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Bn

conv.
Comins reagent
dba

DBU
DHQD
DIBAL-H
DIPEA
DMAP
DMI
DMP
DMSO
dppf

EE

Et

eq.
HMPA
HRMS

IPent
LDA

mCPBA

NaHMDS
n

NMO

p
PEPPSI-1Pr

acetyl

acetylacetonato

aqueous

2-azaadamantane-N-oxyl
9-borabicyclo[3.3.1]nonane

butyl

benzoyl

benzyl

conversion
N-(5-chloro-2-pyridyl)bis(trifluoromethylsulfonimide)
dibenzylideneacetone
1,8-diazabicyclo[5.4.0Jundec-7-ene
hydroquinidine

diisobutylalminum hydride
diisopropylethylamine

N, N-dimethyl-4-aminopyridine
1,3-dimethyl-2-imidazolidinone
Dess—Martin periodinane

dimethyl sulfoxide
1,1’-bis(diphenylphosphino)ferrocene
ethoxyethyl

ethyl

equivalent

hexamethylphosphoric triamide

high resolution mass spectrometry

iso
1,3-bis(2,6-di-3-pentylphenyl)imidazo-2-ylidene
lithium diisopropylamide

meta

m-chloroperoxybenzoic acid

methyl

melting point

methylsulfonyl

sodium hexamethyldisilazide

normal

N-methylmorpholine-N-oxide

para
[1,3-bis(2,6-diisopropylphenyl)imidazo-2-ylidene](3-chloropyridyl)pallad-
tum(II) dichloride



Ph
PHAL
pin

Pr
quant.
SEM
SIPr

solv.

TBAI
TBAF
TBS
TBHP
TES
temp.
Tf
THF
TMS
TPAP
Ts
XPhos

phenyl

phthalazine

pinacolate

propyl

quantitative
2-(trimethylsilyl)ethoxymethyl
1,3-bis(2,6-diisopropylphenyl)-2,4-dihydroimidazo-2-ylidene
solvent

tertiary

tetra-n-butylammonium iodide
tetra-n-butylammonium fluoride
t-butyldimethylsilyl

t-butyl hydroperoxide

triethylsilyl

temperature

trifluoromethylsulfonyl
tetrahydrofuran

trimethylsilyl
tetra-n-propylammonium perruthenate
p-toluenesulfonyl
2-dicyclohexylphosphino-2°,4’,6’-triisopropylbiphenyl



H—m LAERS T VARRTT RO
B S

HRRNO G MR EMTEEZAT 5 IRREEM L L TS S ERARILEMHNE
HEsh, EEBIORZEOY—NMeEHE L THHESNTE, 22T, B3 vAF
A ORFEZ 5 HEE, MG RE SN2 U Z %L A, 4% V=AY 1T, #uNE Ot
HAZRE USSR OEEEZMEIT 25 Z 00 IIEA AR EORBICHV LT
% (Figure 1-1), —J5. SRIRE Trichopeziza mollissima SANK-13892 7> & BB, #Ei& i
SNV ARAEF Y @ 1%, A7 4o T3 F—P a2 @R ETS Z &
D6 AR B ORI ERGEM & LTI S T D (Figure 1-1),

AEEZE~NIG AT D88, 2 < OB AERBP O/ ON LAY RIT T LTV, &
BRI X DRI E S D, E7o, ARG KIC K> TR OREEREZK
Ry F 7 v — 7 Z T T A ETE AR BT IR O F8 R s L ONEMEREIE DR & BIfF S

o,

paclitaxel (1) scyphostatin (2)

Ac = acetyl, Bz = benzoyl, Ph = phenyl

Figure 1-1

KR € DRGSR 72 E OBHEIAL W) 2 MR SER SRR & L THEKT 51
. TARFERL. DEEn®l. & 67 COELe TRk b 2 d0 2 7o RIRH R D 55 7 & 58

JFEE T2 TR T — k] Dbt TW5b,



T, X7V EREL Q) OFRICBWTAFGHRNEH STV L0220 5,
B SIE, SUBERHC R D 22- EHS JuAF U U F U DARFIBELTEONLD T L
a—/b (2R35)-3"% 1 @ C BFICHIYS T 5 = 7{b¥) 4 \IZZEH L7~ (Scheme 1-1a), Z D
4 2B L7277 e B8 LR L BRI LA 6 250 b, B PRIE 7 I
WL Z LItk T, 1 OBREAMEEK L
B RAEIRD3BE, T2 b B nEI A RIH LIe Bl 2 RICET 5, F8 13ME LRRERE
TR, U R—BEME L T2 7 IEEERODFI CHEONLTARF T La—
(1R,5R,68)-8"7 5, T U AT /L a— 99% M L, BRIRKEET AT /L 10 AR L7,
DWNWT, K7 ATV OFREEMETT Y R 1IL ~FEL, 7V ROBELBLO=Z O

RS T A R A ZF L OBAKMETAT 12 DA RITKREI L= 7,



(1R,5R,6S)-8 9 10
OTBS
- OH
o) o ©
[EEE— - § —_— R (@)
s~mPH o " OH
OTBS M A otBs
N3 H
11 12

Bn = benzyl, EE = ethoxyethyl, Me = methyl, TES = triethylsilyl, TBS = t-butyldimethylsilyl

Scheme 1-1

LLED 2 TR LT K S ISR DB RMFZEIC BV TR, I b B OSLIRILY: - i
QAR 7 SICEE RN IAZ KRG - BT 2R ERH Y | KL TIIUBRZLE [F
FIVERKRTEER] LT s, N7 U EFRALOEKTIEE Refk v 7 b (2R,39)-3
D YA RASF BRI DO AR TIZ=ARF 7 /L2 —/b (1R,5R,65)-8 3% T /L&
AR Y 5, R OIS IE, AGRICER T 2 L8 & & S ER7F1k

FRIOERELHER S, IO Z2RMICTHEMRT 5121F, @tk - FLHEOENE



PR Z G - GRT D 2 EMEE LV,

FEHNLT VA A ROI@E G L LT, A Y 7 B LR F/LE R Uk
AERFEEHTHLABREAICEH Lz (Figure 1-2), Z ORI EEZH T2 KARMD
HHIEAE A2 EEEZ R EEM R b T D, FlxiX, ~I57 7 B (13) i
i Hamigera tarangaensis 7> 51 H v, AR Y A7 A WV AB XAV R T A )L A D HEFE %
BLAET % ¥, dkIKY > = Clavularia sp. 7 HHEES U2 2 b =274 — L3 A s A
P-388 ~OffifdEEEE A LT\ D Y~ AFABEBRBNEAFKEZCHE L, Lo
IbEM L ITEDONRIF 2 BT 2 REMbEB SN TWD, =V F v Aldvr~7 v
% /- Herisium erinaceum DERNOGHBESNTeH A T H o OT N Th Y | MRREE
KFOAMEMRET S ZERRESATVWDE O RI NI A—ETEYFIHA
Dolabella auricularia X 0 B#f S v, FAIMEMIL P-388 124 LMl @2 R+ 2 &2 b
NTWB M, REEDRIRE Cladosporium sp. NEFET DHEMEHEWE TH 5 aF
L= A4 ix, AMFEHIL HL-60 O bZ2#FE L D, 4 v 4 —T7 v o DA
TEWERICE D TOHRAMERZFR L Y, 2O LRI 2 WHHE K & bICKRY
BROFEAL L CHET T, LEREEB I OE®mWA Y 7 e BV A FLER
B DUl AN 75 R 38 D3 R IRF LT W22 0 ARG OBLEDNOIEFICAHTHL &

A6,



_________

OF - e o

erinacin A dolatriol cotylenin A(14)

Figure 1-2



B ARSI TSRO F
INETICHEEINTA Y T LV EBIOENRAFTRELZAT HLAERF 7 /L

BRPEE~OT 70 —F 2L FICRT, Gao HIINI T T VHOERKIZEB W T, (R)-
EARY R 1523 TRTTIRF U N 16 ~EE JRICK D 12 CHERICEHR L =
FLorT7EE =V 17T 2HFthk, 3 TRTT V=L )77 —b 18 A LT
(Scheme 1-2)"Y, VU 75— M 18 13347 T 8B L O KR DA AT L 7= 374K
EFEAELTNDHDOO, RKHRTHR STV D 15 1ZEBLARERIFEA 4 & iTwn
2P, EBLoXHHY (70.0% ee ~ 90.0% ee, TCI) . F 7 /LARPREIAS LTHLTW
L EEEVNRTZY, EHIZ, 15 O OFEHEEMEERITERRDLHED B E DR S

N 18 OHEBRERICH HMLEME ERT D I LITRATRETH D,

TfOH
o 3 steps CH,Cl
—_— —_—
then
[OTMS
(R)-piperitone (15) 16 OTMS 17 18

Tf = trifluoromethylsulfonyl, TMS = trimethylsilyl

Scheme 1-2

WHFZE=ETIX, bU &7 b 19 OFAEHEFERIC I DT L k< ~TROEW T,
NEBRNHER LIHEZ AT S (15,25,68,75)-20 3 L8 (1R,2S,6R,7R)-20 % L Z I

EWEEBIREREIRTAER LT, A=V ERIRRBED AT LVE L THREL, 7T

%

NIEDBRE L TH b (18,6R,95)-21 33 L T8 (1R,6S,9R)-21 (23 7= (Scheme 2-2)'%,
ARTFETIE, BERMEEN S WEEGIRIME 2R Lz B EEE RV T 03 21 o fEs
KEAKTE%, Lavl, 21 ITHEFEEOME L, AR AR/ LI-MEL

AL, JEH#EPRIZRER T, SEREROFEKICE SDRWEEITBRYLRCBRME /M



OREOHMBELLEL SND,

C. floricola
_
then 2 steps :
0 then recryst. OAcC
(1S,2S,6S,7S)-20 (1S,6R,9S)-21
100% ee 100% ee
HO <
© © HO k o k
T. delbrueckii N 3 steps o I
19 _— —_—
then 2 steps
then recryst.
OAc 9]
(1R,2S,6R,7R)-20 (1R,6S,9R)-21
100% ee 100% ee
Scheme 1-3



B BRI BBR TR ORGE & A G

EAL, BRI O @O ARRIEATE R L BT XY RIS T RE 2R 1B B
FfE{A L LT, Scheme 1-4 IC—HDOEBRMEILE L TORLET VT =V ) 7T — |
(8)-22 &G L1z, 7= F) 7T — MIEBSEMEZ H WD RFE-RFE-ETE
RSO I FTREZR B REAE TH VL 22 AT HHE T V3 — /WI KRR OB L —
MZE Dl A RECRLEORENRTE D, TOd, 22 TAEMTHELE LTH A
AIREZR HFEPH AWV & B 2 T,

BRI (522 DA 2L IR LT, TV =1V ) 7T — 122037
Y (R)-23 WA YTV EEEAL, 7 b= ) — Vv ) 7V L THLIZ L&
L7z, a-AF /LT AT 23 OFHMEAFKFZIL, Frater DFE V2B EIC, = ATV
24a O BALE REFEEENRNYD ETHERBINA T UL THEREL L D EB5 272,
AERE T, #PEAETHL 2 FrF o X7 /L (1R2S)-24a W2 L TE W4k
MECHKEST 2PN EETHD, £ 2T, BRMEOESWEGERELZERAL, 7 b=

ATV 28 DARFFIRITIZE D (1R2S)-24a DERERALD Z L & LT,

formation
/ of i-Pr group
Tfo_ - O
HO — | |:,'>
:' EtO 2C _é -
= Frater's
(S)-22 (R)-23 diastereo-
selective
methylation
enzymatic
asymmetric
HO D reduction O
— )®
(1R,2S)-24a 25

Et = ethyl, Pr = propyl
Scheme 1-4



EEUUET  EEFRIE T O MR

FEERUBEZ 57 AT VOARFRITOBELITELS AR b= A7 )/L 25 OiE
T H 1970 FAHIFZFE S T & 2 W R FEM 2B & LT Ridley HIF/ S BERKIC L 5 25
DIETLT p-E XL T 27 )L (1R2S)-24a NMERX L THELNDL Z EE2HEL TV
% 0, 1998 AEICHR D IIARIGZBRA L, F T EEMHEATHH A u~ hT T 7 4
—ICTHEBRYOFEBRIKLE 99:1 LIRELEZ Y, L, NUEEREZAVWESES, BE
WX L RBEICEEZ WD ERNH O | R OBEE KR Z BRI 5 DICFRDB 0005 Z
LR B OBBEIGRIZII O DENH LT EDN LR LIEEE SN TE T,

—J . BWFRETIE, FAEANLHRIN TV IIVAR=NVETHEREA S ) —=
YIX Y R THEFXFTINAZY—2"0H 27 b OARFIBETICHND & SEARERPRE
BLEAOTVa—LR3HELREIEEaRELTND Y, $T71L227 Y —0"OHIL*
v NI LIEE 2B, T 208 &0 O R KBREIE TS b ORISR
TRARETH 5, KAAKICBNTHF T LAY U= IC R ARFBELERFT S L L,

FT7NA7 Y= 0H T b ATV 25 Z187T LT2fE % LU FICRT (Table 1),
WTNOBER DS cis KOT )V a—LOhk b5 %2 trans (KO b FaF% oo 27 L3R
P> 'H NMR R8Il S niginotz, BHNie cis (ROSEBRIKLIZF 7 VEEMREZ AT
% HPLC TWE L7, 723, AHERW O 3 I ONME xh 37 4 Fid & 13 SCik BE Fn o
(1R,25)-242'” & "HNMR B X OWENRE Z 425 2 LI L » ThERB L7z, S FlfERE o
T E001, EO031 (FMEN =3P & SOSMEZ R L, FFIZ E001 (X BB &35 (1R,25)-24a
ZIIEEENICE 272 (entry 1, 7). E078 & BIF/RRINMEA IR L7z b OO O#RiER
MK < (entry 14), E007 TIXHaH=R « BRME L LI+ REEZHL Z LIXTE o iz
(entry 4), BULERIRWNZ 12, BERERPMEW D KBEHRA~DISHIZRETH DL L DD,
Bmt U725 O T E039 OANHOEIRMZ A L CTEBY ., (1S2R)-24a B L TH %

