOHA. CHHR!
DRBENZIY, BERZJ/AITF AL DEEZ, HGFRTORKIZED, BHELLIZ2E4E 8
BEAY 11 BIO, TOERMEE 12 2587, ¥, RS Me, Et ZOH4 . R OBENCE
0, RGBT A ED BCIOORRELRDTD 3 FRTORILITEZS T, F A
- Chb, AL HCIBAHIL 8 ERILEW 10 25 27,

Scheme 7.
0

OA - TAO o 0]
3 acid (A) " R= Me’ Et Q/
] i ] - R
R R Ci
‘ C 10

R
3-6
\x I R = [-Pr, t—BuI

5 “AQ

' ~

11 R

(3) p-TsOH. H,S0, & V=35 & DB S
ZZTERL LTV p-TsOH, HySO4 13 B EIZREZFIEL TOKRBIEENTWHRTZ

ﬂiﬁ&@iﬁfxéﬁﬁ&é%ﬁvf%nh AICL DL EICARMOMIZ, —RBEGILED
13 LRI AK— 9 F AR ENT-— RBLET /b 14 356N (Table 3),

o 0
. p-TsOH (1.0eq.) é(u\
+
benzene, reflux R
R

R
7bR =Et 13a R=Me 14aR'=H
Tans ey RN TRITe MeR'-wMe
Table 3. Rearrangement Using p-TsOH
substrate time products
3(R=Me) 4h 7b (12 %) 13a (14 %)  14a (23 %)
4(R = Et) 9h _ 13b(16%)  14a (23 %)
5(R =i-Pr) 10h Te (37 %) 8b(16%)  13¢(17 %)
6(R = -Bu) 5h 7d (30 %)




- BEEW13L 14 % 5 % T RIS E#E% Scheme 8 1R, 22 TELNZT VM 14 11,
EHLIZE>THRESN TS Hg(ClOg),*3H,0 2 {EASETERMEF L THAZEND,
FEORBE CRICPEITLT0BLB X, T7hbb, =XV AL T ~OKFl, #HT L
= EIGCE B a7 2 BOBMEER T, FRE E 2B T3, ST, BESHT
BUOE PG FRATAR—VEIEHREITL, Tra—/L 15 2#L,

Scheme 8.
0] ‘ (0] .
. + H
ij;/( acid (H") |
- R ' R
3-6
HzOl ) _ .
—a .
H
0O Lo o) 0
_——b d /l% T @[(OH
R R' © 'R
’ " E 15

Ta—)L 15 [ TERMESRET ClKIZEY TIREBEEILEW 13 25 %, 1%77/1/;1%
WIS oA HE X2 BB TIIb 14 5 %27~ (Scheme 9).

Scheme 9.
- H |
O O,0H , \
7 o . H O o o
H 0 0
R R R
13 exo-15 | R . 14

AWDBRIZE-TERT2ERENRELRZBHAD—DLL T, BEEELOHEEERANE
ABNTc, ZZ TRV ARERL BCl, >TiCl, >AICl,>FeCl,>BF,*Et,0 DB, =
WHBZIVEAINR= NV ECBENI L COBEE XD P, T2 CEE, RELBOREABIK
DR R ZRIELT-, ZEE L ACL, H,S0, DIRATEE TN R=A ORI LA B
Ngholz, TRIZHL T, TiCl, L DIRA TR TIIA AR =0 ORISR EAANTH
80cm ™' T RLIZ ¥, ZDZ &iX TICL, BANR= VEBEEIZEAIL TV HZLERBEL TN,

BB GFRICONRo N LX) AF VB FTHAF L E L 7uld2.014 758 )
FEIZ TiClL,° BCLZ1EASEAHE, ARV EIER L CRIENES 8 BBIF AL
TERLT B, SDIT 6 MLDOBHLEA i-Pr 0 +-Bu E T, BMENOEERIF AL E~D 1,
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2 BEERBEL, BHILTHHEME 8 BRILEMEE Tz, Eic, AICL, CF;S0;H, BF;-Et0,
FeCls 13=X Y AFLAMERIL, v on7 2V BOREBEERB THERDIBFON,
e, TV RFYRBED p-TsOH, H,S0, ZIERSEHE, BEEIKBEEN T
e, FORRBIITI AV 74K SFRAFIL CRIGBEIT L,



13 EBRE
— 1Rl N |
ETOERIZBV KRB KUCEB (LA MO BB T, BRI EZES A
HCED, EREER T CfTol, £ RIGICAVWEEBIT, YRR Bk % F VO
LTHAVz, NMR Z~ZHbid, JEOL INM-ECP600NK (*H; 600 MHz, *C; 150 MHz) T
E LT, 'HOrIWny 7 MIBAFELY ark /L AH 0 CHCL (7.26 ppm)% L L7 § E
(ppm) T, FEA LK JI1% Hz BAT T, A /¥ —1 13 s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad TRL7z, ®C IXEARELIoodrL LHO=EHROF L
(77.0 ppm)%& EXEL L 7= 8 18 (ppm) TR L7z, FRAMBILAZ LI JASCO FT/IR-420 %
WTHIE Lz, B ERE~ 2 ATV (MS)iE JASCO GCMS-QP5000 CHIEL ., &4
REVAZAZMY (HRMS) 1 JEOL JMS-700 THIEL e, AL GLC 13 B SEUERT
G3500 gas chromatogrraph FFAP F ¥t Z7U— A Z A (0.25 mm X 10 m), G3000 gas
chromatogrraph TC-1 F¥EFY—HF 4 (025 mmX 15 mE34) 7 —HRIZ~YY 2%
WTCHIE LTz, 7Ty aliFhru~v by 57 4—1213 slica gel IZEIHALE silica gel 60N,
B LU Meick 4t silica gel 60N &6 Fi L7,

EBFIE | |
LIBAREJULT L DRAIF D — MR EBEIE

Pyrex LRI 1Z 3-ethylcyclohexenon (4.00 g, 30.2 mmol) 24K L AF L2 (170 mL) |
EAN, TAIRANCRISERZE O ERE 30 HERERAATR, ZORAEEKRE-T8 °C
(AL, T (40 mL)ZINZ, 500-W BEASIT & AV TRBH L, 1 BEZLICZ
R 5 HEREAR, WA~ 74— CRIGEBHEZL. 3.5 BREXBHLE, TDOK

ISREEBOBEEREBEL, BONHERNENTLI0v I 74— (Si0,,
 hexane/ether=97/3) CHE#IL . head-to-head FHIIEE 4 (4.53 g, 86 %, HELHH)E head-to-tail
s (230 mg)zE7-,

4

4-Ethyl-6-methyl-bicyclo[2.2.2]oct-5-en-2-one (4) head-to-head: colorless oil; "H-NMR
(600 MHz, CDCls) § 4.90 (dd, J= 5.4, 2.7 Hz, 1H), 4.88 (dd, J=5.0, 2.4 Hz, 1H), 3.20 (d, J |
= 2,6 Hz, 1H), 2.56-246 (m, 3H), 2.12 (m, 1H), 2.00 (m, 1H), 1.82 (m, 1H), 1,69 (m, 1H),
1.57(q, J= 7.3 Hz, 2H), 1.52 (m, 1H), 0.86 (t, J= 7.4 Hz, 3H), 1.69 (m, 1H), 1.57 (g, J= 7.3
Hz, 2H), 1.52 (m, 1H), 0.86 (t, J = 7.4 Hz, 3H); *C NMR (150 MHz, CDCl;) & 209.7 (s),
141.6 (s), 108.5 (t), 59.7 (d), 40.0 (t), 39.4 (s), 38.9 (1), 34.2 (1), 31.9 (t), 19.2 (1), 8.3 (9); IR

10



(cm™, neat) 1700, 1660; MS, m/e (rel intensity, %) 164 (M", 14), 135 (33), 125 (100); HRMS
caled for C;;H;cO 164.1201, found 164.1178. head-to-tail: colorless oil; 'H-NMR (600
MHz, CDCls): § 4.86 (m, 1H), 4.85 (m, 1H), 3.01 (m, 1H), 2.67-2.51 (m, 3H), 2.17 (m, 1H),
2.05-1.76 (m, 3H), 1.63-1.58 (m, 2H), 1.46 (m, 1H), 0.87 (t, J = 7.4 Hz, 3H); IR (cm™', neat)
1690, 1660; MS m/e (rel intensity, %) 164 (M, 50), 149 (41), 135 (100); HRMS calcd for
C11H160 164.1201, found 164.1229.

5

6-Isopropyl-8-methylene-bicyclo[4.2.0]octan-2-one (5) head-to-head: colorless oil;
"TH-NMR (600 MHz, CDCL) § 4.90-4.87 (m, 2H), 3.25 (d, J=2.6 Hz, 1H), 2.61-2.51 (m, 3H),
2.09-2.01 (m, 2H), 1.85 (m, 1H), 1.75 (dd, J = 13.7, 6.8 Hz, 1H), 1.61 (m, lH); 1.50 (m, 1H),
0.86 (d, J= 6.8 Hz, 3H), 0.82 (d, J = 6.8 Hz, 3H); >*C NMR (150 MHz, CDCl;) & 209.7 (S),
141.2 (s), 108.4 (t), 59.4 (d), 42.5 (s), 40.3 (1), 38.8 (), 37.7 (d), 27.5 (1), 18.8 (1), 16.5 (q),
16.2 (q); IR (cm™, neat) 1700, 1660; MS m/e (rel intensity, %) 178 (M', 45), 163 (83),
135(100), 107 (96); HRMS calcd for C;;H;30 178.1358, found 178.1374. head-to-tail:
colorless oil; 'H-NMR (600 MHz, CDCl3) § 4.90-4.87 (m, 2H), 2.99 (m, 1H), 2.70 (dd, J =
11.3, 5.3 Hz, 1H), 2.58-2.51 (m, 2H), 2.09 (m, 1H), 2.01-1.85 (m, 2H), 1.85-1.67 (m, 2H),
1.49 (dd, J = 13.2, 3.9 Hz, 1H), 0.95 (d, J = 6.8 Hz, 3H), 0.93 (d, /= 6.8 Hz, 3H); BC NMR
(150 MHz, CDCI;) 6 214.8 (s), 152.4 (s), 106.5 (1), 56.5 (s), 45.7 (d), 39.4 (1), 32.7 (1), 28.0 (1),
19.7 (©), 17.2 (q), 17.0 (q); IR (cm™, neat) 1700, 1660; MS m/e (rel intensity, %) 178 (M, 22),
163 (59), 135 (100), 107 (53); HRMS caled for C;oH;30 178.1358, found 178.1341.

6 Bl-8-AF Lo v rad F A b SR DB B MR ER AT R i D — R I B FIE
(H,SOs, CF;SOsH, AICl;, FeCls, TiCly, BCL % AV 154)

T —ALRIGAL, BEBHBR -7 T2/ (100 mg) SEAKELAFLL (5
mL) ZAl.,EETE (2.0 ¥&) 2Nz, SR TE®RLL, RISERNT TLC TTW,
RO BNIE R U R S CRafn R BEK R TNy AERZ AL, ——7 /LTI,
FDEDET-EHRBE AT BE K L, BB~ XU A THIER ., BEEZBIE
BELE, BonN-HERYE T LIav N TT74—TREL, ERWEE,

(BF;*E0 AV 353 4)
TUL—ARIAL, BRERLERIET7SAaiZrby (100 mg) LEASVEY (5
mL) ZAi, Z{E T BF:+Et0 (2.0 H&) %/NZ, Dean-Stark /K57 BEERE IV TERTL
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Tz, FURIBERE CLC TITW, BB/ b 3 Sk LT B 8 CHUA . BaF1RERK S F R 4
BRI, =T AT L, DA bR A B AT A KGR KRR~
IRV LCHES, BEPREEE L, BONTEERDENT LI 5T 4—T
R RYE B,

(p-TsOH Z iV 354Y) .

TZU—ALRIAL, %%ﬁ?ﬁbf:ﬁﬁ}7‘}x:6:b‘}\‘/ (100 mg) ELEARLFL (5
mL) ZAH, BIETp-TsOH (1.0 H&) &Mz, BHLE, KISEME TLC T,
RIS DI SR LT B A O , BT E kB N AR AL, = — L CH
U, ZOEDETERBEMAMAEK O, BARBE </ XD ATRIES, Bis
BEBE LU, BONTAERDEDTLIa<w 57— TREIL . £RYEET,

el
7b
~ 3-Ethyl-2-isopropenyl-cyclohex-2-enone (7b): colorless oil; "H-NMR (600 MHz, CDCl)
8 5.14 (d, /= 1.2 Hz, 1H), 4.66 (d, J= 1.2 Hz, 1H), 2.41 (t, J = 6.6 Hz, 2H), 2.36 (t, J= 6.2
Hz, 2H), 2.27 (4, J= 7.6 Hz, 2H), 1.96 (tt, J = 2.4, 2.4 Hz, 2H), 1.83 (s, 3H), 1.07 (t, J=7.6 _
Hz, 3H); ’C NMR (150 MHz, CDCL) & 198.3 (s), 160.7 (s), 141.3 (s), 138.9 (s), 115.3 (),
38.1 (1), 292 (1), 23.6 (@), 22.4(1), 12.9 (g); IR (cm™, neat) 1670, 1610; MS m/e (rel

intensity, %) 164 (M, 100), 149 (93), 93 (39); HRMS caled for Cp1H;60 164.1201, found
164.1203.

7c
2-Isopropenyl-3-isopropyl-cyclohex-2-enone (7c): colorless oil; 'H-NMR (600 MHz,
CDCL) 6 5.13 (m, 1H), 4.64 (d, J= 1.0 Hz, 1H), 3.00 (m, 1H), 2.40 (t, J = 6.7 Hz, 2H), 2.29
(t, J= 6.0 Hz, 2H), 1.93 (t, J= 6.4 Hz, 1.81 (s, 3H), 1.03 (d, J = 6.8 Hz, 6H); C NMR (150
MHz, CDCl;) 8 198.5 (s), 164.1 (s), 138.0 (s), 115.0 (1), 38.3 (1), 32.1 (d), 23.9 (q), 23.7 (t),
22.6 (1), 20.5 (g); IR (cm™, neat) 1670; MS m/e (rel intensity, %) 178 (M", 71), 163 (100), 107
(32); HRMS caled for CjoH;50 178.1358, found 178.1363.

12



d

3- tert-Butyl—Z-lsopropenyl-cyclohex—2-enone (7d): colorless oil; 'H-NMR (600 MHz,
CDC13) 8 5.09 (s, 1H), 4.69 (s, 1H), 2.50-2.27 (m, 4H), 1.97 (m, 1H), 1.91 (s, 3H), 1.82 (m,
~ 1H), 1.23 (s, 9H); *C NMR (150 MHz, CDCL) & 199.7 (s), 164.7 (s), 141.3 (s), 138.7 (s),
116.1 (t), 38.4 (s), 38.2 (1), 29.7 (@), 29.0 (1), 24.5 (q), 22.7 (t); IR (cm™, neat) 1660; MS m/e .
(rel intensity, %) 192 (M', 64), 177 (100), 149 (37), 121 (30); HRMS calcd for Cy3H00
192.1515, found 192.1512.

o)

8a .
1,1,3-Trimethyl-1,2,5,6,7,7a-hexahydro-inden-4-one (8a): colorless oil; 'H-NMR (600
MHz, CDCL) & 2.24 (m, 4H), 2.22 (ddd, J = 14.3, 7.1, 1.3 Hz, 1H), 2.16 (m, 1H), 2.03-1.97
(m, 3H), 1.28 (m, 1H), 1.20 (d, /= 6.8 Hz, 3H), 1.11 (d, J=1.1 Hz, 3H), 1.07 (d, J= 6.9 Hz,
3H); *C NMR (150 MHz, CDCls) & 198.3 (5), 167.4 (s), 139.6 (), 50.2 (s), 49.4 (d), 45.1 (d),
38.4 (1), 24.8 (1), 23.5 (t), 19.3 (q), 18.0 (g), 17.5 @; IR (cm neat) 1670 1630; MS m/e (rel
intensity, %) 178 (M 100), 163 (82), 149 (56); HRMS calcd for CipH;50 178.1358, found
178.1356. ‘

O

8b-endo

1,1,3,7a-Tetramethyi—1,2,5,6,7,7a-hexahydro-indeh-4—0ne (8b-endo): colorless oil;
'"H-NMR (600 MHz, CDCl;) & 2.44-2.23 (m, 4H), 2.19 (ddt, J = 18.1, 2.9, 5.9 Hz, 1H),
2.05-1.93 (m, 2H), 1.38 (m, 1H), 1.22 (d, J= 6.8 Hz, 3H), 1.05 (s, 3H), 0.96 (d, /= 6.3 Hz,
3H), 0.83 (s, 3H); °C NMR (150 MHz, CDCl;) § 198.9 (s), 172.3 (s), 138.1 (s), 51.9 (d), 47.8
-(s); IR (cm™, neat) 1660; MS m/e (rel intensity, %) 192 (M, 45), 177 (100); HRMS calcd for
Ci3H00 192.1515, found 192.1500. '
o)

8h-exo
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1,l,7a—Trimethyl-3-methylene-octahydrb—inden—4-0ne (8b-exo): colorless oil; '"H-NMR
(600 MHz, CDCl3) 6 4.92 (m, 1H), 4.74 (m, 1H), 3.13 (s, 1H), 2.63 (dd, J=17.1, 1.5 Hz, 1H),
2.41 (dt, J=6.3, 14.2 Hz, 1H), 2.22 (d, J= 17.1 Hz, 1H), 2.15 (m, 1H), 1.94 (m, 1H), 1.76 (iq,
J=3.6,13.6 Hz, 1H), 1.58 (dt, J=3.6, 13.6 Hz, 1H), 1.41 (m, 1H), 0.95 (s, 3H), 0.93 (s, 3H),
0.86 (s, 3H) >C NMR (150 MHz, CDCl;) & 212.1 (s), 147.8 (s), 108.4 (t), 64.5 (d), 51.0 (s),
46.0 (1), 42.9 (s) 37.7 (t), 29.8 (), 24.7 (q), 22.5 (), 21.5 (q), 18.0 (q); IR (cm™, neat) 1700;
MS m/e (rel mtensr[y, %) 192 (M, 21), 177 (100), 149 (63), 121 (55), HRMS caled for
Ci3H200 192.1515, found 192.1491.

1,2,3-Trimethyl-1,2,3,5,6,7-hexahydro-inden-4-one (9a): colorless oﬂ; TH-NMR (600
| MHz, CDCl;) 6 2.59-2.38 (m, 3H), 2.18 (ddd, J = 19.2, 13.0, 6.3 Hz, 1H), 2.10 (s, 3H), 2.01
(d, J=17.3 Hz, 2H), 1.77-1.63 (m, 2H), 1.33 (ddd, J = 20.4, 12.6, 3.0 Hz, 1H), 1.13 (s, 3H),
0.87 (s, 3H); >C NMR (150 MHz, CDCl;) § 200.4 (s), 153.0 (s), 133.6 (s), 56.4 (d), 54.9 (t),
41.3 (s), 40.9 (t), 27.3 (q), 24.4 (i:), 23.8 (1), 23.7 (q), 16.6 (q); IR (cm™, neat) 1670, 1610; MS
m/e (rel intensity,b %) 178 (M, 80), 163 (100), 135 (35); HRMS calcd for C1oH;50 178.1358,
found 178.1369. |

O

9%h
1,1,2,3-Tetramethyl-1,2,3,5,6,7-hexahydro-inden-4-one (9b): colorless oil; TH-NMR
(600 MHz, CDCL) § 2.52 (d, J= 6.6 Hz, 1H), 2.39 (m, 1H), 2.20 (ddd, J= 18.1, 11.2, 6.8 Hz,
1H), 2.05 (s, 3H), 2.00-1.66 (m, SH), 1.38 (m, 1H), 1.01 (s, 3H), 0.94 (s, 3H), 0.93 (s, 3H);
">C NMR (150 MHz, CDCl) § 201.3 (s), 150.8 (s), 139.1 (s), 52.6 (d), 51.4 (s), 44.0 (s), 41.0
(1), 29.4 (1), 26.2 (q), 22.7 (q), 21.9 (q), 20.8 (t), 16.7 (q); IR (cm™, neat) 1670; MS m/e (rel
intensity, %) 192 (M, 52), 177 (88), 149 (100); HRMS calcd for Ci3H,00 192.1515, found

192.1504.
o]

Ci
10a

S-Chloro-3,5-dimethyl-cyclooct-2-enone (10a): colorless oil; 'H-NMR (600 MHz,
14



CDCL) § 6.21 (s, 1H), 3.49-2.65 (br, 5H), 2.10 (s, 3H), 2.07-1.92 (m, 2H), 1.82 (m, 1H), 1.69
(s, 3H); 3C NMR (150 MHz, CDCls) § 201.1 (s), 151.5 (s), 134.0 (d), 70.5 (s), 48.1 (t), 39.7
(6), 384 (1), 32.3 (Q), 29.7 (@), 20.3 (t); IR (cm™, neat) 1625, 1610; MS m/e (rel intensity, %)
186 (M, 10), 151 (100), 143 (86), 123 (56), 109 (59), 95 (63); HRMS caled for C;oH;sOCl

186.0812, found 186.0818.
0

Cl
10b

- 5-Chloro-5-ethyl-3-methyl-cyclooct-2-enone (10b): colorless oil; '"H-NMR (600 MHz,
CDCls) 6 6.20 (s, 1H), 3.04 (br, 2H), 2.72 (br, ZH), 2.08 (s, 3H), 2.05-1.67 (m, 6H), 1.10 (t, J
= 7.2 Hz, 3H); 3CNMR (150 MHz, CDCl) § 201.0 (s), 151.7 (s), 134.0 (d), 75.0 (s), 46.4 (8),
39.8 (t), 35.8 (1), 35.6 (t), 29.8 (q), 20.1 (t), 8.6 (q); IR (cm™, neat) 1640, 1610; MS m/e (rel
intensity, %) 200 (M, 13), 171 (75), 165 (100), 157 (64), 123 (50), 109(51), 95 (65); HRMS
caled for C;;H;,0C1 200.0969, found 200.0983.

