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1% Frim - HW

1-1.IC»IC

MRS OIRFEE Tl THEET | LIFIEN 2 BIRBFEAE L Tk Y | HEERIHONME

CHFELEY D SRR SR A Tt B 5 2 T B, BEBET X, 2 E TEE RIRED L

RE2XATOREGORECEL DL CInRFEREDZ L2 v, EAERICH KR

XRERELRITLCWS L o8I, HiEkERELIC X 2 KED R SERE

BRI Y, WS ODPDHERPBEBLCwaEA, EABRIEIY=ICX3B8ETHS 2

WE L AFTHKIRD T35 & 7 = DiEENI £ 0. B EES 5, Lo L, HiER

miEflic X a#kimo BRI XY v =22 Ui L L, RO 2 B

REFTZETORGARECE FICHBET AR L TCLE S 222 b TWw 5, %

BETZGI Ty LT, ¥FXLIHFV=, 2V TAT7VY= LTFFY

S RNTUT S AV, Ry FAVIRETF LN TS, £, BFD

ZEEY L L COMED IfF T 225, BREETHUIBICAER T 5 7 = I E A E

L BHIGH I 729, fRFEN GRS H L WIRIL E 7o o T 5, BEBE T Dfifl &

B O fRa 3, HESEE IR O MIE L BV S RRITE DHERF 1IN 2, Mg o Febi nl el %2

FOLEEAMVMAATH D, 51, WG I BUREEZBRINT 2 [T r—h—F

VI LTHIEHINTE Y iREHESDEHRCHBRIRRE RIS HHL 9 5.



12.BRZEME

» B RIAIEY D, v = DEETEZMH T2 2 L 3H 5T 5, iHEDOH
ICiE, V=0 X0 GEEEYISE R WEH E RN TER - EET 5 2L T HEE
DiEEEEE T HIR T d RO NTE XK TIPS 5, 20—, HARZHI )
fid 21887217 Y (Dilophusokamurae) TH 5%, 77V v T IV BEET S
ZANRR YR TRy (1) 1, BE O DN — T X o THEICHE - SR E DS &
NTw3 ¥ (Figure 1), ¥ 5, 72 U v 7 2 (Dilophus okamurae) 75E& I 534f
TR TIZ, V=23 % OHUE 2 BET 2 HM A D B & v IR D E T A Tw»

%7,

Figure 1. A2 VYHIVFARVALEY) 1) D,



1-3.IERARBUL EY DEXE

ANRR U F ARV L, 5-4-5 BERHEGHER L - =REERE2EEE LTEY.,

ORI RGEENERHEREICEETCH 2 EZONT V5, ZORMEEZEE 2.

VrxvagUHEHoMEREMi L CRIsT7T A * v 2B AT S LT, BlE~DHiG

ERBHICT BIERRB A N2 UG (2) ZE%ET L7z (Figure 2),

Figure 2. JERARMIF (2) DHEE.



HERARBDFORIGET N F Ix, 72V vy 7RIGEMMAL CTHEMEY — X7 & DEs
THEMICHETE 2%, AR FOREEICHCONIEIEIR X I EFEEST 225,
KPCoiEE i< lzoic, 7Y VRS MY — X 25 HH L 72 ' (Figure 3),
RO BHYE, il % & Omr TRMITibaP 2 BEL s 5 & & TKF T DR
ZIHIL, 7= K BEBETRE~ DX R L 2 Y 9 2 IERABULEM 2 AT 5

EVG%%O

H OH magnetic beads

% N
<:; N=N=N/\/\/\O
s |£| = .

H OH

A

magnetic beads supported spatane analog

Figure3. 7V v 7 RIGIC X 2 @7 F~DHiA.



1-4. 2% & v B DA A

1-4-1. Salomon b D 7' )V — 7 DE K

ZRR YV BREICEET 2 S AIE c E Tlcn O RE I N T WS, 1980 R IC

lE. AN Z IRV D 2 ERAFZE 23 A, Salomon & D 7' v — 712 X - TE DERK

FERE DML X 7z 2, DX, AANX VAR HE T 2 RV TH % spatol (3) DA

B EER L 72, Spatol (3) 1. #RED LFEA I, KE B X OIMESHINTIC N L T

A MEEEZ R T EBASN TV B (Figure 4),

Figure 4. Spatol (3) DHEid.



TN~ A F D tricyclo[5.3.0.0*]decane BR % O A I B3 2 SETIGE <l FiTk
BULAINBISBBA I T2, B-TwRty (5) OAMIE. 7 r~21L Y D (4)
72 FINEBUAINBOGIC X o TiTbiv s, ZOIGTIE, 7 r~v27L Y D
(@) © C=C A FATICALE S L. ARICHERM B #HES T I N 2 720, KIG2
KNI HEFT 3 5 . —77 T spatol DHTENAR 7 & 4K T 2 72 3 DFELL D HBRE K1,

fLa? 6 1cB T 5 iEHE R O RREEIC X > TEITLIC < W (Figure 5).

H CHj
H =
H hv
S — _
I El
H =
/S
4 5
e C_:H3\\OH
| = J
OH hv
| H =
H R
6 7

Figure 5. JCERALATIIRIGIC & 2 2% v B D AL



3 FPEERALA NS 2 M L 7= A 0 Bkg & L T, Brown 5 i X 2 FiEDZET 5

T3, Brown b 1. HERATEMEAD 5 ABCERAZIEK T 2 D Tldn . BLICEAL X

N7 BCERPRIA 9 2HlE e LT AREBMEST 2 TEZHM L 72, SOFTETIE,

A2+ 2B LA & - T, HiBiRfA 10 22 & ik 9 23R IC BRI 1 B

(Figure 6),

Figure 6. Brown 5 IC X % 23 % vV HIEDE K.



Vi

XIT, White 1T X2 B-7 R4 v OEKEKIE Tl cyclopent-2-en-l-one & 3-
isopropyl-l-methylcyclopentene (11) % Fi 72 [2+ 2] ERAL AN S 25 BRI X iz, 2 DK
JSIC XY L SEARRIRME O [ EANER & iz, BARICIE. 4 Y 7 e e ViEE LI
Wl sy 7 vy 7 vERORH 2 OB IS AHETT 2 2 LT, &SR

HIA[EE & 72 o 7z (Figure 7).

CH3
= H3C
+
i O; :
/S /S
5 11

Figure 7. White 5 1C X 5 A X% VKD G L.

INHDANZ VEHROERFEDF T, White b D &KX, > FEYE
2> b BB 2RI ICHEEE T % 2 728 spatol D EEKIC B W TRICKNIITH

> 77,



Spatol 3) DEAKICIZ, 5ot Fu ¥  HETHRERKICEAT Z Z L, B
TEDYRMEFE & RO C BRATEAZ BT 25 L wWT Tr—F ko bz, ot
DRI L LT, =2 7 &% MM L 72 BRAUAT N & Baeyer-Villiger BE1L % 5 &
bR ISR REI N, J VEN A Y ~DOHBHLAINIL, C=CHEA D exo D5
SLASERINICHEIT L. = % 7 2806 BRI AN 351 2 T U % G635 2 (R 5L
& LCHEAET 5, % 7z, Baeyer-Villiger BBfLIC X o T, =&/ 2fEDKRFL CERD5
fre DMICEEREZIFAT 2 Z LD AEETH B, Lo L, & OIGIC XIS A TERE L
Too BARZZEAFET IS PV 15 1E, HFHEICX 2V 7 V0 16 ~DY)MH2
BRI 3 e PHlE N, CoFEITHL T, LEWISIcB T3 ArF =1 D
RENEE R E % Rz Lz, COREICXY ., BRI 14 1533 =207

NRZAFBO X BER IR Y . KISO#RED E L L 72 (Figure 8),

CH3OH

o)
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12 13

!
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Figure 8. Spatol O & i HRIE.