72 (entry 8), FxbENI-FERZ /R L= E001 Z W, JUGDAr—LT v 7B IOHEA



BRI (5)-22 DA A BET LT,

° Chiralscreen® OH HOD Ho "'E>
EtO,C 30°C, 24 h - EtO,C EtO,C"
25 (1R,2S)-24a (1S,2R)-24a
Table 1-1

ratio of enantiomers ratio of enantiomers

entry enzyme conv. (%) entry enzyme conv. (%)

(1R,2S) (1S,2R) (1R,2S) (1S,2R)

1 E001 100 >99 0 | 1 E057 0 — —
2 E003 0 - = 12 E072 0 — —
3 E005 O —  — 13 Eom3 0 S —
4 E007 67 73 27 | 14 EO78 41 >99 0
5 E019 0 - = 15 E080 0 — —
6  E021 0 —  — 16 E082 0 S
7 E031 91 >99 0 | 17 E086 0 — —
8 E030 22 4 % | 18 EM19 0 _ _
9o E041 0 — — 19 E128 0 EE—
10 EO051 0 - — 20 E146 37 >99 0

10



B BRI O A

R ATV 25 DAL EE 1.35 g (8.65 mmol) ([ZHIF72HEEH E001 (2 X 5iE T
VRV HEST L. 8GR X < (1R,2S5)-24a 735 &7 (Scheme 1-5), #¢u T, Frater
DFE DEBEICT ATV a izt RaF U iIcxt U anti 3RICA F b L, Lie
SEEALFE DO BIGR AT RFZEZHTHT ATV (1R2S5)-26 ZH—DRMEE L L THTZ,
ABOE, LDA & (1R2S)-24a HAEL LT L axy FRBLORZ AT LD ) T — kN
FULEFL—va U fiE M’ E L D2 LT XD NHRBEEFE D X0 SO A D D
HWATLIEEZDND, & _fk7 /L 3—/ L% Dess-Martin F&{L. L7 k> (R)-23 ITEHLL
7. TR RTATE REDRZET IV R—VSIZ & D TIRFHAR., fie< A L VHkoE
A B BBEAZRRT= /> (1R3E)-27 &k Liz, 7ok, =/ ¥ (1R3E)-27 O NAKLE
X, TUNMILATF I E Y 7 aXvZ o EOAF LU ET e v L ORI nOe FHBIA
Bl e, ERTHDZ L 2R LT, o=/ > (IR3E)-27 XL,
AU E A TN T ANPLRHB LX< U2 EH I EZE 2 A, TAMNE
LA AT Lo A Y e EVEDEE SN, 7 b (1R)-28 =/ 77— MNIE
#14% . N-(5-chloro- 2-pyridyl)bis(trifluoromethylsulfonimide) (Comins reagent)*” & )i & &
TNT=NV )77 = EHBEDbL, = A7 L% diisobutylalminum hydride (DIBAL-H)

TT7/a—/LETiETL, BNE T2 HEBRTHIE (5)-22 DEKEER LT,

11



Chiralscreen® HO

LDA, THF
j\:> OH E001 j:> _50 oC

[

Y

EtO,C 30 °C, 95% EtO,C then Mel
1R,2S)-24 -50~-10°C
25 (1R,25)-24a 85%
>99% enantiomeric
purity

_ | _
' HO DMP 1) LDA, CH3CHO
Ve NaHCO; © THF, —78 °C
L\—O R -
O CH Cl : 2) MsCI, DMAP
N EtOzC 2 2 EtO,CY : ;
\\g = EtsN, CH,Cl,

ETOK L 1R,2S)-26 R)-23 3) DBU, toluene
Me=l ( ) ) 61% (3 steps)

242"
nOe 1.0%
H)\ nOe 3.8% 1) LDA

Comins reagent
; THF
Me,CulLi O —78 ~-10°C TfO
% :
: Etzo .

: o | 2)DIBAL-H, THE  po
EtO,C”: -30°C  EtO,C7: 78% (2 steps) :
95%

(1R,3E)-27 (1R)-28 (5)22

DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene, DMAP = 4-(dimethylamino)pyridine,
DMP = Dess-Martin periodinane , LDA = lithium diisopropylamide, Ms = methylsulfonyl,
THF = tetrahydrofuran

Scheme 1-5
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NET HERPRIIEOSEGIRE K
AIEICB W CREF LT BB T RIE (5)-22 OARIEZHESL LT-0D T, WOHEBAT

i

b5 ILEBRPEIE (R)-22 ODEKIZEF Lic, AEMIEIIWHEAIE, (R)-22 i3k Frxy
T ATV (18,2R)-24a OB FRETH S (Scheme 1-6), L L., FHIUHI CTik~7= X 9
(CIERRREC K DR C TR (1S2R)-24a IR E<HLH Z L IIRN#EETH 72, £ T,
7R AT NORFRICICEZ, 7B I cis-7 X —h 24b OV R—B AL 5

DIMKGIRT, BGIRDOE LRI T E 2o Z & & L,

Chiralscreen®
OH E001 HOD 8 steps 1o
- e
‘ EtO,C HO
o (1R,2S)-24a (S)-22
>99% enantiomeric
purity
EtO,C
25
AcO,, HO,,
j lipase-
| catalyzed
! EtO,C kinetic EtO,C
; (1S,2R)-24b  resoluton  (1S2R)-24a 8 steps TfO
R + e + e
AcO AcO, HO —«
EtOZC: EtOZC: (R)-22
(1R,2S)-24b (1R,2S)-24b
Scheme 1-6

D —8 2 il & 3 2 3 EE R A0 Bl OBEAE 2 LU FIZoR L7z (Scheme 1-7), 7 & & —
MIVR—FEY) VEK EFOr FuXxs KN b WBELZ ) Tla— LB lIn5,
T F b ENT= U UFRIERIIKIC X DINEEL i & sz F . U o X—E N EA LA o

TIPS D, Y N—B LT ' 2 — FDOISIZIN T, SRR TN A s ~%
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LIBBIREOLENENRIR DT, —HOBEMGEPNELEN = AT VR Z 2T 5,
ST VAR LT Vva— v ERKIGE TH LT 8 LX— e U BTV T LT a~
N7T 7 4 =SB IUE, SEBRIROSBEINFRETH D P, U S—BIT L DMK iR
1T, BERORERH] P2 T (1S,2R)-24b TEE L CHEIT T 5 L THETEX 5720, AF

1L (1S,2R)-24a DERKIZHE L TWD E& 2T,

/ \i \"ﬂschLO_?,‘?“
0
HsC JJ\o HO,
)O3
EtO,C EtO,C"
(1R,2S)-24b  (1S,2R)-24b (1R,2S)-24b (1S,2R)-24a

Scheme 1-7

FTVHERMDBIORLETHL 7 IMREHOT 2 — kb (1R*,25%)-24b % STk
IZHEVFREL L7 (Scheme 1-8), 7 27 )L 25 ZMOKFEEfE, BV VL CTHUB LT ) —
VT Y B — h A . Rozzel BN L 7= RWC IS X 5 syn SIR B HEMK (L 2
TITBIKEEMTH L7 X — b (1R*25%)-24b 2 157-, ft\ T, BoNn=T7 & Ik
7 ¥ % — R (1R*,25%)-24b % . Pseudomonas sp. FIKD J _N—F DL FIREHT-L 25,
(1S2R)-24b BRI INAK SR EZ 2T, B kb F 2 (G35 Rr¥ =271
(1S2R)-24a 73 99% LI EOSEBRAEME ROz, ZOHDNG, (5)-22 DA & [Fkk

D 8 TIETHAERTHIME (R)-22 2 L, &Gt L2l 7 v iR o g4 i

14



EaRMENLT D2 LITkI LT,

AcO,, HO.,
(1S,2R)-24a, 38%
o 1) Ac,O (1S,2R)-24b Pseudomonas sp. >99% enantiomeric
j:> pyridine lipase Amano AK purity
—_— + > +
EtO,C 2) Hy, Rh/C phosphate buffer
2 THF, 85% AcO 36 °C, 20 h AcO
25 (2 steps) j:> 48% conv. j:>
EtO,C EtO,C
(1R,2S)-24b (1R,2S)-24b
49%
Scheme 1-8

ULl BERAREEC KD ARFEIT L U R — BRI L5 MR 2B 2 V1T

R O BB 2 A9 % B R h AR O M BB ARG ik 2 S LT,
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NI T B3) 1E. MR Hamigera tarangaensis X 0 BB - #EERE S B
tEWTh s, "NIT T VHICRET 2EEWITER» O ZHAB S TR Y . fFlE
BIZ—REPDBASNTINIT T ARRIERZZTIENIT T CHRHILNTN D,
NITTUEOHR T3 ORBRY F T AL AE LNV T A L 2R LGl
EMZRTZERRE SN TVDER Y, ZOEMEO RIS X O IE AR R 7
LN > Ty, NI AT B (13) OEMRME LT, ZERSFR., MR
O HENRRAF B Z @ Te Cl - C3a+ Cb AL —HEARFA L AT b D, FrIZHN
AFIRF R KOG A AP 13 OB ERROBETHY . ZNETIZELOD

B AL FE D 13 OSRRINB 22 SR kA TE 72 29,

MeO,C OH

o) OAc

hamigeran B (13) hamigeran A hamigeran C

Figure 2-1

Nicolaou H %, ZEHLFHET 2 K29 5 7 TR TE W= AT 2T L 30 (2%
L. XHETx A X 31 284S, 577 Diels-Alder CTEBRWEEKEHET LT
Jba—)L 32 Z45%7= (Scheme 2-1), ER D CIb MLITLE I & Wi DR LS EAH LT

T2 OISR R L. 32705 14 TRRTAIZ T2 B (13) OHIOEA R & i L 7= 2,

16



OMOM
7 steps hv

MeO —> MeO —
o N t-Bu (0] H I
H MeO,C
29 30
MeO | X
HO H
| MeOzC
31

Bu = butyl, MOM = methoxymethyl

Scheme 2-1

Clive, Wang [X.y-7FaZ 7 b (33) 6 5 TRRTERLEAEMBEEET H T
7 X534 LT NFNT =T R3S 2R, Kt A TFIAET 13 OB R IREE A
FTHNIT IS 136 R L7 (Scheme 2-2), #¢< 2y T-INER(L T = BRIEH KK & A 4L
Lizth, C4-SNEDBLTYA— N 37 215472, VA — L OFREB L OWNERT V72D
KFERMAE ETe 6 TRAZKRT, BLNRMEFLBLEEZMA TV M 38 AL,
i A F AL & 7 1 EAL T 13 DB A ER LT 24,

IRHOFEE, WY 13 ZEBOICAKTHL—FTH Y, X0 ERNIC 13

ZHIGIEE & T ONORM 2GRV — FREDPEEN D,
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5 steps

33

2 steps

Scheme 2-2
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EHENE —ECAR L - HERTPIIA (5)-22 1%, 13 @ C3a (i3 2 5 MUk R 75
RFEEFLTEY, 13OGRICTEAAREEZbND, LERPREIE (5)-22 KM
L. NI T2 B13) OWAE RN A LLFIZRT (Scheme 2-3), /~X 477 B (13) I
Clive &Rk 38*0% X CTEH Z &L L, Cl - 9b (LDOIREFIL, MEBRT V7~
39 Z MR BRAR T 722 & syn EIRAICTHEAIUK ML LB L L 9 LB R T P ROANEER
HEVTNTE R4 DFRAETa—L gy 7TV 7 THLZEE L, 401%, Gao H I
LB EBEIZ, U T7T—F (522 LEEMOEFHER D VBT 2T L 417
DEAR-ETHA v 7V T THEET D, AFHEIL. BEZ A R 41 BED (5)-22 O
%, HLFET 13 OFKEEMET LU ERIETH Y | #if ©F L7ZBEM O BT

BREICH, R 13 2 Tx ¢ EZ BN D,

known
——> MeO 7 ——> MeO
- pinacol / o :
coupling
13 39
Suzuki
coupling
TfO
; +
Bpin HO
H N
(S)-22

pin = pinacolate

Scheme 2-3
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o ZBRMEE R O

Gao HIINIT T UVHOBRIZBWT, = F L TR —AEFET LT V=L b
V77—hK18 L7 U —LARa BT ATV 41 OJ1 v 7Y 7T 42 %1572 (Scheme
2-4), TORIEHRBEZEIZRNY 7T — b (522 L 41 DEA-EH T v TV T hiA
e, PRICKLBROD v 7Y 7K 43 132 <5 572D > 7= (Scheme 2-4b), Fll4
BMELT. MM DRED TV IV ET Y — LB 44 NAETTZIEN,. 22 D7

VA — )R RICKE L CTELLER T 2T )L 45 BNEEE S 7-,

PdCl,(dppf)-CH,Cl,

MeO Bpin * K2COs -
DMSO, 80 °C
0" H 93%
41 18
(b)
4
PEPPSI-IPr
TfO
TfO K,CO3 MeO OMe
—>
HO DMSO
: 80°C (HO),BO
(S)-22 45
(3%)

DMSO = dimethyl sulfoxide, dppf = 1,1'-bis(diphenylphosphino)ferrocene, PEPPSI-IPr = [1,3-bis(2,6-
diisopropylphenyl)imidazo-2-ylidene](3-chloropyridyl)palladium(ll) dichloride

Scheme 2-4

Lo v 7V TRHETET, BT U — AL E W 44 NERK LT ZLL T O L9 I
£52 L1712 (Scheme 2-5), £, NIV AMBENT L =L h U 7T — |k (S)-22 ITHR
BRI LT AV r =R P AN 75—~ A DAERT D, Hiel T, HEIEMESMT

()22 LN MNBLAELDZTANAFTVARBUBEBEAD NIV ARALZNMALTT J—LE=
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NRTTTACKIWRVBBESFa—LDBELDH, ZOFLE LT DIIMIGTHE D%
BCIARGESIA VBT ATV 45 & LCHB SN D, —FH, TV —LE=AnR"FY
UL C T, AERNANTEAVA 7NV ERTE FeX v ERRT VT ACKBELT Lax
VRIGTVYAE NBMEATD, CIOHEB EONTUARAZAM|TERT Y —L
NIV ALAFBLORUVBEEFa—L D BNELDLS, HEICFNL/NT DT AREITH
BEEL . 7 U —AbEW 44 DERRZENRD S 0li/NT 20 AW FA LAY 1 2
NPEANLT Do ZORIBOS Z s+ 21203, (5)-22 AT 28O Fa kel v