, . o

11a H

9,9-Dimethyl-8-methylene-bicyclo[4.2.1]nonan-2-one (11a): colorless oil; 1H—NMR (600
MHz, CDCL) & 5.11 (d, J = 1.3 Hz, 1H), 3.05 (s, 1H), 2.83 (m, 1H), 2.41-2.33 (m, 2H),
2.00-1.84 (m, 3H), 1.70 (m, II—D;"I".SS'(m, 1H), 1.13 (s, 3H), 1.04 (s, 3H); C NMR (150
MHz, CDCls) § 210.6 (s), 149.5 (s), 110.0 (), 71.4 (d), 47.1 (d), 43.6 (s), 42.3 (1), 36.6 (1),
31.1 (), 30.1 (¢), 21.5 (q), 18.9 (t); IR (cm”, neat) 1690,-1640; MS m/e (rel intensity, %) 178
(M, 43), 163 (54), 107 (100); HRMS caled for C1,H;50 178.1358, found 178.1362.

6,9,9-Trimethyl-8-methylene-bicyclo[4.2.1]Jnonan-2-one (11b): colorless oil; 'H-NMR
(600 MHz, CDCls) 8 5.06 (m, 1H), 5.00 (m, 1H), 3.16 (s, 1H), 2.60-2.41 (m, 3H), 2.34 (ddd, J
=19.5, 13.6, 4.4 Hz, 1H), 2.01 (m, 1H), 1.82 (m, 1H), 1.63-1.48 (m, 2H), 1.01 (s, 3H), 0.97 (s,
3H), 0.96 (s, 3H); PC NMR (150 MHz, CDCls) & 211.1 (s), 147.6 (s), 110.2 (t), 73.2 (d), 45.9
(), 45.2 9s), 43.9 (1), 41.5 (1), 38.8 (1), 28.2 (q), 23.2 (@), 20.2 (1), 19.0 (9); IR (cm’, neat)
1690; MS m/e (rel intensity, %) 192 (M, 61), 149 (69), 121 (100); HRMS calcd for C13H,00
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192.1515, found 192.1517.
0]

g

12
6,8,9,9-Tetramethyl-bicyclo[4.2.1]non-7-en-2-one (12): colorless oil; '"H-NMR (600 MHz,
CDCls) 6 5.28 (s, 1H), 2.74 (s, 1H), 2.57-2.41 (m, 2H), 1.71 (s, 3H), 1.60-1.43 (m, 4H), 1.04
(s, 3H), 0.99 (s, 3H), 0.98 (s, 3H); °C NMR (150 MHz, CDCls) & 212.2 (s), 136.6 (d), 135.4
(s), 77.4 (d), 52.6 (s), 46.5 (s), 43.9 (1), 38.0 (t), 28.7 (q), 21.8 (1), 20.7 (), 19.0 (q), 15.6 (q);
IR (cm’, neat) 1685; MS m/e (rel intensity, %) 192 (M, 46), 177 (100), 149 (82), 121 (96);
HRMS caled for C13Hy00 192.1515, found 192.1484. '

0
\

' 13b
4-Ethyl-6-methyl-bicyclo[2.2.2]0ct-5-en-2-one (13b): colorless oil; 'H-NMR (600 MHz,
CDCl;) 8 5.85 (s, 1H), 2.93 (m, 1H), 1.92 (dd, J=18.0, 3.2 Hz, 1H), 1.85(d, /= 18.2 Hz, 1H),
1.82 (d, J= 1.2.Hz, 3H), 1.65-1.49 (m, 4H), 1.37-1.30 (m, 2H), 0.96 (t, J = 7.6 Hz, 3H); 1*C
NMR (150 MHz, CDCls) § 213.5 (s), 137.0 (s), 132.5(d), 54.2 (d), 45.3 (d), 41.1 (s), 30.4 (D),
30.0 (t), 23.3 (1), 20.0 (q), 8.6 (q); IR (cm™, neat) 1720; MS m/e (rel intensity, %) 164 (M,
19), 122 (100), 93 (86); HRMS calcd for C1H;60 164.1201, found 164.1206. -

o
X

13¢c

4-Isopropyl-6-methyl-bicyclo[2.2.2]oct-5-en-2-one (13c): colorless oil; 'H-NMR (600
MHz, CDCl3) 6 5.90 (s, 1H), 1.93 (dd, J= 18.0, 3.1 Hz, 1H), 1.87 (d, J= 18.0 Hz, 1H), 1.82
(s, 3H), 1.77 (m, 1H), 1.67-1.51 (m, 3H), 1.36 (m, 1H), 0.97-0.95 (m, 6H); *C NMR (150
MHz, CDCh) 6 213.6 (s), 137.0 (s), 131.7 (d), 53.9 (d), 44.3 (s), 43.2 (t), 32.9 (d), 27.7 (t),
23.3 (1), 20.1 (q), 17.8 (@), 17.8 (q); IR (em™, neat) 1720; MS m/e (rel intensity, %) 178 (M,
9), 136 (100), 121 (43), 93 (62); HRMS calcd for C;,H;30 178.1358, found 178.1361.

4-tert-Butyl-6-methyl-bicyclo[2.2.2] oct-5-en-2-one (13d): colorless oil; "H-NMR (600
16 |



MHz, CDCl;) & 6.00 (s, 1H), 2.90 (s, 1H), 1.98 (dd, J = 18.0, 3.0 Hz, 1H), 1.94 (d, J=17.9
Hz, 1H), 1.85 (s, 1H), 1.82 (m, 3H), 1.61 (m, 1H), 1.41 (m, 1H), 0.96 (s, 9H); ’C NMR (150
MHz, CDCL) & 213.7 (), 136.7 (s), 130.9 (d), 53.3 (d), 47.0 (5), 41.6 (1), 32.8 (5), 25.7 (q),
25.5 (1), 23.4 (t), 20.2 (q); IR (cm™, neat) 1720; MS m/e (rel intensity, %) 192 (M, trace), 150
(100), 135 (78); HRMS calcd for Cy3Hae0 192.1515, found 192.1513.

o)
O

14a H
1,5-Dimethyl-2-0xa-bicyclo[3.3.1]nonan-3-one (14a): colorless oil; 'H-NMR (600 MHz,
CDCL) § 2.34 (dd, J= 18.4, 2.4 Hz, 1H), 2.21 (dd, J= 18.4, 1.5 Hz, 1H), 1.88 (m, 1H), 1.68
(m, 3H), 1.60 (dt, J = 13.6, 2.4 Hz, 1H), 1.52-1.44 (m, 3H), 1.37 (m, 3H), 1.34 (m, 1H), 0.99
(s, 3H); PC NMR (150 MHz, CDCl) § 172.5 (s), 82.3 (s), 43.8 (1), 41.8 (1), 37.8 (t), 36.7 (1),
30.8 (s), 30.1 (q), 28.6 (q), 18.8 (t); IR (cm”, neat) 1720; MS m/e (rel intensity, %) 168 (M,
trace), 125 (100), 111 (68); HRMS calcd for C1oH;0; 168.1151, found 168.1147.

O
O
- 14b

5-Ethyl-1-methyl-2-oxa-bicyclo[3.3.1]nonan-3-one (14b): colorless oil; "TH-NMR (600
MHz, CDCL) 6 2.31 (dd, J=18.4, 2.1 Hz, 1H), 2.22 (d, J = 18.4 Hz, 1H), 1.88 (dd, J = 13.7,
1.8 Hz, 1H), 1.69 (m, 1H), 1.57-1.51 (m, 2H), 1.36 (s, 3H), 1.34 (m, 1H), 1.32-1.27 (m, 2H),
1.23 (m, 1H), 0.84 (t, J = 7.4 Hz, 1H),; >C NMR (150 MHz, CDCL) § 172.7 (s), 81.1 (s),
41.8 (), 39.7 (¥), 37.0 (t), 35.6 (t), 35.0 (t), 33.6 (s), 28.7 (d), 18.6 (t), 6.9 (q); IR (cm”, neat)
1720; MS m/e (rel intensity, %) 182 (M, trace), 153 (100), 139 (77), 125 (50); HRMS calcd
for Cy1H;30, 182.1307, found 182.1334. ‘

OHO

SOR

, 17a ’
3,4a-Dimethyl-4a,5,6,7-tetrahydro-2H-cyclopenta[b]pyran-7a-ol (17a): colorless oil;
"H-NMR (600 MHz, CDCl;3) & 5.29 (s, IH),‘4.20 d,J= 15.8 Hz, 1H), 2.19 (d, J=15.8 Hz,
1H), 2.39 (s, 1H), 2.VO9-1.96 (m, 2H), 1.74-1.64 (m, 3H), 1.64-1.61 (m, 3H), 1.04 (s, 3H); °C
- NMR (150 MHz, CDCl) & 128.9 (s), 127.3 ‘(d), 105.1 (s), 63.9 (1), 43.2 (s), 39.0 (1), 36.3 (1),
22.5 (qg), 18.6 (1), 18.3 (g); IR (cm™, neat) 3350; MS m/e (rel intensity, %) 168 (M*, 76), 153
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(690), 109 (100), 93 (81); HRMS calcd for C;;H;30, 168.1151, found 168.1155.

OH0

%
17b

4a-Ethyl-3-methyl—4a,5,6,7-tetrahydro-2H-cyclopenta[B]pyran—7a—ol (17b): colorless
oil; "H-NMR (600 MHz, CDCl) § 5.36 (d, J=1.1Hz, 1H), 4.18 (d, /= 15.7 Hz, 1H), 3.94 d,
J = 15.3 Hz, 1H), 2.54 (s, 1H), 2.02 (m, 1H), 1.84 (m, 1H), 1.75 (m, ‘IH), 1.63 (s, 3H),
1.62-1.53 (m, 3H), 1.45 (dq, J= 7.4, 14.1 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H); *C NMR (150
MHz, CDCls) 6 129.9 (s), 125.0 (d), 105.8 (s), 64.3 (1), 46.2 (5), 35.6 (1), 35.0 (t), 26.7 (1),
1 18.8 (1), 18.4 (q), 8.6 (q); IR (cm™, neat) 3400, 2950; MS m/e (rel intensity, %) 182 (M", 71),
167 (52), 135 (97), 107 (100), 95 (82), 93 (77), 55 (66); HRMS calcd for C1,H1,0,182.1307,
found 182.1293.
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Table A. Rearrangement of Methylketone 3.

o]
acid (2.0 eq.)
r.t
3

(o)
(o)
(0]
e |
7a . 10a

OH

13a 14a 17a
" products (yield, %) '
acid’ solvent reaction time (h) 13a 7a 10a 14a 17a
TsOH benzenel! 4 14 23
H,S0 ! benzene 05 complex resulis
CF4SO3H CHoCly - 0.7 33 17
BF3-Et;,0. benzenel?! 1 49 trace
FeCly CH,Cl, 2.5 32 16
AlCl, CH.Cl, 0.7 46
TiCl, CH,Cl, 35
BClz’ CH,Cl, 35
" [1] Using 1.0 eq of acid.
[2] The reaction was carried out at 80 °C.
Table B. Rearrangement of Ethylketone 4.
(o) |o o Q - . OH,
acidﬁ@’c_aq.) o
r.t - @:K/ » CI ©
Cl
4 13b . 7b 10b 14b 17b
products (yield, %)
acid solvent reaction time (h) 13b 7b 10b 14b 17b
TsOH benzenel?! 9 16 12 33
H,S0,1  benzene 45 9 65
CF3S0;H CH,Cl, 07 37 21
BF3-Et;0 benzenel? 1 48
FeCly CH,Cl, 3 28 24
AlCl, CH,Cl, 1 52
TiCl, CH,Cl, 1 36
BCl; CH,Cl, 3 44

[1] Using 1.0 eq of acid. .
[2] The reaction was carried out at 80 °C.



Table C. Rea'rrangement of i-Propylketone 5.

0 0 o 0 0 0
. acic_l_gz_.qbeq.) I o (‘
rt 11 ‘
5 ' 13c 7c 8a- 9a 11a
products (yield, %)
acid solvent reaction time (h) 13¢ 7c 8a %9a 11a
TsOH benzeneld 10 17 37
H2804m benzene 4 54
CFzSOzH CH.Cl, 1.2 11 C 47
BF3-Et,0 benzenel?] 1.7 21 24
FeCly CH,Cl, ' 35 31
. AlCl CH,Cl, 05 38 31
TiCl, CH,Cl, 33
BCl3 - CH.Cly 3 50
[1] Using 1.0 eq of acid.
[2] The reaction was carried out at 80 °C.
Table D. Rearrangement of t-Butylketone 6.
o) , o_ o) o ., 0 Q :
acid (2.0 eq.) | : ’ 4
O @
6 13d 7d 8b (exolendo) 9b 11b (exo)
12 (endo)
products (yield, %)
acid solvent reaction time (h) . 13d 7d  8b(exolendo) 9b 11b(exo) 12 (endo)
TSOH benzene'?! 5 31
H,80," benzene 10 56
CF3S0O5H CH.Cl, 1 33 (endo)
BF5-Et,0 benzene!? 17 36 (endo)
FeCls CHoCly 23 41 (endo)
AlICl3 CH,Cl, 1 trace (endo) 70
TiCl, CH,Cl, 0.7 60 4
BCl3 CH,Cl, 8.5 11(exo) 66

[1] Using 1.0 eq of acid.
[2] The reaction was carried out at 80 °C.
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F2E RETRERUBRGEFAALERBAEESXY — L O8 RFE

2.1 FFi ~ .
EYTEREZTRTTNARURRKRYOFIIL, —RECEBIN BT EBELELS
DHLONRLN,

trichorabdal clovene ingenol

INLRBYDILZEE RIS CEARB T BROBEITIE, DB W EEEOHRE
Blizdian U, 22T 8 1 BECTRAEAFLL L I0TF L7 AR TOEE S BB O
RIEEIS A LI T A~ AR DA RS E L, |

FRISESOICREBELEMDERA~BRTI0ITIT, SHAREE~DOBEA R
BB, AFVIE S IRB0INT I VAR ERT 5L, AfRM2 LTy 7 n
EUTUREER O T BRABOND, ZORBHEEEIBAEESS Y — L IDERITE
AT AZL%EEHE L= (Scheme 1),

Scheme 1.

o) - o

3;5 —
1 2

BT AERE R T I EBHBN TNBEEXY —LiE, AF AR D DEEES 7=
TIRIART, 1971 FIZ Wall HIZ XKD, ZOBERRESIED, T Cloa) — VB
ICAVEN TSR, REDLOUM B2, £ DROBIERRABHC KT 5728
MERYDD, Ele. ZNETOREND, XY —NVEFOF 2 — TV B EEER T
C2 (LDEEREREEL C13 MDA B IS ANEHEIBE THELEI. D BOELEICE
Db, ZOEMICEBORNLRHLIICSHT, M2 TEEELBEE(L 5L 7
DIEHERDONDO TN DY, ZLOFEEFTEAIHAHEINS Figure 1) D, “h
BOZENE, BLOWFEEBERICEVEA TXT-, |
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Some acyl analogs have Some derivatives have

improved activi P i
N-acyl group . ty improved activity
required o . )
Some phenyl analogs /-\/u\o 3
give improved activity /-‘Ph s "

Free 2™ hydroxy
group required ]
’ Acyloxy group .
Figure 1. I required

Lo, RLELRD AB BiL, /Y7 a5 L4845 10 BREE T, BEMIC _ER
BEBOBAEREBRIOBRSN TS, INETOLELERAIZIENTL 9, 2

DEKGHE ST AB BOWRITRLSh, TR ENHE OFETHERLTOES, WTh
bEIRIVELEIETIT 2,

LA E OB EBAEFFRTI, @ﬁ%maﬁuﬁm_w ET ERIEWEEE, Z0B
EEFI A L,T;«Jmot@#/b—wABf“ﬂ%&ﬁ/ﬁimo EbIZ, CRIBEALHELIZBRE
~DOEREEAN, RUOEHREZIToT,
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22 HRLER |
221 AFLVEYIUBL0 N OBRRISIC B4 7 BBROTBH

416 8 BEOWRKIE ORI LS, SHcAY T m L&, THICTF AT LY
HIDEVIRBLINT S /AT IR[3.2.11~T 8 /2 2 ~DEN RS BE LI,
EEY 1 133 7n~ 7 B 3L T L ORI ST & o TRB LA TET:, B
LLTBCh. TiCl, AICh, H;SO0, ZAERIS L, #ELI8Y TiCL 2\ e b&lo Y70
EVTVREEA TS T BRILEWEET (Table 1),

0 0
acid (2.0 eq.)
1 | 2
Table 1. Rearrangement with Acids
| acid time ' product
H,80,1 1 "complex results

Alc2 . on 3%

Tic,,? 4h 38%

BCL™ 12h 12%

[1] The reactions were carried out in benzene at roomtemperature.
[2] The reactions were carried out in CH,Cl, at roomtemperature.