Salomon &%, 7 b v 15 OfRFERL L L <, FEMMESIF T CEAREARIEZ R L
7o ZORER, SV IBE PV AFALIALT VLAEYIEORIGICE Y, ¥ T
E P VYU —T DI —REWICEERBNICEI LI N, TOEfICX Y,
cyclopent-2-en-1-one & OHBRALAIIKIGASATHE & 72 0 . SZHAGEIRE & AT EER D
W OD I e — IR S Lz, 150 N ATIEDEEY L. Wittig )G % £
TAFIVFv T b 18 %EK L, COB, 2o 7 /e F) vy )z —F R
EROFHAESEH I N, CoREREIL. B RISEET AT N,
UVIRE, >V arnra~ 277 4 —, XU Wittig IS IS0 215 2 ZENE
ZFEDo, —J7C. Wittig SUMRICIRAYI~KEZZ 2 L AR INBIFEICX Y, B
ICANKRZ VI I NS L) FES IR L7, 2D, LEY) 18 DKHEAL
& IBMERE % FH\ > 72 Baeyer-Villiger B{LIC X V. 77 F v 19 ZEBAER S N, &
D7uv AT, KIGFEHOHELZITH 2 & CEREOM EiICcd L Tw3

(Scheme 1),
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OTMS Ezf

CH; X
/O z "I/:
11y, I/,,
T ey
finy <t hV E AN
o) H
. 16 17n, X=CN, Y=OTMS
5 17x, X=0TMS, Y=CN

- . CH Baeyer-Villiger CHj
Wittig Reaction : 3/”/0 oxidation e
. R )
H,C H HsC H
18 19

Scheme 1. Salomon HIC X B AKX VERO—HDOEKNL— .
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1-4-2. Mascitti & D 7’V — 7 DA K

i & SE2+2IBRALATM UG 2 -V 72 B EE R W L O pE I T w5, Bl 2IE.
2006 412 Mascitti & D 7' v — 735 L 72flix. 7% F = F Vv (MeCN) & o
cyclobutene (20) & 2-cyclopenetnone (21) DiREY) % HHHE/KIRAT (Hanovia, 450W) -
30 °C~-5 °CT 20~24 KffEIHRSS L. 78% D UNFH T tricyclic ketone (22) D& A IC Y

L T\ % B (Scheme 2),

0
hv O
—_—_—
E + MeCN
20 21 22

Scheme 2. Mascitti 5D 7V — 71T X 3 22 VEKOEHKL— .
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1-4-2. Miesch 5 D 7'V — 7 DEFK

¥ 7z, 2013 4E 1T i Miesch © @ 7' v — 7 s HFEWIE @ bicyclo[3.2.0]heptan-6-one (23)

PoOFEIN- ) LT ) — )T — T )L & benzyloxy propanal & DD FZAET v K —

WG X LAY 24 15370 b, 4 BRSO IGIC X ) 282 viEH (25) DAK

ZI3ER L T\ % ¥ (Scheme 3),

O CH,ClI,, 0 °C ﬁﬁo/\/ 4-steps @ OMEM
< PR OH\
2 QBn . H OBn

CH,Cl,, -78 °C
23 24 25

Scheme 3. Miesch 5D 7'V — 71T X 2 A% VEEDEE L — .

AWFZETlE, Salomon 5D 7N — 7 DFERIGHL TRAANX VEREREL, 20
B KiT7 V¥ v 2 FE T3 AF L VEE~OEEZ TV, HIWDOIERRLEY = &

D R X BT YAl

13



28 2R VEICTFARVALEYDOERK

2-1 WA RAENT

IFRRBIR 2 VEULEY) 2 DA, LEW 26 D X7 VERDZEMIL . Kim
TAXVERFFOATFL VI ARSIk VoG EExT, 72, LAY
6 11L& 27 @ Baeyer-Villiger BE{LICH] & fit < MK RIS X 0 . LAY 26 23
fFohd LEZ. InxkR2PEERAINRIG & 2 ic ] & i < K RIC X - T
KF 5, COMERENT XY HAEYE IZTHIRD 3-methylcyclopent-2-en-1-one (28) 3

X T'(1R* 2R * 4R *)-bicyclo[2.2.1]hept-5-en-2-yl acetate (29) % 1EIR L 7= (Scheme 4),

Baeyer-Villiger
Oxidation

or =
ﬂ

[2+2]

Photocyclization

Scheme 4. A X% VIS TR UVALEY) (2) Db AT,

14



22 ARXREXVEROERK

2-2-1 DFHRL2IBACAIMEIS 2R L 7z 2% v BB DA

2013 fFICiE Miesch H D 7'V —FIC X o T, E ¥ 7 H[3.2.0]~7 X v Ei& % HFEY
BHe L THOERAANZ VEROARSIE XN W, CoMmE2SEIC L TAANX
VEN 27) OERERAAD LI LT, ¥ HAEWEL RS Y 7 [3.20]~T
2 VEMH (31) 13, 1985 £E1C Snider b D 7'V — 723 L 725 TN [2+2 B LA

B %E Wz a80EEZSE1C L7z P (Scheme 5).

H
0]
cycloaddition 0
NN o ¢ O,H _Cycloaddition
H
30 31

Scheme 5. ¥ > 7 1 [3.2.0]~7% VB (31) DE M.
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¥ 9. MHRD pyrrolidine (32) & propionyl chloride (33) ZHiFEEEIE L, Y7 un
AR EHRCRIGE &, BN 22 5 (LAY 34 2K 63% T2 Z L3 T&
720 #HE\>T. 5 -bromo-1-pentene (35) & KHMDS (Potassium hexamethyldisilazide) %
THF (tetrahydrofuran) HCRIGX & % LLAEY 36 ZIE 19% Tz, TD& F,
KHMDS O Y i LDA (Lithium diisopropylamide) % #ikk & L CHW=25&. KIG
TET L D o7z, 2Dk, b N7 LAY 36 1T THO (Trifluroromethanesulfonic
anhydride) ¢ DMAP (Dimethylaminopyridine) % CH:Cl, ™ TG & R E 1T\, 59

TN TOBRALSIGC % A 72 s H DALEY) 37 1315 5 7 h> o 72 (Scheme 6),

NN
Br 7
o 23
o) EtsN KHMDS
R e
H Cl CH,Cl, THF
63% 19%
pyrrolidine (32) propionyl chloride (33) 34

1) Tf,0, DMAP o

)H/\/\/ 2) reflux

36 37

Scheme 6. £ 3 7 0 [3.2.0]~7 % v H¥ (37) DAK.
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2-2-2 HR2+2]BMbAMRIEZFIA L 2232 v BEROAR (1)

5 F N2+ 2] BRAEAMBUE 2 M L 72 G REE TR X VB DRGSR 2 WA 72 23, v
Y7 u[320]~7 2V EMOEBICIZRII L b5 T & 2T, K221 BALAINK
JER MM L TRAZ EREDIEEZRET L 72 ARG TR, IV D@ @M ICEN 7
Ao L% KGR E LTHEHAL 72, 3-methyl-2-cyclopentenone (28) & cyclopentene
(38) 7 & b= U AIAMEERICIEME L, 254 nm DIKITKIR 7 v 7% v ORISR %
1T o AR G2+ 2] BRALAHIMBOGIC X 0 232 v B %6 3 2 LAY 39 %I 6%

THF5 Z LTI L 72 (Scheme 7).