7V TR LT IVUI R W E B 272,

TfO
HO J CTTTTTTTTTTTI T
Ar—Ar f ! :
44 (S)-22 L E
PdoLn E AT= " MeO :
i 0”H ;
Ar—Pd! —Ar
F TfO-Pd!
D HO |
) 0
J ArgB-O  OTf
B 0]
H Ar—pd'! )
r R B
“pi O~ HO
= ~
E Cc TfO workup
—> 45
pinBO — v
D
Scheme 2-5



1-Me-AZADO? & fil iz 7 /L 1 — 1 (5)-22 b LT V7 b R 46 %437~ (Scheme
2-6), FEWTIHRERBEDOEMETH v TV v TR & 24, BIRIGRIHI S, O7
T B R 40 BNESNT, il A PACL(dppf) CH.CLIZAETE L= & 2 A, IR IE 68%I2
FodHEI N, AEPIE TH NMR L0 EERRIERRESY (56:144) Th D ERER SN

e, TRNODGBHIRETH 72720, TOEEFROKISICHNS Z & & LT,

1-Me-AZADO 41, Pd cat.
TfO PhI(OAC), TfO K,CO,, DMSO, 80 °C
_ >
HO . SN
CH,Cl,, 0°C . a) PEPPSI-IPr
g 84% Hof 33%
b) PdCl,(dppf)-CH,Cl,
8%
(S)-22 46
Scheme 2-6

CTNATERAIKH LI VYY) D LAEREHSELE RS a -y
U TN ERICEIT L, Y4 —/L (4R,5R)-47a B LY (45,58)-47a NigH i
(Scheme 2-7), ASUGIE, —BHEILCTELEFMATHLrFLT ORI~ T
LEFL— MEEZEY SOWEITT 5, 2070 (P)-ED LRV S (4R,5R)-47a,
(M)-ARDFEER RN S (4S,58)-47a BDAETUTZ LB x T,

AW O SEIRALEIE . E R Figure 2-2 (277 L7z, '"HNMR A7 hLIZEBIT 5
AEBBIONOEFHBE L VIRE L, VT AT LA~—D 55 (4R,5R)-47a ® 'H NMR
22 FLVTIE, CRafii A F LIS C4 L7 1 b ORIIC nuclear Overhauser effect (nOe)
MESABH S . Cafr7 e bk CSAL7a b OFfEATERN 0Hz TH o7, (> T,
C4-C5 L DKRFEIR 1O “HAITIFIE 90° THY, oDt Ruax T HER pseudo-7 F

¥ VIZEEM L72 (ARS5R) IKRCTHDLIEZBND, —FH. (45,55)-47a TiL, C3afii A F
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AT C5 7 e hord nOe fHEZ R L, C4 i a kb C5r7a kv OfEE EEIT
74Hz Tholc, 2D LG, (45,55)-47a DR FZE2 SO a2 3D pseudo-

TH MY TICER LT-#EETH D EHEE LT,

(4R,5R)-47a
smiy (51%)
— > N
THF
~20°C
(4S,55)-47a
— — (49%)
Scheme 2-7
J=0Hz MeO MeO

Me H O Me
Me ’ Me

H O Me HO H ‘ Me
H4C CHs
nOe J=7.4Hz
4.0% 2%3/
(4R,5R)-47a % (45,55)-47a

Figure 2-2
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BT ~IFT7 0 BOERE

Clive & OHR 38 (AT 5T TRIT VA — /L ORL L WEBT VA7 o ~DkFEf
MOHTHDH, =T, VA —/ (4R,5R)-47a B L (45,55)-47a DIEAW % Swern [i%
ETYT b398tk /ST V0 LR & RIS BRI T 2 520 72 (Scheme 2-8),
LU, RONTHEMERIREME 52 5 DR TEL 38 132 HB oL 2hoT=, 5 THIC
TR LREEOEMIBETTIIREL HET L, oDk Fr Xk o RARGE LIRIcHE

kT amlHm s Z L& L,

(COCl), H, (3.5 atm)
(4R,5R)-4Ta  DMSO, Et,N Pd/C
+ —_— MeO // >
_ CH.Cl, EtOH, RT
(4S,5S)-47a 78 ~0°C complex mixture
46%
Scheme 2-8

VA= NVOREIZHTZY, OLOEMBRITIZE T A EREIREELZZRT L L L L
2o FRO X HIZ ARSR) KOTT AT LA~—F, oDt Fuax iR pseudo-7
FUXMNBEBLTND, TDH, C4fitk RFuF i G5tk Rud il a7
RINIZ 2 S EOVREIE A AT 0T, AKEOINL C4 AL & DNLIRREE 28T, Eiesy
T M BHITT D & &2 BD (Figure 2-3), —J7. (4S8,58) hDOVT AT LA~ —IZ
ToDt Fa kN pseudo-TH B Y TIVICALE L TEBY, RELOSIRREEIC L

2 IKFEUNINO SLARHI XN & & 2 7,
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Pd —H
MeO MeO

rR.OH a Me RO H Me
' RO
HRsO ‘ Me

Me ZH Me /‘

Pd —H

I-
<
o

(4R,5R) (48,5S)

Figure 2-3

ZZTET. (4R5R)-47a O C4 Nt Fu kL A2 NnEEV TBS M T [E BRI /R
k. RDUEMED CSLE Fr X v EICSHREED/ NS W v FAEEZEAL T B4 —
N (4R,5R)-47b % &% L 7= (Scheme 2-9a), 7235, 15 H4L7= (4R,5R)-47b 73 LT e T RELHE
AT DI LT MMIEIC K o TR UL ERIEN D b 3R S, &V TBS
VUEHL T v o O#EE FRT 2 i 5 2 & AR S uie (Figure 2-4),

— 7 .(48,58)-47a 1 IBALRIBRA CTHH YT ALTE A ISR LBFMATHZ & & LT,
DA — L (48,55)-47a ZVUERES CREL L= L 2 A, BLBIZIC L AT LT b
R 40 2345 L7= (Scheme 2-9b), AL ST O 40 13, Lk A=/ >~ 7V >
7 TR L= b 0 L ARO[ RERIRB AWM THH Z L& 'TH NMR A7 kL L0 fk

L7,
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1) TBSOTf
2,6-lutidine
CH,Cl,
> MeO

2) Ac,0, DMAP RN
pyridine AcO B
60% (2 steps) TBSO

(4R,5R)-47b

Pb(OAC),
pyridine

-
-

THF, 0°C ~RT
72%

(48,55)-47a

Scheme 2-9

Figure 2-4 Calculated by MMFF in Spartan’08

7EX— 1k (4R5R)-47b OHEMIRILA AT L T A IR D BLemin b D HIKFED
FHNMAHELT L. C1 » C9b NLIZETe N iR F %2 A3 5 (1R,9bR)-48a %155 Z LIZkEh L

7= (Scheme 2-10), #ctV T, tetra-n-butylammonium fluoride (TBAF) 35 KX UVKIE{kF ~ U

26



T AKIRTE T 48a ZALFE L . TBS BB X O\ T v F NV E A FRIRICRE L, &&RIC, UF
—/L 48b Z . L. Clive bOHEIRTH L7 Fo 38 AR, 13 DIEXEE k% iE

L7,

H, (8 atm)
5% Pd/C TBAF
MeO > [— -
EtOH, RT NaOH aq.
28% THF, 70 °C
TBSO (48% recovery) TBSO 67%
(4R,5R)-47b (1R,9bR)-48a
(COCI),
DMSO, EtsN
—_— > MeO
CH,Cl,
-78~0°C
38%

38

Scheme 2-10

BERLEHE L CRELE I8 2B LRI L b DD, Av— bk CTIEIUE#RT
IV v DNIARBEE O 72 O EERR T OULRIL 28% LK< FUEIDY 48% 7T 5 &0 9
MR D 7o, 22T, JVMRMLREMIEEZHE Lz, Mo T oy A Hif iR E
5% 5 10% I EIFEME T AR AT L 2 A, XUV OBBERILAIE LI O
D, JFECTH D (4R,5R)-47b 1T RITIH L L, Lie ik F 42492 (1R,9bR)-49a 73 F
IEEEMICE B (Scheme 2-11), TBAF Tt R U A fiffs# L C 7 /L2 —/L 49b
~IEHit% . Taber & DA V% %2 tetra-n-propylammonium perruthenate (TPAP) T 7
N A= X DNANAF L RIS L O b 38 27, Av— BT

(4R,5R)-47b 75 38 O 3 TFEIN=RIL 52% CTH Y . Scheme 2-10 [Z/x L7z/L— b (3 TFE,
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%) EHARKIBIZHRZLET D Z EICKRII Lz, 2B, ALY F o 38 O&FE

AT R LT —H 1T Clive b O & BDW—F AR LT,

H, (8 atm)
10% Pd/C TBAF
5 MeO .
| EtOH, RT THF, 40 °C
: 82% (2 st
TBSO TBSO % (2 steps)
(4R,5R)-47b (1R,9bR)-49a

TPAP, NMO
MeO » MeO
CH,CI,, MS 4A
: 64%
HO
49b 38

MS = molecular sieves, NMO = N-methylmorpholine-N-oxide

Scheme 2-11

PLb, AL LB I AVTEIE (5)-22 b2 T2 B(13) DRRNEA R A
LT, RERML— MI, RO hZ AT L6 1H 13 ETHRE 19 TERTHY | H—
1T/~ L7z Nicolaou ©H (22 L) B LU Clive B (20 THE) DFiE & il L TR DY
WP LTz, £7-, RERXI I AVHFMEERa VB ATV 4l Oy TV 7D
8 LRET 13 ~FEFETHL I &b, NRMEDOH TENTZL—FTHDL EBZX BN

Do
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HoE Tvay B EART SIEEWMDOE AT

i

T Ay B NIT T AR DOEARERO —FETH D FrEE (LT A RRIR e
5-8-5 BEEMEEEZ A LTV D (Figure 3-1), 7 ¥ = v 1 VIR IRWICIE, BBRE W AETE
PEDRRE SN T DA B, Z< OWFREFEDIER ZHED TV 5D, REA2RE] &
LC. Cladosporium JEDXIRENEAT 22T L= A14) BET oD, 2F L=
VOA RN ETEDE & L CHEBES A P obice ANk S i
HL-60 (2584 2 LB EIEERNH S e P A F—Txa v a AT LN
B AR~ ¥ 28 L OIS AR~ 7 2% LIRS R 2 R4 2 Enms shiz Y,
EYNEMEOIERBEF & LT, 14 DEMIIZEBIICHAET D 14-3-3 Z X7 BB X
ORFAFED Y by o7 B e =ZFRG IRz L, Ml 7 Az Ic 57

HERBSNTEY 2, ALHHICEH 14 THERD,

fusicoccane
diterpene skeleton cotylenin A(14)

Figure 3-1

Ty Ay UEREAT D RRWITEROARF LSO EERERITIN A . ST A
72585 BEREZGATWVWDTEOARMDESENIEFIZE . ZNETIIEL OFHE K

WFFENEOREEICTR YA TE 2, FlzI1E, MESIZ. 747 R50 LHEAT Y

29



V51 AR v AW CHEFESE %, 11 TROE#EAR T, 89-ta7 v
a2y H 52 AR LT 2 (Scheme 3-1a), Z Db DD G T C8 « CI M DFE A %
L7 v ayh EERT 5T 53 215372,

Williams 5%, 7 VA7 /ba—/L 54 NHHFE L, HKAZ#HEYIKLT19 TET, 2,6-
tarvayh 55 ZFHBE L7 (Scheme 3-1b), #tV T, 55 % p-toluenesulfonic acid
(TsOH) |Z X % Nazarov Bg{L T/ 56 ~EH L, 7o av U BEEMEE L,

L2 L. Scheme 3-la [Z/RL7ZAH/LV— MI - 2oD® 7 X v FZiEfE%, 8,9-Fa~7
VA v H 5L ~OFEICL TREEE L, Scheme 3-1b O FETiX 54 2> 5 BRALATERA T
bd26-taTvay B 55 FEMBUICHERT HLENRGH DL, ZOD, RMICT

VAN ERREMET D LOIORMRERIENRD BN D,

50 51
(b)
OH
19 steps
—>
54
Scheme 3-1
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Spe — A

B 12-kaTvyay Bk E R T LG WO GG

EBHIT, 7V h UOREICENR, 122k a7 ay h o BROAREBIETZ L
L7, HERPHE (R)-22 ZFIH T 2 IURM 72 & AKETE %2 Scheme 3-2 (39, BAK
ZRIER LG E LT, 78 = F57 Zi%E L7z, 5713 C8 - CO ([ DR & A3 BRI
IRV EE S, BIRMEAY & i LT CL e C2 M3 BEE Lo WNEARBC L & A7 5 72
W, T7vay B UREEEE LCHIATE S LB 2, 7 b= K57 % trans-V = 58a
DTE FrXIfbaRTHEKL LS &% .58al (R)-22 & trans-E =/L A X 59 % Stille
Ny TV 7 TEB L ZEE LT, —h. Ay TV TOMFLRDIE=LAX
59 1. R KOEK ENBEFEAER LR T 22 L, 2bbUExy
X R 54 OO TE O CTHRBATEER T LT B R 60 M HikE TS L\ ) EHET

HD,

Stille
coupling

H “— OH TfO
— S, = el
T™MSO
58a (R)-22

61

Scheme 3-2
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B trans-E =V A XD AR