IIT BRIKBBIDIC, SHICEERHNEITo7 (Table 2). KISR0 CHOHRE.
EIRITHA~ER(LER | INRITED 572 (entry 1. 2),

Table 2. Rearrangement with TiCl,
entry TiCly(eq.) time(h) temp.(°C) 2/1 (%)

1 2 4 0 14/28
2 2 4 20 38/13
3 1 4 20 8/88[%!
4 3 4 20 49/4
5 5 2 20 78/0
6 6 2.5 20 48/0

[1] Determined by Gas Chromatography
[2] product/substrate (11%/40%), 22h
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FICERET. REOYEREL 2 TiTol, ZEIZHLTTICLZ 1 YEAWZFHE,
RS OETEE LR, BRI GZET TOINROE X RS- (entry 3),
EBICHL TS YEAWZLE, HFHLERWRERMBELNTZ (entry 5), B 7u[3.2.0]~7%
721 DTICL T LB, 2845 7 BR(LAY 2 2R IBDILITEDT,
- RIZZOEY 2 50 ABREBERERRELL.
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222 ERH SmL, FUINVBIVERRIGLTBEEY—/V AB BOAH

S DB RS TR 7 BRIEVEHBYELL T SR ELTEZE ) —
VD ABBRERTHIC L Ia[5.3.110 T 4 DFEBBRIEN % Scheme 2 1277, &%
BEIET 2413, ZBILAW S OBRZICIVE L rnl5 31100 Fh BheEs BEE

REEA TR CEILNTEAHLE X7, SR LAY 5 13, BRICLBETH Sml, 7
DHNBILRIE Y, v - T b 6 HbELT LR TES, T 6 1AL T 4
8BTS TANEBRL, T I FNEOENCIVEDI LU, AT 81, BT
RIS CRONS%ME T BBLEY 2 ORREREL LR (BBILLLE,

Scheme 2. Retrosynthetic Analysis of the AB-Ring Core of Taxol

OPro TBSO . OPro  T1BSO

oo — (T => G—i

4 O

TBSO © TBSO o)

ziﬁz@//

2

& 7 BRI N 2 |2 DIBALH 21ERSE DL, RIGIESTASERENCEITL, £ L
B—D7 a—\% TBS ETRHE, 4171 8 2B, KIT C2 PE~DTT )FLED
BAZEBREL, C10 fLOTXIF VT B VRIS T IVR= L~ LI E 2
Teo BEIDSZI 71338 %TLABLN T, THF R 8 B3 EERY BB (Scheme
3), ' :

Scheme 3. Synthesis of Ketone 7-Part 1

' TBSO TBSO TBSO
’ 8' (61 %) 7 (38 %)

Reagents and conditions: (a) DIBALH, Et20 -78 °C; (b) TBSCI, imidazole, DMF, rt; (c) O,
i-pentane, -78 °C; PPhg, 1t.
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ZZTIZREUR MBI T ~OEBEKELE (Scheme 4) , BESREE AV -5
B TATEREREERB TELN, BBIOF N 7 1IHMENERThH-= (FiE A, Bb
Ni=7 VT eR{E% Bayer-Villiger B2{L T=XTAREL, TAa—A~EIT, BRILIZED
i T NN, LS EEO EICERELENGDThoT (FiE B), £, LiBr
ERAVWEBALIED BWEBRE TRV IR ot (FiE O,

Scheme 4. Transformaiion of 8' to Ketone 7

TBSO TBSO

s

g

A) HIO4-2H,0, THF, 0°C,26%

B) i) HIO4-2H,0, THF, rt; ii) m-CPBA, CH,Cl,, 0 °C; iii) LiAlH,,
Et,0, -35 °C; iv) PCC, NaOAc, CH,Cl,, 0 °C, t, 32 % (4 steps)

C) LiBr, HMPA, toluene, reflux, 18 %. '

S EDFERD D, AL T4 8D R T~DEFN— e RDIICEE L, T\ 4
L7 4> 8 b RuihyE - LR IC IO — T va— 9 ~LE Wz, Ta—/1 91X
SERMEEDOESY (88:12) THHN, BHIELTHTb T ~DE R EDEEITENEL,
ZDEEFA~EDT, TAI—N 9 PDATBLTT ATER 10 ~LEE, FH<EBER{L
(ZE0r e T BINEBLBBIEATE (Scheme 5) 1),

Scheme 5. Synthesis of Ketone 7-Part 2

TBSO - TBSO TBSO TBSO
97% 92%
Zsteps

Reagents and conditions: (a) BH3-THF, 1t; H,0, NaOH, H,0,, rt; (b) (COCI),, DMSO, Eth,
CH,Cl,, 0 °C; (c) O,, +-BuOK, THF/DMSO (4/1), -20 °C, 92 % (2 steps).

BTN T, ITUINVBLRRRIBR /2D vy -2 T )b 6 DERZETT2 o7 (Scheme 6) ,
FF. 712 Michael FEINIZ LA 7 /=F L EDEAERBI B, KIS ISEITLAD >
7o T T, TINEZEAL, EORMGEY T /= F N E~ERTIRBICERE L, X5
L7 INEFANTTINMALEIToTc 25, C-TINELBIERMELT CO0-PTINEDRE
bz,
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Scheme 6. Synthesis of y-Cyanoketone 6

TBSO o TBSO o -~ TBSO

o Ly o o s

on 94 % conv

7 , SO 11(88:12) 12
i TBSO o TBSO o
. e

6 (37 %) 13 (27 %)

Reagents and conditions; (a) LDA, HMPA, alIy]i_odide, THF, -78 °C to 0 °C; (b) AcOH, THF, H,0,
1t; (¢) O3, MeOH, -78 °C; NaBHy, 0 °C; (d) MsCl, NEt3, Et,0, rt; (e) NaCN, DMSO, 30 °C.
| IR ORI S EEE Clo T ieth | 1A Y% BEES - THE- 7J<IE'AY"H§ TR
BDIETHE—D C-TINTI 11 #BHIENTE, WIT, Y VEBLTELNSA =F
(Z NaBHy RS ®, T/va—)L 12 87, RIZT Va— AL, i 7 MezlT
21eEIB BRID y -2 T /b 6 LRIERMEL T rarm s 13 BELNRTE,

Scheme 7. Cyclization of y—Cyanoketone 6

© Sml,, tBuOH TBSO, oH TBSO OH O
S
6
62 % ‘ J
14 not obtained
TBSO, osm|2 156

- Sy tBuOH[ ~  osml, Lsmo N OH 0

5
A= | 0 | — 0
, ) rt 5-exo-dig '

BoNTey - T 77 6 535 Sml, 2 AV BT SUHNBILR SR AT bm b
WRENVBBRENTET Va—v 14 BERTIDLT, FR T a— 15 DERITHEDR
CERD T, BELITFATCHNNS5-=X VBLT R, VT by 6 DEEIE S
733‘%2#5&_[:&:%&’6%@\ ST )T FNERTIH A RN DZEBRETHT-7

., BILSEIT U - T-bDEE 2 TS (Scheme 7o %;’C‘é' HOEETH-7- Sml,
’Eﬂﬁb\tn_mé’w*/ﬁ/lxﬁ%lﬂ:}im_ié b BREMEBEEL T, ERBRBOEREET/2-5
7o
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223 BFREAIY TV TERRIGLTHFH— AB BOERK

WIZ, =) — VN7 T— e BB FRGARD TV 7 Bk ks ZB LA OR
RERL U SR ER O, BT AE Y 7u[5.3.1] T T hy 16 1. 17 HbUH
NN BEORE, BRERELR TIXY AL 740U, TOZERE ORI THEL
ZENTEDHLEEZT, SN T ISR T4 18 DAY VAR TEE 18137 IS
o 11 DG FRGARI YTV 7 IS TERFIBE THHEE 2T, ZORKETIX, BRIFAL
FIRFIZE DREBIBIC —ERENEAINEDT, /5B LD 8 BROBRETHE
EMETEDBND (Scheme 8), |

Scheme 8. Retrosynthetic Analysis of the AB-Ring Core of Taxol-Part 2

TBSO

5 7 Tteo Tt

FTTUNTR 11 I KHMDS Z3EELLTHAWTT/ —A N7 57— 19 Z28& Ko
FRGART TV TRISIZED 5 BBROBRERS T, REBRTORER. eFarvRk
(CRAVBRIO 9-BBN 27K TRIESE, £FHRAKIIVBAIV LEHNDL=REAL Y
12 18 BRI BT, Bbhi- 18 DR —EfS L4/ v R IVEZ, BHELE
B a[5.3.1]7 FH 17 ~LELZ L5 TET (Scheme 9), |

1

Scheme 9. Synthesis of Diketone 17
TBSO - TBSO ' TBSO TBSO

99 % based on 85% . - 70% '
80 % conv. 17 O

Reagents and conditions; (a) KHMDS, PhNTf,, THF, -78 °C; (b) 9-BBN, THF, 1t; H,0, K3POy,
Pd(PPhj3),, dioxane, 80 °C; (c) O3, CH,Cl,/MeOH (1/1), -78 °C; Me,S, 1t.

RICBONI DTN DANVR= N EOREIZIV D5 —1 20 ~EHE | LTBS /L,
BT Aa— A% PCCRAEL., 7 22 27870, T4 R hab Wittig REMZEBAL 7 40
23 ~DOEBEBRAT-HBRISITEITU D o7z (Scheme 10), ZIVIE, gem-PAFNVELT
BH—VOKRFENRILEEELRY, Wittig REOEELZLT TS ZéE 2 bhb,
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Scheme 10. Approach to Olefin 23

880 0 .TBSO 0. o HO O o}
* 61% zE; 09 % Q

2 21

M?i? ?ED

Reagents and conditions; (a) (CH,OH),, CH(OCH3)s, (+)-CSA, CH,Cl,, 1t; (b)
TBAF, THF, 1t; (c) PCC, NaOAc, MS4A, CH,Cl,, rt; (d) Phi;PCH;Br, NaNH,,
toluene, reflux.

TITRICARTELZRIEAL T 12 18 1D, CI8 L2b—HELEA, BMEEL S
FRELERAL, BRETHZELT 8 BELHE. M LVBEN ~0 — EEA 2
ATERBRBBICETE L, BEOUTI 16 134 558, BB LD B4 78 A
T&BHTET—h24 73”’9%% TET—h2413F 17418 0@‘(?'@ E%T?@L’C@ZD_
&& L7z (Scheme 11),

Scheme 11. Retrosynthetic Anélysis of the AB-Ring Core of Taxol-Part 3

:;BS R

Framework of ABC-Ring

P SEEAL 700 18 DDBREE, TPAP 2\ e AREAOEE (L I L0 ke 26 242
72, Grignard RUSICED—[RBEAL T Va— )L 27 ZEN e, RICHER 1E ST
BRI L ARERN ~ B & DEARMEL, 727 —h 24 LLTHOAY LA BE T2 LT
B3, BRIGERDAF VBB SEEE 25T h>, ST Aa— L DT B F AT L
A3>>7~ (Scheme 12),
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Scheme 12. Approach to Acetate 24

TBSO

65 % based on ‘ _%L’

29 % conv.

Reagents and conditions; (a) TBAF THF, rt; (b) TPAP, NMO, CHZCIz,rt ©
MeMgBr, Et,O, 1t; (d) Ac,0, pyridine, DMAP, 0 °C.

R, FRTDIEBHAF NVEDOILEEE DR EZE R L& RN —FERELE, T
b, BRIOYI 16 ~IA L7 11 28 0)13%/21‘1/74/0)_;?2ri{I:LJ:DzHQ_}:LL
T, FLTAY B IZEBHEATL—] 29 BAY UG, BT AL CBAILNTERL
EZ T, AL —129 13,18 DDOEEMITELZENTEBF I 26 % Wittig G T
AV T4 L eFeRYRIE—BIETHRONET VA=A Z AV NMAEL TR L
(Scheme 13), - |

Scheme 13. Retrosynthetic Analysis of the AB-Ring Core of Taxol-Part 4

) =) — &0 -

6C . 280

FP, rh 26 H5 Wittig RISICEDTFVAF LV 30 2EE HeRaRy 36—k
ICEVE—DT Va—L 31 2Bz, TAa—ADAL L, 3 BRIV A L —F 32 %
BT DIEDPTE, WITT I AEREE CH2D DBU Z W =B LD b 28 ~D
EWEATT LIS, HFAREBBLIE TER TSI /a7 130 33 9331 %OUETHE
bIVBDH T, Vb 28 13BNk o= (Scheme 14),
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Scheme 14. Approach to Diketone 28

2 steps

MS()‘
70% &:} 31% @

Reagents and conditions; (a) PPh;CH;3Br, NaNH,, toluene, reflux; (b) BHj3, THF, NaOH, H,0,,
1t; (¢) MsCl, pyridine, CH,Cl,, rt; (d) O3, CH,Cl,/MeOH (1/1); PPh3, rt; (¢) DBU, toluene, reflux.

28 O
not obtained

INETORREDE, B rnul53.1100 FHBHBELT 7J>f‘o:tﬂ’r/j-1/7/r/%%)\@‘5
@ﬂalﬂ%ﬁ'c%ott&b FL 740 30 DRI FL T4 BEB L EEHETHRE AL
BRI, AV 74> 30 OMBREMO _ERBSEZBRICERILL T, U4 — 34 2l ¥
A VOB EIC IVAL T 28 BIBB LN TES, BN 28 DIHXYHFVLT 4
ZEMELT, V7h 16 ~LEEFE THS (Scheme 15),

Scheme 15.- Retrosynthetic Analysis of the AB-Ring Core of Taxol-Part S
0 o] ’
OH
D) =) — dEhy — 8D
| OH
16 O 28 O 34 30

AVL7 4> 30 H>b Sharpless r‘g@jﬁf 9% ANT, NEHR - EEALBRRMICEILT
VA 34 ~NEEBLUT, RICBESFF MY A% FNTOA—L 34 ORR LI e
BT, BRIDZHRYFL T 10 28 ~DRIGITEL AR ChoT-, 22 CIEELEAE
WeeZb, RIGITERB CEITL, EEMICTR VAL T 28 2BHILRTETE
(Scheme 16).,
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Scheme 16. Synthesis of Diketone 16

OH

2 steps 34
0O
quant 94 % based on ﬁ‘
28 O 97 % conv. 16 o

Reagents and conditions; (a) PPh3CH3Br, NaNH,, toluene, reflux; (b)
0504(cat.), K5Fe(CN)g, K,CO3, MsNH,, quinuclidine, #zBuOH/H,0,
1t; (c) Pb(OAc),, benzene, 1t; (d) #-BuOK, DMSO/DMF (1/1), -10 °C.

WIT, THVF VLT 40 28 OB ~_EfREA DRM(LERATZ (Table 3), p-TsOH
VB ESH T, C11-Cl12 ~DZERKEDREMELTIIRL, C12-C13 ~EHEfL
7o B F M) 35 INEBRIITEDNT (entry 1), 2 CHEMSMTORE(LEIT o7, DBU
TIXRISITEITURD> T2 (entry 2), ZBIET DMSO ., -BuOK Z{EAESE3L '), By
DT 16 LRIAERMT 35 135017 (entry 3,4) . £Z T 0 CT+BuOK Z/EHSETZ

EZA, BIERDEREMZABZENRTET (entry 6, 7). SOIZRGIREZL TIF 57201
i< DMSO 7203 Tl A 358< . B THEIZ LA TER, 22T, DMSO/DMF IRA ¥
ZRAVT-10 CTRIGEITR-72L25, HbBORRMELNI (entry 8) ', BHE(LEH
EHESIL MBEMIC _ERFAEEALILY®Y— L AB RERIHE TV 16 26

RS BIENTER,
ﬁﬂ 43

28 O 16 O _ 35 0
Table 3. Isomerization of Diketone 28

products (yield, %)

entry reagent - solvent ~ time(h) temp. (°C) 28 16 35
1 p-TsOH(1 eq.) benzene 45 80 100
2 DBU(1 eq.) toluene 24 rt 100
3 t-BuOK(1 eq.) DMSO 0.5 r.t 1 56 17
4 t-BuOK(1 eq.) DMSO 5 (min) 1t 16 70 . 7
5 t-BuOK(1 e'q.) DMF 1 rt >99
6 t-BuOK(1 eq.) = DMSO/DMEF(7/3) 0.5 0 30 62
7 t-BuOK(1 eq.) DMSO/DMF(1/1) 125 -10 51 37
8 t-BuOK(2 eq.) DMSO/DMF(1/1) 025 -10 3 94
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suinmary—2.2.3

EIH/ 0,‘ , TBSO
TBSO TBSO TBSO i

] (reductive radical cyclization )

' M\ )
TBSO TBSQ TBSO 9 Q P OO
e — = ¢F ) - ¢E)

(Suzuki-Miyaura couplmg o] O\_/O O\__/o

TBSQ / AcO. &
——»-—><—»@E>
/ |

B ~Bos. - %)
l o
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224 ¥%V—) C BEHEZHEELUL B BB~OEEECEAR UL
- ABBEROGBRIVAEHRBREEZHESILI-OT, FHELEHDAIRRE C B REEEL
T C REEETHD C3 & C8 (L~DIFBIRBIRERBEZEANIZ OV THREIL, 7,
BEEREEAZRRTIOILEY 36 Z8%E. &Rk L7= (Scheme 17),

Scheme 17.

o OTBS
) =&
A3 1)
o O 0
16 36

B9 36 DA I Scheme 18 IR TRE CREREIToTe, £T . P7bh 16 DI
TR BIREL, BT T AR R O EBLE S G e — L 38 BB 7, IR TRE
ERTFBILTUA—N 39 2 EBIICE -, ZOUA— N OIIHIL X s S ST
XD, EHLL0KEBED a EBE THAZLERE L, 22T cis-UA— VI ELNA DI
CeCl DBEBMLOLFuX I NVEDBRE, BLAUINVARoNVELENTAHIE T o EHLD
BILAIOWBLZEE | BROICETINELOTHDHEE 2 TND, RIZTILT va—i
BBRIRENC T 2 F ME2OU T 40 2l RRIEEIL T =0 LBALTT BT — 1 41 2757, &
DHEEMRMECORISEEEL, 727 — M TBS ZEHA~ZH#H D, i 36 ZINRE
ABBZLM TR,

Scheme 18. Synthesis of Ketone 36

Reagents and conditions; (a) (CH,OH),, CH(OCH3)s, (+)-CSA, CH,Cl,, rt; (b) LDA, MoOPH,
THF, -20 °C; (c) NaBH,, CeCl5-7TH,0, MeOH, rt; (d) Ac,0, DMAP, CH,Cl,, 1t; (¢) TPAP,
NMO, CH,Cl,, 1t; (f) Ko,CO3, MeOH, 1t, (g) TBSOTH, 2,6-Lutidine, rt.
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KIZ CRIERRIZEBWT, C8ALICT AFNEEZEAL, C2 LD /NVR=/VEE B HBHD
Ay Eﬁ%ﬂ‘/)ﬁﬁ‘éﬁ%c‘: C3 L& C8 ALt ;TJ/I/E%E%J\L'CEJ%?‘%5*IZ‘/XEETA B
B TARBEE L (Schcme 19),

Scheme 19. Synthetic Route to the ABC-Ring Compounds

Framework of the .ABC-Ring

£T. b 36 D CBALNDAF NVEDEAEITo7eLZ A, BHIDTN 43 BiEbhTz,
BoNIZ43 138 —C, BALTZAF L EIZE—TNOESY AIMVBIEIZIY o BEE TH
BIEHIRTE LI, IRITILE Y 43 ~DT VT EF 44 DEAZTE 2 e85, RIS I3EST
L7ah»>Tc (Scheme 20),

Scheme 20. Approach to Ketone 45.
oTBS
0

36 .
Reagents and conditions; (a) LDA, HMPA, Mel, THF, rt; (b) LDA, HMPA, 45, THF, rt.

C8 fLDKRFEMES AR ALSNTO DD HEETR T 70T, 43 b ) — A VYL T—
TV 46 DERRERATZN, RIITET Uo7, %JC{[:/\% 43 D F 1B EET
TpolelZ A, C8 fLDT R AL C9 MLDINR =N LIFEFS T BEEETh D Lhsoho
Too ZORERED, ANRZL O 1 BGEHSBDOEEREL L ALEIITLL 5 TNS
TEB, RISDET U > BEEL TEALNS (Scheme 21).
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Scheme 21. Abproach to Enolsilylether 46.

Fr G, IV—RI ARV EE DT a MO AL RES T D LB HRE
Tk, SLICAF VECEMTCEBTAT AL EA L, BONITAT N 47 1ZE~—T, Bl
WA LIV LY 48 ZATINES BB L, BINETIIH DM 49 BSEBETE T, BRESRG:
CRHREL T, S FRICHAR= L ET AT EREE N, WIZTF FNTBARE L RE AV T
fLa# 50 DT AF—AVREERLIEZS, NMR 557 L FEROFab 23R LIz

(ARER TR, s B L7257, (Scheme 22),

I
C8 (H)
Calculated by Spartan '02 (MMFF)

Scheme 22. Approach to the ABC-Ring Compound 51.

Reagents and conditions; (a) LDA, HMPA, NCCO,Me, THF, 0 °C; (b) NaH, I(CH,);CH(OCH;),

48 , THF, 0 °C; (c) p-TsOH, acetone/H,0 (15/1), 65 °C, (d) NaOMe, MeOH, 40 °C.

WICBRBEAS £V ARIGIC LD C BUHATREL. Z ORIBREL2S C3, 8 fL~DT UL
EOEBAZRL T, TATV 4T D a fi~DTINVEDOENIIE S IZEFTL, L&Y 52 23
BT, BbhTr 52 OTUAEIL. NOE 222 MUBIEH S o EICh B LR RELE, =
T CAFNEANLE TR AT VT AT IVH B EILHDHIENBZFE—/L C8 [LIZHDA
FAEONHBNCEATHIENTE I, KICHURE, BNk 53 DULR=L%
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- RBDHVIT, C3 ﬁz%\@?’wvg@ﬁ)\%%&w:zﬁ\ BEIDVTINAE 54 BB LIS TEAE
Mofe (Scheme 23), ZZTHLEY 53 Db/ —ALINT—FALEBRERSTN, K
JSTEITE T B ARSI N ERE 2 B3,

- Scheme 23. Approach to the ABC-Ring Compound 54.
OTBS
: 0O

Fré,mework of the ABC-Ring

Reagents and conditions; (a) NaH, allylbromine, THF, rt; (b) p-TsOH, acetone/H,0 (15/1), 65 °C.