0D 22— Gb

o 6%
28 38 39
3-methyl-2- cyclopentene
cyclopentenone

Scheme 7. Y& [2+213B{LAT NG,

17



2-3  6-methyl-2-norbornenone (45) D& K

AR FIEORERICII L 72 2 & 2 5, S [2+ 2] BRALATINEUE 2 A L 72 v
—FERAL, AN VR T AR VALEYI O AR Z HIG L 72 £3. Brown 5D 7
N—TIC X BEBEICHDSE, HAEYWE TH 5 6-methyl-2-norbornenone (45) D13 iK
ik A7z 1%, TR D methylcyclopentadiene dimer (40) & vinyl acetate (41) % b LT v
BT 160 “CIchNZA L. Diels-Alder UG %1T> 72, L2 L. HHOLAMIIHEDS
N h o 7=,

% Z C. methylcyclopentadiene dimer (40) % 7% L C#5 7z methylcyclopentadiene (43)
ICTE B 1T vinyl acetate (41) ZHAI L. [AERIC 160 "CTHRIG X 724558, 30% DUEHE
T 6-methylnorborn-5-en-2-yl acetate (42) %35 Z &I L7z, F 72, Z¥EZOD
methylcyclopentadiene (43) IIZEIRTHEZIC_BILT 2 Z LRI N, T D7D,

KRR DOE D ITEC T 2 0D H 5 T LML 72, T biT, RISSEMF DR

HbxHE L LRI o E 2 et L7z, A& D hydroquinone % NI L 725546,
HEMZ DT 3% L2 RoNRD o7, 7. 2RI L 725 Tl RICHHE

fTL 722> 7= (Table 1),

18



Diels-Alder

AcO H Reaction .,
(DO il
H H toluene (i
40 41 42
methylcyclopentadiene dimer vinyl acetate
Entry Additives Temp. (°C) Yield (%)
1 - 160 -
2* - 160 30
3* - 180 -
4* Hydroquinone 180 3
5 Fe 180 -
6 Fe 220 -
7 Fe 240 -

*: methylcyclopentadiene

Q,

43

Table 1. Diels-Alder Reaction.

19
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JRonfLay 42 1220w, WEMSEME T T 2 F A EDNMUKIEGIT X 51
REZ ARz, LEWY) 42 2 X 27 —VIRBEH T K2COs & RIG T #7245, 6-
methylnorborn-5-en-2-ol (44) ZJUH 32% CT1F 5 Z L B TE 7z, RiC, FoN7LEY

4 I IG 1T 2 72 9. TPAP (Tetrapropylammonium perruthenate) FE{L % #i5f
L. ¥7uan xR vEif ¢ NMO (N-Methylmorpholine N-oxide) 35 & U° TPAP % X
JGEH7-& Z A, 6-methyl-2-norbornenone (45) %I 42% T 5 Z LTI L 72,
—7Jj. PCC (Pyridinium chlorochromate) F&{t.%> Jones f#{t. (CrOs/H:SO.) D 5D

BEt L7223, 2o O RICITETHAA T TH o7 (Scheme 7).

NMO, TPAP
N roxxc K2COs N rJOH MS4A ]//O
MeOH CH2CI2
42 32% 42% 45

Scheme 7. 6-methyl-2-norbornenone (45) D & fiX.

KU, HL L 72 6-methyl-2-norbornenone (45) & iR @ 3-methyl-2-cyclopentenone (28)
ZHVT, RH2BRIEMINIS 2 AR Tz, RG22 fHIL, 72 =1
IR T 254 nm QPR THIH Lz, L Ladis, HNO RN Z VEREZH

T oLaY 46 131G O N T HE O LU 4172 (Scheme 8).

20



0 O o 28 ,,,,fo
\Q\r hv, MeCN I\n\

45 46

v

O
T
T

Scheme 8. A X% V' EIDERK.

Diels-Alder )& T X D £5 5 172 6-methyl-2-norbornenone (45) % F\»725¢[2+2]331L
MG H I U 75 2> > 72 72 ® | 6-methyl-2-norbornenone (45) % —f> 7 /e F VY v
~LEBE L X 5T T 3 — % TBS (+-Butyldimethylsilyl) & CHR# L 72 % 1R IG
ZIT52kicL’

¥ 37, 6-methyl-2-norbornenone (45) ICHiRIEKFEF PV v o> T v{tF Y T L
ZRIGEE, ¥ 7 7 e P LAY 47 ZIR 42% Tz, 2Dk, 2OYT /e ¥
Y A& 47 % TBS-Cl 35 X U imidazole TILEEL . 7 a2 — L OfR#EEZRH T, L
2L, ZORIGIRETEAR T, BNORELAMEZH{L L3 TE b o

(Scheme 9),

TBSCI
,,,,/O NaHSOj3, NaCN OH imidazole . OTBS
\W::>[/ > \T::>[<CN 7 > \T::>[<CN
(i CH20|2, Hzo (i DMF, rt. At
0°C

48
45 42% 47

Scheme 9. > 7/ b F U Y {L&EWZ#EH L 72 G

21



YT /e P ALEYERB L —  ZWE L. Diels-Alder KIS D5t % FHR
AT Az lic L7z, T E TlE. methylcyclopentadiene (43) & vinyl acetate (41) % b
VT IR C 160 *CITHNEL L C Diels-Alder G %fTo CTwarz, Ls L. Hifzic
A O —8{&T®H % methylcyclopentadiene dimer (40) & vinyl acetate (41) % 17 L
T 240 °CITHIENL T 6-methylnorborn-5-en-2-yl acetate (42) D&% kA 7z, % D

R, 78% DILH T 6-methylnorborn-5-en-2-yl acetate (42) #1525 Z LTI L 7=,

RIT, 55 N7z 6-methylnorborn-5-en-2-yl acetate (42) (KD RIS % 1T - 720 7K
%tV v 4% MeOH &#EH C /G X 42 7245 5. 38% D IXF T 6-methylnorborn-5-en-

2-0l (44) %155 Z L 23 T& 7z (Scheme 10),

AcO H 240 °C .,
N oI
H H 78%
41 42
KOH . ,OH
/,,’;F
MeOH
38%
44

Scheme 10. Diels-Alder Reaction 2.

Diels-Alder )GIC & % 6-methylnorborn-5-en-2-yl acetate (42) DT I L

72b DD, AP OLEICHELEDH Y, T O ICKEPWNETH 72720, Z DR

22



DRICHENFRINHEIT L e o7z, TD 720, HFEYE %ZT1IRD 5-norbornene-2-yl

acetate (29) ICAH L., Wz ED 5 Z Lic L 7z,

¥ 9. S5-norbornene-2-yl acetate (29) IZ /KD G Z AT\, KEEA Y v L %

MeOH /AR TG X TT 2 F AR % TR X 2 72555, {LEY) 49 % 79%D I

#

FRCE5H Z &I L 72 (Scheme 11),

’JfOAc K»CO3 .
Q‘ MeOH Q\
79%
29

Scheme 11. 5-norbornene-2-yl acetate (29) D HI/K 53 fiF S,

Kic, ALEY) 49 DBALSIGZ R L7z, £, PCCIRILICK 2T Vv a— 1 ofg
bzl A 7228, PEEIXDOTHE5%ICE EFE o7z, Hit\>T TPAP Bt 2 fTo7 & T
2. ALEY 50 % 42% DUE TS Z LK L 72, — 5. Jones BEL TIZILE 6 %
ERWHERICK D 5 72, 7o d. Jones 3K Cros Z/KICAMRE L, 0 “Cic@m#HIL 722
O FEEC I LooMA 2 2 L TR L 72, S bic, TELD 7V —TDF
Fx BEIT L 72 Swern ML Z A T2 RER. (LEY) 50 % 31%DIETH 2 2 &3
T&7 Y, —7Ji. Steves b D 7N — 7 DFjiEEHIC L 72 TEMPO ML Tld, RIGIE

ETR T, JERHEIUCHE D 5 72 20 (Table 2),

23



OH ., 9O
@f oxidant Df

49 50
Entry Oxidant Yield %

1 PCC 5

2 NMO, TPAP 42

3 Jone's Reagent 6

4 Swern 31

5 TEMPO -

Table 2. WE{b D ZAMET.
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2-4 RR+2IBMEAMRIGERIRA L 2R % v EKROER (2)