U R4 F T K61 (98% ee, Sigma-Aldrich) 7> 5 BEAIVE CTHE L7260 2 KFE{bF ¥
FFT MV TLATI2-%T L, £EU7-E Kax v % TBS & TR# L7 (Scheme 3-3), #i
WT 7 e =)L} % 9-borabicyclo[3.3.1]nonane (9-BBN) THLE « MMAERINIZE Krk
vFEL - BEL, HoRTLa— 62a FHE—DTT AT LA~V —L LTHEKLT,
Dess-Martin fg{L. T7 /L a— L& 7 LT b R~ZEHath Wittig SO0 K DR 2/ CTT7 v
/7 63 ARk LTz, TBS #:% TBAF T2 L7=% . m-chloroperoxybenzoic acid (mCPBA)
EERSELLE ZA EmmW T VR VABE A BE T 5 K 5 1= AR AL H i BRI © 37
RBIRICHEIT L, =ARF T ILa—L d ZH—-DODPT AT L A~—¢ LTHEXT-,
BONEZARX LT NA— N 64 5T HX=ULT NI4T R RTT U AT L=
—ASBME L, MEBIRIC T EF AL TT X — 65 ~FE LT, i\ T, B
bR FT VT LT EF AT & T — b A EREOE =T v a— VICEEET D TV
DB ETREALLIEE ZA KIGIEE FuX s EEd BN ICEERYT AT L
A HEERMETH#EIT L2, ELTE AT T K66 1IARLZETHoT2o, BT 22 &
KEOEFR—FHNTTMITLAA N REEHSE MY A —/1 67a ~ZEH L T-,

N U A —/L 67a &L ERRANCEDIRREET X7 L 67b (AW, . WEBED S =7 v
a—/)L% TMS K TIRE L 67c 2157-, i, REICHIT DAERIUEIL, SIRFEE O
DIRNE AT T — VIR A AT LA U SR 6720\ % LB R A A
REBBRIEEPEITT D ZLICE o TRIALLLEEZOND, HWT, 6Tc DFAIY
Dl & DA T VT B N 68 4572, 7 /L7 & R 68 % Ohira-Bestmann X
HIDTT LR A~FEL, ATV LAMEEEH VDS E R 22 =L TAME T

D trans-E =)L AR 859 OEREE T LT,
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1) NaBH,, MeOH

0°C, 90% 1) DMP, NaHCO
2) TBSCI, imidazole . OH ) cH.CL 05
CH,Cly, 92% TR
3) 9-BBN, THF; OTBS  2) PhgP*CHyl-
H,0, aq. n-BuLi, THF
NaOH aq., 86% 62a -78~0°C
1) Ti(O-i-Pr)4
toluene
1) TBAF, THF 60 °C, 98%
OTBS 2) mCPBA, NaHCO, 2) Ac,0, pyridine
CH,Cl,, =30 °C 99%
86% (3 steps)
TBHP
VO(acac), NaOMe
% %
toluene MeOH, 92%
0°C

triphosgene
pyridine
[E—— -
CH,Cl,
0°C, 82% TMSCI
L 67b (R = H) imidazole
67c (R = TMSy< CH,Cl,
90%
o Q
1) )krrp(o'v'e)z X SnBuj
K20s05(0OH),4 N H,
NalO4 NaOMe, THF )
2,6-lutidine -78 ~0°C, 72%
- > - 0 %O
THF, H,0 2) BusSnH, Pd(PPh3)s  TMSO OMe
87% THF, 0 °C, 71%

acac = acetylacetonate

Scheme 3-3
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ek, MRERME FeivE b X O EONKRIR =R b TAE U R E
WOSNARMEFIZEL T DO X S IZRE LTz, B Frk v FEb - B2t T/ 62a & TBAF & X
Ji SEEERNI O P A — )L 62b ~FFE L SCHK IS H S S 472 62b 1 K O epi-62b & 'H NMR
AR MVEET HZ LIk A FVENEL ST A AT H 2 L AR L
7= (Scheme 3-4a), TARF AKIZ X VA Uil bIE, BRRIREET 25 )L 67b @ nOe
FEBRIZ X 0 #EFR L7= (Scheme 3-4b), T 78bH, HEBRKBRT AT )V EIZHFET D D
DO7a B ENENMEOT VAT e F o BLOA M EOMTROTm ko
EnOe MBI Z R L7722 &0 D, 67Tb DX NARFLEZRE LTz, 2D &b, 7T
Y63 BLV 65 ITHT DT RF MUITNT O IIFFEY a liNHETLIZEEZ X BN

Do

TBAF
— -

THF, 72%

nOe 6.9%

H!:'H

nOe 2.8%

Scheme 3-4
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HIUE  Stille B 7V 7

E=L hU 77—k (R)-22 IZEMIIrEm <, Eie Stille v 7Y 7 IR EERN
THREINTZ, £ I TREOAHIZEND, ML b LET VEEE LTAF UL
AR (69) AN TV T DM E M LT,

AFYNAX (69) L=/ ) T7T—hK (R)-22 @ Stille vV 7 DOfER%
Table 3-1 IZ"7, AH¥ 2 F 69 I DMSO IZHE Th o 7o7od, Mo U 2R EEE L
[tz 7k # 7=, Dibenzylideneacetone (dba) palladium THG S W72 & 24, Lieh v 7Y
YIERTHDT0ITIMA69 DFEEH v TV I L D EK T BEIA LTS (entry 1),
M) 7=V e R ERMTDHE (R)-22 OERGFENEZSBRY, EERVKREDL YT
7Tl O T HEIEN EH L (entry 2), — /7. BB REALTTH D XPhos™
ERMULIEEZA, MMORIAEZNZ D Z LT TERPSTZHOD, Ak L7z 70 DEIA
M L7 (entry3), £ 2T, EHICEFEERMETHD, No~T A7 U v o7
VAR UENL BT D PEPPSI-IPrY 2 W72 & 2 A IOSIZSE2Ic#E T L, BlAERY %

Y Z e By TV TRT0 2155 Z LI LT= (entry 4),
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Ph A Snn-Buj

TfO 69
(1.1 eq.) ( /\%/
HO N > Ph 2
DMSO/toluene
60 °C
(R)-22 71
Table 3-1
ratio of products*
entry Pd cat. additive
(R)-22:70: 71
1 Pdy(dba); CHCI5 — 1:1:1
2 Pd,(dba);-CHCI, Ph3;As 5:1:3
3 Pdy(dba); CHCI5 XPhos 2:2:3
4 PEPPSI-IPr — 0:1:0

* determined by 'H NMR spectra.
XPhos = 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl

PLEORRFHZ X0 i b L7 BOSSRE T, (R)-22 & trans-E =)L A X 59 % Stille 77
TV T IHT LA KINTRIESD 15 Z L7 <H#EIT L, trans-¥ = 58a # B

I 72 3R T+ 7= (Scheme 3-5),

PEPPSI-IPr

—
DMSO

60 °C, 72%

Scheme 3-5
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BHE Y OBLORR

Ta—)L58a X A NVIETIRE LT, A I U ALAE, NMO % FRE2 (LAl
LTV 58b DV E Rax bz iion, BIWITEEONT ., ONITEHEZ
BEMAE G5 25 DI Th o7 (Table 3-2, entry 1), RABMLF-ZETeY b KX LAl
Th 2D AD-mix B Z W26, RIS E<EIT LR o7 (entry 2), ME—LUEEST
L7eDiE, Wb A A I U L& KB ICR UbFEREH WS E DA Th 572 (entry 3),
LrL., Y& FaF i bofi@EEREIIE<FEEHE T, C8,C9 iyt —n 72 BLY
C10,C14 AL A — 1 73 NEE 111 ORVEREEW E L TAE U, (ERRPENAE T2
Dol Dix A BREELOSEREENRRE EE X, U RrxAildeio T, BIRK

fer 2T L DREL DA —L O bR 2R 1=,

Table 3-2
/_OR —_

_ BzCl
58a (R = H) DMAP 72 73
58b (R =Bz pyridine
70%
Table 3-2
result
entry reagents solvent
72:73
1 K>0sO5(0OH)4, NMO  t-BuOH, H,0 complex mixture
2 AD-mix 3 t-BuOH, H,0 no reaction
3 OsOy4 pyridine 1:1

AD-miXﬁ = (DHQD)2PHAL, K20502(OH)4, K2CO3, K3Fe(CN)6
(DHQD),PHAL = hydroquinidine 1,4-phtalazinediyl diether
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HEVESE T IS 2 Bl Tt TMS OBENE& Sh-2, BImSRMt: TR
KRR 2T L DFREZFE L2 (Scheme 3-6), DIBAL-H #HW/-&L 24, HEY LT
D YA—/V 88 \ITHN A, SOSHIT TMS LA EEAL L 72 58d 36 K OBRIR KR = 2 7 /L D&
JTENEHFCIEIL L7 58e BREIE LT, 2D DAL Z B L T2, 58¢ DL %
RATeD, BHET D7 M 714 TR GONTEMEREGWIZ o TLE-T, 2
X, BOBHIZ TMS EREL S 2 W% L. EE RV ALE TR EIT L 2 &
NDRKEEZEZBND, o, FBET AT )L 58¢ DINAB Y RZR AT Z A, TMS £
DR S HFFE Lz,

LLEDRERDD | trans-¥ = 58a ZARH L7 ¥ 2 v 1 VRIBRER & G pd 2 0 13 H

L L, BIfED 12-va 7y ay h B ARERICT A2 8 & LT,

OH DIBAL-H
THF
58a 58c (R'= TMS, R2=H: 28%) 58e (22%)
58d (R'=H, R2 = TMS: 29%)
NaOH agq.
THF

NalO,

THF, H,0
complex mixture

Scheme 3-6
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FAH 12-k a7 v a3y I OGS AR

Hi-lc12-vavyay s LT, cis-¥ T2 75 Z#%ik L7z (Scheme 3-7), ¥
75 1%, C8 « CONLHDFER D cis (KDT V7 A2 XV EE S, Cl - C2ALAEELT LT
WEEZOND, TDOH, 15 T TRBRIKIZE D7 v 2y U BRSO RIEEE &
LTHHEB X T,

cis-Y T2 75 1 trans IROG K & [FIER, Stille 7> 7Y v 7 Cilfld 5L L, A
v 7Y U TRIBMEE cis-B = VAKX 76 L RRE LT, Stille 1y Y U ZITEBN T,
cis- B =)V AL 2 F AT AR AT E DO SLARBEE S trans R & G L TR E W2 UG
PO TR TPHIND, €2 T, MREFLEET <<, 66 13H 57 UDERIR KT
AFNEBRNTRE LT, £72. BT A a— L OR#EL L LT, LR TEAN
MIREIZ 72 > 72 TMS JE28R 2. BE) LT < W 2-(trimethylsilyl)ethoxymethyl (SEM) J& % F
WHZ L LTz, cis-sE= VA T 76 1K, trans IRETRIER, N U A —/L 67a DB &

L&D EEZT,

Stille
coupling

Scheme 3-7
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FHLEE cis-E =LA XDERK

B L2 =# 7 /L2 —/L 67b | SEM R %A A L 67d 2#157= (Scheme 3-8), 7
NT o 61d DT NT e RADEBRE i< 2 Uba — RAFNL Y 7 = =)LAR AR
=7 A% AW Wittig )G T3 7k E =0 T7a 2 H— OB EMEE L L TR LT,
BB, SFohi-a b = AN LT cis ONAMEEE AT H Z EIX ' HNMR IZBIT 5 &
=A78a N MOREEMNTAHZz TH o722 LD BIRE LTz, L L TTallxtd 58
T VU LB XD R 2 = AT, PRI K USRI ORI A Rt & IS 2 T D F T
HINE T HE =L AX 18 XGONRDolz, —JH, tert-7 F LY FU LTI V{LE=
U TTa e oA B ASHE S/ D R TIE, BRRIREE T A TV~ Doy N B ST

L. 77 b 19 DHBBAELT,

1 ) KzOSOZ(OH)4

SEMCI NalOy,, 2,6-lutidine
DIPEA, TBAI THF, H,0, 88%
:—elﬂﬁx, 92%, 2) PhaP*CH,l 1=
NaHMDS
HMPA, THF
quant.

a) Pd(PPhy)3
Me3SnSnMe;
THF

//// >

b) t-BuLi
BusSnCl
THF, -78 °C

77a 78 79

DIPEA =, diisopropylethylamine, HMPA = hexamethylphosphoric triamide
NaHMDS = sodium bis(trimethylsilyl)amide, TBAI = tetrabutylammonium iodide

Scheme 3-8
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AL ZJACHHEST L2 o e D13 3 v E = VA OSRBEENRIE & & 2, Bk
REBEATNVERETHZ L& Uiz, AX —VIEEEH T7a lZREED ) 7 A EER S
Blel ZA BRRBT AT LV OBRENMEIZEIT L7z (Scheme 3-9), #it\ T, HLKEHR
WD EF A —/v 770 2 UFERSR TRRILBAE L. 7~ 80 & RAFRINRTH LTz,
7 K 80 (2% L, PACLy(PPhy), Zfillfi & U A % = bz Ai= & = A, B RIG A HE
ITLET cis-BE =V AR 76 2150 Z LI Lic, Wy 7Y v ZRiBMEZ G CTE -

72, HEWT Stille 1 v 7Y v B R LT,

H., Pb(OAc),
K,CO3 pyridine
EEEe— ’
MeOH - THF, —20 °C
SEMO 91% (2 steps)
77b

Me3SnSnMe;

PdCl,(PPhj),

THF, 63%

Scheme 3-9
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FINE Stille 7 v 7Y v 7 O

LR D cis-E= VAKX 76 £ N U 7T — K (R)-22 % trans-> T > DAL & RO S
TRIGESHIEZ A, BHIET DV 75130 T 0 11% Lo g, BlIERD E L
TE=)VARXT6 DARESN v 7V 7K 81 34 U7z (Table 3-3, entry 1), L D TR
w5 = WBLAL 2 9 % PEPPSI-IPent (Sl A8 42 & 81 OFEIEITIZ b2 d D
O, B TH 5 75 ITEME LS 672 >72 (entry 2), LU, KV EFHGME
D R T & % PEPPSI-SIPr & W 2356 BOSITBIFIC SE S 4L, IR 85% T H /Y
D cis-¥ T 18 G BT (entry 3)e REUSIZ RV | AL EM TH D 12-Ea 7=

Y EGD T BRI LT,

Ln

CI—PId—CI
/N
QL
Cl
pEPPSI M
_TErs
DMSO - OH
60°C  Semo “—OMe
75
Table 3-3
i-PrN/:\Ni-Pr
= v
ety ligand result (%) IPr Pr;fﬂ\@
75 81
™\
1 IPr 1 4 Pent= NN
2 IPent trace 0
i-Pr [\ i-Pr