Dk BB RS ALCE S IaB3.200~T % ) hE5EE 7 BRI A E
LRTET, BR—DFRIY TV 7 RISV S B~ L i A OEEc
B Im[S3.1Vr T BREBEL, SDIZTXY AF LY ORMEIGIZ VBB~
ERGEZEAL, #%Y—/L AB BERODEIOEBBBEHEILE, S5, BECE
ATE BBE~D C BBEEBE L BRI BB AT o7-,
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23 ZEBRE
— R ERAE - | |

ETODERIZBV TR CBRICERERLE W OIDHN L, i%féa@fiﬁzé’j/r‘/ﬁ
IV EEFREK T T1ToT. FEIGCAWEEX, BRI HMEL AV UBREL
Bz, NMR 227 hLiX JEOL INM-EX270 ('H; 270 MHz, “C; 67 MHz),
JNM-LA-400 ('H; 400 MHz, C; 100 MHz), and INM-ECP-500 ('H; 500 MHz, °C; 125
MHz) CHIE L=, 'H 03IV 7 MIBEAFE{LyaadL AR O CHCL (7.26 ppm) 2%
HELUI- 6B (ppm) T, WA ERJIE Hz AL T, #58/3%—13 s =singlet, d = doublet,
t= triplcf, q = quartet, m = multiplet, br = broad TRLTz, 13C XEKFLI7aaRLVLHF D
ZEBOFL (77.0 ppm) ZEHELLE § E (ppm) THRLTZ, RIMRILART VX
JASCO FT/IR-420 Z AW TCTHI B L, BN BE~AZRXXIEA (MS) 1% Jasco
GCMS-QP5000 CHIEL . B e~ AA~IZML (HRMS) X JEOL JMS-700 CHEIZE L7z,
EAL GLC X HSZBYERT G3500 gas chromatogrraph FFAP ¥ JU—nH74 (0.25
mm X 10 m) . G3000 gas chromatogrraph TC-1 ¥¥EZU—A52. (0.25 mmX15 m) X%
U7 —HAZA~IT bE AW TCHEIE L, 77y aliZbra<hs T7 4—Zid slica gel 13
B kZ silica gel 60N, J8X U Merck 4 silica gel 60N Z{EH L7z,

EERTFIE |
7-Methylene-5-iso-propylbicyclo[3.2.0]heptan-2-one (1).
o] (0]
S
Pyrex &Iz /3 (2.50 g, 20.2 mmol) &EKIE(LAFT L (300 mL) Z A L, T
ANIFANTRIGE LR BERE 30 HERERAAE, TOREWIEE-T8 °C WAL,
71 (39.0 mL, 633 mmol) &M%, 500-W & EAS4T 2 AV TRRALE, 1 BT
EHE 5 HEREIALR, HAIavh 57 4—TRIFEIZL, 10 BREERH L, TOK
JRIR AR OBEEABEEEL, BoNHERYEZBEZRE (3 mmHg, 100-115 °C)
THEBUL | head-to-head fHANMA 1 (245 g, 84 %, EAIMIR) & head-to-tail K (350 mg,
12 %)% %57,
head-to-head 1: colorless oil; "H-NMR (500 MHz, CDCls) & 5.00 (dd, J =5.0,2.0 Hz, 1H),
4.87 (dd, J=4.5, 2.0 Hz, 1H), 3.08 (s, 1H), 2.76-2.67 (m, 3H), 2.32 (dddd, J=18.0, 9.0, 5.5,
2.0 Hz, 1H) 1.94-1.81 (m, 3H), 0.92(d,J=6.5 Hz, 3H), 0.86 (d, /= 6.5 Hz, 3H); "CNMR
(125 MHz, CDCl;) & 216.4 (s), 139.8 (), 109.9 (), 59.1 (d), 46.4 (s), 39.4 (t), 37.9 (t), 34.3
(), 29.7 (©), 16,8 (q), 16.7 (q); IR (cm™, neat) 2959, 1735, 1467, 1141, 879; MS m/e (rel
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intensity, %) 164 (M, 39), 121 (41), 107 (100), 93 (54), 79 (43); HRMS calcd for C;;H;6O
164.1201, found 164.1189. head—to-taii: TH-NMR (270 MHz, CDCl;) characteristic signals
are as follows: 6 5.93 (s, 1H), 4.97 (s, 1H), 1.02 (d, J= 5.8 Hz, 3H), 0.97 (d, J= 5.8 Hz, 3H);
*C NMR (67.5 MHz, CDCls) § 216.4 (s), 139.8 (s), 108.1 (t), 45.2 (s), 40.6 (d), 35.1 (¢), 34.2
(1), 33.1 (t),30.6 (t), 17.9 (q), 17.2(q).

8,8-Dimethyl—v7-methylenebicyclo i3.2.l]octan—2-one ).

F -

TV —AbR7AL, BREBEBRLIERIETZIA2ZT 1 (13.5 g, 82.3 mmol) LEKIE(LA
FLrv (620 mL) Z A, ZBIRTTiCly (45 mL, 411 mmol) ZHN% ., ZiR C 4 BREIEERLI-,
EORREWE REKET NI LEKDBAWICES | KSEHR TS, ZORAYE
B A AL, EDOKEEZEBEF LV THEL., §hi - HilEsafiatEk ok
¥ KRB 7 XS A CERS A REEE L, Ao AR TR S
(6 mmHg, 75 °C) THEZIL . 7+ 2 (8.48 g, 78 %) B157-,

2: colotless oil; 'H NMR (500 MHz, CDCl;) 6 5.03 (s 1H), 4.93 (s, 1H), 2.81-2.75 (m, 1H),
2.73 (s, 1H), 2.41-2.33 (m, 1H), 2.32 (t, J = 17.1 Hz; 1H), 2.08 (dd, J = 16.5, 7.3 Hz, 1H),
2.00-1.93 (m, 1H), 1.90 (t, J = 4.5 Hz, 1H), 1.71 (dt, J= 9.2, 3.1 Hz, 1H), 0.95 (s, 3H), 0.94 (s,
3H); “C NMR (125 MHz, CDCL) & 210.9 (s), 149.0 (s), 110.2 (t), 67.0 (d), 44.9 (s), 42.7 (d),
©35.6 (1), 33.2 (1), 27.6 (t), 26.6 (q), 21.6 (q); IR (cm’, neat) 2936, 1713, 1654, 1461, 1415,
1176, 886; MS m/e (rel intensity, %) 164 (M, 85), 149 (36), 107 (100), 93 (62), 79 (27);

HRMS calced for C;1H;60 164.1201, found 164.1207.

8,8-Dim¢thyl-7-methylenebicyclo [3.2.1]octan-2-0l (2°).

- TV—ARIAL, EREBEHBLIZFUST TR R 2 (202 mg, 1.23 mmol) LK T —

7/ (64 mL)%Z A, -78 °C CDIBALH (1.6 mL, 1.0 M in hexane, 1.60 mmol) % 5 43

TR T Uz, 2 DRINEA R Z-78 °C T 1 BRfE#HL. /& (1.0 mL) Mz RS

ZELESE, ST IV B (2.5 mL) &Mx7, Z0OKBEEBR=T AL CHEL, 8t

T BB ST R K TBE, KB~ 7 R L CERGE | IR BEEE L, /&
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NI AERME N TLIO T TT 4— (SiOz, hexane/AcOEt=95/5) THEHL, 72—
20 (198 g, 98 %) &7z, |
2’: white solid; mp 80-81 °C;'H NMR (500 MHz, CDClL;) § 4.91 (s, 1H), 4. 85 (s, 1H), 3.89
(t, J=4.3 Hz, 1H), 2.51 (dt, J= 3.1, 17.1 Hz, 1H), 2.15 (t, J= 17.1 Hz, 2H), 2.05 (@, J=6.1,
12.8 Hz, 1H), 1.85-1.70 (m, 3H), 1.52 (5, 1H), 1.43 (dd, J = 15.2, 6.1 Hz, 1H), 1.31 (s, 3H),
0.85 (s, 3H); *C NMR (125 MHz, CDCL3) § 152.8 (s), 107.0 (t), 74.4 (d), 57.8 (d), 42.8 (d),
40.2 (s), 33.7 (1), 29.3 (q), 25.0 (t), 24.4 (1), 22.5 (q); IR (cm™, KBr) 3268, 2909, 1655, 1458,
1278, 1156, 1066, 1012, 989, 876; MS m/e (rel intensity, %) 166 (M, trace), 151 (87), 133
" (26), 122 (62), 107 (100), 91 (40); HRMS caled for C;;H;s0 166.1358, found 166.1360.
| | ¢
2-(tert—Butyldimethylsiloxy)-8,8-dimethyl-}7-methylenebicyclo [3.2.1]octané (8).
TBSO

Gef%?-f

TL—LRIAL, %é’%ﬁ?ﬁ;bf:ﬁﬁﬁ7§2:&:7/vn—m 2> (4.95 g, 29.8 mmol) %7K
DMF (30 mL)ZAh. ERTAIFYS—1 (5.06 g, 74.4 mmol), TBSCI (5.39 g, 35.8
mmol) ZIEIZANZ . ZIET 10 BRIER L, TORRIRA N Hexane (140 mL) I A
L. D DMF JE% Hexane THIHLTz, &b 7o BRI, SR AEA THE, EAM
Bhwl XU ARG BEABESEEL, U748 (198 g, 98 W& BT,

8: colorless oil; TH NMR (500 MHz, CDCl;) 6 4.87 (s, 1H), 4.83 (s, 1H), 3.80 (t, /=4.3 Hz,
1H), 2.38 (dt, J= 16.5, 3.1 Hz, 1H), 2.08 (d, J = 17.1 Hz, 1H), 2.07-2.00 (m, 2H), 1.78-1.70
(m, 1H), 1.68 (m, 1H), 1.31 (dd, J = 14.6, 6.1 Hz, 1H), 1.27 (s, 3H), 1.25-1.22 (m, 1H), 0.89
(s, 9H), 0.77 (s, 3H), 0.41 (s, 3H), 0.35 (s, 3H); *C NMR (125 MHz, CDCL) & 153.7 (s),
106.5 (t), 74.5 (d), 58.2 (d), 43.0 (d), 40.4 (s), 33.8 (t), 29.4 (q), 25.9 (g, 3C), 25.8 (t), 24.6 (),
22.9 (s), 18.0 (1), -4.9 (q), -5.0 (q); IR (cm™ neat) 2929, 2857, 1461, 1253, 1077, 1046, 1028,
1001, 940, 899, 854, 835, 774; MS m/e (rel intensity, %) 280 (M+, trace), 223 (100), 147 (12), _
75 (45); HRMS caled for Ci3H2308Si (M+, -/Bu) 223.1518, found 223.1508.
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2-(tert-Butyldimethylsiloxy)-8,8-dimethylbicyclo[3.2.1]octan-7-one (7).
2—(tert-Butyldimethylsiloxy)-8,8-dimethylspiro[bicyclo[3.2.1]oCtane-7S, 2’oxirane] (8°-a).
2-(tert-ButyldimethylsiloXy)-8,8-dimethylspir6[bicyclo[3.2.1]octane-7R, 2’oxirane] (8°-0).
| TBSO TBSO o TBSO
& — & &
, ‘ g
TLV—LRIAL, BRE ?ﬁbﬁ_}iﬁ}77x:zh_z-lx7/f/8 (51.2 mg, 0.18 mmol) &£EK
-5 (10 mL) ZAR, -78 °C TRISHRFICAE YV BBRNTRDIITRERAI, £
DRISTIRCERZIREAH, 78 °C TPPhs (112 mg, 0.43 mmol) ZHZ B ETHEL
T TORIGRAEEROBEEZBEE EL, BoNBERYENT LI NTTT 41—
(SiOy, hexane/Et,0=100/1.5) THERIL , b7 (19.5 mg, 38 %) & I‘J‘ﬂ?/ﬁi 8-a (14.5
mg, 27 %) & 8’-B (18.4 mg, 34 %) & 1&7=,
8’-au: colorless oil; 'H NMR (270 MHz, CDCL3) & 4.05 (t, J=3.4Hz 1H), 2.85 (dd, J =
5.3, 20.0 Hz, 2H), 2.27 (dd, J = 6.4, 14.4 Hz, 2H), 2.15-2.00 (m, 2H), 1.75-1.72 (m, 1H),
1.60-1.47 (m, 2H), 1.34-1.26 (m, 5H), 1.10 (s, 3H), 0.87 (s, 9H), 0.02 (s, 3H), -0.01 (s, 3H);
BC NMR (100 MHz, CDCL) & 71.4 (d), 65.1 (s), 5.4 (d), 49.2 (t), 44.1 (d), 41.2 (s), 35.1 (¥),
28.7 (q), 27.2 (t), 25.7 (g, 3C), 24.5 (t), 23.2 (q), 18.0 (5), -5.0 (q), -5.1 (q); IR (cm’', neat)
2990, 1500, 1290; MS m/e (rel intensity, %) 296 (M’, trace), 239 (M’ -Bu, 100), 147 (73),
131, (47), 119 (36), 105 (58), 75 (99); HRMS calcd for C;7H30,Si 296.2172, found
296.2162; 8-p: colorless oil; 'H NMR (270 MHz, CDCL) & 3.91 (t, J = 5.4 Hz, 1H), 2.79
- (dd, J=4.9, 7.6 Hz, 2H), 2.14-2.01 (m, 2H), 1.89-1.69 (m, 3H), 1.53-1.45 (m, 1H), 1.31 (s,
3H), 1.26 (m, 2H), 1.10 (s, 3H), 0.88 (s, 9H), 0.01 (s, 3H); *C NMR (125 MHz, CDCL) & |
71.4 (d), 651 (s),-55.4 (d), 49.2 (t), 4.1 (d), 41.2 (s), 35.1 (¢), 28.7 (q), 27.2 (), 25.7 (g, 3C),
24.5 (1), 23.2 (q), 18.0 (s), -5.0 (q), -5.1 (q); IR (cm™, neat) 2990, 1500, 1290; MS m/e (rel
intensity, %) 296 (M, trace), 239 (M -"Bu, 100), 147 (13), 131, (19), 119 (9), 105 (14), 75
(44); HRMS caled for C17H3,0,Si 296.2172, found 296.2162.

Transformation into 7 from epoxy 8’.
2-(tert-Butyldimethylsiloxy)-8,8-dimethylbicyclo[3.2.1]octan-7-one (7).

TBSO ™SO, g
i
& 7
A) ZL—ALFTAL, ERBHELUFIET FATZTHF L 8 (111 mg, 0.37 mmol) L4EK
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THF (5 mL)Z#Ai. ZETBRIHER (342 mg, 1.48 mmol) 2Nz 7, TDRIGERTE
R EIR T 15 BEBHERL, XKkz2Mix CTRSEE L L, £DKELEEE—F NV THHL.
BT E B BT AR T MY LK SR SAFNBIEIK T, EKEg~ 7 R
D ATEIRS  WIERREEE L, ?%Eﬂﬁ:*ﬂiﬁi%%ﬁiiwuvw‘ 74— (8iOy,
hexane/Et,0=98/2) CiE&IL . b7 (27.4 mg, 26 %) &7 /7R 8” (183 mg, 17 %)%
Bz, - ‘ : . '

8% colorless oil; '"H NMR (270 MHz, CDCL) & 9.86 (s, 1H), 3.89 (t, J = 4.4 Hz, 1H),
2.32-2.18 (m, 2H), 2.08-1.96 (m, 1H), 1.78-1.58 (m, 3H), 1.4 (dd, J = 14.7, 6.4 Hz, 1H),
1.32-1.23 (m, 1H), 1.28 (s, 3H), 0.93-0.88 (m, 1H), 0.90 (s, 9H), 0.64 (s, 3H), 0.06 (s, 3H),
0.05 (s, 3H); °C NMR (150 MHz, CDCL) & 204.6 (d), 73.8 (d), 54.4 (d), 51.5 (d), 43.3 (@),
29.2 (q), 27.3 (£), 26.1 (©), 25.8 (g, 3C), 24.8 (8), 22.9 (q), 18.0 (s), -5.0 (@), -5.1 ().

B-ii) 7L —ARSAL, EREBRLEKISTTATCTLTER 87 (1.46 g, 4.90 mmol) &
KL AF LY 40 mL) Z A4, 0 °C Tm-CPBA (1.82 g, 8.31 mmol) , NaHPO, (2.34 g,
1.66 mmol) ZMM% . FET 16 BERIBELE, ZORSEAEIRICAETARREET DLk
FREIZ ., COKBREACAT L THI, A b e oA B S Bk R T MY AT
W&, AT E K TUeE . BB~ R L TTHEREYE, BEEZBIEBELE, Bbhi
HAERRY (798.4 mg, TAT V) IXEDEERD NN,

B-iii) 7L —AFIAL, BRBHLIZKIGT 7A2Z LiAlH, (70 mg, 2.10 mmol) &K
— 1 (50 mL) Z AL, -78 °C TZ2T/L (798.4 mg) DFAT—7/1 (30 mL) k%
BT Ui, ZORISRAYRE-T8 °C T 3 R, 10 % ABLT MY bk ESKE N

xBTS L CHIM L, TR bR A BB ATIREAKR T MY AR,

BT, BB~ XY A TEE%  BELREEEL, BohiERY
(502.3 mg, 7V — V) iZZF DEFRDORISIZRAVZ,

B-iv) JL—ARIAL, BEBRLULFISET AT Aa—L (5023 mg) LEKELA
FLv (10 mL) . MS-4A (2 g) &AL, 0 °C TEEE TN UL (88 mg, 1.10 mmol) & PCC
(460 mg, 2.20 mmol) /iM%, 0 °C T 30 HHEEH L, EORINEEEREZEIFAEL,
EHABEEEL, Ao BERNESI T LI uv LT 5T 41— (S0,
hexane/Et,0=100/1.5) CTHEEL. 7 (49.8 mg, 18 %, 4 steps) &/&7=, ‘

C) TJL—ARIAL, BEBHRLERIGT7A2Z 8 (300 mg, 1.01 mmol) &EK Lz
/THF (5 mL /2.7 mL)Z A#, EIETLiBr (300 mg, 3.45 mmol) &K HMPA/THF (4
mL /5 mL) BRI A Iz, % DRFSEA VRS 120 °C T17 R L, Hihtk, =—7
NTHIHL , &b 7 a B S Ak CrEl, KRB~/ 30 M CEREG | Vil
PBEBEELE, BONEBERMENT LI TT7 4— (S0,
hexane/Et;0=98/2-8/2) CHEBLL . 7o 7 (49.8 mg, 18 %) L7 L FER 8 (90.5 mg, 31 %),
7 va—/1(79.8 mg, 27 %) &5, '
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'2-(tert-Butyldimethylsiloxy)-7-(hydroxymethyl)-8,8-dime_thylbicyclo [3.2.1]octane (9).

TBSO ' TBSO

b — g™

9

TL—ARIAL, %%Eiﬁbfﬁﬁfﬁ??%:&:ﬁ-v74‘/ 8 (10.8 g, 38.5 mmol) &%k
THF (100 mL)% AZu, 0°C TBH; (49 mL, 1.0 M solution in THF, 49.0 mmol) % 15 43
ANF T, 0°C C 1 BERB#RE, IR T 15 BBRLE, TORIBEEREKKT
AL K (2.7mL), 3N KE{EFT MY LKER (20 mL) . 30 % EE{kKZEK (20 mL)
DIEITINZ., FRT 3 BREBELL, ZOKBEEBR=F L CHEL, bR EHES

AR A TS, BRI~ R A TR BERBEEE L, BN A
Bk hTbrra<br 57 4— (8i0,, hexane/AcOEt=4/1) THEEIL, 7/L=—1 9 (43.6 g,
99 %) Bz, BONIZT NI—NARKIIV T AT VARE (88/12) TTOEBNITFIZRD
BRI D Ty T MUITRA D EERE LT,

9: colorless oil; "H NMR (500 MHz, CDCL;) & 3.90 (m, 0.88H), 3.79 (m, 0.12H), 3.72-3.61
(m, 2H), 2.50-2.03 (m, 0.88H), 2.09-1.95 (m, 1.12H), 1.85-1.76 (m, 1H), 1.68-1.43 (m, 6H),
1.35 (dd, J = 15.3, 6.7 Hz, 0.12H), 1.23-1.17 (m, 4H), 1.01 (dd, J = 13.4, 6.2 Hz, 0.88H),
1.24-0.87 (m, 11H), 0.00 (s, 6H); *C NMR (125 MHz, CDCl;) major: § 69.3 (d), 63.9 (1),

©50.4 (d), 43.9 (d), 42.4 (d), 41.7 (), 29.8 (), 28.8 (q), 26.6 (¢), 25.8 (g, 3 C), 25.2 (t), 24.1 (q),
17.9 (s), -4.8 (), -4.9 (q); minor: & 74.9, 68.4, 52.0, 45.6, 40.9, 40.5, 30.6, 29.8, 26.0, 25.8
(3 C), 25.4, 24.1, 18.0, -4.8, -4.9; IR (cm’™, neat) 3317, 2931, 1470, 1388, 1360, 1253, 1075,
1019, 941, 835, 774, 679; MS m/e (rel intensity, %) 298 (M, trace), 241 (35), 149 (100), 131
(25), 121 (34), 107 (58), 105 (13), 93 (52), 75 (73); HRMS caled for Ci3Has0,Si (M+, -/Bu)

241.1624, found 241.1629.