RIGEEICIE, Y oBEcfif L 285t o@dth icEn A5 e v 2 R L,
254 nm ¥ X U 365 nm DI & BUR 3 2 mHIKIR 7 v 7% Fl v O [2+ 2] B L AT
WG % 3 7=, ik D 3-methyl-2-cyclopentenone (28) & 7 v a2 — L DEE{LIC X - T
ToN7ALEMS0 27 & b = P VARBEPCRIGE #7225, RICIZETE 3, R

X IC#& 4 > 7= (Scheme 12),

H
S (@)
O of i CrsT
AN\ MeCN E\“‘
(0]
0]
28 50

H H

46

Scheme 12. 3-methyl-2-cyclopentenone (28) & {L&47 50 @ ¢ [2+2]BR{LAH NG

HARYE #ZHE L, BILEToEY) 49 & 1ilD 3-methyl-2-cyclopentenone (28)
& o TR 22+ 2] BRIE MG & 1T 2 720 REOGIC B QR ICHE S 2R
B S N0 TORIEHERIIT 2 2 e LN T W3, Z D720, H[2+2]81b
SO %A Ex 2 2 HWT, 71 b=+ Y A% (AT 280150 %2

fTo7z, BiKUTiEE LCid, SifEA e T Ay N7 ) v 7kl iz,
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TAITYRNTY v mERICT ATy HAER 2 00 ZiAL Z & T,

i‘eﬁ?

SR ERERE L, U7, BER TR, Ao viBIR T CEL R R E
TEARICHE X 72k, BEZRICHE L, 2 o%ERICKE L CHERME T 2 B2
DIRL., B OSEERE L,

INOLDOFHEEHIKL MR, INKRICFIBEALENAON AL 72720, X
DEERT AT VAT Y v 7 RER L 72,

Z D%, 365 nm DEIMRE T T 2 BHKIR 7 v 7 CRIGERITV»., 4 K o
BB RIS AN 2 VERE DA L 72, & bic, KA E% B L CRIGIEE

WKOWTHET LR, 72 b= PV L RAGEE L CHERL 254, 0.06 M 28

DRWVINEZEONEEMTH D T L H90 > 7= (Table 3),

g;r e =ei
' MeCN o H

NI

OH

\

T

28 49 51
Entry Concentration (M) Yield (%)
1 0.05 56
2 0.06 67
3 0.09 34
4 0.1 41
5 0.2 37

Table 3. Ye[2+2]B{LAHINK)E (MeCN)
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T, ~FHURAELE L CHEHLZGA. 02M 0L 2R BWIEERTEDS

b L0 o7z (Table 4),

(1) ’J\FOH hv IIII’/
§/j/ E:\m hexane 4 H
(0]

OH

%

28 49 51
Entry Concentration (M) Yield (%)

1 0.05 37

2 0.06 23

3 0.09 39

4 0.1 18

5 0.2 53

Table 4. ¢ [2+2]BR{LAHM)G  (hexane)

ARV EHWTERIGTIREONIZNEICRALD 572720, AT7—1LT v
Bk, O KRERISEGREZHEHAL LEYI 51 0GR Z1 T2 72 DO DRIGHE

WEHWCTARTY —LT v Fheat L7,
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— DO HODRIEAEIT, Bt oEEEICEN - AEHBRE °H 5, AEHBRE %
322 &T, AERLEHEKLCHI0FOINERSONE LTINS,
NICX Y ROBFE~LESCT B2 EX T, ZORERBFEIC, LAY 49
& Tillk® 3-methyl-2-cyclopentenone (28). % L THiX L 727k b=+ U rZilx,
365 nm DR E BN 2 mEKIE T v FITEZ AT 4~5 IRRHPDERS 217 -
Too LU, BOSITET L 720 D DUFE T 29% LKL WD NEECTH > 72729,
LM REZB{E I3 TE D o7,

Z DR, SR2+2] LA MRS 2 FBRE L, HEME 2 Hi kD 3-methyl-2-
cyclopentenone (28) & 5-norbornene-2-yl acetate (29) ICZEHH L 72, MIGARIC 134 %
AEMEA L, NRT = THR2+2]BAUN UG 21T 2 720 2 DiER. 80% DX
KLY 52 DEBUTEII L 72, IS LTid, #EZ 0.1 M, THFEREIZ 4

Kl ©H - 7z (Scheme 13),

E'>11’J\FOAC hV _ QI}/’/
& MeCN H
0]
28

n T

OAc

T

80% o
29 52

Scheme 13. 3-methyl-2-cyclopentenone (28) & 5-norbornene-2-yl acetate (29) D

S22+ 2] AL B G,
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HAEMEZEEL 22 LI2X ) @R TRAASZ VERO BT L 727
B, ILICAT =AT v TRA, AEABRE 2 O[22+ 2] BRI ROE %2 17

o7, ZDFER, 81%DIEETLEY) 52 DEKITHEII L 72,

Kic, 7a -/ ENs 7 —) 727 2 —%HwTR[2+2]8{b K
J6ERITo7. COEEEMAT 2 LT, AL & L TH 30 5D IUE 23]
HFCT&2, LaL, HEPAW LEHITH 5720, RO ABLE L 75
o7, KGR L L 7218, T I R AL CRIGABEREZE O, LN %2175
7z (Figure 9), HESTIRFREI 2 BEAT L 224855, 72 Rl o WU 2 1 i S I L&)

52 2135 2 B TE, P 60~70% TLE L TIREbN D ITIEERTELL 7=,
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Figure9. 7w —U7 7 % —.
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7. HELED #fH L. YL F v 2 xfifific X 2 BAEH 2 FH L <[2+2]

BRACATINEOIG % 5 72 HE S R  fBE B 2 FE U TSRt 2 A7 o 7225, UG

T Lo, ThODFEREZRIT T, WL LTT 2= Y AZMBHL, Ot

[2+2] BRI INBOGIC X B A8 2 VBSOS E D 5 & & ICHRIE L 72 2 (Scheme

14),

@ rIOAC Ir{(dF(CF3)ppy).dtbbpy]PFg
g;:r/ e MeCN

O

28 29 52

Scheme 14. YL F v 7 A fillit % F v 72 F (6 LED I X % J¢[2+2]B{L AN 5.

31



2-5 2-((3aS*,3bR*,6a5*,6bR*)-3-hydroxy-3b-methyl-6-

oxodecahydrocyclobuta[1,2:3,4]di[5]annulen-1-yl)acetaldehyde (55) D& K

KIT, Fe[2+2]1BALAHMBR T X v 156 n-{taWY) 52 © 7 & F 3 % Ko
JGTe FaFd LBl 90% DINE ClbEY 51 21572, 2Dk, Tra—ro
Wi #1T-o72. 7Tk b VIBEEF T Jones i %2 0 CTW - D EWTIT 52 Lick

b, L&Y 46 % TEMICE S T LS TE 72 (Scheme 15),

H H H
:GIFOAC K2CO3 :D FOH Jones Reagent :E},[//O
—_—
it MeOH, rt i acetone Elati
o HH 90% o HH quant. o HH
52 51 46

Scheme 15. Jones 1.

Fontayde ¥ 7 vo X 2 Vi © mCPBA & G X &, Baeyer-Villiger
BALSIE 21T > Teo Z DRER, LAY 53 2 UK 1% TF2E Z L3 TE . X DIk,
L&Y 53 % NaOMe & A X ) — ViR oG X2, 77 F v ORBKIGZ{TV,

{LEY) 54 % EBIIICISS T &I L 72 (Scheme 16),
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Scheme 16. Baeyer-Villiger FZ1t.

Baeyer—Villiger FE{L 15| & Kt K MK DREIC X > TR O NLTALEY) 54 D= X TV HE

Z DIBAL =ICIC X D 7T e F{LAEY 55 ~L B L . EBEMNICELZ LB TE /-

(Scheme 17),

DIBAL

_—
CH,Cl,
quant.