I-Pri-Pr
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BT 7o a B ORESE

AR L2 12837 >3y 72 751% C8-CO NI DAEG DS cis (RO —FEAEGIZ X 0 [H
ESN, BFNBRILICR 27y a3y b o REEN IR s nD, 22 CTrAa—L 75
% Dess-Martin [, T b 7 /L7 & R 82 ~iFEML, AR ARGTT 5L L Lz,
Wi b & o & #ign i bR AE ST ARFE i F % 12X D McMurry 71> 77U o 713
MR AWM E 52D DIHTHoT1= (Table 3-4, entry 1), BB BN S =1
{tF % > DME $81K3 KO8 Zn-Cu (2 & 2 4 NCET L THRUNISEHES g h o7z
(entry 2), K VIEMARFEMNTHL, I VY~V VAR DS ZERARTZE A, Bk
X RITT b a MLOBEIETTHAET L7 85 B L0086 2345k L 7= (entry 3),

ZZT, BEEREZ, o MOBEEITSETLICS WESRE ATV LA T
ERLIZEZA, BWET D0 TWNERILDBEIT L, IR 2% 2080672y 83
D ENTER (entry 4), 723, 83 1ZFD b U = U HEENRLE T, OHTREET
bololodd, HARITTIZLY 84 ITHFE LELMHR L, 2LV, 12-k=a 7=

o B DOBAVHIE R E L COARMtEEZ RTZENTET,
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SEMO »—OMe

DMP 75. R = CH,OH
CHxCl,L>-82: R = CHO
89%
Table 3-4
result (%
entry r((zag). solv. t(eorgp)). (%)
Q. 83 85 86
1 TiCly, Zn, pyr. THF reflux complex mixture
2 TiCl3(DME)4 5, Zn-Cu DME reflux complex mixture
3 Sml, THF -78~0 0 14 44
4 VCl3(THF)3, Zn, DMI THF 45 12 0 0

DME = dimethoxyethane

DMI = 1,3-dimethyl-2-imidazolidinone

PLb. Al LU= 7 0K (R)-22 ZIEH L, E=VAX 76 LDy T ) T %

BC12-tarzyay 75 OWEBAEKEZZER L, 2 FHARLICED 7vya vy

BRRAEFICORII Lz, AFETIET6 & (R)-220EE#DLOT N TR TIZYay b

HRRASOFENATRETH Y | WHREDOE N T 22y I O BBIESIEE ZH LI,
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&

FIUE D

LRI BV T, REG R IR < R ATaE 72 B BR P A O Al ds KOS
MzEE L, LT oEE BT,

R @3 2 LEBRMALICE R L, FBEBRTHEL LTE=L Y 75—
kb (8)-22 BELO (R)-22 #5%Ft L7= (Scheme 4-1), &k gL 72bE Fefd v o7 )L
(1R25)-24a 35 LY (1S,2R)-24a IL, TNENT b AT /L 26 D> HEEGAMEZ V5 AR
FRIL L ) R—BIC L DR DB 2T 5 2 Lk D, EOSBIARHME c5
DB LTz, Ziub e Raf = AT UICKT 5 Frater O NLAREIRA A F 1L T
BB IRFEEMEL, i< A 7T r EVEBELR T, &it L LABRPHIK

(9)-22 BELD (R)-22 DERLZE K LT,

j:> 8 steps
- R

Chiralscreen® EtO,C

OH E001
(1R,2S)-24a
o >99% enantiomeric
purity
EtO,C
25
1) ACzo HO
2) H,, Rh/C 8 steps TfO
’ B
3) lipase AK Et0,C" HO —«
(1S,2R)-24a (R)-22
>99% enantiomeric
purity
Scheme 4-1
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AR LIEZRNY 7T —h (822 25772 B (13) OFXNLEARITEHALE
(Scheme 4-2), F&EHEA O VAT NV ERWDEKR"E] I v 7TV TERTOTINT
t K40 21572, ZOLONbEFa— LBy T T TEEREEREMBEL, ~NIF

7 B13) OEXEHEME ER LT,

—_— —_—
— —
Suzuki-Miyaura pinacol
coupling coupling 0
(S)-22 13
Scheme 4-2

—H. R)-22 Z7 v avy U EKERTHILEW DO ARG Uiz, SLARERR
ANCTRL LU 72 cis-BE =V AR 76 & D Stille B v 7 ) V7 O&MEE#ELL, 12-Fa 7
YAy ISERDL LKL, S McMurry 1y U Ik AT v ay v

B 83 OEEL A ER LTz,

— H.
+ 3 —_—
Stille McMurry i
coupling coupling SEMO: OMe
TfO
75 83
HO _
(R)-22
Scheme 4-3
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DL b, BEEMREC X A RFETT - BER B 2R IR ARTRE (53 B&
N R)-3ZERAMLI, ZObONEL, TNENNIT T2 B (13) OFEXEEKBE LU
Tyay ) B (83) OERAEER L, BERAEHC LS5 X T AT EEOF L F

WO ZAMAE DD R ~DOT Ta—FEORAMEZ R LT,
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SEBR D

General Methods

Hydrogenation under high pressure was performed in a pressure vessel with inner vessel and
impeller, EYELA HIP-60. IR spectra were measured as ATR on a JASCO FT/IR 4700
spectrometer. 'H NMR spectra were measured in CDCl; at 400 MHz on a VARIAN 400-MR
spectrometer or at 500 MHz on a VARIAN 500-MR spectrometer and C NMR spectra were
measured in CDCl;at 100 MHz on a VARIAN 400-MR spectrometer or at 125 MHz on a
VARIAN 500-MR spectrometer. Silica gel 60 N (spherical, neutral, 40-50 pum, 37563-84)
from Kanto Chemical Co. was used for column chromatography. HPLC data were recorded
on SHIMADZU SPD-M20A multi-channel detector. “Chiralscreen® OH” was purchased from

Daicel Corp.

0 _ HO HO,
Chiralscreen® OH D E>

EtO,C 30°C, 24 h EtO,C Et0,C"
25 (1R.2S)-24a (1S,2R)-24a

Examination of “Chiralscreen® OH” on the reduction of 25

The mixture of carbonyl reductase, formate or glucose dehydrogenase, oxidoreductive
coenzyme such as NADH or NADPH, and buffer ingredient was dissolved in each vial with
purified water (1 mL) involved in “Chiralscreen® OH” (E001, E007, E031, E039, E078, E087,
and E146). Ketone 25 (10 mg) was added to each vial. The mixture was stirred at 30 °C for
24 h. After extractive workup, the conversion were estimated by 'H NMR spectra with the
comparison of authentic signals (CDCls): 63.15 (dd, 1H, J= 9.1, 8.8 Hz, for 25), 4.43 [ddd, 1H,

J =41, 39, 39 Hz, for (1R,25)-24a].  The enantiomeric ratio was confirmed by HPLC
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analysis: [column, Daicel Chiralcel® OD-H, 0.46 cm x 25 cm; hexane/2-propanol = 98:2, flow

rate 0.5 mL/min, detected at 210 nm], #g (min) = 16.8 for (1R,25)-24a, 22.5 for (15,2R)-24a.

Chiralscreen® HO
Oj:> OH E001 D
£10,C 30 °C, 95% EtO:C
(1R,2S)-24a
25 >99% enantiomeric
purity

Scale-up of the reduction of 25 with “Chiralscreen® OH”-E001: ethyl
(1R,25)-2-hydroxycyclopentanecarboxylate 24a

To a buffered solution (diluted up to 50 mL), in which NAD" and formate dehydrogenase
are pre-installed in the kit, was added “Chiralscreen” OH”-E001 (250 mg) and ketone 25 (1.35
g, 8.64 mmol) and the mixture was stirred at 30 °C under argon atmosphere for 17 h. During
the reaction, its pH was kept to be 6.5 with continuous addition of formic acid aq. solution (1.0
M) by pH controller. Then the organic materials were extracted with EtOAc three times.
The combined extract was washed with brine, dried over Na,SO,, filtered, and concentrated
under reduced pressure to give (1R,25)-24a (1.30 g, 95%) as a colorless oil. [a]p? —15.1 (c
1.11, CHClLy) {lit." [a]p™* —14.1 (¢ 1.11, CHCL) for (1R,2S)-24a}. Its enantiomeric purity
(>99%) was confirmed by HPLC analysis as described above. 'H NMR (CDCls, 500 MHz): §
1.28 (3H, t, J = 7.1 Hz), 1.60-1.68 (2H, m), 1.76-1.82 (2H, m), 1.88-2.06 (3H, m), 2.67 (1H,
ddd, J=10.0, 7.8, 4.1 Hz), 4.18 (2H, q, J = 7.1 Hz), 4.43 (1H, ddd, J = 4.1, 3.9, 3.9 Hz); °C
NMR (CDCls, 125 MHz): 6 14.2, 22.0, 26.4, 33.9, 49.5, 60.6, 73.7, 175.0; IR vy 3447, 2958,
2876, 1714, 1190 cm™'. Its NMR spectra were identical with those reported previously for

(1S,2R)-24a."
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HO LDA, THF HO
D 2. "D
then Mel " EtO.C*:
—50 ~-10°C ¥ =
85%

EtO,C

(1R,2S)-24a (1R,2S)-26

Ethyl (1R,25)-2-hydroxy-1-methylcyclopentanecarboxylate 26

To a solution of LDA (8.11 mmol) in THF (12.5 mL) was added a solution of (1R,25)-24a
(613 mg, 3.88 mmol) at —50 °C and the reaction temperature was raised to —10 °C. The
mixture was further stirred for 1 h at =10 °C. The reaction was cooled to —50 °C and methyl
iodide (360 mL, 5.78 mmol) was added to the solution. The mixture was warmed to —10 °C
over 1 h and the reaction was quenched with saturated NH4Cl aq. solution. The organic
materials were extracted with EtOAc three times, and the combined extract was washed with
brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography with hexane/EtOAc (30:1-4:1) to furnish
(1R,25)-26 (709 mg, 85%) as a colorless oil. [a]p™ +27.4 (¢ 1.24, CHCly) {lit."” [a]p>* +27.8
(c 127, CHCly)}. 'H NMR (CDCl;, 500 MHz): § 1.19 (3H, s), 1.28 (3H, t, J = 7.3 Hz),
1.54-1.60 (1H, m), 1.64-1.74 (2H, m), 1.81-1.90 (1H, m), 1.96-2.04 (1H, m), 2.22 (1H, ddd, J
=13.2, 10.0, 7.1 Hz), 3.08 (1H, dd, J = 4.6, 1.2 Hz), 3.97-4.00 (1H, m), 4.18 (2H, q, J = 7.3
Hz); °C NMR (CDCls, 125 MHz): & 14.1, 20.4, 22.3, 31.9, 33.1, 54.0, 60.6, 79.9, 177.2; IR
Vinax 3445, 2965, 1712, 1264. Its "H NMR and IR spectra were identical with those reported

previously.'”
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HO DMP
NaHCO» ©
oo on
EtO,C": CH,Cly :
2L = 879, EtO,C " :
(1R,2S)-26 (R)-23
Ethyl (R)-2-methyl-2-oxocyclopentanecarboxylate 23

To a solution of (1R,25)-26 (591 mg, 3.43 mmol) in CH,Cl, (30 mL) were added NaHCO;
(1.56 g, 18.5 mmol) and Dess-Martin periodinane (2.19 g, 5.17 mmol) at 0 °C under argon
atmosphere. The mixture was stirred at room temperature for 2 h. Then the reaction was
quenched with a mixture of saturated NaHCO; aq. solution and saturated Na,S,0; aq. solution.
The organic materials were extracted with EtOAc twice. The combined extract was washed
with brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography with hexane/EtOAc (50:1-10:1) to furnish
(R)-23 (507 mg, 87%) as a colorless oil. [a]p™ —15.7 (¢ 1.12, CHCly) {lit."” [a]p** ~15.9 (¢
1.72, CHCl;)}. 'H NMR (CDCls, 500 MHz): § 1.25 (3H, dd, J = 7.4, 7.4 Hz), 1.31 (3H, s),
1.83-1.97 (2H, m), 2.02-2.08 (1H, m), 2.28-2.35 (1H, m), 2.41-2.54 (2H, m), 4.15 (1H, qd, J =
7.4, 3.2 Hz), 4.17 (1H, qd, J = 7.4, 3.2 Hz); "C NMR (CDCl;, 125 MHz): & 14.0, 19.4, 19.6,
36.2,37.7, 55.9, 61.3, 172.4, 215.9; IR vine 2976, 1748, 1728, 1267, 1153 cm ™. Its '"H NMR

and IR spectra were identical with those reported previously.'”

1) LDA, CH;CHO

o THF, —78 °C o A
:: 2) MsCl, DMAP ;
Et0,C7: ELN. CH,Cl, Et0,C7:
3) DBU, toluene
(R)-23 61% (3 steps) (1R,3E)-27

Ethyl (1R,3E)-3-ethylidene-1-methyl-2-oxocyclopentanecarboxylate 27

To a solution of LDA (3.42 mmol) in THF (10 mL) was added a solution of (R)-23 (482 mg,
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2.83 mmol) in THF (6 mL) at —78 °C. After 1 h, to the reaction mixture was added
acetaldehyde (480 pL, 8.50 mmol) and the mixture was warmed to —30 °C over 1 h. Then the
reaction was quenched with saturated NH4Cl aq. solution and the organic materials were
extracted with EtOAc three times. The combined extract was washed with brine, dried over
Na,SO,, filtered, and concentrated under reduced pressure. The residue was diluted with
EtOAc and filtered through a pad of silica gel. The combined filtrate and washings were
concentrated under reduced pressure to give a crude alcohol. This was employed for the next
reaction without further purification.