2-(tert-Butyldimethylsiloxy)-8,8-dimethylbicyclo[3.2.1]octan-7-one (7).

TBSO TBSO, - TBSO o
M e
9 10 7

TL—BRIAL, ERBRLUZKIETTAIUT (COCl, (4.6 mL, 53.2 mmol) LEAIME
{EAFL (280mL) ZAdv, -78 °CTDMSO (4.7 mL, 66.5 mmol) , 7A=t—/1'9 (7.95
g, 26.6 mmol) DFE/KIEILAF L2 (30 mL) TR ZEHEFUEIZ 10 53, 20 53 AT T
T Uiz, ZORINBE TR %-40 °C T 45 53HiE#%. 0°C ETHIEL,. EtN (26 mL, 186
mmol) Zf1%., 0 °C T 1.7 H#Faﬁ%#?bf:; ORISR BRI CEATELT L e=0 LhIKIE
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Wik AL, BERR =T L CHIH L, b A EEK, SfEEK Clg, kR~
XY A CENRE  BIEA BT EE L, BONITATERE 10 (9.67 o) FRKETH
Bzt EEAEFICR ORISRz, K7 72312 10 (9.67 g) & THF/DMSO (588
mL/150 mL) % AdL. 20 °C TBEEKEAAT, FDFNESHEIRIC 1-BuOK (4.47 g,
" 39.9 mmol) DK THF (12 mL) ¥EIKAE ML, -20 °C T 1.5 Beflji#pk, kL7 T
= MK A N .. ~FY L CHIH L, £0AhE A REL AR THE, &
KRR~ R W CEIRYE | BRI BIEE E L, BN BERMENT LIa<hT
57— (SiOy, hexane/AcOEt=96/4) THEHL , 7h/ 7 (6.94 g, 92 %) &7%57z,

7: colorless oil; '"H NMR (500 MHz, CDCL) & 3.94 (t, J= 4.5 Hz, 1H), 2.49 (dd, J=18.9,
7.3 Hz, 1H), 2.22 (dt, J= 6.1, 12.2 Hz, 1H), 2.04 (d, J = 17.7 Hz, 2H), 2.01 (4, J= 18.9 Hz,
1H), 1.70-1.61 (m, 1H), 1.52 (dd, J=15.9, 6.1 Hz, 1H), 1.43-1.39 (m, 1H), 135 (s, 3H) 0.90
(s, 3H), 0.87 (s, 9H) 0.03 (s, 6H); *C NMR (125 MHz, CDC) 8 219.3 (s), 69.7 (d), 63.1 (d),
40.8 (d), 40.7 (1), 38.8 (5), 29.3 (q), 26.4 (&), 25.7 (g, 3C), 23.7 (1), 23.4 (), 17.9 (5), 4.9 (@),
5.1 (g); IR (cm™, neat) 2954, 1745, 1460, 1250, 1080, 1040, 840, 776; MS m/e (rel
intensity, %) 282 (M, trace), 225 (M' -Bu, 100), 133 (14), 75 (35); HRMS calcd for
© C15sH270,Si (M+, -CH;3) 267.1780, found 267.1782. |

Synthesis of 11.
6-Allyl-2-(tert-Butyldimethylsiloxy)- -8,8-dimethylbicyclo[3.2. 1]0ctane-7-one (11).

TBSO TBSO,

JL—bLFRIAL, g%ﬁ?ﬁu‘_ﬁﬁﬁ?77xa \zoA /7"1:1: 73 (16 mL, 113 mmol) .

#&7Kk THF (130 mL), HMPA (50 mL)ZA#v, -78 °C T n-Buli (68 mL, 1.6 M solution -

in hexane, 109 mmol) % 30 £FHF TH FL. ZDOEATERZ-10 °C T1RHEHLL,
FDBAVERT-T8 °C T b7 (4.93 g, 17.5 mmol) DK THF (20 mL) #¥fkE 30 53
75T T T, 40 °C T 1 BRE#HLZ, TORGRAEIRIC-TS °C TLHET IV
(17 mL, 186 mmol) % 20 £/ ) TR F#. ZIRETHIEL, 15 RS, T ORI
AV TIELT = MK ENA., BB =T L CHIE L., ZOEDER
M B BT A RS N LK, SR AR CBRE, KRB~ R U L CRR
%, BEAREEE U, BONTERY (7172 X C-TINELC, O-PTINEDE
BTHY, THBITHEEE TICRORISIED T, |

Rz ZAaic 7 UNME (7.17 @) & THF/H,0 (50 mL/50 mL) Z Ay, 2R CHiER (100
mL) &M%, FET 85 RMEHRLL, TORNEEEREZHLIC 3N KB MY 2K
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PR (100 mL)ZEWE, 20KEE=—FLTHEL, Bhi A lEafafnKigkz
F R AKESR, SR T N DK ESIR Y, KRR~ XY MO Y
WEREEE L, BoNEBERNENTLIuvr T TT7 41— (S0,
hexane/AcOEt=99/1) THE#IL . 7UAZ R 11 (5.04 g 98 %) &b 6 (0.43 o) 24572, &
7=, C, O-PT V) Hkx Mass spectra MS m/e (rel intensity, %) 362 (M, trace), 347 (18), 305
(31), 263 (100), 249 (15), 223 (21), 207 (23), 191 (30). IZXDIIELIZ,

11: colorless oil; "H NMR (500 MHz, CDCL) & 5.84-5.76 (m, 1H), 5.05-4.99 (m, 2H), 3.98
(t, J=4.9 Hz, 1H), 2.73 (tdd, J = 3.7, 14.7, 1.8 Hz, 1H), 2.25 (tdd, J=12.2, 6.7, 2.4 Hz, 1H),
2.15 (dd, J = 11.0, 3.1 Hz, 1H), 2.13-2.03 (m, 2H), 1.90 (d, J = 3.1 Hz, 1H), 1.80-1.72 (m,
1H), 1.57 (dd, J = 15.9, 6.7 Hz, 1H), 1.43-1.37 (m, 1H), 1.32 (s, 3H), 0.91 (s, 3H), 0.87 (s,
9H), 0.03 (s, 6H); *C NMR (125 MHz, CDCL;) 6 220.5 (s), 137.3 (d), 115.6 (t), 69.0 (d), 64.8
(), 51.0 (d), 44.4 (d), 38.3 (s), 37.5 (q), 30.7 (t), 26.8 (1), 25.7 (q, 3C), 25.4 (@), 24.3 (), 17.8
(s), 4.8 (), -5.1 (q); IR (cm’, neat) 2953, 2857, 1740, 1253, 1081, 911, 835, 776; MS m/e
(rel intensity, %) 322 (M, trace), 265 (100), 224 (13), 173 (14), 131 (15), 109 (21), 75 (33);
HRMS caled for C1sHys0,Si (M+, -fBu) 265.1624, found 265.1623.

2-(tert-Butyldimethylsiloxy)-8,8-dimethyl-6—hydroxyethylbicyclo [3.2.1]octane-7-one (12).
TBSO TBSQO

KJ -->'”

12

AB)—) (40 mL) %Mm, -78 °C 'CJiFE:ﬁ‘EPh_zl‘/ /73=1@%1JU;Z>J:9 Qu%%ﬂfuﬁ_o
DR ISERICE R E R E A ~78°C T NaBH; (586 mg, 15.5 mmol) Zflz., 0 °C T 6 I
B2, Z ORISR & RIS L T N Y bAKMSIRE A, = — 7/ CRIH L7z,
ZOE DRI AHBE R LT N Y ARSI Tl . BARER -~/ XD L TRIEHR
BRHEZBEBELEZ, BoONTEHERYEITLIav T TT7 41— (Sloz,
hexane/ether=7/3-6/4) THEBIL . 7/La—/L 12 (460 mg, 91 %) 2B 7z,

12: colorless oil; "H NMR (400 MHz, CDCh) § 3.93 (m, 1H), 3.87-3.77 (m, 1H), 3.75-3.66
© (m, 1H), 2.73 (¢, J = 6.5 Hz, 1H), 2.19-2.12 (m, 2H), 2.04-2.01 (m, 1H), 1.95-1.76 (m, 2H),
" 1.70-1.59 (m, 1H), 1.52-1.43 (m, 3H), 1.39 (s, 3H), 0.99 (s, 3H), 0.89 (s, (H), 0.05 (s, 3H),
£ 0.04 (s, 3H); *C NMR (100 MHz, CDCL) & 222.9 (s), 69.3 (d), 64.8 (d), 62.5 (1), 49.6 (d),
47.3 (d), 38.5 (5), 37.2 (t), 30.6 (q), 26.8 (t), 25.7 (g, 3C), 25.3 (t), 24.2 (q), 17.9 (s), -4.9 (q),
-5.1 (q); IR (cm™, neat) 3200 (br), 2900, 1720, 1260, 1070, 830, 770; MS m/e (rel
intensity, %) 326 (M, trace), 269 (100), 251 (58), 177 (49), 109 (39), 75 (81); HRMS calcd
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for Cy5Ha305Si 326.2277, found 326.2255.

2-(tert-Butyldimethylsiloxy)-8,8-dimethyl-GLéyanoethylbicyclo [3.2.1]octane-7-one (6).

TBSO o TBSO o TBSO o
el g LB

' ""bz/' A

12 E 6 13

FZL—ARSAL . BEBHBRLERKIGT FAZT Aa— 12 (160 mg, 0.49 mmol)k
Et;N (0.34 mL, 2.46 mmol) K= —F/ (14 mL) Z A, -30 °C TMsCl (0.14 mL,
1.48 mmol) /% . -30 °C T 1 BB L7z, TONREEHEREEIR T 4 FRIRHE,
BLERLKEMNL -, ZOXKBE=—F NV THHL, bt A REzafmE kY
LIKIRR Gkl KRB~ XY L OIS  BEEBEE E L, BONIEE S
(252 5 mg) ITEEE TICROKIGITED Tz, 7L—LRIAL, ERERLIRKIET 722

BG4y (252.5 mg) L7k DMSO (10 mL) & A4, IR TNaCN (34 mg, 0.68 mmol)
Bi%. =BT 3 AEBRLUL. ORGSR BIRCELEROAEME, =—F /L Tl
HL7, Z0AbE - BB EEFIE(LT MY LK T, KB~ R VLT
BB BIERREEELE, BOoNBERYENT LI T TT7 40— (8i0,,
‘hexane/ether=100/0-4/1) CEERIL, 7 /7 6 (57.7 mg, 37 %) & r/aru 4K 13
(40.8 mg, 27 %) & BTz,
 6: colorless oil; 'H NMR (400 MHz, CDCL) & 3.92 (t, J = 4.6 Hz, 1H), 2.59-2.54 (m, 3H),
2.13-2.08 (m, 4H), 1.71-1.62 (m, 1H), 1.54-1.50 (m, 1H), 1.45-1.38 (m, 2H), 1.40 (s, 3H),1.00
(s, 3H), 0.88 (5, 9H), 0.04 (5, 6H); 13C NMR (100 MHz, CDCls) § 220.1(s), 69.4 (d), 64. 1(d),
48.0 (d), 43.8 (d), 37. 3 (s), 293 (@), 27.1 (), 25.7 (g, 3C), 23.4 (t), 19.2 (1), 17.9 (s), 16.5 (1),
4.9 (t), -5.2 (q) "

Reaction of 6 with Sm,.

TBSQ - TBSQ TBSO,  OH Q

ey — &l | ED

6 14 15
not obtained

TL—LRFAL, %ﬁ%ﬁw_fim77x:r~‘/7//ﬁ/ 6 (97.4 mg, 0.29 mmol) LF&
& THF (12 mL)%ZA#. Z=IETHMPA (1.52 mL, 7.8 mmol) . ~BuOH (0.09 mL, 0.78
mmol) , Sml; (14.5 mL, 0.1 M solution in THEF, 1.45 mmol) Mz 7z, O RKNEE %
=BT 18 BB . KEMNA, BIET 1 BREE, BilRA X CRICERT 2 R
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U, ZOKBEZ—TNLTHHL., &b -a#BELEafnF T Ny LKER,
AR R T NI LKA, fafnE b7 R b/KEEIR CHe . EKGEE <7 R U L
TEHRE  BREPBEEE L, BONTEHRERDEN T L0 T 77 4— (SiO,,
hexane/ether=85/15) THHELL . 7/L—/L 14 (39.4 mg, 62%) ZH7=,

6-Allyl-2-(tert-butyldimethylsiloxy)-8,8-dimethylbicyclo [3;2.1]octane-'-7-yltriﬂuorometha
- nesulfonate (19) ' o ’ | o
TBSO TBSO

‘)—‘“"J

TV —bRIAL, BERBEBRLIZKIET7 AT IR 11 (4.02 g, 12.5 mmol) LK
THF (160 mL) % AL, -78 °C T KHMDS (25 mL, 0.5 M solution in toluene, 12.5 mmol)
% 15 532N T T L. 30 2R L=, TORIGIEEEIKIZ, -78 °C TN-7==/LR)
TNABAZY ANF AR (5.32 g, 16.0 mmol) DK THF (20 mL) ¥k % 5 53T
T TL, -78°C T30 S HHB# LIz, T ORIGES EIRICEIFIELT T =0 MK SRS
k., BEEE=F L CHI LTz, £ DA BT A B E I LT N Ak CEi, 4
KRR~ R LA CERE . BIEZBIEEEL-, BoN-BERWE T L0 T
F74— (8iO, hexane) CTREHL, NJZ7F—119 (4.48 g, 99 %) LIEH} 11 (0.79 g) #& T,

19: colorless oil; '"H NMR (500 MHz, CDCl) & 5.76-5.68 (m, 1H), 5.13 (dd, J=17.1, 1.2
Hz, 1H), 5.09 (dd, J=9.7, 1.2 Hz, 1H), 4.08 (dd, /= 6.1, 3.1 Hz, 1H), 3.00 (dd, J=15.3, 6.1
Hz, 1H), 2.74 (dd, J = 15.3, 7.3 Hz, 1H), 2.25 (d, J = 3.1 Hz, 1H), 2.04 (s, 1H), 1.95-1.85 (m,
2H), 1.53-1.43 (m, 1H), 1.41-1.34 (m, 1H), 1.26 (s, 3H), 1.09 (s, 3H), 0.88 (s, 9H), 0.02 (s,
3H), 0.01 (s, 3H); *C NMR (125 MHz, CDCL) & 145.7 (s), 132.6 (d), 132.3 (s), 117.7 (%),
118.4 (g, J=138.6 Hz), 65.0 (d), 5.7 (d), 48.6 (d), 42.6 (s), 30.4 (t), 28.2 (q), 26.6 (%), 25.7 (qs
3C), 23.3 (g), 182 (©), 17.8 (s), 5.1 (Q), -5.2 (q); IR (cm’, neat) 2956, 2858, 1685, 1640,
1463, 1424, 1210, 1143, 1079, 868, 775, 617; MS m/e (rel intensity, %) 454 (M, trace), 440
(28), 439 (100), 401(18); HRMS caled for CooH33F30,SSi 454.1821, found 454.1815.

8-(tert-Butyldimethylsiloxy)-11,11-dimethyltricyclo[5.3.1.0>°Jundeca-2(6)-ene (18)
TBSO TBSO

"y

TL—DRIAL, ERBHRLERBTTAUN 75 —R 19 (4.97 g, 10.9 mmol) L4k
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THF (50 mL) % A4, 0 °C G 9-BBN (66 mL, 0.5 M solution in THF, 33.0 mmol) % 30 43
BIANFCETFL. 0 °C T 1 BEff, =IET 3 BB, ZORIGBEEIRIZ, KPO,
(2.45 g, 10.9 mmol) D/K¥EH (12 mL), Pd(PPhs)s (1.31 g, 1.09 mmol) | BLRLIzVAX
> (151 mL) ZNEICINZ ., 80 °C T40 BB ER LT, T DOFUNES ERE IR, £71
FABL, ~FF o THIEL, %@ébﬁt’ﬁ#ﬂégéﬁmﬁuﬁ%ﬂﬁ‘wkai%‘»?r‘ﬁ'@?%?%\
TR~ 7 XY L CERS  BIEEBEEE LU, Ao Eghe 7 L7a~<h
557 4— (SiOy, hexane) THEBIL, AL 74> 18 (2.84 g, 85 %) 787z,

' 18: colorless oil; "H NMR (500 MHz, CDCl;) & 3.80 (dd, J=6.1, 3.0 Hz, 1H). 2.25-2.19 (m,
2H), 2.18-2.07 (m, 3H), 2.06-1.98 (m, 1H), 1.95 (s, 1H), 1.88 (d, /= 2.4 Hz, 1H), 1.85 (ddd, J
= 12.8, 6.7, 2.4 Hz, 1H), 1.54-1.45 (m, 1H), 1.34 (dd, J = 14.7, 6.7 Hz, 1H), 1.29 (s, 3H),
1.26-1.20 (m, 1H), 0.97 (s, 3H), 0.88 (s, 9H), 0.00 (s, 6H); °C NMR (125 MHz, CDCL) &
148.3 (s), 146.7 (s), 66.9 (d), 53.8'(d), 48.0 (s), 47.1 (d), 29.5 (q), 29.0 (), 28.5 (@), 27.7 (1),
26.9 (1), 25.8 (t), 23.8 (g, 3C), 19.0 (t), 18.0 (5), -4.8 (@), -5.0 (@); IR (cm’, neat) 2928, 1462,
1385, 1280, 1253, 1077, 835; MS m/e (rel intensity, %) 306 (M, trace), 249 (96), 174 (100),
159 (87), 135 (83), 75 (50); HRMS caled for C;9H3408Si 306.2379, found 306.2372.