Scheme 17. DIBAL =2 JC.
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26 ANZVBEDOIMMDOINFRANEEE A F AL TR

I LEVMSI D 1Ao7 b v AFARICERST AL — bR L, £
3. {L&Y 51 % TBS-Cl & imidazole CTULHR L, 7L a— A% {R#EL 7=, DG

R, 64% DIFETILEY) 56 23(F S 7z (Scheme 18),

9 ., OH  TBSCI ? ., 0TBS
I>( imidazole ;|/>(
( = Ay ! - At
H A DMF H A
o 64% O
51 56

Scheme 18. L&) 51 O TBS f£#.

3o N7LAEY) 56 1T Wittig G E{T 2 720 13 LI GEHERL & LT NaH % Vv,
DMF 744+ C triphenylphosphine methyl iodide & St & #7223, HI DL &Y 57 1%
Sonerode, Tz, BHZ THF ICZE LT RISIFETL 2d o7z, KT,
H53% NaH 2> 5 methyl lithium ICEHE L7 A, 1 D7 b v iR TIALT VICHE
TE, LAY 57 ZUCK 32% T3 2 LR TE 72, & 51T, methyl lithium DD Y
IC n-BuLi (n-butyl lithium) ZfEH L 7= & 2 5, 26%DINKRTILAY) 57 2155 C
BTE 7z, F7-. Wittig il3#E % triphenylphosphine methyl bromide ICZ55 L, methyl

lithium ZHWTKIG X7 FEE, 25% DK LAY 57 #B2 RN TE -
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(Table 5).

N
n_I

OTBS

1
|

rOTBS Wittg Reagent

an un
:'3 strong base :Ii>
1 s 1 /o

O
T
T

solvent H |E|
56 57
Entry Wittg Reagent strong base solvent Yield %

1 CH3P(CgHs)sl NaH DMF -
2 CH3P(CgHs)sl NaH THF -
3 CH3P(CgHs)sl MeLi THF 32
4 CH3P(CgHs5)3Br MeLi THF 25
5 CH3P(CgHs)s! n-BulLi THF 26

Table 5. Wittig SJiG.

RIT, NTV T LRFEFHACTKERITTEI TV, A FAFICE L T{LEY) 58
% 86% DK TIFS Z RN TE/, Z D%, TBAF Z T TBS DM {E#E 1T
W, LAY 59 & 33%DINETE Tz, X 51T, Jones B{L 21TV . 98%D UKL

a2 #1555 2 L B TE 2 (Scheme 19),
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Jones Reagent

acetone
98%

Scheme 19. {L&Y) 27 DERK.
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2-7 Wittig 3§ 50 DFE

2B VRIS TR LAY DA K T DIBAL (Diisobylaluminum hydride) #7C I X

DIFONTALEY S5 O REGT V¥ v 2RO A F L VEHICEIAT 2 7. Wittig )X

J& % 872 22, Appel ROGIC X 9 Wittig ilZE D &K HED . ik D pent-4-yn-1-ol (60)

7 b= YR ¢ PPhs (Triphenyl phosphine) & imidazole & KIS &4, Z D

%I VEELMAT, BIRTIENMCITHET 20> 7225, 60 CITHENS 2 Z L T92%D

V3G 5-jodopent-1-yne (61) 5% Z L TX 7=, 2Dk, Son-HHEEk 61 %+

VT VIR T PPhy & 100 °CTROG & 4, Wittig H 62 2155 Z L 23T & 72 (Scheme

20),

PPhj, imidazole,

I, PPh, .
=~ " oH =z > — = PPhg
MeCN, 60 °C toluene, 100 °C !
0, 0,
60 92% 61 28% 62

Scheme 20. Wittig 3 62 O & K.
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3E NR+2RKIGIC I 3 nEDE N ITOWT

3.1 RRA2IRIGIC BT 3 KIGINE

He[2+ 2] BRALA NS 2 RRET L 7245 51, i d SIERSE O NI HFEYE & LT
OAc B2 HT2{LAMERVTEAETH o7, ZOFRED &1, MoEDENE
HH S 22103 5 720, ZEFLEIEGE S (DFT) 5H& %2 H < HOMO 5 X U LUMO ® =

TV X — % T L 72 2 (Scheme 21),

11y OH hV IIII’/
il 59
MeCN H
0]

nT

OH

T

29% 0
OAc H  oAc
O o == il
+ o \
MeCN St
0 60~70% o HH

Scheme 21. YE[2+2] G B 3 SIGIGEE D f5 5.
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3-2 DFTHEHE

#ZEJBIECER (DFT) 3, ETHEZEZICETHN T AL X — %Ko 2 5HHFEL
THbd, 2DOPTHTANF—E LBEFHEEZMO T 2B DO—> & LT B3LYP
BN TS, 7, B LEABEZNHTE 2 70 77 LiCid%  OFERKELH
D, b ILLHHEN T2 D2 Gaussian TH 5, Z DAhIC Orca, Psi4d, GAMESS,
Firefly 7z & DMETET 5 o AFSE CTIX.DFT A (B3LYP6-31G*) IC3\>C,Orca6.0.1,

Psi4. Gaussian. GAMESS Z i L 7z,
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3-2-1 Oreca 6.0.1

ORCA (I Neese IC X o CHF I N I-8T{LFEIHE 70 /7 L CTH %, Gaussian I

AT b 0D SHEIC A=Y a v T v 7 ThTE Y | RO

BFEREAEZICHEMNTE 2 APRETH 2, £7-. BELREEZHA SO, TH 7 3

v 7@ CIREECHHTE 20 RELMMATH S,

AHFFETIE Orca 6.0.1 % FvC, HEEEHIC X 2 I IREED HOMO* = A L ¥ —F X
' LUMO T AV X —Z il L 7= (Figure 10), Z O#5EH. I REE T HOMO* = 4
X =3 0943eV TH o7z, T2, OHEZFFOMLEY 49 D LUMO O T4 )L ¥ —
1T +0.746 eV TH B DTN L, OAc #%H 3 2% 5-norbornene-2-yl acetate (29) D
LUMO ® AV ¥ —13+0.519eV TH H ., OAc HDT728 LUMO D T AL F —H{KT

5 LRI NI,

Lo

(0]

WOH @NOY
HOMO" energy @ LUMO energy ©  LUMO energy
-0.943 eV +0.746 eV +0.519 eV

Figure 11. Orca 6.0.1.
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3-2-2 Psi4

Psi4 & 72354 iiEIREED HOMO* D = A L ¥ —I3 -1.037eV TH o7, F 77,

OH E#Fo{t&a%Y) 49 ® LUMO DT AL ¥ —|F 40.654 eV TH L5 DICH L. OAc

H#: % 5D 5-norbornene-2-yl acetate (29) @ LUMO D T4 )L ¥ — |3, 4+0.426eV TH b |

Orca 6.0.1 DA L FFRIC OACEHD LUMO D T A AL F— DR TR o7,

3-2-3 Gaussian

Gaussian |3, E TLFEIHEICE W TR ALK FHINTWE T 0 /7L TH Y, 77

THGE D FoB P DO PRI B R BTG R 2T 2o icfifldn s, §R

LD CTEVWIHLIZZ T CTWwW 3 —H T, 74ty ZAOBUSICIZEFELRE 20

225 LS HillfIRD 5,

4[al, Gaussian Z{#HH L 72356, FICIKEED HOMO*D = 4 v ¥ —x, -0.248 eV

ThHhoto $7-. OHEZH (LAY 49 D LUMO D T H L ¥ —I -0.008eV TH 5

DX L, OAc 3% FFD S-norbornene-2-yl acetate (29) @ LUMO O T4 )L F — %,

-0.016eV TH Y. Orca6.0.1 XU Psid DFEHE & —F L T, OAc #:28 LUMO © T 4

N — 2K T X2 2 AR SN (Figure 1),
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Jo-

(0]

(o Oy
HOMO" energy LUMO energy o LUMO energy
-0.248 eV -0.008 eV -0.016 eV

Figure 11. Gaussian.