To a solution of the crude alcohol in CH,Cl, (7 mL) were added Et;N (530 pL, 3.82 mmol),
methylsulfonyl chloride (223 uL, 2.86 mmol) and DMAP (28 mg, 0.23 mmol). After stirring
for 1 h at room temperature, the reaction was quenched with phosphate buffer solution (pH 7.0,
0.1 M), and the mixture was extracted with EtOAc twice. The combined extract was washed
with brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The residue
was diluted with toluene (7 mL) and DBU (343 pL, 2.28 mmol) was added to it, and the
mixture was stirred for 1 h at room temperature. The mixture was diluted with H,O and the
organic materials were extracted with EtOAc three times. The combined extract was washed
with brine, dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography with hexane/EtOAc (30:1-10:1) to furnish
(1R,3E)-27 (315 mg, 61%) as a colorless oil. [a]p™ —2.8 (¢ 1.11, CHCLy). 'H NMR (CDCl,,
500 MHz): 6 1.23 (3H, t, J= 7.1 Hz), 1.35 (3H, s), 1.77 (1H, ddd, J = 13.5, 8.3, 6.4 Hz), 1.84
(3H, ddd, J =74, 1.9, 1.7 Hz), 2.52 (1H, ddd, J = 13.5, 8.6, 5.2 Hz), 2.56-2.70 (2H, m), 4.15
(2H, q, J = 7.1 Hz), 6.74 (1H, ddq, J = 7.4, 2.7, 2.7 Hz); °C NMR (CDCls, 125 MHz): § 14.0,
15.4, 19.8, 23.7, 32.7, 56.7, 61.3, 134.1, 137.2, 172.4, 202.8; IR vmax 2978, 2935, 1738, 1713,

1650, 1446, 1374, 1261, 1220, 1175, 1084 cm'; HRMS (ESI) [M+Na]’ calculated for
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C,H;(NaOs: 219.0997, found: 219.1018.

o A Me,Culi o
EE— -
; Et,0
EtO,C = o B
2> = -30°C  Et0,c7:
95%
(1R,3E)-27 (1R)-28

Ethyl (1R)-3-isopropyl-1-methyl-2-oxocyclopentanecarboxylate 28

To a suspension of Cul (471 mg, 2.47 mmol) in Et,0O (10 mL) was added a solution of
methyllithium (4.9 mL, 1.1 M in Et,0) at =30 °C, and the resulting mixture was stirred at the
same temperature for 20 min. To the above-mentioned solution of (CH;),CuLi was added a
solution of (1R,3E)-27 (431 mg, 2.20 mmol) in Et,O (12 mL) at —30 °C. After stirring for 1 h
at that temperature, the reaction was quenched with saturated NH4Cl aq. solution, and the
organic materials were extracted with EtOAc three times. The combined extract was washed
with brine, dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography with hexane/EtOAc (40:1-20:1) to furnish
(1R)-28 (442 mg, 95%) as a colorless oil. [a]p>' —78.6 (¢ 1.07, CHCl;). 'H NMR (CDCl,,
500 MHz): 60.82 (3H, d, J= 6.8 Hz), 1.00 (3H, d, /= 6.9 Hz), 1.22 (3H, s), 1.25 3H, t,J=7.1
Hz), 1.69 (1H, dddd, J = 12.7, 11.3, 11.3, 7.1 Hz), 1.86 (1H, ddd, J = 12.9, 7.0, 2.6 Hz), 2.02—
2.09 (1H, m), 2.17 (1H, dqq, J = 7.1, 6.9, 6.8 Hz), 2.33-2.41 (2H, m), 4.15 (2H, q, J = 7.1 Hz);
C NMR (CDCl;, 125 MHz): § 14.0, 18.3, 18.4, 21.0, 21.1, 27.1, 33.5, 55.5, 56.3, 61.2, 172.7,
216.1; IR vy 2960, 2873, 1747, 1728, 1466, 1372, 1266, 1172, 1152 cm'; HRMS (ESI)

[M+Na]" calculated for C,,H,,NaO,: 235.1310, found: 235.1328.
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1) LDA
Comins reagent

THF o
o -78~-10°C
: 2) DIBAL-H, THF O~
EtO,C" : 78% (2 steps)
(R)-28 (S)-22

(8)-5-Hydroxymethyl-2-isopropyl-5-methylcyclopent-1-en-1-yl trifluoromethylsulfonate 22

To a solution of LDA (1.12 mmol) in THF (3.5 mL) was added a solution of (1R)-28 (183
mg, 0.861 mmol) at —78 °C with stirring. After 1 h, to the mixture was added a solution of
2-[bis(trifluoromethylsulfonyl)amino]-5-chloropyridine (522 mg, 1.33 mmol) in THF (2.0 mL)
and the reaction mixture was gradually warmed to —10 °C over 3 h. Then the reaction was
quenched with saturated NaHCO; aq. solution. The organic materials were extracted with
EtOAc twice. The combined extract was washed with brine, dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was filtered through a pad of silica gel with
hexane/EtOAc (20:1) to give crude triflate. This was employed for the next step without
further purification.

To a solution of above-mentioned triflate in THF (8 mL) was added DIBAL-H (solution in
hexane, 1.0 M, 1.8 mL) at —78 °C with stirring and the reaction mixture was gradually warmed
to 0 °C over 1 h. The reaction was quenched with saturated sodium/potassium tartrate aq.
solution and the organic materials were extracted with EtOAc three times. The combined
extract was washed with brine, dried over Na,SQO,, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography with hexane/EtOAc
(60:1-10:1) to furnish (S)-22 (204 mg, 78%) as a colorless oil. [a]p>> —1.7 (¢ 1.01, CHCL,).
'H NMR (CDCls, 500 MHz): § 1.04 (3H, d, J = 6.6 Hz), 1.05 (3H, d, J = 6.8 Hz), 1.06 (3H, s),
1.70 (1H, ddd, J = 12.8, 9.2, 6.1 Hz), 2.20 (1H, ddd, J = 12.8, 9.0, 4.1 Hz), 2.27 (1H, ddd, J =

15.9,9.2, 4.1 Hz), 2.38 (1H, ddd, J = 15.9, 9.0, 6.1 Hz), 2.88 (2H, qq, J = 6.8, 6.6 Hz), 3.32 (1H,
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d,J=12.3 Hz), 3.59 (1H, d, J = 12.3 Hz); C NMR (CDCls, 125 MHz): §20.3, 20.5, 20.9, 24.2,
25.9,31.6,49.1, 67.4, 118.5 (1C, q, J = 319.6 Hz), 141.7 (2C); IR vinax 3402, 2966, 2936, 2874,

1458, 1405, 1209, 1140, 1048, 1027, 889, 849 cm .

EtOZC \“E> EtOZC )
(1S,2R)-24a, 38%
(1S,2R)-24b Pseudomonas sp. >99% enantiomeric
lipase Amano AK purity
+ S +
phosphate buffer
AcO 36°C,20h AcO
D 48% conv. j:>
EtO,C EtO,C
(1R,2S)-24b (1R,2S)-24b

49%

Ethyl (15,2R)-2-hydroxy-1-methylcyclopentanecarboxylate 24a

According to the reported procedure, 24b was prepared by Rh/C-catalyzed
hydrogenation.”” Then, to a solution of acetate (1R*,25%)-24b (2.02 g, 10.08 mmol) in
phosphate buffered solution (200 mL, 0.1 M, pH = 7.0) was added lipase AK (199 mg) and the
mixture was stirred at 36 °C.  After 20 h, the organic materials were extracted extracted with
EtOAc three times. The combined extract was washed with brine, dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography with hexane/EtOAc (30:1-5:1) to furnish (1S5,2R)-24a (613 mg, 38%) as a
colorless oil and (1R,25)-24b (1.04 g, 49%) as a colorless oil. The conversion (48%) was
estimated by area of signals in 'H NMR spectrum of the crude mixture with the comparison of
authentic signals (CDCly): 6 5.42 (ddd, 1H, J= 8.5, 5.4, 2.9 Hz for 24b) and 4.43 (ddd, 1H, J=

4.1, 3.9, 3.9 Hz for 24a). The enantiomeric purity was confirmed by HPLC analysis as
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described above. Its NMR spectrum was identical with above-mentioned that of (1R,25)-24a.

HO, LDA, THF HO,
E> -50 °C -
EtO,C" then Mel EtO,C"
2 —50 ~-10 °C 2
0,
(15,2R)-24a 80% (15,2R)-26

Ethyl (18,2R)-2-hydroxy-1-methylcyclopentanecarboxylate 26
According to above-mentioned procedure for (1R,25)-26, from (1S,2R)-24a (579 mg, 3.36

mmol) was synthesized (15,2R)-26 (456 mg, 80%). [a]p™ —28.5 (¢ 1.19, CHCl3). Its NMR

spectrum was identical with above-mentioned that of (1R,25)-26.

HO DMP
NaHCOs ©
—>
EtO0,C" CH,Cl,
2 85% EtO ZC
(1S,2R)-26 (S)-23

Ethyl (S)-2-methyl-2-oxocyclopentanecarboxylate 23
According to above-mentioned procedure for (R)-23, from (1S,2R)-26 (66.5 mg, 0.386

mmol) was synthesized (S)-23 (55.9 mg, 85%). [alp” +13.9 (¢ 1.25, CHCl). Its NMR

spectrum was identical with above-mentioned that of (R)-23.
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1) LDA, CH3CHO

Op THF, —78 °C o
2) MsCl, DMAP
EtO,C Et.N, CH,Cl, EtO,C
3) DBU, toluene
(S)-23 71% (3 steps) (1S,3E)-27

Ethyl (18,3E)-3-ethylidene-1-methyl-2-oxocyclopentanecarboxylate 27
According to above-mentioned procedure for (1R,3FE)-27, from (S5)-23 (55.9 mg, 0.328
mmol) was synthesized (15,3E)-27 (45.7 mg, 71%). [a]p™ +1.9 (¢ 1.22, CHCl3). Its NMR

spectrum was identical with above-mentioned that of (1R,3E)-27.

o A Me,Culi o
[ -
E0,C™ “hec \
EtO,C
92%
(1S,3E)-27 (1S)-28

Ethyl (15)-3-isopropyl-1-methyl-2-oxocyclopentanecarboxylate 28
According to above-mentioned procedure for (R)-28, from (1S,3E)-27 (454 mg, 2.304 mmol)
was synthesized (15)-28 (454 mg, 92%). [a]p? +64.4 (¢ 1.18, CHCL;). Its NMR spectrum

was identical with above-mentioned that of (1R)-28.

1) LDA
Comins reagent
THF o
o -718~-10°C
2)DIBAL-H, THE 1O~
EtO,C 67% (2 steps)
(1S)-28 (R)-22

(R)-5-Hydroxymethyl-2-isopropyl-5-methylcyclopent-
1-en-1-yl trifluoromethylsulfonate 22

According to above-mentioned procedure for (5)-22, from (15)-28 (454 mg, 2.140 mmol)
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was synthesized (R)-22 (431 mg, 67%). [a]p +2.5 (¢ 1.24, CHCl3). Its NMR spectrum was

identical with above-mentioned that of (S)-22.

1-Me-AZADO
TfO PhI(OAc), TfO
HO CH,Cl,, 0 °C -
S 84% g
(S)-22 46

(R)-5-Formyl-2-isopropyl-5-methylcyclopent-1-ene-1-yl trifluoromethylsulfonate 46

To a solution of alcohol (5)-22 (71.8 mg, 0.238 mmol) in CH,Cl, (2.0 mL) were added
1-Me-AZADO (1.1 mg, 0.006 mmol) and PhI(OAc), (81.0 mg, 0.251 mmol) at 0 °C and stirred
for 4 h at that temperature. The reaction was quenched with saturated Na,S,0; aq. solution
and organic materials were extracted with EtOAc three times. The combined extract was
washed with brine, dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography with hexane/EtOAc (60:1-10:1) to
give an aldehyde (R)-46 (60.2 mg, 84%) as a colorless oil. [a]p?* +125.5 (¢ 1.14, CHCL,).
'H NMR (500 MHz, CDCl): 8 1.07 (3H, d, J = 6.9 Hz), 1.08 (3H, d, J = 6.9 Hz), 1.29 (3H, s),
1.80 (1H, ddd, J = 13.4, 8.0, 4.4 Hz), 2.31 (1H, ddd, J = 13.5, 8.0, 4.4 Hz), 2.38-2.48 (2H, m),
2.92 (1H, qq, J = 6.9, 6.9 Hz), 9.56 (1H, s); °C NMR (125 MHz, CDCls): § 17.2, 20.2, 20.5,
24.4,26.1, 31.0, 58.0, 117.1, 118.3 (q, J = 319.6 Hz), 139.3, 144.5, 199.2; IR v,,,, 2970, 2937,
1732, 1410, 1212 crn_I; HRMS (DART) [M-i-H]+ calculated for C;;H;6F504S:: 301.0721, found:

301.0719.
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41

K,COs
DMSO, 80 °C
68%

46
(R)-5-(5’-Formyl-2’-isopropyl-5’-methylcyclopent-1’-enyl)-6-methoxy-4-
methylbenzaldehyde 40

To a mixture of PdCly(dppf)-CH,CL, (10.5 mg, 0.013 mmol) and K,CO; was added a
solution of boronate 3 (81.5 mg, 0.295 mmol) and triflate (R)-40 (80.5 mg, 0.268 mmol) in
DMSO (4.0 mL) and stirred for 12 h at 80 °C under argon atmosphere. The reaction was
quenched with H,O and organic materials were extracted with EtOAc twice. The combined
extract was washed with brine, dried over Na,SQO,, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography with hexane/EtOAc
(1:0-20:1) to furnish a 56:44 rotamer mixture of 40 (55.1 mg, 68%,) as a pale-yellow oil. 'H
NMR (500 MHz, CDCl;): & 0.87 (1.32H, d, J = 8.7 Hz), 0.89 (1.32H, d, J = 6.9 Hz), 0.91
(1.68H, d, J = 6.9 Hz), 093 (1.68H, d, J = 6.9 Hz), 1.04 (1.68H, s), 1.10 (1.32H, s),
1.77-1.81(0.44H, m), 1.88 (0.56H, ddd, J = 13.2, 9.3, 9.3 Hz), 2.17-2.20 (0.56H, m), 2.28-2.38
(1H, m), 2.34 (1.68H, s), 2.38 (1.32H, s), 2.47-2.60 (2.56H, m), 3.88 (1.32H, s), 3.91 (1.68H, s),
6.25 (0.56H, s), 6.40 (0.44H, s), 6.72 (0.56H, s), 6.73 (0.44 H, s), 9.53 (0.44H, s), 9.61 (0.56H,
s), 10.25 (0.56H, s), 10.31 (0.44H, s); °C NMR (125 MHz, CDClL;): § 17.5, 19.8, 19.9, 20.4,
21.1, 21.7, 22.3, 22.3, 28.2, 28.5, 28.7, 28.9, 32.7, 33.2, 55.7, 55.8, 63.7, 64.1, 111.5, 111.5,
121.2,121.9, 123.2, 124.9, 131.9, 134.9, 139.0, 141.3, 145.4, 146.0, 147.9, 152.4, 161.1, 162.3,
190.2, 190.9, 201.9, 203.7; IR v,,,, 2958, 2927, 1718, 1688, 1599, 1568, 1449, 1401, 1289 cm ;

HRMS (ESI) [M+Na]" calculated for C1sH,4NaOs: 323.1623, found: 323.1650.
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Sm|2
——— > MeO

THF, —20 °C

+ MeO
HO™ ™Y : HO

47a 47b
(51%) (49%)

(3aR,4R,5R)-1-Isopropyl-6-methoxy-3a,8-dimethyl-2,3,4,5-tetrahydro-3aH-
cyclopentaja]lnaphthalene-4,5-diol (47a) and (3aR,4S5,55)-47a

To a solution of Sml, (0.1 M in THF, 1.9 mL) was added a solution of aldehyde 40 (5.8 mg,
0.019 mmol) at —20 °C and stirred at that temperature for 5 h under argon atmosphere. The
reaction was quenched with saturated sodium/potassium tartrate aq. solution and the organic
materials were extracted with EtOAc three times. The combined extract was washed with
brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography with hexane/EtOAc (1:0-1:1) to furnish
(3aR,4R,5R)-47a (3.0 mg, 51%) and (3aR,4S5,55)-47a (2.9 mg, 49%) as colorless oil.