8-(tert-Butyldimethylsiloxy)-11,11-dimethylbicyclo[5.3.1]undecane—2,6-dione an

TBSO TBSO
18 17 O

71/*—.AF'5/(L\ ZEEEW RS T7TAIA L7418 (141.5 mg, 0.46 mmol) &%
KEAEAF LK MeOH (4 mL /4 mL) &AL, -78 °C TRIGRFICA Y 1SBRICT
BEHTIRE AT, ZORIGHERICEREREIAS, -78 °C T MeS (3.5 mL, 46 mmol)
BNz, BB T 60 BB EE LU, T OB BEEEL, BONHERMEN 770~
RS 4— (SiOy, hexane/AcOEt=8/1) THEEIL, P b 17 (97.7 mg, 68 %) ZF 1,
" 17 colorless oil; "H NMR (400 MHz, CDCL) § 4.21 (m, 1H), 3.04-2.98 (dt, J = 2.6, 12.8
Hz, 1H), 2.91-2.84 (dt, J= 2.6, 12.8 Hz, 1H), 2.72-2.69 (m, 1H), 2.52-2.42 (m, 4H), 2.38-2.29
(m,1H), 2.18-2.11 (m, 1H), 1.92 -1.85 (m, 1H), 1.81-1.65 (m, 2H), 1.37 (s, 3H), 0.90 (s, 9H),
0.86 (s, 3H), 0.09 (s, 3H), 0.06 (s, 3H); *C NMR (100 MHz, CDCl;) § 215.3 (s), 212.8 (s),
66.1 (d), 65.5 (d), 57.4 (d), 41.9 (1), 42.9 (¢), 35.0 (¢), 33.9 (5), 29.5 (@), 25.7 (g, 3C), 25.6 (1),
24.0 (1), 17.9 (s), 168 (1), 5.1 (g, 2C); IR (cm”, neat) 1686; MS m/e (rel intensity, %) (C])
339 (M, +H), 321, 281, 263, 207; HRMS caled for C1sH3405Si 338.2277, found 338.2267.
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8—(terthutyldimethylsiloxy)-2,2,6,6-biS(ethylenedioxy)-11,11-dimethylbit:yclo [5.3.1]undec

ane (20)
TBSO :: TBSO 0i i0

TL—ARIAL, %ﬁtﬁ?ﬁbf:)ﬁﬁﬁ7ix:&:~‘/“/ﬂv 17 (129.1 mg, 0.38 mmol) %K
HEEAFLY (13 mL) E AR, FETZFLLYUa—L (420 mL, 76.0 mmol) , Z/LFE
BN AF /L (5.70 mL, 0.60 mmol) , CSA (26.0 mg, 0.11 mmol) /0%, ZKiR T 46 FERIHE
U, ZORIGRAVERCATMBEART N LKEREAN, EAF L TH—LE,
F DB DRI EHBLATELT N Y LKIER CLed ., EKMREB -~ X0 A CEER .,
B BEBELLE, BONTEHERYEITL7uv T T7 14— (Si0,,
hexane/AcOEt=89/11) THEBL , 22—/ 20 (101.9 mg, 61 %) & C 2 fLDH M RESH
7ALEH (53.5 mg, 37 %) 27,

20; white solid; 'H NMR (400 MHz, CDCls) & 4.27 (s, 1H), 3.93-3.81 (dd, J=11.7, 6.1 Hz,
4H), 3.79-3.74 (m, 4H), 2.09-1.39 (m, 12 H), 1.28 (s, 3H), 1.24 (s, 3H), 0.84 (s, 9H), 0.01 (s,
3H), 0.00 (s, 3H); *C NMR (100 MHz, CDCL) § 114.4 (s), 113.4 (s), 69.0 (d), 65.2 (t, 2C),
63.4 (1), 63.4 (1), 56.4 (d), 49.4(d), 39.8 (q), 37:9 (t), 37.6 (©), 35.4 (), 32.3 (q), 28.7 (t), 26.1
(g, 3C), 18.1 (5), 18.0 (1), 17.2 (¢), -4.5 (9), 4.8 (q); IR (cm™, KBr) 3044, 2954, 2929, 2883,
1742, 1461, 1360, 1286, 1223, 1193, 1135, 1074, 1050; MS m/e (rel intensity, %) 426 (M",
10), 369 (100), 313 (19), 311 (18), 249 (11), 239 (13), 233 (18), 207 (42), 185 (35), 161 (59),
147 (25), 123 (16), 99 (57), 74 (34). |

2,2,6,6-Bis(methylenedioxy)-11,11-dimethylbicyclo[5.3.1]undecan-8-ol (21).

- TBSO OE zO HO Oi iO
203 P 2P

TV —LRIAL, BREBERLIZKIET7 T A2 e E—L 20 (T3.0 mg, 0.17 mmol) &#%
ATHF (3.0mL)& A+, ZEETTBAF (1.70 mL, 1.0 M solution in THE, 1.70 mmol) Z1
A 50°C T105 BB E LT, £ ORISR S ERICEFIREE/K R T NY KSR AIL,
EFRR=F A CHIH L7z, £ 0 A bW - BB A ATt L N Ak CEk, KR
B~ R L CEIRYS | B BEE E LU, BN HERYE NI TLIa< T 5T 4
— (SiO,, hexane/AcOEt=4/1) THREBIL ., 7/L—L 21 (52.5 mg, 99 %) 2157=,
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21: colorless solid; '"H NMR (400 MHz, CDCL) & 4.26 (m, 1H), 4.01-3.89 (m, 8H),
2.10-1.48 (m, 13H), 1.32 (s, 6H); *C NMR (100 MHz, CDCl;) § 113.9 (), 113.7 (s), 68.9 (d),
65.0 (t, 2C), 63.0 (t), 62. 9 (t), 57.2 (d), 48.8(d), 39.9 (q), 36.7 (1), 36.6 (1), 35.2 (5), 31.6 (@),
27.3 (t), 18.5 (t), 16.8 (); IR (em™, KBr) 3560, 2958, 2885, 1673, 1461, 1400, 1370, 1294,
1194, 1173, 1138, 1105, 1072, 1031, 997, 911, 881, 835, 784; MS m/e (rel intensity, %) 312
(M" 40), 267 (25), 250 (10), 185 (21), 99 (100), 85 (16), 55 (10); HRMS caled for Ci7H50s
312.1936, found 312.2140.

2,2,6 6-bls(methylenedmxy) -11,11- dlmethylblcyclo[s 3. l]undecan-s-one (22).

)~

21\__./’ 27

T —ARFAL, E%ﬁiﬁbﬁﬁﬁf77%ﬁk7’lbﬂ~ﬂ/ 21 (53.5 mg, 0.12 mmol &4E
KEALAF L (2.0 mL) Z AL, IR TMS4A (30 mg) , NaOAc (20.9 mg, 0.26 mmol) ,
PCC (55.0 mg, 0.26 mmol) &%, IR T 3 BEEA LI, ZORINREEIRICT—T /L
PHNZ . IET 30 HREBERE, 5158, BEEBEEE L, BONWCRERDEL
FhruwhrT7 44— (8i0,, hexane/AcOEt—sfl)'Ci%%zL 22 (53 0 mg, 100 %)%

B/l

22; colorless oil; 'H NMR (400 MHz, CDCls) & 4.05-3.92 (m, 4H), 3.92-3.82 (m, 4H), 2.78
(m, 1H), 2.39-1.64 (m, 10H), 1.39 (s, 3H), 1.25 (s, 1H), 1.02(s, 3H); *C NMR (100 MHz,
CDCl;) 8 211.5 (s), 113.2 (s), 110.2 (s), 67. 8 (d), 65.3 (t), 65.0 (), 63.7 (1), 63.1 (1), 48.4 (d),
40.1 (s), 38.2 (1), 38.2 (¢), 37.6 (@), 37.1 (t), 29.5 (q), 23.7 (), 16.4 (¢): IR (cm, neat) 2928,
1706, 1457, 1399, 1296, 1192, 1112, 1070, 1023, 950, 895; MS m/e (rel intensity, %) 310 (M,
30), 267 (100). | |

11,11-Dimethyltricyclo[5.3.1.0*Jundeca-2(6)-en-8-ol (25).
TBSO HO
Cel ) — ¢
18 25

T —LRSA L, BEEBHBLIERGT7 TR L 742 18 (3.24 mg, 10.6 mmol) &FEIK
THF (30 mL) % A#L, ZiE T TBAF (42 mL, 1.0 M solution in THF, 42.0 mmol) Z/NX..
20 BSRIBELT, 7 ORISR AT TSy ARERAN, BB =F AT
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MLz, TOE DR HBRBZ MBI MY SKEE T, EARB~7 XV 5
TESES, BEYREZELL, BONHEERNENT L nv T T74— (S0,
hexane/AcOEt=4/1) THEBIL , 7L a—1 25 (2.05 g, >99 %) B787z, |

25: colorless solid; mp 76-82 °C; 'H NMR (500 MHz, CDCl3) 6 3.90 (dd, J= 6.7, 3.1 Hz,
1H), 2.24-2.21 (m, 2H), 2.17-2.10 (m, 3H), 2.08-2.04 (m, 2H), 1.94 (s, 1H), 1.90-1.84 (m,
1H), 1.61-1.53 (m, 1H), 1.44 (dd, J = 15.9, 6.7 Hz, 2H), 1.32 (s, 3H), 1.31-1.26 (m, 1H), 1.00
(s, 3H); “C NMR (125 MHz, CDCl;) & 148.4 (s), 146.5 (s), 67.0 (d), 53.6 (d), 47.7 (s), 46.9
(d), 29.2 (), 29.0 (1), 28.5 (1), 26.9 (1), 26.8 (1), 23.4 (q), 18.9 (¥); IR (cm™, KBr) 3370, 2926,
2838, 2360, 1701, 1460, 1362, 1278, 1207, 1020, 975; MS m/e (rel intensity, %) 192 (M,
trace), 174 (36), 159 (34), 145 (15), 133 (15), 131 (100), 119 (41), 117 (37), 91 (43); HRMS
caled for C1sHag0 192.1514, found 192.1510.

11,11-Dimethyltricyclo[5.3.1.02’6]undeca—2(6)-en—8—one (26).

”——»

TL—ARTAL, ERBHRLEZFIET TR TPAP (415 mg, 0.12 mmol) , NMO
(1.64 g, 14.0 mmol) , EAHEILAFL Y (25 mL) AN, BB TF/L=—1 25 (0. 73 g,
3.81 mmol) DEEKE(LAFT L (25 mL) EHEEIN A, IR T 2 BRI ZDRIEHR
BB EEIAABL, BFBR=F LV THE L., TO8be-FigEEfamE LT Y
LIKER Cleie ., AR~ XU A CTEHRYE, BEPREEE U, BN HER
W AT hIavhTT7 41— (SiO;, hexane/AcOEt=9/1) THEHL . 7+ 26 (0.72 g,
>99 %) Z1E 7z, h .

26: colorless solid; mp 67-70 °C; "H NMR (500 MHz, CDCl;) § 2.53 (s, 1H), 2.30 (g, J =
10.4 Hz, 1H), 2.26-2.15 (m, 6H), 2.08 (dd, J = 17.3, 7.3 Hz, 2H), 1.91 (dt, J= 7.9, 3.1 Hz,
1H), 1.68 (t, J = 11.0 Hz, 1H), 1.11 (s, 3H), 1.01 (s, 3H); *C NMR (125 MHz, CDCl;) &
211.1 (s), 152.7 (), 144.7 (s), 65.1 (d), 52.8 (), 46.4 (d), 34.1 (¢), 29.0 (t), 28.6 (£), 27.1 (1),
26.7 (q), 22.0 (@), 21.5 (¥); IR (cm™, KBr) 2932, 1713, 1558, 1507, 1457; MS m/e (rel
intensity, %) 190 (M, 23), 175 (64), 147 (86), 134 (100), 106 (68); HRMS caled for C13H;g0
190.1357, found 190.1362. |
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8,11,11-Dimethyltricyclo[5.3.1.0* lundeca-2(6)-en-8-one (27).

& HOS

CELD — ¢ED

FL—BRIAL . BRBHBLUI-RST A7 26 (21.2 mg, 0.11 mmol) &K T—
5L (1.0 mL) &AL, 0 °C T MeMgBr (0.33 mL, 3.0 M solution in THF, 0.99 mmol) &
Mz ir, FORISBSEREERT 6 BEER%E. 0 °C TAZ/—VEMA, =—T /AT
U, 7 O& Y- A B R fafuE LT N T LK ESIR Tt EARB~7 R T A
TERE . BEEBEEE L, BONMERDENT LI TT 4= (Si0,
hexane/ether=98/2) cEEELL. 7/La—1 27 (6.6 mg, 65 % based on conversion) 47,
27: colorless solid; 'H NMR (400 MHz, CDCL) § 2.32-2.29 (m, 2H), 2.21-2.08 (m, 4H),
1.95 (1.8 (m, 2H), 1.82 (s, 1H), 1.59-1.43 (m, 3H), 1.36 (1.29 (m, 1H), 1.34 (5, 3H), L13 (s,
3H), 0.98 (, 3H); °C NMR (125 MHz, CDCL) & 148.7 (5), 147.8 (), 71.9 (@), 58.6 (), 51.3
(5), 46.7 (1), 33.6 (), 332 (), 315 (), 295 (@, 27.1 (@), 243 (9, 194 @; IR (em™, KBr)
3381 (br), 2922, 1475, 1199 1100.

11,11-Dimethyl-8-hydroxymethyltricyclo [5.3.1.02’6] undec-2(6)-ene (31).

e — ' — o

T —ARSAL ., BEBHLT- G775 2212 PhsPCH;Br (479.2 mg, 10 mmol) . NaNH,
390.1 mg, 10 mmol) . /KM (60 mL) ZAdL, 110°C T 2 Bf@#HT 5L ILKAD
B AR, TORISEATEIRICT I 26 (479.2 mg, 2.5 mmol) Z/Z, 110 °C T2
R LT, 7 ORISR S ERICATE T =Y SRBEREAN, X F TRl
Uiz, & D& bt HsE % fafnta b7 Y LK ISR Ctle . BB~ XU L TH
1% . B A B REREE R UL, BONTTRARD TR/ AL 7430 84 ¢, b
N EBES) BT TICRORIGITED I,

TL— LRI, BEBHBRLIERIST7 S22 YA 730 (8.4 g in toluene) L&
7k THF ZAZL, 0°C TBH; (4,50 mL, 1.0 M solution in toluene, 4.50 mmol) ANz 77,
FORIGEASERYEIET 2 RESE#H%, &k (1.4 mL), 3N KRBT NI IR
(1.4 mL). 30 % H,0, (1.4 mL) &Mx7z, T ORGEEEHREZEIRT 6 FFRRHFL, =
—F A THIH LUz, Z0O&b e AHEL LT N U AKER T, Bk~
7R A CERY  BEEBEEE L, BONTBERMEN T LIu< T TT74—
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(SiO,, hexane/ether=4/1) CREELL , 7/La2—/L 31 (365.2 mg, 71 % 2 steps)& &7z,

31: colorless oil; "H NMR (400 MHz, CDCl;) & 3.79 (m, 1H), 3.68 (m, 1H), 2.24-2.09 (m,
5H), 2.02 (s, 1H), 1.88 (s, 1H), 1.71-1.62 (s, 2H), 1.35-1.31 (m, 4H), 1.10 (5, 3H), O.'9_9 (s,
3H); C NMR (100 MHz, CDCl) §148.5 (s), 146.7 (s), 67.5 (1), 49.5 (d), 47.8 (s), 46.8 (d),
36.4 (d), 29.4 (), 28.6 (1), 28.0 (1), 26.8 (1), 23.2 (), 19.3 (1), 19.1 (1); IR (cm™, neat) 3333,
2932, 1464, 1381, 1361, 1034, 1016; MS m/e (rel intensity, %) 206 (M, trace), 175 (61) 147
(100), 133 (39), HRMS calcd for C14H3,0 206.1670, found 206.1350.

8- (Methansulfoxylmethyl) -11,11- dlmethyltncyclo[S 3.1. 02 6]undec—2(6)-ene (29).

TL—AhRTAL, ﬁ?;ﬁ}ﬁbf:}iﬁ?772:w:7ﬂ/:2—ﬂ/ 31 (53.6 mg, 0.26 mmol) , BV
2 (63 pL, 0.78 mmol) | E/KE(LAF L (10 mL) Z AN, BB TAF AV HR=17a
SAF (60 uL, 0.78 mmol) . DMAP (13.3 mg, 78 pmol) %Nz 7=, ZDRIGEA kL=
BT 3 REEEL, SAfElT E=y 2 AN —F )V Tl LU, 2081
R AT N Y AR EIR T, KRB~ ko ACERES, IR REE R
L7z, Bon - HERME T LIavhT 57 04— (SiO,, hexane/AcOEt=4/1) 'C“ﬂ%ﬁ%b\ A
*F7—h29 (73.2 mg, 99 %) Z57-,

29: yellow oil; "H NMR (400 MHz, CDCL;) § 4.33 (t, J=9.0 Hz, 1H), 4.16 (m, 1H), 2.94 (s,
3H), 2.17-1.07 (m, 13H), 1.04 (s, 3H), 0.94 (s, 3H); *C NMR (100 MHz, CDCls) § 147. 7 (s),
147.5 (s), 74.3 (1), 49.2 (d), 47.7 (d), 46.4 (d), 37.4 (q), 325 (q), 29.7 (q), 28.6 (5), 27.9 (1),
26.8 (), 23.2 (t), 19.0 (t), 18.7 (t); IR (cm’’, neat) 2927, 1726, 1464, 1357, 1259, 1176, 1075,
971, 945, 856; MS m/e (rel intensity, %) 284 (M, 82), 270 (32), 189 (64), 188 (83), 175 (58),
174 (57), 147 (84), 154 (100), 135 (52), 133 (82), 117 (82), 105 (78), 78 (83), 76 (65); HRMS
calcd for C;sHp403S 284.1446, found 284.1426.

8-(Methanesulfoxymethyl) 11,11- dlmethy]blcyclo[s 3. l]undecan-Z 6-dione (32).

Sery

32 0
TV —ARIAL, %?%%?ﬁibtiyim77z:u/7—b 29 (73.1 mg, 0.25 mmol) LK

AP —=NHEKRBALATF LV (3.0 mL/3.0 mL) # A%, -78 °C CRISGZR AV v 25EF
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1272 B EHICIREIA AL, T ORISR BRI E R ERE A, -78 °C TPPhy (327.8 mg,
1.25 mmol) MMz 7=, TDRIGEBSVEREZER T 12 RHEHRE, WHEEBEEEL.,
BN % T O 57 4— (Si0,, hexane/AcOEt=2/1) THEBIL, Y7 b
32 (52.2 mg, 66 %) T, |

32: yellow oil; IH‘NMR (400 MHz, CDCl) 8 4.32 (dd, J=9.0, 8.0 Hz, 1H), 4.11 (dd, J =
9.0, 6.0 Hz, 1H), 3.03 (s, 3H), 3.05-2.99 (m, 2H), 2.68 (m, 1H), 3.03 (s, 1H), 2.68 (m, 1H),
2.70-1.64 (m, 8H), 1.21 (s, 3H), 0.90 (s, 3H); >C NMR (100 MHz, CDCl) § 214.5 (s), 213.0
(s), 72.6 (%), 59.9 (d), 56.9 (d), 41.1 (1), 40.4 (1), 37.6 (d), 35.8 (@), 34.0 (5), 33.9 (q), 29.4 (q),
23.6 (t), 18.6 (1), 18.5 (t); IR (cm™, neat) 2925, 2856, 1681, 1456, 1352, 1173, 951, 822;MS
m/e (rel intensity, %) 316 (M" 14), 282 (10), 206 (37), 167 (24), 161 (33), 149 (90), 125 (33),
121 (100), 111 (34), 109 (40), 97 (76), 83 (51), 80 (47), 55 (91).

11,11-Dimethyltricyclo[5.4.1.0""*Jundeca-2,6-dione (33).

MsO Q

(e ) —

32 0 33 O

TL— BRI, ERBHLUIFET FAUTD T 32 (522 mg, 0.16 mmol) . FEAKH
N2 (10 mL), DBU (0.24 mL, 1.60 mmol) & Adv, 110 °C T 3 B fE# L7, T ORI
BAEICATIELT v E=Y M AN, =—FATHIHL, TOAbETHREZ
Rt AT NI AR CHe, BKBRER <7 XV L TRURE . B REE EL &
I ARYE T LIa<wb T T77 41— (SiO,, hexane/AcOEt=4/1) CHML . & 2/u7n
%33 (11.2 mg, 50 pmol, 32 %) &4 7-,

33: white solid; 'H NMR (400 MHz, CDCL) & 3.20 (m, 1H), 2.01 (m, 1H), 2.52 (m, 1H),
2.42-2.30 (m, 3H), 2.22-1.22 (m, 6H), 1.21 (s, 3H), 0.94 (s, 3H), 0.76 (t, J= 5.2 Hz, 2H); °C
NMR (100 MHz, CDCl) & 216.1 (s), 212.2 (s), 58.2 (d), 42.5 (1), 37.7 (t), 35.4 (s), 32.2 (@),
31.6 (s), 29.0 (q), 22.3 (), 19.0 (t), 18.3 (d), 17.7 (), 17.1 (t); IR (cm”, film) 2925, 2855,
2361, 1685, 1456, 1375; MS m/e (rel intensity, %) 220 (M, 66), 177 (71), 164 (100), 151 (63),
149 (95), 135 (62), 123 (73), 122 (61), 121 (77), 108 (68), 95 (58); HRMS caled for C14Hz0;
220.1463, found 220.1424.

55



11,11-Dimethyl-8-methylenetricyclo[5.3.1.0*lundeca-2(6)-ene (30).