3-2-4 GAMESS

GAMESS (&, Gaussian I X CHUEDHIHE G 2R OB LR 7w 77 4 TH
5, MELREREZMA TR O S MECTHHTE 2 A3 KERFHITHY. LD
FEFE IR E T 5,

AWFFETlE. GAMESS % F W CENT L 7256, ik E» HOMO* D = 4 v ¥ —
IZ. -25.693 eV TH o7z, £72. OH HZH>MLEY 49 D LUMO D LA F — I
+20.288¢eV TH % DITHT L. OAc #% FFD S5-norbornene-2-yl acetate (29) @ LUMO ®

I AL F—iL, +14.512eV TH Y., OAc D LUMO O T 4L ¥ — DK T 2R & v

770
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3-3 DFT &R

DFT FHHEORE, AL 2B LFAEAEY 7 by = THCBIEICEREH 2 D

D. OAc HOBFEELR—EH L TLUMO DT A AL X — 2K T X4 2@AZRLTCNAET

ERIAL T L2, —fRIC, HOMO & LUMO D I 4 L ¥ —#E29NE W 8L ZE NG

PETLRT W ERH LN TED ., AIFFETIE OAc HE R oL AW ROGIE D

b FICHESTA3ERNTH B LARINZ, ORI, OAc OB W[4 & OH

EoBEAHEGEIRESEG LTI LEZLNS, BFRGHETHET T LE

FEF252HES LT ALY L BT 2D IAAL TR MR L

TLUMO DT ANLF¥—%KTF &8¢ 2%, /5, OHHEIZETHEMTH %72, LUMO

DIFNF—DIETH2IF TN B HAICH 5 LHERINDE, ZhODRFEICX Y,

OAc (%2 H T 32L&l HOMO & LUMO O X F A ¥ —#Ea30i/N L. SSEhEE A3

kL7 e RiEmiT I on s,
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4F

4-1. FERREIR ~ 2 v BYLEY) ORI 7 5 AR D FEIL

ik > 3-methyl-2-cyclopentenone (28) & 5-norbornene-2-yl acetate (29) % HiFE K

&L, R2PEBRLATNBIE Z W T RN Z VERREREL 72, 510, RIGEEGRD
RELICE D, BRELZINECTORT—AT v FICHFEH L7z, Dk, Baeyer—
Villiger W&k, fN/ks3fif. DIBAL @it % & 6 BRSO A Z 2T, (LAY 55 2/

IV 58% CT1F % Z L 23 TE 7= (Scheme 21),

Baeyer-Villiger

[2+2] Photocyclization Oxidation
H H
o, OAc i, 0 ESNITTe)
OO = e O
4 o H H o H H
28 29 46 53

55

6 steps 58%

Scheme 21. {L&%7 55 DAL,
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Ioic, 1o NK=NEm A FAVEICE L 72 JE R Z 8 2 R EY) D
BBICHKIN L7z, L&Y 51 % TBS HETT7ra— Rl 2%, miifke LT
methyl lithium % i\ 72 Wittig OGIC X O 17 P vy 2T A7 v~ Bl 72,
Z D%, NIV Y LRFEHCTIKFERILTA F AT L | v T TBS Ho

FiAR# & Jones BB{LZ T, {LEW 2T %A T3 2 LTI L 72 (Scheme 22).

[2+2] Photocyclization Wittig Reaction
. ,OAc H  otss
OO = gy —
0 | o H Ao
28 29 56 57
4 . oTBs ! 5 :,,,/O
58 27

Scheme 22. L&Y 27 DEK.
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4-2. Wittig HEDOH K

KT NF v e HT 5 AF L VHEICEIT 270, Wittig il 28 L 72, £ 3,
Appel )G % T Wittig a2 A L. OGHEZ 1A L34 2 720 IR E % 60 "Cic

FOMENT B LPREETH S LR INT (Scheme 23),

WEPM

I
Wittig salt (62)

Scheme 23. Wittig 3 62 O & K.
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4-3. FR+2RIBIC B} 3 RIGHIC2WT O DFT 3+

Fe2+2] BRI MBS IC BT, HIFEWE L LT OAc 2 B3 2Lz v/

Bt b mWIEETRAANZ VEROERKICKII L 72, DR ZEE 2. otED

HW R RIS 3 -0 BEEPEIEHE (DFT) 28 %2 v ¢ HOMO # X I LUMO @

TANF BT L 72,

AW7E <, DFT 5% (B3LYP6-31G*) % Orca6.0.1, Psi4, Gaussian, GAMESS %

HAWTEML 72, ZDFEE, OAc HROHFEL—EHL TLUMO DT AL ¥ —% KT &

#25ZEEHESHITL 2 (Figure 12), 7. —f%IC HOMO & LUMO @ T AL ¥ —

EAUNE IE SRS AT L2 F 1070, OAc 3k oL AW RISICE D [

Lie#HEG T2 HRTH L 2 LRI NI, T oI, ZORRIF. OAc FEOET UL

MH L OH HoEAHEGHEARECEG LTV EZLN5, BARWICIE, B

TIREIFETH B OAc EVBETZ25XxHF L2 LT LUMO = AL F—2METF L.

HOMO & LUMO DT A NF—ZMHE/NT 25 2 & CTRIGHIFERA EL7- LRI

% (Table 6),
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S

o

@‘\-OH

Oy

HOMO" energy LUMO energy LUMO energy
Orca6.0.1 -0.943 eV +0.746 eV +0.519 eV
Psi4 -1.037 eV +0.654 eV +0.426 eV
Gaussian -0.248 eV -0.008 eV -0.016 eV
GAMESS -25.693 eV +20.288 eV +14.512eV

Table 6. DFT &5
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4-4. SBOEE

SR, AL ZZIERAZ 2 v RULEY) &2 HRYE & L. Wittig il 7z fil v

T, BIE~DEBICVERRIHT AL F Vv Z2HTEAFLVEH~EFEL LAY 63

~DEWELIT S FETH S (Scheme 24), RiT, TDIERRTBULEY 63 &7V v

P

7RI X D ST EMICHESE S 2EHTH L, 2D XHIT, B TICRKARY %

BEEL T 5 J5iE I R ICBEBE T B & L CRBIATRE B & L ChESZ S B

BRI NG,

Scheme 24. 5% DEYE.
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SKER D

Materials and Methods.

General procedures.

Unless stated otherwise, anhydrous reactions were conducted in flame-dried glassware under
an atmosphere of argon using commercially available anhydrous solvents. Thin-layer
chromatography (TLC) was conducted with silica gel 60 F254 pre-coated plates (0.25 mm)
and visualized using a combination of UV and molybdatophosphoric acid staining. Silica gel
60N (neutral, sphere, particle size 0.063-0.210 mm) was used for column chromatography. 'H
NMR spectra were recorded on a JEOL JNM-ECZ400 (400 MHz) spectrometer. Data for 'H
spectra are reported as follows: chemical shift (6 ppm), multiplicity, coupling constant (J) (Hz),
integration and are referenced to the residual solvent peak 7.26 ppm for CDCls, or 0.00 ppm
for TMS (tetramethylsilane). '*C NMR spectra were reported regarding chemical shift (at 100
MHz) and referenced to the residual solvent peak 77.0 ppm for CDCl;s. High-resolution mass
spectra (HRMS) were obtained using a Thermo Fisher Scientific Orbitrap Exploris 240

instrument operating in electrospray positive ionization mode.
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(BaR*,3bR*,4R*,5R*,TR*,TaR*,TbS*)-3a-metyl-1-oxodecahydro-1H-4,7-

methanocyclopenta|3,4]cyclobuta[1,2]benzene-5-yl acetate (52)

o OAC hv un
Lo nlil
MeCN "

4 71% o H

n L

OAc

T

28 29 52

To a clean, dry Pyrex photoreactor under Argon was added the (1R*,2R* 4R*)-bicyclo [2.2.1]
hept-5-en-2-yl acetate (0.15 mL, 1.0 mmol) and 3-methylcyclopent-2-en-1-one (0.10 mL, 1.0
mmol) was added in dry MeCN (15 mL). The mixture was irradiated with a light souse 356nm.
The total irradiation time was 69 h. The reaction mixture was filtered, and the filtrate was
concentrated in vacuo. The resulting material was purified by column chromatography on
silica (EtOAc:Hex=1:1) to give 52 (182 mg, 71 %).