(3aR,4R,5R)-47a: R, = 0.50 (hexane:EtOAc = 2:1). [a]p” —154 (c 0.50, CHCL). 'H
NMR (500 MHz, CDCl;): 6 1.05 (3H, d, J= 6.6 Hz), 1.15 (3H, s), 1.22 (3H, d, J = 6.8 Hz), 1.25
(1H, d, J=10.0 Hz), 1.63 (1H, ddd, J = 13.2, 9.8, 4.9 Hz), 2.22 (1H, ddd, /= 13.2, 10.0, 6.8 Hz),
2.35 (3H, s), 2.46-2.60 (2H, m), 3.16 (1H, s), 3.24 (1H, qq, J = 6.8, 6.6 Hz), 3.76 (1H, d, J =
10.0 Hz), 3.89 (3H, s), 4.83 (1H, s), 6.67 (1H, s), 6.88 (1H, s); *C NMR (125 MHz, CDCL;): &
21.5,21.9,22.0,23.4,274,29.8,31.8,51.4,554,70.3,76.8, 110.1, 120.4, 121.6, 130.5, 132.5,
138.2, 148.5, 158.4; IR v, 3427, 2956, 1607, 1572, 1455, 1343 cm™'; HRMS (ESI) [M+Na]
calculated for C,9H2¢NaOj;: 325.1779, found: 325.1773.

(3aR,4S,55)-47a: R; = 0.20 (hexane:EtOAc = 2:1). [a]p”> —158 (¢ 0.64, CHCL). 'H

NMR (500 MHz, CDCl;): 6 0.95 (3H, s), 1.01 (3H, d, J= 6.6 Hz), 1.18 (3H, d, J = 6.8 Hz), 1.72
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(1H, ddd, J = 13.2, 8.8, 4.4 Hz), 1.99 (1H, ddd, J = 13.2, 9.5, 8.1 Hz), 2.35 (3H, s), 2.40-2.43
(1H, br-s) 2.49-2.59 (2H, m), 3.20 (1H, qq, J = 6.8, 6.6 Hz), 3.76 (1H, d, J = 7.4 Hz), 3.89 3H,
s), 4.03 (1H, s), 4.84 (1H, d, J = 7.4 Hz), 6.60 (1H, s,), 6.85 (1H, s); °C NMR (125 MHz,
CDCL): § 17.2, 21.2, 21.5, 21.9, 27.4, 29.7, 33.8, 53.2, 55.4, 73.0, 81.0, 109.6, 120.7, 122.6,
133.3, 134.7, 138.3, 145.0, 157.9; IR v, 3437, 2958, 1607, 1573, 1456, 1342 cm™'; HRMS

(ESI) [M+Na]" calculated for C1sH,gNaOs: 325.1779, found: 325.1787.

(COCI),
DMSO, Et;N

» MeO
CH,CI,
-78~0°C
46%

(4R,5R)-47a (4S,55)-47a

(R)-1-isopropyl-6-methoxy-3a,8-dimethyl-2,3-dihydro-3aH-cyclopenta[a]naphthalene-
4,5-dione 39

To a solution of (COCI), (20 pL, 0.233 mmol) in CH,Cl, (200 uL) was added a solution of
dimethyl sulfoxide (DMSO, 25 pL, 0.352 mmol) in CH,Cl, (200 pL) at —78 °C, and the mixture
was stirred under argon atmosphere at that temperature for 30 min. To the mixture was added
a solution of diol (3aR,4R,5R)-47a and (3aR,4S,55)-47a (6.9 mg, 0.023 mmol) in CH,Cl, (200
pL) and the stirring was continued at the same temperature. After 1 h, Et;N (95 pL, 0.635
mmol) was added to the mixture, and the temperature was gradually raised to 0 °C for over 2 h
with stirring.  The reaction was quenched with saturated NH4ClI aq. and the organic materials
were extracted with EtOAc twice. The combined extract was washed with brine, dried over
Na,SO,, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography with hexane/EtOAc (40:1-3:1) to furnish (R)-39 (3.1 mg, 46%) as

a pale-yellow oil. '"H NMR (500 MHz, CDCls): § 0.94 (3H, d, J = 6.8 Hz), 1.21 (3H, d, J= 6.8
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Hz), 1.29 (3H, s), 1.80 (1H, ddd, J = 14.2, 9.0, 4.9 Hz), 2.45 (3H, s), 2.49-2.68 (3H, m), 3.08

(1H, qq, J = 6.8, 6.8 Hz), 3.95 (3H, s), 6.74 (1H, s), 6.80 (1H, s).

Pb(OAc),
pyridine

Y

THF, 0 °C ~RT
72%

(4S,5S)-47a
C-C bond cleavage of (3aR,4S5,55)-47a

To a solution of (3aR,45,55)-47a (7.8 mg, 0.026 mmol) in THF (600 pL) was added pyridine
(50 uL, 0.619 mmol) and Pb(OAc)s (41 mg, 0.092 mmol) at 0 °C, and the mixture was
gradually warmed to room temperature with stirring for 2 h. The reaction was quenched with
saturated Na,S,0; aq. solution and organic materials were extracted with EtOAc three times.
The combined extract was washed with brine, dried over Na,SO,, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography with
hexane/EtOAc (20:1-10:1) to furnish 40 (5.6 mg, 72%) as a pale-yellow oil. The 'H NMR

spectrum was identical to that of the above-mentioned 40.

1) TBSOTf
2,6-lutidine
CH,Cl,

2) Ac,0O, DMAP
pyridine
60% (2 steps) TBSO

(4R,5R)-47a (4R,5R)-47b

(3aR,4R,5R)-4-tert-Butyldimethylsilyloxy-1-isopropyl-6-methoxy-3a,8-dimethyl-2,3,4,5-
tetrahydro-3aH-cyclopenta[a]naphthalene-5-yl acetate 47b
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To a solution of (3aR,4R,5R)-47a (9.2 mg, 0.030 mmol) in CH,Cl, (0.7 mL) was added
2,6-lutidine (21 pL, 0.179 mmol) and TBSOTf (17 uL, 0.074 mmol) at 0 °C, and the mixture
was stirred for 30 min at that temperature. The reaction was quenched with phosphate buffer
solution (pH 7.0, 0.1 M), and the organic materials were extracted with EtOAc twice. The
combined extract was washed with brine and dried over Na,SQ,, filtered, and concentrated
under reduced pressure to furnish crude TBS ether. To this was added pyridine (0.4 mL),
Ac,0 (0.4 mL) and DMAP (4.6 mg, 0.038 mmol), and the mixture was stirred for 16 h at room
temperature. The reaction was quenched with H,O and the organic materials were extracted
with EtOAc twice. The combined extract was washed with brine, dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography with hexane/EtOAc (1:0-20:1) to furnish (3aR,4R,5R)-47b (8.4 mg, 60%) as a
colorless amorphous powder. [a]p™ —129 (¢ 0.32, CHCl;). 'H NMR (500 MHz, CDCls): &
0.12 (3H, s), 0.20 (3H, s), 0.78 (9H, s), 0.97 3H, d, J = 6.8 Hz), 1.05 (3H, s), 1.19 3H, d, J =
7.0 Hz), 1.44 (1H, ddd, J = 12.7, 9.0, 3.9 Hz), 2.00 (3H, s), 2.12 (1H, ddd, J = 12.7, 10.0, 7.5
Hz), 2.37 (3H, s), 2.40-2.51 (2H, m), 3.26 (1H, qq, J = 7.0, 6.8 Hz), 3.69 (1H, d, J = 1.7 Hz),
3.78 (3H, s), 5.88 (1H, d, J = 1.7 Hz), 6.60 (1H, s), 6.91 (1H, s); °C NMR (125 MHz, CDCl;):
5 5.2, 4.0, 18.0, 21.1, 21.5, 22.1, 23.4, 25.9 (3C), 27.5, 29.6, 31.7, 51.4, 55.4, 70.0, 75.7,
109.6, 117.6, 120.1, 131.2, 134.8, 138.3, 145.9, 158.8, 170.0; IR v,,,, 2955, 2928, 1732, 1607,
1574, 1462, 1235 cm_l; HRMS (ESI) [M-i-N:a]+ calculated for C,7H4,NaO4Si: 481.2750, found:

481.2718.
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H, (8 atm)

5% Pd/C
MeO :
e : EtOH, RT
AcO H 28%
TBSO (48% recovery) TBSO
(4R,5R)-47b (1R,9bR)-48a

(1R,3aR,4R,S5R,9bR)-4-tert-Butyldimethylsilyloxy-1-isopropyl-6-methoxy-3a,8-dimethyl-
2,3,3a2,4,5,9b-hexahydro-1H-cyclopentalalnaphthalene-5-yl acetate 48a

To a solution of 47b (6.4 mg, 0.014 mmol) in EtOH (2.0 mL) was added Pd/C (5% on
carbon, 10.2 mg) in a pressure vessel as shown in General Methods. The mixture was stirred
under H, atmosphere (8 atm) for 39 h. Then the mixture was then filtered through a pad of
Celite, and the combined filtrate and washings were concentrated under reduced pressure. The
residue was purified by silica gel column chromatography with hexane/EtOAc (1:0-40:1) to
furnish (1R,3aR,4R,5R,9bR)-48a (1.8 mg, 28%) as a colorless oil and (3aR,4R,5R)-47b (3.1 mg,
48% recovery). (1R,3aR,4R,5R,9bR)-48a: 'H NMR (500 MHz, CDCls): § 0.06 (6H, s), 0.59
(3H, d, J = 6.6 Hz), 0.89 (9H, s), 0.97 (3H, d, J = 6.4 Hz), 0.97-1.54 (3H, m), 1.23 (3H, s),
1.34-1.42 (1H, m), 1.85-1.91 (1H, m), 2.07 (3H, s), 2.29 (3H, s), 2.29-2.34 (1H, m), 3.02 (1H,
d, J=6.8 Hz), 3.65 (1H, d, /= 7.8 Hz), 3.74 (3H, s), 6.13 (1H, d, J= 7.8 Hz), 6.52 (1H, s), 6.61
(1H, s); *C NMR (125 MHz, CDCl;): § —3.8, -3.7, 18.3, 21.5, 21.6, 21.9, 23.8, 26.0 (3C), 26.4,
28.4, 30.8, 33.1, 43.8, 53.9, 53.2, 55.3, 70.4, 77.8, 109.4, 121.4, 122.8, 137.0, 138.2, 157.2,
170.9; IR v, 2954, 2928, 1745, 1610, 1579, 1235 cm™'; HRMS (ESI) [M+Na]" calculated for

C,7H44NaO,Si: 483.2907, found: 483.2906.
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TBAF

MeO 3w MeO

AcO" NaOH aq. w
THF, 70 °C HO
TBSO 67% HO
(1R,9bR)-48a 48b

(1R,3aR,4R,5R,9bR)-1-Isopropyl-6-methoxy-3a,8-dimethyl-2,3,3a,4,5,9b-hexahydro-1H-cy-
clopentaja]naphthalene-4,5-diol 48b

To (1R,3aR,4R,5R,9bR)-48a (1.8 mg, 3.9 umol) were added TBAF (1.0 M in THF, 500 pL)
and NaOH (2.0 M in H,O, 120 uL) and the mixture was stirred at 70 °C for 45 h. The reaction
was quenched with H,O and organic materials were extracted with EtOAc three times. The
combined extract was washed with brine, dried over Na,SO,4 and filtered. The filtrate was
concentrated under reduced pressure and the residue was purified by silica gel column
chromatography with hexane/EtOAc (10:1-2:1) to furnish (1R,3aR,45,9bR)-48b (0.8 mg, 67%)
as a colorless oil. 'H NMR (500 MHz, CDCl;): § 0.61 (3H, d, J = 6.6 Hz), 0.75-0.85 (1H, m),
1.07 3H, d, J=6.4 Hz), 1.18 (1H, ddd, /= 14.1, 12.0, 7.3 Hz), 1.31-1.39 (1H, m), 1.35 (3H, s),
1.54-1.60 (1H, m), 1.60-1.68 (1H, m), 2.19 (1H, m), 2.30 (3H, s), 3.01 (1H, d, /= 6.7 Hz), 3.46
(1H, d, J = 9.0 Hz), 3.87 (3H, s), 4.73 (1H, d, J = 9.0 Hz), 6.58 (1H, s), 6.64 (1H, s); °C NMR
(125 MHz, CDCly): 6 21.4, 21.6, 23.8, 26.3, 28.8, 29.6, 32.3, 43.0, 53.0, 53.1, 55.4, 69.5, 79.9,
109.4, 123.7, 124.4, 136.7, 137.5, 156.8; IR v, 3493, 2952, 2866, 1612, 1577, 1462 cm ;