—'

30

T —LRIAL, ERBH U7 T A21Z PPh;CH;Br (18.2 g, 50.9 mmol) , NaNH,
(1.99 g, 50.9 mmol) , ARV (60 mL) &AL, 110 °C T2 BT HL LK ED
RIS E R E BT, TORISBESEKICT N 26 (242 g 12.7 mmol) DKM T (8
mL) #EiRAEM %, 110 °C T3 BB LI, TORINESEIRICEFELT E=U LK
BT A, ~ B THIH Uz, T O - B & fafnia b Mo bk VA CRkid
KRB~ F T L CERS B BB RERZEE U, BONBARY 32
(3.63 g, MLV B EX) ITIBHETICROKISITED T2, AIMUVITEICEE RSB
iR, DBOUEEE S AT T RN,

30: 'H NMR (500 MHz, CDCL) & 4.57 (ddd, J = 4.3, 2.5, 1.8 Hz, 2H), 2.39 (s, 1H),
2.28-2.01 (m, 6H), 1.97 (s, 1H), 1.96 (dd, J = 15.3, 7.3 Hz, 1H), 1.85-1.77 (m, 1H), 1.66-1.59
(m, 1H), 1.33 (td, J = 9.2, 3.1 Hz, 1H), 1.05 (s, 3H), 0.91 (s, 3H); *C NMR (100 MHz,
CDCl;) § 148.4 (), 147.8 (s), 147.0 (s), 107.4 (£), 58.2 (d), 49.9 (s), 47.1 (d), 28.8 (1), 28.4 (1),
27.6 (q), 27.2 (t), 26.7 (¢), 22.5 (q), 21.2 (¥); IR (cm’, neat) 2924, 2854, 1457, 1260, 1457,
1095, 1021, 801; MS m/e (rel intensity, %) 188 (M, 100), 173 (634), 145 (75), 134 (34), 105
(19); HRMS calcdvfor Ci14Hy 188.1565, found 188.1557:

11,11-Dimethyl-8-methylenetricyclo[5.3.1.0>*Jundeca-2,6-diol (34).

4O

TL—bRI7AL, BREHL-FinT7 7A=2Z KsFe(CN)s (12.6 g, 38.2 mmol) , K3COs
(5.28 g, 38.2 mmol) . CH3SO,NH, (1.21 g, 12.7 mmol) . quinuclidine (14 mg, 0.13 mmol) ,
-BuOH/H,0 (36 mL/66 mL)Z AL, 0 °C T 0sO, (32.2 mg, 0.13 mmol) /% 7=, ZD
BAYERE 0°C T30 S5HHERL, =FV41 71130 (3.63g) ® +-BuOH (30 mL) ¥
Bz, iR T 21 BEBERLU-, ZORISESEIR\CETTF A BT NY LkIEiRE
AT, BRR=F L CTHItH LT, 2 D& ¥ - BB & AafnE b N7 kSR CHR .
KRR~ R U D TRIRS | BIEEREB E U, BONTAERME ST L0~
757 4— (8i0,, hexane/AcOEt=3/1) CiERIL . oA —1 34 (2.68 g, 94 %, 2 steps) &%5
7o
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~ 34: white solid; mp 80-81 °C, 'H NMR (500 MHz, CDC) 6 4.61 (s, 1H), 4.58 (s, 1H),
3.60 (br, 1H), 3.58 (br, 1H), 2.28 (s, 1H), 2.20-2.06 (m, 2H), 1.97-1.90 (m, 2H), 1.87-1.73 (m,
4H), 1.60-1.48 (m, 3H), 1.36 (d, J = 3.1 Hz, 3H), 0.87 (d, J = 2.4 Hz, 3H); "C NMR (125
MHz, CDCl;) § 148.9 (s), 1104 (1), 91.3 (s), 90.9 (5), 64.4 (), 51.6 (d), 46.7 (s), 37.4 (¢), 36.8
(1), 28.8 (q), 26.7 (), 25.9 (t), 24.9 (£), 23.8 (1); IR (cm™, KBr) 3406, 2939, 1712, 1363, 1223,
1103, 952, 883; MS m/e (rel intensity, %) 222 (M, trace), 204 (10), 189 (53), 167 (36), 166
(100), 151 (60), 133 (29), 123 (95), 121 (77), 109 (68), 96 (79), 90 (51), 55 (63).

- 11,11-Dimethyl-8-methylenebicyclo[5.3.1Jundeca-2,6-dione (28).

Eh-w

28 O -

TL—ARSAL, BEBHLUI-RKISTTANI A —/V 34 (30 mg, 2.83 mmol) LK~
¥y (15 mL) AL, 0 °C CPb(OAc)s (1.71 g, 3.84 mmol) X7z, EDRNEEE
WAEET 2 BRREERE, ES SEL, AiRE B Tt L, ORI HHE
B R BRI L T N MKV G, AR~ 7 3 MRS B HER %
L7z, % me%ﬂ_&aﬁjz%%ﬁ FhIawh I TT7 41— (SlOz, hexane/AcOEt—9/1) THREL. =
RVALT 28 (622 mg, 99 %) BB, .

28: white solid; mp 130-131 °C, 'H NMR (500 MHz, CDCL) & 5.12 (s, 1H), 4.90 (s, 1H),
3.25-3.17 (m, 1H), 3.06 (dt, J= 12.8, 2.4 Hz, 1H), 2.91 (dt, J= 12.8, 2.4 Hz, 1H), 2.89 (s, 1H),
2.65 (dd, J = 17.1, 7.3 Hz, TH), 2.43-2.39 (m, 1H), 2.33-2.29 (m, 2H), 2.16-2.06 (m, 2H),
1.97 (dd, J=15.3, 7.3 Hz, 1H), 1.82 (g, J = 12.8 Hz, 1H), 1.05 (s 3H), 0.99 (s 3H); "C NMR
(125 MHz, CDCL) & 215.5 (s), 212.6 (s), 141.1 (s), 117.1 (1), 67.5 (d), 56.2 (d), 41.2 (1), 41.1
(1), 37.8 (5), 319 (q), 27.3 (q), 26.8 (1), 25.5 (t), 21.1 (1); IR (cm™, KBr) 2976, 1696, 1686,
1682, 1674, 1460, 1444, 1370, 1146, 1045, 929, 667; MS m/e (rel intensity, %) 220 (M, 100),
164 (46), 161 (14); HRMS calcd for C14H00, 220.1463, found 220.1452.

8,11,11-Trimethylbicyclo[5.3. 1]undeca—7(8)-ene—2 6- dlone (16)

=3

28 O 16 ©
71/‘—-5]*‘"34]./ grﬁ%j‘ﬁbtﬁﬁﬁ:77}<:l iz VAL 7428 (513 mg, 2.33 mmol)
LK DMF/4E7K DMSO (25 mL/25 mL) % A#v, -10 °C T -BuOK (522 mg, 4.66 mmol)
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EBMZ, -10°CT 15 Sy MR L, T ORISR A BRICSRELT = JAREE A
., BiR=F L THIH L, TDEDOEAEBLZETIELT MY LK TS, £
KRB~ XU LTHERS, BEREBIEEEL L, 5 Eﬂf:ﬂ%ﬁﬁ&ﬁ%%ﬁ?lx? awhs
74— (8i0,, hexane/AcOEt—9/1) THREBIL, U716 (467 mg, 94 %) & 28 (15.6 mg,

3 %) 151z, '

16: colorless solid; mp 116- 118 °C, 'TH NMR (500 MHz CDCls) 6 2.68 (t, J 11.6 Hz, 1H),
2.64-2.57 (m, 2H), 2.49-2.41 (m, 2H), 2.39 (t, J= 11.6 Hz, 1H), 2.20-2.07 (m, 3H), 1.89-1.78
(m, 2H), 1.74 (s, 3H), 1.14 (s, 3H), 1.02 (s, 3H); °C NMR (125 MHz, CDCl) 5 215.1 (s),
210.0 (5), 140.4 (s), 133.5 (5), 61.8 (d), 4.8 (¢), 38.3 (©), 35.7 (5), 28.3 (q), 26.5 (q), 26.0 (©),
23.1 (1), 22.2 (), 19.3 (t); IR (con™, KBr) 2937, 1688, 1652, 1559, 1506, 1456, 1432; MS m/e
(rel intensity, %) 220 (M* 11), 211 (77), 200 (40), 185 (56), 181 (56), 174 (24); HRMS caled
for Ci14H00, 220.1412, found 220.1421.

_ S-methyl-2,2-Bis(éthylenedioxy)-11 11-dimethyl-7(8)-bicyclo[5.3.1]undecen—6-one 37.

o}
B -E)
| o 16 © R 370\___/0 |

TU—LRSAL, ERBRURIET TR, U4 16 (0.16 g 0.72 mmol) Lk
{EAFV > (20 mL) 2 Ad, iimf(CHZOH)z (8.1 mL, 0.15 mol) , CH(OCH3); (7.9 mL,
0.07 mol) , (+)-CSA (84 mg, 0.36 mmol) ZIELK N 48 H#Fﬁﬁéff%#kbf_o ZORINEEHE
R H LT faFn R BEKFE TN '7Azl<¥’*«‘s€%)\7n HEALAF L CHIE L, %@Abﬂﬁ
VA=Y =tog kbR Ayl N)) '7.A7k¥'"{€€'f et EKIREE~ 7 RV L CRIE  IRIEE T
EBE LT, BONI-HAERME DS LIa<hT F7 14— (SiO,, Hexane/AcOEt—9/1)"C5|¢
B, /72— 37 (019 g 97 %) &457-,

37: colorless solid; mp 103-104 °C; 'H NMR (400 MHz, CDCL) & 3.96-3.83 (s, 4H),
2.53-2.45 (m, 2H), 2.39-2.34 (m, 2H), 2.29-1.66 (m, 6H), 1.62 (d, J = 0.8 Hz 3H), 1.29-1.23
(m, 1H), 1.19 (s, 3H), 1.11 (s, 3H); *C NMR (100 MHz, CDCls) 8 212.0 (s), 141.2 (s), 131.3
(s), 113.8 (s), 64.9 (t), 62.8 (1), 52.6 (q), 45.1 (1), 35.2 (s), 33.5 (t), 31.0 (q), 27.0 (q), 26.1 (%),
21.7 (d), 199 (), 19.8 (t); IR (cm”, film) 3750, 3668, 2991, 1683, 1652, 1558, 1506, 1457,
10046, 944; MS m/e (rel intensity) 264 (M, 53), 249 (20), 164 (28), 149 (33), 121 (27), 115
(100), 113 (37), 105 (18); HRMS calcd for C,15H2403 265.1440, found 265.1479. |
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v(SR*)-Z,2—'(Ethylenedioxy)-thydroxy-S,ll,li-trimethylbicyclo[s.S.1]undec-7—en—6-one

(39). .
" o 9 \\\oH o |
—&)
oo eI _'

37—/

TL—LRIAL, BREBRLIFIET TR, 7K THF (8.3 mL) , VAT uE AT
> (0.39 mL, 2.81 mmol) %A#L.-40 °C T4 L. n-Buli (1.76 mL, 1.6 M solution in
' hexane, 2.81 mmol) % 5 53RIANT TR T LIz, TORIGEA YRS 0 °C T 1 R,
40 °C ETAHL, /7% —N 37 (185.9mg, 0.70 mmol) DK THF (21 mL) %
Mz, 1 BB LU, FORISIRATIZIZ-40 °C C MoOPH (2.43 g, 5.62 mmol) ZAN%.,
20 °C T 17 BRI | SEFIEERTEE T N Y DARSIRE AN, =— 7V THIH LTS, 20
B E B fATE LT N LK ERIR T, BB~ XU LTHRE, &
HEERBEBREEL R, ﬁ%{’oﬂf:*ﬂéﬁﬁ%%ﬁ?Jaﬁuvl\ﬁ‘?74‘~ ( Si0,,
Hexane/AcOEt=4/1) THBIL, 7 hA—1 38 (184.7 mg, 94 %) #H&7c, |

38: colorless solid; mp 118-122 °C; '"H NMR (400 MHz, CDCl) 8 4.87-4.82 (m, 1H), 4.20
(m, 4H), 3.75 (d, J=3.4, 1H), 2.42-2.34 (m, 1H), 2.21-2.03 (m, 2H), 1.95-1.79 (m, 2E), 1.6
(d, J=0.8, 3H), 1.71-1.55 (m, 2H), 1.51-1.42 (m, 1H), 1.40 (s, 3H), 1.37-1.08 (m, 1H), 1.13 (s,
3H); *C NMR (100 MHz, CDCl)  206.9 (5), 140.7 (5), 137.8 (s), 114.1 (5), 74.6 (d), 65.2 (%),
62.9 (t), 51.4 (q), 35.4 (5), 31.5 (q), 30.6 (t), 28.9 (1), 28.8 (1), 26. 8 (), 21.1 (d), 20.3 (O); IR
(e, KBr) 3477, 2897, 1685, 1637, 1543, 1509, 1458, 1105, 1046, 1004, 945; MS m/e (rel
*intensity) 280 (M, 59), 265 (20), 203 (24), 175 (33), 149 (37), 145 (36), 133 (21), 123 (30),
101 (37), 98 (100), 85 (42); HRMS calcd for C;6H40;3 280.1675, found 280.1661.

(5R*,65%)-2,2-(Ethylenedioxy)-8,11,11-trimethylbicyclo [5.3.1]undec—7—ene—5,6—diol 39).

OH
: O“ LOH : _f OH
e 0”0 ‘

38 \_/ 39/
TL—LKTAL, EREHELIZFIETT 22l M —/ 38 (421.2 mg, 1.50 mmol) | 4
AKAZ—n (21 ml) . HLEIT AT KFiY (700 mg, 1.80 mmol) AL, 0 °C IZHEIE .,
KL RS MDA (701 mg, 1.80 mmol) BN, ZORISIRATEHEZET 30 4
RiEEE, FEEAEML, =—F N TR, Z0&bEAEBEZaME{LT T Lk
VIR Tl BAKREE~ 7 XUV L CRLR S BEEE UL £z, BN LR YE
BT b7 77 4— (SiOy, Hexane:AcOEt=2:1) THEBIL . A4 — 39 (4265 mg,
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>99 %) B /{lz, v

39: colorless solid; mp 134-136 °C; 'H NMR (400 MHz, CDCl;) § 4.87-4.82 (m, 1H), 4.20
(m, 4H), 3.75 (d, J=3.4, 1H), 2.42-2.34 (m, 1H), 2.21-2.03 (m, 2H), 1.95-1.79 (m, 2H), 1.66
(d, /=0.8, 3H), 1.71-1.55 (m, 2H), 1.51-1.42 (m, 1H), 1.40 (s, 3H), 1.37-1.08 (m, 1H), 1.13 (s,
3H); *C NMR (100 MHz, CDCL) & 206.9 (s), 140.7 (s), 137.8 (s), 114.1 (s), 74.6 (d), 65.2 (t),
62.9 (1), 514 (q), 35.4 (s), 31.5 (@), 30.6 (), 28.9 (1), 28.8 (1), 26.8 (), 21.2 (d), 20.3 (®); IR
(cm™, KBr) 3439, 2935, 2877, 1655, 1467, 1449, 1389, 1364, 1271, 1121, 1070, 953, 795;
MS m/e (rel intensity) 281 (m"* -H), 129 (41), 112 (14), 109 (10), 105 (15), 99 (100), 95 (11),
93 (12), 91 (17), 87 (16), 86 (24), 85 (23), 81 (14), 79 (17), 77 (16), 69 (10), 67 (14), 65 (10),
57 (17), 55 (52), 53 (10), 45 (15), 44 (10), 43 (31), 42 (11), 41 (33); HRMS caled for
Ci6H360, 282.1831, found 282.1827.

(5R*,65%)-2, 2-(Ethylened10xy)—8 1 ll-tnmethylblcyclo[s 3.1]undec-6-acetoxy-7-ene-5-ol

(40).
_ OAc .
e Q

o 0
39\ / ' 40\_/

TV—bF7AL, ERBRUIRIETZ TRV A —/1 39 (426.5mg, 1.51mmol) LK
BLAF L (175 mL) Z A, ERT44-PAF AT/ (283.1 mg, 2.32 mol) &
%, WICEKEEE (0.21 mL, 2.27 mmol) % 5 2y AT T FLiz. ZORIES RS
SEIRT 3.5 BRIEEE. ATRIEK R T N LKA AN, BILATF LU TRl LTz,
ZDEDOE-E#BELATEL TN W_Am(@{&?ﬂ%@\ IR~ 37 L THIRE
FHRZBEEBELE, BONTEHERYEIT L0~ T77 41— (Si0,,
Hexane/AcOEt=1/1) CIEBIL , £/ 77— 40 (480.8 mg, 98 %) Z4&7=, |
40 colorless solid; mp 138-140 °C; 'H NMR (500MHz, CDCL) & 5.34 (d, J=3.5, 1H),

4.08 (t, J=4.0, 1H), 3.95-3.78 (m, 3H), 3.75 (dd, J=14.0, 7.5, 1H), 2.34-2.20 (m, 1H),
2.18-2.02 (m, 6H), 2.01-1.90 (m, 4H), 1.87 (s, 3H), 1.80-1.72 (m, 1H), 1.38 (s, 3H), 1.36-1.21
(m, 1H), 1.10 (s, 3H); C NMR (125 MHz, CDCL;) 8 169.6 (s), 136.5 (s), 130.1 (s), 114.2 (s),
75.1 (d), 71.6 (t), 64.8 (), 62.6 (t), 53.1 (d), 37.3 (5), 30.8 (q), 29.9 () 28.9 (¢), 26.1 (t), 25.6
(@), 22.9 (), 21.09 (d), 19.8 (t); IR (em”, film) 3453, 3036, 3006, 2967, 2891, 1737, 1372,
1238, 1191, 1112, 1072, 1021, 984, 887, 837,; MS m/e (rel intensity) 324 (M, trace), 249 (10),
145 (12), 135 (11), 129 (56), 127 (10), 123 (10), 119 (10), 112 (13), 107 (14), 105 (16), 99
(100), 93 (14), 91 (22), 87 (19), 86 (24), 85 (19), 83 (23), 81 (10), 79 (18), 77 (17), 73 (10),
69 (11), 67 (16), 60 (16), 57 (11), 55 (56), 53 (13), 45 (37), 43 (93), 42 (15), 41 (36); HRMS
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calcd for Ci3H,505 324.1937, found 324.1921.

(SR*,6S*)-2,2-(Ethylenedioxy)-8,11,11-trimethylbicyclo[5.3.1]undec—6—acetoxy-7-ene-5—o
ne (41).

S ARTAL. BRBHRLI-KIST I AT TPAP (14.0 mg, 0.04 mmol) . NMO
(280.1 mg, 2.39 mmol) LEEALLAF L (5.0mL) & ANz, ZDRAEIRIZER TE/
7£#—h 40 (253.1 mg, 0.78 mmol) DK CHCl (2.0 mL) iIZEMA T2, EDORIGIERA
YRR ERT 6 REEBEG RSEkE T 58, AREBEE BB ICHBR=T
JCHIEH LT, %@Abﬂi‘tﬁ%)%%ﬁ@%ﬂ AT D BRI TRl KRR~ 7 X
Y WCEIRS . IR RS E U, BN BERYENTLIa<hT 77 41— (S102,
Hexane/AcOEt=2/1) THEEL, &+ 41 (239.5 mg, 95 %) 1572,

41: colorless solid; mp 151-155 °C; 'H NMR (500MHz, CDCL) & 5.88 (s, 1H), 3.99-3.89.
(m, 2H), 3.88-3.81 (m, 1H), 3.75 (dd, J=14.3, 6.8, 1H), 2.83 (dd, J=14.3, 9.3, 1H), 2.38-2.25
(m, 2H), 2.14 (s, 3H), 2.08-1.87 (m, 3H), 1.83 (d, /=8.0, 1H), 1.72 (dd, /=15.0, 11.5, 1H),
1.63, (s, 3H), 1.58-1.50 (m, 4H), 1.15 (s, 3H); °C NMR (125 MHz, CDCl;) & 200.3 (3),
169.9 (5), 141.4 (5), 127.9 (5), 113.1 (s), 75.9 (@), 65.2 (1), 62.9 (9), 53.2 (d), 36.8 (s), 36.1 (©), |
34.6 (q), 29.9 (), 29.1 (q), 28.9 (), 20.9 (), 20.4 (1), 19.6 (9); IR (cm”, KBr) 2955, 2892,
1742, 1717, 1440, 1382, 1243, 1137, 1075, 1036, 978, 851, 747, 659; MS m/e (rel intensity)
322 (M, trace), 247 (11), 175 (10), 155 (10), 149 (20), 145 (15), 129 (12), 101 (20), 100 (14),
99 (100), 91 (1), 87 (19), 86 (12), 83 (10), 67 (10), 55 (51), 43 (53), 41 (17); HRMS caled
for CigH605 322.1780, found 322.1780.