NMR data for 52: '"H-NMR (400 MHz, CDCl3) § 1.12 (3H, s), 1.23 (6H, m), 1.68-2.68
(10H). *C NMR (100 MHz, CDCl3) 6 19.8, 20.1, 21.2,23.3,23.7, 34.1, 37.3, 38.3,41.0, 45.1,
50.5,52.9, 54.5, 171.1, 220.7. HRMS (ESI), m/z calcd for CisH2;03 [M+H]" 249.1485, found

249.1482.
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(3aR*,3bR*,4R*,5R*,TR*,TaR*,TbS*)-5-hydroxy-3a-methyldecahydro-1H-4,7-

methanocyclopenta|3,4]cyclobuta[1,2]benzen-1-one (51)

nL

OAc

l/,,’/
(AAN

o H

T

Potassium carbonate (322 mg, 2.33 mmol) was added to a solution of compound 52 (289
mg,1.17 mmol) in MeOH (3 mL). The resulting reaction mixture was stirred overnight at room
temperature. The reaction was quenched with NH4Cl aq (2 mL), and the solution was extracted
with EtOAc (x3). The combined organic layer was washed with water and brine and then dried

over Na;SO4. The resulting material was purified by column chromatography on silica

K,CO3

MeOH, rt
90%

(0]

H

(EtOAc:Hex=1:1) to give the title compound 51 (217 mg, 90 %).

NMR data for 51: '"H-NMR (400 MHz, CDCl3) ¢ 1.04-2.26 (17H, m), 4.22 (1H, m). °C

NMR (100 MHz, CDCl;) 6 22.6, 22.8,29.2, 30.6, 32.0, 37.2, 38.0, 39.1, 40.8, 44.2, 51.2, 59.4,

nL

T

OH

l/,,’/
At

217.4. HRMS (ESI), m/z calcd for C13H;0, [M+H]" 207.1380, found 207.1376.
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(BaR*,3bR*,4R*,TR*,7TaR*,7TbS*)-3a-methyloctahydro-1H-4,7-

methanocyclopenta[3,4]cyclobuta[1,2]benzene-1,5(2H)-dione (46)

H H
B m,rOH Jones Reagent :D“”’//O
Elndii acetone Eand

o HH quant. o HH
51 46

To a solution of compound 51 (59 mg, 0.29 mmol) in acetone (1 mL) was added Jones Reagent
(1.1 mL, 0.29 mmol, 2.5 M) at 0 °C, and the mixture was stirred at the room temperature under
argon atmosphere overnight. The reaction was quenched with 2-propanol (2 mL), and the
solution was extracted with EtOAc (x3). The combined organic layer was washed with water
and brine and then dried over Na>SOa. The resulting material was filtered, and the filtrate was
concentrated in vacuo to give compound 46 (61 mg) in 100% yield.

NMR data for 46: 'H-NMR (400 MHz, CDCl;) ¢ 1.14 (s, 3H), 1.24-2.78 (m, 15H). °C
NMR (100 MHz, CDCls) 6 22.6, 22.8, 29.9, 32.0, 37.2, 38.0, 39.1, 40.8, 44.2, 51.2, 59.4, 217 4,

219.2. HRMS (ESI), m/z calcd for C13H160,Na [M+Na]" 227.1043, found 227.1040.
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(1R*,5R*,5aR*,5bS*,8aR*,8bS*)-8a-methyloctahydro-1H-1,5-

methanocyclopenta|3,4]cyclobuta[1,2-c]oxepine-3,6-dione (53)

H H
: “”[//O mCPBA "0
> - >):O
E (AN CHZCIZ E (Y0
o HH 91% o HAH
46 53

To a solution of compound 46 (17 mg, 0.080 mmol) in dry CH>Cl, (2 mL) was added mCPBA
(14 mg, 0.080 mmol) at 0 °C, and the mixture was stirred 4h at room temperature. The reaction
was diluted with CH>Cl> (2 mL), and the aqueous layer was extracted with CH,Cl,. The
combined organic extracts were washed with saturated sodium bicarbonate (1 mL) and brine,
then dried over Na2S04 and concentrated in vacuo to give compound 53 (17 mg) in 91% yield.
NMR data for 53: 'H-NMR (400 MHz, CDCls) 6 1.14 (s, 3H), 1.20-2.60 (12H), 4.35 (d,
1H). ®C NMR (100 MHz, CDCls) 6 28.2, 33.0, 34.0, 34.8, 36.3, 42.2, 43.9, 44.8, 46.8, 49.1,

50.3,171.4, 213.7. HRMS (ESI), m/z calcd for C13H,70; [M+H]" 221.1172, found 221.1170.
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(3aR*,3bS*,6aR*,6bS*)-4-hydroxy-6-(2-

oxopropyl)octahydrocyclobuta[1,2:3,4]di[5]annulen-1(2H)-one (54)

H H OH
-—\"0 NaOMe z
DY .
4 MeOH o
o HH quant. o H
53 54  OMe

To a solution of compound 53 (15 mg, 0.070 mmol) in MeOH (1 mL) was added NaOMe (4.0
mg, 0.070 mmol), and the mixture was stirred at the room temperature under argon atmosphere
for 5 h. The reaction was quenched with HCI aq (1 mL), and the solution was extracted with
EtOAc (x3). The combined organic layer was washed with water and brine, dried over Na;SQOs,
and concentrated in vacuo to yield a compound 54 (18 mg) 100% yield.

NMR data for 54: '"H-NMR (400 MHz, CDCls) 6 0.95-2.68 (17H), 3.64 (s, 3H). *C NMR
(100 MHz, CDCl3) 6 17.8,29.2, 31.9, 34.0, 36.0, 39.5, 43.2,43.9, 46.9, 49.1, 50.3, 51.6, 174.7,

215.2. HRMS (ESI), m/z caled for C14H2004Na [M+Na]" 275.1254, found 275.1250.
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2-((3aS*,3bR*,6a5*,6bR*)-3-hydroxy-3b-methyl-6-

oxodecahydrocyclobuta[1,2:3,4]di[S]annulen-1-yl)acetaldehyde (55)

H OH H OH
: DIBAL :
O CH2C|2 o)
o H quant. o H
54 OMe 55 H

To a solution 54 (37 mg, 0.15 mmol) in CH,Cl, (1 mL) was added DIBAL (1.0 M) (0.19 mL,
0.19 mmol), and the resulting solution was stirred at 0 °C under argon atmosphere for 30 min.
The reaction was quenched with MeOH (1 mL), and 1 M H,SOs4 aq (1 mL) was added to the
mixture. After the mixture was stirred for 2 h, the solution was dried over Na;SOs. The solution
was filtered through Celite. The resulting material was purified by preparative thin-layer
chromatography (EtOAc:Hex=1:1) to give compound 55 (32 mg) in 98% yield.