(5R"-',6S*)—2,2-(Ethylenedioxy)-8,11,ll-trimethylbicyclo[5.3.1]undec-6—acetoxy—7—ene—5-o

ne (42).
OAc

41 \__/ 42 \_J
TL—LRIAL, BEEBRLUIZRIGT7 A2z 41 (239.5 mg, 0.74 mmol) KA
52— (40 mL) &Mz T, TOBRAVRICER TRIEAYY L (155 mg, 1.12 mmol) &
A, EIET 2 BRERLL, TORIGNESERICEREREANI, I—"JVCTEEH:‘:LTW
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FOA DR E BB RTELT N Y AKER T, kR~ X0 L CERE
BEPBEEE, EEGBRLU T/ M1 42 (216.8 mg, >99 %) 21572,

'42‘: colorless solid; mp 97-99 °C; 'H NMR (SOOMHz, CDCl3) 6 4.97 (s, 1H), 3.96-3.85 (m,
3H), 3.77 (dd, /=14.0, 7.5, 1H), 3.77-3.45 (br s, 1H), 2.85 (dd, J=14.5, 9.5, 1H), 2.47 (dd,
J=14.8, 11.8, 1H), 2.30-2.42 (m, 1H), 2.07-1.95 (m, 2H), 1.93-1.84 (m, 1H), 1.82 (br d, J=8.0,
1H), 1.73 (dd, J=15.0, 11.5, 1H), 1.65-1.57 (m, 4H), 1.49 (s, 3H), 1.20 (s, 3H); C NMR (125
MHz, CDCL) § 206.8 (s), 138.9 (s), 130.1 (s), 113.2 (s), 74.6 (d), 65.2 (t), 63.0 (t), 53.3 (d),
36.8 (s), 35.4 (t), 34.4 (1), 30.3 (q), 29.7 (q), 29.5 (t), 20.2 (g) 19.6 (t); IR (cm”’, KBr); 3489,
- 2890, 2854, 1696, 1474, 1434, 1377, 1300, 1102, 1080, 1032, 976, 955, 923, 861, 826, 670;

HRMS caled for C6Ha404 280.1675, found 280. 1675

'O
'Q

(5R*,68%)-2, 2-(Ethylenedloxy)-8 11,11-trimethylbicyclo[5.3. 1]undec—6 (tert-butyldlmethy
TBS
0

Isiloxy)-7-ene-5-one (36).
‘ | 0.

| _ e 363 ~

7I/~AP"'7'/(L\ ERBHR T RKIET AT ML 42 (315 mg, 0.11 mmol) L%k
HALAF VY (5.0 mL) Z AN, ZDREEIRICERT 2,6-Lutidine (25.6 uL, 0.22
mmol), TBSOTf (27.8 u L, 0.12 mmol) ZNEIZNN %, IR T 1.5 BRI #B#% . ZKEAKEA
A AT LY TR L, TOE DA RBE S LT MY AR T, B
KRR~ T X0 L CHIR% B RBEEE U, BONIHERYEN T LI a~<
77 4— (8i0,, Hexane/AcOEt=4/1) THEHIL . 7+ 36 (42.6 mg, >99 %) 2157~

36: cololess oil; 'H NMR (500MHz, CDCls) & 4.94 (s, 1H), 3.95-3.84 (m, 3H), 3.76 (dd,
J=9.3, 6.8, 1H), 2.71 (dd, J=14.0, 9.0, 1H), 2.26 (dd, J=15.0, 11.5, 2H), 2.05-1.85 (m, 3H),
1.79 (br d, /7.0, 1H), 1.71 (dd, J=15.3, 11.8, 1H), 1.64 (s, 3H), 1.5 (dd, /~=15.0, 8.5, 1H),
1.49 (s, 3H), 1.17 (s, 3H), 0.91 (s, 9H), 0.09 (s, 3H), 0.02 (s, 3H) ; °C NMR (125 MHz,
CDCl;) 204.5 (s), 139.(s), 130.9 (s), 113.5 (s), 75.4 (d), 65.1 (¥), 62.9 (%), 53.4 (d), 36.7 (5),
35.9 (t), 34.4 (1), 30.8 (q), 29.6 (q), 28.9(t), 25.8 (q, 3C), 20.4 (q), 19.7 (1), 18.3 (s), -4.7 (q),
-4.9 (@); IR (em”, neat) 2954, 2883, 2852, 1717, 1470, 1389, 1364, 1252, 1104, 1080, 1033,
979, 838, 775, 670; MS m/e (rel intensity) 394 (M", 26), 351 (17), 338 (16), 337 (59), 321
(14), 268 (19), 267 (84), 224 (14), 223 (12), 203 (30), 129 (22), 101 (83), 99 (70), 75 (68), 73
(100), 59 (18), 57 (21), 55 (41), 45 (12), 43 (12), 41 (17); HRMS caled for CpHs30,Si
394.2539, found 394.2524.
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(5R*,658*)-2,2-(Ethylenedioxy)-4,8,11,11-tetramethylbicyclo [5.3.1]undec-6-(tert-butyldim
ethylsiloxy)-7-ene-5-one (43).

T —ALFSAL, BEBHBLERKET7FA2iZ LDA (0.1 mL, 1.5M solution in
cyclohexane, 1.63 mmol) . ZE7K THF (8.0 mL) &%, RIGHAHE%R-78 °CITRAILI ., 7
R 36 (128.6 mg, 0.32 mmol) DK THF (5.5 mL) VAR e, ZDRIGIREHHRE
78 °C T 0.5 BRI L= 4% . -78 °C T HMPA (0.28 mL, 1.63 mmol) /%, 0 °C T 1 B
R, ZORBAIKIC 0 °C TI—KAZ> (020 mL, 3.25 mmol) &A%, ik
T 3.5 BRI, TORUSRABERICTIE(LT V=Y MK BHE AL, 2T/
CHIt LTz, 202 b7 HHB % SR LT N KV CHel , EkRB~ 7 X
LTERS  BEEBIEEE L, BONMBERMEN T L7uvbTTT74— (Si0,
Hexane:AcOEt=6:1) THEHIL . 7 43 (109.8 mg, 84 %), BLUEE DI 36 (11.4
mg, 9 %) =5/ 7-,

43: colorless solid; mp 63-64 °C; 'H NMR (500MHz, CDC13) 54.89 (s, 1H), 3.95-3.92 (m,
2H), 3.86 (g, J=6.7, 1H), 3.77 (q, J=6.7, 1H), 2.84 (t, J=6.7, 1H), 2.31-2.24 (m, 1H),
2.03-1.92 (m, 2H), 1.88-1.81 (m, 1H), 1.77 (d, /=7.3, 1H), 1.70 (dd, J=15.3, 7.33, 1H), 1.63 (s,
3H), 1.51 (s, 3H), 1.26 (d, J=15.3, 1H), 1.17 (s, 3H), 1.02 (d, J=6.7, 3H), 0.89 (s, 9H), 0.07 (s,
3H), -0.01 (s, 3H); *C NMR (125 MHz, CDCl) 206.5 (s), 139. 8 (5), 131.0 (s), 113.6 (s),
76.1 (d), 65.3 (1), 62.9 (t), 53.4 (d), 44.1 (t), 37.2 (d), 36.8 (s), 30.9 (), 29.6 (@), 29. 1 (1), 25.8
(@), 20.5 (q), 20.2 (q), 19.8 (1), 18.2 (s), -4.8 (q), -5.0 (q); IR (em™, film) 2928, 1721, 1470,
1251, 1105, 1035, 1004, 960, 836, 776; MS m/e (rel intensity, %) 408 (M', 29), 380 (45), 365
(52), 337 (100), 335 (60), 249 (29), 233 (40), 203 (33), 143 (34); HRMS caled for C2oHaO4Si
408.2696, found 408.2692.

(5R"‘,6S*)-2,2-(Ethylenedioxy)-6-(tert—butyl-dimethylsiloxy)-S,11,11-5—ox0-trimethylbicyc
Io[5.3.1]undec-7(8)-ene-4-carboxylic acid methyl ester (47). '

OTBS OTBS
I !I OMe
36 \—/ 47 \__/

TL—ALRIAL, z%ﬁ?ﬁbf_ﬁm77z:z Z#EK THF (9.0 mL).LDA(0.84mL, 1.5 M
in cyclohexane: 1.25 mmol) & AL, -78 °C £ TH L7z, EDIRATEIRIZ - 36 (98.9 mg
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0.25 mmol) DK THF (3.5 mL) EiR%E A . $i3 T HMPA (0.22 mL, 1.25 mmoDZ /%
7ro TDORINMBEE VAR 0 °C T 30 %, F D78 °C ETHHIL, V7 IXBAF L
(0.20 mL, 2.5 mmol) &M % 7=, Z DRIBA Y% 0°C T 1 BERIE#%E . B0 2z, =
—F VTR LTz, £ D&Y T BB 2 SR LT N LKV CYE, Bk~
TR NCHRE, BEAREBRELE, BN BERNENTDIRTNT T 4
(Si0,, Hexane/AcOEt=6/1) CHRERIL . AF VT 2T/ 47 (104.2 mg, 92 %) &1F7=,

47 : colorless solid; mp 93-95 °C; "H-NMR (500 MHi, CDCh) 8 5.03 (s, 1H), 3.91-3.80 (m,
4H), 4.89 (d, J = 6.1 Hz, 1H), 3.70 (s, 3H), 2.34-2.28 (m, 1H), 2.29 (4, J=15.5 Hz, 1H),
2.03-1.99 (m, 2H), 1.92-1.86 (m, 1H), 1.80-1.78 (m, 1H), 1.64 (dd, J = 15.5, 7.9 Hz, 1H),
1.64 (s, 3H), 1.50 (s, 3H), 1.18 (s, 3H), 0.91 (s, 9H), 0.10 (s, 3H), 0.03 (s, 3H); *C NMR (125
MHz, CDCl;) 3 200.2 (s), 171.8 (), 141.6 (s), 129.9 (s), 112.8 (s), 76.2 (d), 65.3 (1), 62.9 (t),
53.6 (d), 52.4 (), 50.6 (d), 36.8 (5), 36.7 (£), 31.0 (q), 29:6 (q), 29.2 (), 25.7 (g, 3C), 20.4 (q),.
©19.6 (1), 18.2 (s), -4.8 (), -5.2 (q); IR (cm™, KBr) 2953, 2890, 2855, 1752, 1724, 1470, 1439,
1251, 1104, 1047, 837; MS m/e (el intensity, %) 452 (M, trace), 424 (23), 379 (15), 337 (35),
159 (100), 157 (16); HRMS calcd for Ca4Hy006Si 452.2594, found 452.2588."

6-(tert-Butyl-d1methylsnloxy)—4—(4 4-d1methoxy-butyl) 8,11 11-tr1methyl-2 S-dioxo-bicyclo
[5.3. 1]undec-7(8)-ene—4-carboxyhc acid methyl ester (49)

OoTBS OTBS
= 0 ; : 0
O _48_ |
, OMe
O\__/Q ; | : 48 OMe
47 OMe

TU—ARIAL, BRBERL- K7 T A22 NaH 13.2 mg  (0.55 mmol, ~FH 8L .
WERIRLICb D) | K THE (3.5 mL) Z A4, KK THL, (EEH 48 (134.8 mg, 0.55
- mmol) ZMA T, TDREFRICAT VT ATV 47 (25.0 mg, 0.055 mmol) DK THF
(20 mL) &%, ZIET 18.5 BRIRERLZ, ZORNESIRE KK THL, fafnkiLr
VRS LK, KEMZ, =T CHE Lz, T OA bR A KB LR LT N
U LK CHEE . BB~ RV L CEHES . BEEBEREEL:, BbNizlE
| BREATAIOwNT T 4~ (Si0,, Hexane/AcOEt=6/1) THEBIL, 7hr 49 (12.0 mg,
38%) &, | |

49: colorless oil; "TH.NMR (500 MHz, CDCl3) 6 5.41 (s, 1H), 4.34 (t, J = 6.1 Hz, 1H),
3.86-3.75 (m, 4H), 3.66 (s, 3H). 3.30 (d, J = 8.6 Hz, 6H), 2.36-2.30 (m, 1H), 2.13 (d, J = 15.5
Hz, 1H), 2.08 (dt, J = 4.3, 12.8 Hz, 1H), 2.04-1.96 (m, 1H), 1.92-1.86 (m, 3H), 1.77 (d, J =
7.9 Hz, 1H), 1.79 (dt, J = 4.3, 12.8 Hz, 1H), 1.57 (s, 3H), 1.38 (s, 3H), 1.12 (5, 3H), 0.93 (s,
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9H), 0.15 (s, 3H), 0.06 (s, 3H); *C NMR (125 MHz, CDCls) & 203.4 (s), 173.6 (s), 138.5 (s),
132.8 (s), 113.9 (s), 104.3 (d), 75.6 (d), 66.1 (t), 62.4 (1), 59.9 (s), 54.4 (d), 53.9 (@), 52.5 (@),
51.8 (q), 46.2 (t), 41.8 (1), 36.9 (s), 33.0 (), 30.1 (q), 28.9 (®), 28.6 (q), 25.9 (g, 3C), 20.6 (q),
203 (t), 19.8 (t), 18.3 (5), -4.4 (q), -5.1 (@); IR (cm!, neat) 2926, 2854, 1726m 1462, 1113,
836; MS m/e (rel intensity, %) 568 (M, trace), 508 (31), 337 (100), 243 (49), 225 (35), 211
(46), 199 (56), 17 (50), 157 (54); HRMS caled for CsoHs;OsSi 568.3431, found 568.3439.

6-(tert-Butyl-,dimethylsiloxy)-8,11,11-trimethyl-2,5-dioXo-4-(4-0X0-butyl)-bicyclo[5.3.1]un
dec-7(8)-éne—4-carbo‘xylic acid methyl ester (50). '

ERE #ﬁiw_}iﬁ:77z: Iz by 49 (264 mg, 0.046 mmol) 72 H0 (4.6
mL/0.3 mL) ZAfL, ZERTp-TsOH (11.4 mg, 0.06 mmol) ZIMZ7Z, BISIRAEIREZER
T 3 BB L. 40 °C T 7 BRRAMBEAL 7=, £ DRIGIRATERERIG L, fafuRELKSR T b
U MKESH, K& L, T—F N BALATF L TR L, T0&bE A EEZ M
LT N B e, KRB~ Xy A CHMRE B BEBE L, B)
NI AR E T sra<whd 57 04— (Si0,, Hexane/AcOEt=2/1) TREEL, 7T EF
50 (15.4mg, 69 %) &7, | -

50: colorless oil; "H-NMR (500 MHz, CDCl;) 8 9.76 (s, 1H), 5.25 (s, lH) 3.73 (s, 3H),
2.70 (d, J = 122 Hz, 1H), 2.63 (d, J = 12.2 Hz, 1H), 2.54-2.39 (m, 4H), 1.66 (s, 3H),
1.64-1.59 (m, 2H), 1.25 (s, 3H), 1.18 (s, 3H, 0.92 (5, 9H), 0.13 (s, 3H), 0.04 (s, 3H); BCNMR
(125 MHz, CDCls) & 210.8 (s), 202.1 (d), 201.9 (s), 171.7 (s), 141.2 (s), 133 0 (s), 75.2 (d),
62.2 (d), 61.0 (s), 52.5 (q), 45.4 (1), 4.1 (), 37.9 (©), 36.7 (s), 28.7 (1), 28.2 (q), 27.6 (q), 25.8
(q, 3C), 20.8 (q), 19.7 (¥), 18.2 (q), 17.6 (t), -4.5 (@), -5-2 (q) ; IR (cm™, neat) 2929, 2855
1723, 1691, 1462, 1257, 837.

4-Allyl-(5R*,65%)-2,2-(ethylenedioxy)-2-(tert-butyl-dimethylsiloxy)-8,11,11-trimethyl-5-o0
xo0-bicyclo[5.3.1]Jundec-7(8)-ene-4-carboxylic acid methyl ester (52).
OTBS ' (:)TB(S)
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TL—BLRIAL, ERBHURIET T A2 NaH (13.7 mg, 0.57 mmol; ~%-¥> Feid
L. BEEZRLZH D), /K THF (3.2 mL) ZAd, KK TH L, ZORABKIZZZT
/v 47 (25.8 mg, 0.057 mmol) DK THF (2.5 mL) ¥EiR%EIN%, EIR T 3 RHHBRL,
ZORIGEHK A THL, 7Y (0.05 mL, 0.57 mmol) o< 0%, EE TS B
%, fafELT o E=U LK, KEMEZ, =—F A CHIH L, £04&bHE7-
BB E AT (LT N AR CIE, BoKRiER~ 2 XL THR% . T WE
BELE, BON-HERYE DT LIa~<vb T T7 4— (8102, Hexane/AcOEt=6/1)THHIL .
TR S2 (225 mg, 80 %) 2577,

52: colorless sohd; mp 91-93 °C; 'H-NMR (500 MHZ, CDC13) 0 5.73-5.65 (m, 1H), 5.41 (s,
1H), 5.05 (d, J = 18.9 Hz, 1H), 5.03 (d, J = 11.0 Hz, 1H), 3.84-3.80 (m, 4H), 3.67 (s, 3H),
2.99 (dd, J=12.8, 5.5 Hz, 1H), 2.33 (dd, J = 13.4, 8.5 Hz, 1H), 2.35-2.29 (m, 1H), 2.04-1.96
' (m, 2H), 1.87 (¢, J= 15.8 Hz, 1H), 1.39 (s, 3H), 1.12 (s, 3H), 0.93 (5, 9H), 0.16 (s, 3H), 0.08
(s, 3H); *C NMR (125 MHz, CDCl;) & 203.6 (s), 173.3 (s), 138.7 (s), 134.6 (d), 132.7 (s),
~118.7 (1), 114.0 (5), 75.6 (d), 66.1 (1), 62.5 (1), 59.7 (s), 54.3 (d), 51.9 (q), 46.5 (1), 46.0 (1),
36.9 (), 30.1 (9), 28.8 (t), 28,6 (), 25.9 (g, 3C), 25.9 (q), 20.5 (q), 19.7 (¢), 18.3 (5), -4.4 (q),
-5.1 (@); IR (cm™, film) 2953, 1731, 1469, 1224, 1984, 836; HRMS calcd for C27H440681
492.2907, found 492.2910.

| 4—Allyl-6-(tert-butyl—dimethylsiloxy)-8,11',11-trimethyl-2,5-dioko-bicyclb[5.3.1]undec-7(8)
-ene-4-carboxylic acid mgéthyl ester (53).

ERBEBRLI-FIE7 T A2, TINE 52 (29.2 mg, 0.06 mmol), 7N/ H0 (10.5
mL/0.7 mL) & AL, ZIE T p-TsOH 14.6 mg (0.077 mmol) %7, ZORREA T
% 65 °C T3 RFIINELL . BUS L | BRI REE/KE T Y DKIEIR, /K& AT, FDKES
T—7 b, BALAF LTI LT, @Abﬁtﬁ%%%ﬁ@%ﬂtﬁ{t*ﬂﬁﬂ\mﬁﬁﬁ'@%
., FEKREER~ 7 R0 D CHERES | BIEAREEE L, BONHERME T L0
~h7 774~ (8i0,, Hexane/AcOEt=7/1)CREEIL , P4 h 53 (21.1 mg, 81 %) &7,

53: colorless oil; 'H-NMR (500 MHz, CDCls) & 5.78-5.69 (m, 1H), 5.23 (s, 1H), 5.07 (4, J

'=12.8Hz, 1H), 2.91 (dd, J=13.4, 6.1 Hz, 1H), 2.61 (d, J= 12.2 Hz, 2H), 2.55 (d, J="7.9 Hz,
1H), 2.51 (dd, J=13.4, 8.6 Hz, 1H), 2.41 (d, J=12.2 Hz, 1H), 2.11-2.03 (m, 2H), 1.82-1.76
(m, 1H), 1.67 (s, 3H), 1.18 (s, 3H), 1.17 (s, 3H), 0.93 (s, 9H), 0.15 (s, 3H), 0.05 (s, 3H); 1°C
NMR (125 MHz, CDCls) 8 211.8 (s), 201.9 (s), 171.8 (s), 140.8 (s), 133.7 (d), 132.7 (s), 119.4
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(s), 75.3 (), 62.4 (t), 60.7 (5), 52.4 (q), 46.3 (5), 43.4 (), 36.7 (1), 28.6 (1), 27.9 (@), 27.6 (3),
25.8 (q, 3C), 20.8 (), 19.3 (1), 18.2(s), -4.5 (@), -5.2 (@); IR (cm™, neat) 2927, 2855, 1725,
1601, 1462, 1436, 1257, 1146, 1070, 837; HRMS caled for CsHoOsSi 448.2645, found
448.2650. |
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