NMR data for 55: 'H-NMR (400 MHz, CDCl3) 6 0.94-2.71 (15H), 4.25 (m, 1H), 9.72 (m,
1H). “C NMR (100 MHz, CDCls) 6 22.7, 23.5, 31.4, 33.2, 34.5, 35.3, 35.9, 37.1, 40.0, 44.1,

45.2,50.2, 54.5, 202.8, 215.2.
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(3aR*,3bR* 4R*5R* 7R* 7aR*,7bS*)-5-((tert-butyldimethylsilyl)oxy)-3a-
methyldecahydro-1H-4,7-methanocyclopenta[3,4]cyclobuta[1,2]benzen-1-one (56)

H OH _TBS-Cl H OTBS
ESSN imidazole B ""(
A DMF i

o HH 64% o HH
51 56

To a solution of compound 51 (159 mg, 0.770 mmol) in DMF (5 mL) were added TBS-C1 (238
mg, 1.54 mmol) and imidazole (107 mg, 1.54 mmol), and the mixture was stirred at the room
temperature under argon atmosphere for 20 h. The reaction was quenched with sat. NH4Cl aq
(3 mL), and the solution was extracted with EtOAc (x3). The combined organic layer was
washed with water, and brine, then dried over Na,SO4. After the extract was concentrated, the
resulting material was purified by column chromatography (SiO2:3 g, EtOAc:Hex = 1:1) to

give compound 56 (564 mg) in 64% yield.
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tert-butyldimethyl(((3aR*,3bR* ,4R*,SR*,TR*,7TaR*,7TbR*)-3a-methyl-1-

methylenedecahydro-1H-4,7-methanocyclopenta|3,4]cyclobuta[1,2]benzen-5-

yloxy)silane (57)
H CH3P(CgHs)s!
: ., OTBS MeLi
Snpil
A THF
o HH 32%
56 57

A suspension of methyltriphenylphosphonium iodide (468 mg, 1.14 mmol) in THF (3 mL)
was cooled to 0 °C and treated with methyllithium (3.1 M, 0.32 mL, 0.99 mmol). The mixture
was stirred 1 h at the room temperature and then cooled to 0 °C. Ketone 56 (158 mg, 0.49
mmol) in tetrahydrofuran (2 mL) was added. After being stirred 5 h at the room temperature,
water (1 mL) was added and the resulting mixture stirred vigorously 30 min, poured into
saturated aqueous ammonium chloride solution (5 mL), and extracted with EtOAc (3 x 5 mL).
The extracts were serially washed with water (3 x 5 mL) and then with brine solution (5 mL).
Solvent was removed from the combined extracts by rotary evaporation after being dried over
anhydrous sodium sulfate. After the extract was concentrated, the resulting material was
purified by column chromatography (SiO»:6 g, EtOAc:Hex = 1:10) to give pure methylidene
ketone 57 (51 mg) in 32% yield.

NMR data for 57: 'H-NMR (400 MHz, CDCls) § 0.01 (m, 6H), 0.86 (m, 9H), 0.98 (m,

3H), 1.26-2.42 (m, 12H), 4.12 (m, 1H), 4.58 (d, 1H), 4.65 (d, 1H).
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tert-butyl(((1R*,3a8*,3bR*,4R*,SR*,TR*,7a5*%,7bS*)-1,3a-dimethyldecahydro-1H-

4,7-methanocyclopenta[3,4]cyclobuta[1,2]benzen-5-yl)oxy)dimethylsilane (58)

H H OTBS
= ., OTBS  H, pdic : r
1 :E>r d = {iy
= THF Ea R
s HH
H H 86%
57 58

A mixture of the methylidene ketone 57 (75 mg, 0.24 mmol) in THF (2 mL) and Pd/C (5 mg
prereduced) was stirred under an atmosphere of hydrogen. After filtration through Celite and

removal of solvent by rotary evaporation. The resulting material was purified to give pure

methylidene ketone 58 (65 mg) in 86% yield.

NMR data for 58: 'H-NMR (400 MHz, CDCls) 6 0.01 (m, 6H), 0.84-1.80 (m, 29H), 4.08

(m, 1H).

59



(1R*,3a8*,3bR* 4R*,SR*,TR*,7a5%,7TbS*)-1,3a-dimethyldecahydro-1H-4,7-

methanocyclopenta|3,4]cyclobuta[1,2]benzen-5-ol (59)

H OTBS H  OoH
Sr ToAT nlil
1 g - w
= Eand THF N -
58 59

To a solution of compound 58 (60 mg, 0.19 mmol) in THF (1 mL) was added TBAF (0.20 mL,
0.19 mmol), and the mixture was stirred at the room temperature under argon atmosphere for
16 h. The reaction was quenched with sat. NH4Cl aq (1 mL), and the solution was extracted
with EtOAc (x3). The combined organic layer was washed with water and brine, dried over
Na,S0Os. After the extract was concentrated, the resulting material was purified by preparative
thin-layer chromatography (EtOAc:Hex=1:1) to give compound 59 (13 mg) in 33% yield.

NMR data for 59: 'H-NMR (400 MHz, CDCl3) 6 0.90-2.18 (m, 21H), 4.20 (m, 1H).
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(1R*,3a8*,3bR* ,4R*,TR* ,7Ta8*,7bS*)-1,3a-dimethyldecahydro-5H-4,7-

methanocyclopenta|3,4]cyclobuta[1,2]benzen-5-one (27)

n

H o]
i},rOH Jones Reagent :Ii>f
: Eindt acetone 3 Eath
s HH 98% S HH
59 27

To a solution of compound 59 (17 mg, 0.080 mmol) in acetone (1 mL) was added Jones
Reagent (0.030 mL, 0.080 mmol, 2.5M) at 0 °C, and the mixture was stirred at the room
temperature under argon atmosphere overnight. The reaction was quenched with 2-propanol
(1 mL), and the solution was extracted with EtOAc (x3). The combined organic layer was
washed with water and brine and then dried over Na;SOs. The resulting material was filtered,
and the filtrate was concentrated in vacuo to give compound 27 (16 mg) in 98% yield.

NMR data for 27: 'H-NMR (400 MHz, CDCls) 6 0.90-2.51 (m, 20H).
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5-iodopent-1-yne (61)

PPhs, imidazole,

|
MeCN, 60 °C

0,
60 92% 61

Triphenylphosphine (1.2 g, 4.5 mmol), imidazole (0.3 g, 4.5 mmol), and iodine (1.1 g, 4.5
mmol) were added to a solution of pent-3-yn-1-ol (0.3 mL, 3.0 mmol) in anhydrous acetonitrile
(5 mL), and the mixture was stirred at 60 °C for 4 h. The reaction mixture was filtered, and the
filtrate was concentrated in vacuo. The crude product was purified by column chromatography
on silica (EtOAc:Hex=3:7) to give 61 (0.53 g, 92%).

NMR data for 61: '"H-NMR (400 MHz, CDCl3) 6 1.99-2.02 (m, 3H), 2.32 (t, 2H), 3.31

(t, 2H). *C NMR (100 MHz, CDCl;) § 5.0, 19.3, 31.7, 69.4, 82.2.
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Pent-4-yn-1-yltriphenylphosphonium iodide (62)

PPh, N
=z > = PP,
toluene, 100 °C I

0,
61 28% 62

Triphenylphosphine (553 mg, 2.11 mmol) was added to a solution of 61 (410 mg, 2.11 mmol)
in toluene (5 mL) and the mixture was stirred at 100 °C overnight. The solvent was removed
and column chromatography on silica (DCM/methanol, 20:1) yielded 62 (308 mg, 28%) as a
white solid. Rf = 0.25 (DCM/methanol, 20:1).

NMR data for 62: 'H-NMR (400 MHz, CDCls) 6 1.90 (m, 2H), 2.01 (t, J=2.4 Hz, 1H),
2.70 (t, 2H), 3.96 (m, 2H), 7.72 (m, 6H), 7.84 (m, 9H). *C NMR (100 MHz, CDCl3) 6 19.2,
21.7,22.1,70.7,82.3,117.2, 130.6, 133.7, 135.3. HRMS (ESTI), m/z caled for Co3HosIP [M+H]"

457.0577, found 457.0568.
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