HRMS (ESI) [M+Na]" calculated for C oH,sNaO;: 327.1936, found: 327.1955.
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(COCI),
DMSO, EtsN
%
CH,Cl,
~78~0°C

38%

48b 38

(1R,3aR,9bR)-1-Isopropyl-6-methoxy-3a,8-dimethyl-2,3,3a,9b-tetrahydro-1H-

cyclopenta[a]naphthalene-4,5-dione 38
To a solution of (COCl), (5 pL, 0.058 mmol) in CH,Cl, (200 pL) was added a solution of

dimethyl sulfoxide (DMSO, 6 pL, 0.084 mmol) in CH,Cl, (200 pL) at —78 °C, and the mixture
was stirred under argon atmosphere at that temperature for 30 min. To the mixture was added
a solution of the diol (1R,3aR,4S5,9bR)-48b (0.8 mg, 2.6 pumol) in CH,Cl, (200 pL) and the
stirring was continued at the same temperature. After 30 min, Et;N (40 uL, 0.288 mmol) was
added to the mixture, and the temperature was gradually raised to 0 °C for over 2 h with stirring.
The reaction was quenched with saturated NH4Cl aq. and the organic materials were extracted
with EtOAc twice. The combined extract was washed with brine, dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography with hexane/EtOAc (1:0-20:1) to furnish (1R,3aR,9bR)-38 (0.3 mg, 38%) as a
pale-yellow oil. 'H NMR (500 MHz, CDCl;): & 0.44 (3H, d, J = 6.6 Hz), 0.57 (3H, d, J = 6.6
Hz), 1.14-1.23 (1H, m), 1.27 (3H, s), 1.48-1.59 (2H, m), 1.75-1.81 (1H, m), 2.20-2.28 (1H, m),
2.41 (3H, s), 2.47-2.52 (1H, m), 3.35 (1H, d, J = 9.5 Hz), 3.93 (3H, s), 6.71 (1H, s), 6.77 (1H,
s); HRMS (ESI) [M+Na]" calculated for C,oH,NaOj;: 323.1623, found: 323.1639. This 'H

NMR spectrum was identical with that reported previously.**”
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H, (8 atm)

10% Pd/C TBAF
- 5 MeO __ 5 MeO
: EtOH THF, 40 °C
2 RT 82%
TBSO TBSO (2 steps) HO
(4R,5R)-47b (1R,9bR)-49a 49b

(1R,3aR,45,9bR)-1-Isopropyl-6-methoxy-3a,8-dimethyl-2,3,3a,4,5,9b-hexahydro-1H-
cyclopenta[a]jnaphthalen-4-ol 49b

In a similar manner to the synthesis of 48a, a mixture of 47b (22.0 mg, 0.048 mmol) and
Pd/C (10% on carbon, 21.0 mg) in EtOH (3.0 mL) was stirred under H, atmosphere (8 atm) for
20 h. The mixture was filtered through a pad of Celite, and the combined filtrate and washings
were concentrated under reduced pressure. The residue was dissolved in a mixture of
hexane/EtOAc (40:1), and the solution was filtered through short pad of silica gel to furnish 49a.
'H NMR (500 MHz, CDCl;): 8 0.00 (3H, s), 0.07 (3H, s), 0.63 (1H, d, J= 6.7 Hz), 0.91 (9H, s),
0.97-1.03 (1H, m), 1.07 (1H, d, J = 6.2 Hz), 1.19 (3H, s), 1.39-1.43 (1H, m), 1.79-1.88 (1H,
m), 2.21-2.27 (1H, m), 2.30 (3H, s), 2.34 (1H, dd, J = 15.6, 11.2 Hz), 2.90 (1H, dd, J = 15.6,
4.3 Hz), 2.95 (1H, d, J = 7.0 Hz), 3.48 (1H, dd, J = 11.2, 4.3 Hz), 3.79 (3H, s), 6.50 (1H, s),
6.60 (1H, s); °C NMR (125 MHz, CDCLy): § —4.9, -3.9, 18.1, 21.5, 21.7, 23.9, 25.9 (3C), 26.5,
28.6, 29.8, 30.4, 32.6, 46.1, 53.7, 53.8, 55.4, 76.0, 108.2, 122.8, 123.1, 134.8, 138.5, 156.4.
This was employed for the next step without further purification.

To a solution of the above-mentioned 49a in THF (400 pL) was added TBAF (1.0 M in THF,
400 pL) and the mixture was stirred at 40 °C for 15 h. The reaction was quenched with H,O
and organic materials were extracted with EtOAc three times. The combined extract was
washed with brine, dried over Na,SO, and filtered. The filtrate was concentrated under
reduced pressure and the residue was purified by silica gel column chromatography with

hexane/EtOAc (20:1-5:1) to furnish (1R,3aR,4S5,9bR)-49b (11.3 mg, 82% from 47b) as a
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colorless solid. [a]p> +70 (¢ 0.56, CHCL;). '"H NMR (500 MHz, CDCLy): & 0.66 (3H, d, J =
6.6 Hz), 0.96 (1H, m), 1.09 (3H, d, J = 6.1 Hz), 1.13 (1H, m), 1.30 (3H, s), 1.48 (1H, m), 1.61
(1H, m), 2.11 (1H, m), 2.30 (3H, s), 2.38 (1H, dd, J = 15.4, 11.5 Hz), 3.00 (1H, d, J = 6.4 Hz),
3.02 (1H, dd, J = 15.4, 4.4 Hz), 3.55 (1H, dd, J = 11.5, 4.4 Hz), 3.79 (3H, s), 6.51 (1H, s), 6.60
(1H, s); "C NMR (125 MHz, CDCLy): § 21.5,21.7, 23.9, 26.4, 28.3, 29.6, 29.7, 31.9, 45.7, 53.4,
53.9, 55.3,75.7, 108.3, 122.5, 122.7, 135.0, 138.2, 156.3; IR v,,,, 2939, 2867, 1463, 1272 cm ;
HRMS (ESI) [M-i-Na]+ calculated for Ci9H>sNaO,: 311.1987, found: 311.1962. Its NMR and

IR spectra were identical with those reported previously.*®”

TPAP, NMO
MeO -
CH,Cl,, MS 4A
64%
HO
49b 38

(1R,3aR,9bR)-1-Isopropyl-6-methoxy-3a,8-dimethyl-2,3,3a2,9b-tetrahydro-1H-
cyclopentaa]naphthalene-4,5-dione 38

To a suspension of 49b (8.5 mg, 0.030 mmol) and powdered 4A molecular sieve (93.6 mg)
in CH,Cl, (1.0 mL) were added NMO (41.0 mg, 0.350 mmol) and TPAP (6.0 mg, 0.017 mmol),
and stirred under argon atmosphere for 4 h. The reaction mixture was directly purified by
silica gel column chromatography with hexane/EtOAc (10:1-2:1) to furnish 38 (5.7 mg, 64%) as
a pale-yellow oil. [a]p®' —228 (¢ 0.35, CH,ClL). 'H NMR spectrum was identical with
above-mentioned that of 38. *C NMR (125 MHz, CDCl;): 6 20.4, 22.4, 23.1, 24.2, 28.0, 28.6,
35.4,51.9,55.1, 56.0 (2C), 110.9, 120.6, 124.4, 145.9, 147.2, 161.4, 180.8, 201.7; IR v, 2955,
1721, 1677, 1604 cm_lg HRMS (ESI) [M-i-N:a]+ calculated for C;9H»4NaOs: 323.1623, found:

323.1639. 1Its NMR, IR and MS spectra were identical with those reported previously.*”
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1) NaBH 4, MeOH
0°C, 90%

2) TBSCI, imidazole OH
CH,Cly, 92%

3) 9-BBN, THF; OTBS
H50, aq.
NaOH aq., 86% 62a

(1°S,2R)-2-(2’-tert-Butyldimethylsiloxymethyl-3’-methylcyclopent-2’-enyl)-2-
methylpropanol 62a

To a solution of 60 (4.30 g, 28.6 mmol) in MeOH (50 mL) was added NaBH,4 (875 mg,
23.1 mmol) and stirred at 0 °C for 1 h. The reaction was quenched with saturated NH4Cl aq.
solution and organic materials were extracted with EtOAc three times. The combined extract
was washed with brine, dried over Na,SOy, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography with hexane/EtOAc (2:1) to give
an alcohol (3.92 g, 90%) as a colorless oil. 'H NMR spectrum was identical with that reported

Oc

previously.3 This was employed for the next step without further purification.

To a solution of the alcohol (7.13 mg, 7.42 mmol) in CH,Cl, (20 mL) was added imidazole
(1.04 g, 15.3 mmol) and TBSCI (1.66 g, 11.0 mmol) at 0 °C and stirred for 29 h at room
temperature under argon atmosphere. The reaction was quenched with phosphate buffered
solution (pH 7.0, 0.2 M) and organic materials were extracted with EtOAc twice. The
combined extract was washed with brine, dried over Na,SQ,, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography with
hexane/EtOAc (1:0-20:1) to furnish TBS ether (1.82 g, 92%) as a colorless oil. [a]p™ +98.3
(c 1.14, CHCl;). 'H NMR (500 MHz, CDCl;): & 0.03 (3H, s), 0.04 (3H, s), 0.86 (9H, s),
1.59-1.71 (4H, m), 1.72 (3H, s), 2.03 (1H, m), 2.23 (1H, ddd, J = 15.5, 9.0, 3.5 Hz), 2.33-2.39
(1H, m), 3.45 (1H, dd, J = 9.0, 0.0 Hz), 3.93 (1H, d, J = 11.5 Hz), 4.23 (1H, d, J = 11.5 Hz),

4.65-4.68 (2H, m); *C NMR (125 MHz, CDCLy): & -5.4, -5.3, 14.1, 18.5, 19.3, 26.0 (3C), 28.0,
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37.9, 54.0, 58.2, 110.2, 135.6, 136.7, 148.1; IR v,,, 2953, 2927, 2895, 2856, 1471, 1438, 1371
em

To the solution of the above-mentioned TBS ether (1.82 g, 6.83 mmol) in tetrahydrofuran
(THF, 27 mL) was added 9-BBN dimer (1.76 g, 14.4 mmol) at 0 °C and stirred at room
temperature for 2 h under argon atmosphere. The reaction was treated with NaOH aq. solution
(3 M, 30 mL) and H,0, aq. solution (30%, 30 mL) and stirred for 1 h at room temperature.
The organic materials were extracted with EtOAc three times and the combined extract was
washed with brine, dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography with hexane/EtOAc (100:1-10:1) to
furnish 62a (1.68 g, 86%) as a colorless oil. [a]p®' +20.4 (¢ 1.22, CHCl;). 'H NMR (500
MHz, CDCls): 6 0.08 (3H, s), 0.10 (3H, s), 0.85 (3H, d, /=7 Hz), 0.91 (9H, s), 1.61-1.66 (4H,
m), 1.91 (1H, m), 2.11 (1H, m), 2.21 (1H, ddd, J = 14.5, 9.5, 4.5 Hz), 2.31-2.38 (1H, m), 2.97
(1H, m), 3.43 (1H, dd, J = 11.0, 6.0 Hz), 3.52 (1H, dd, J = 11.0, 8.0 Hz), 4.24 (2H, m); °C
NMR (100 MHz, CDCl): & -5.5, -5.3, 14.1, 15.1, 18.3, 24.1, 25.9 (3C), 37.9, 38.5,49.2, 56 .4,
66.1, 135.2, 136.1; IR v, 3375, 2953, 2927, 2883, 2856, 1471, 1462, 1377, 1361, 1251 cm ;
HRMS (ESI) [M+Na]" calculated for C;sH3,NaO,Si: 307.2069, found: 307.2014.

To a solution of 62a (40.4 mg, 0.142 mmol) in THF (1.0 mL) was added TBAF (1 M
solution in THF, 300 pL) and stirred at room temperature for 2 h. The reaction was quenched
with saturated NH4Cl aq. solution and organic materials were extracted with EtOAc four times.
The combined extract was washed with brine, dried over Na,SO, and filtered. The filtrate was
concentrated under reduced pressure and the residue was purified by silica gel column
chromatography with hexane/EtOAc (10:1-1:1) to afford 62b (17.7 mg, 72%). The
stereochemistry of 1’-position was determined by 'H NMR spectra with the comparison of

authentic signals (CDCL;): 6 0.89 (d, 3H, J = 7 Hz, for 62b), 0.67 (d, 3H, J = 7 Hz, for
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epi-62b).*”

1) DMP, NaHCO
CH,Cl,, 95%

Y

2) PhgP*CHg4l- OTBS

n-BulLi, THF
62a —-78~0°C

(1°8,35)-3-(1’-methylprop-2’-enyl)-2-fert-butyldimethylsiloxymethyl-1-
methylcyclopentene 63
To a solution of alcohol 62a (197 mg, 0.693 mmol) in CH,Cl, (7.0 mL) were added

NaHCOs; (312 mg, 3.72 mmol) and Dess-Martin periodinate (517 mg, 1.22 mmol) at 0 °C and
stirred at room temperature for 2 h. The reaction was quenched with a mixture of saturated
NaHCOs; aq. solution and saturated Na,S,0; aq. solution, and the organic materials were
extracted with EtOAc three times. The combined extract was washed with brine and dried
over Na,SO,, filtered, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography with hexane/EtOAc (1:0-50:1) to furnish an aldehyde (185
mg, 95%) as a colorless oil. [a]p’! =65.1 (¢ 1.14, CHCL). 'H NMR (400 MHz, CDClL): &
0.05 (3H, s), 0.06 (3H, s), 0.89 (9H, s), 1.03 (3H, d, J = 6.8 Hz), 1.54 (1H, m), 1.66 (3H, s),
1.96-2.16 (1H, m), 2.17-2.27 (2H, m), 2.75 (1H, dddd, J=12.8, 6.8, 3.6, 1.2 Hz), 3.21 (1H, m),
4.15 (1H, d, J = 12.4 Hz), 428 (1H, d, J = 12.4 Hz), 9.71 (1H, d, J = 1.2 Hz); °C NMR (100
MHz, CDCl;): 6 -5.4 (2C), 11.2, 14.0 18.3, 25.0, 25. 9 (3C), 37.5, 48.4, 48.6, 58.3, 134.3, 136.8,
206.8; IR v, 32953, 2030, 2895, 2885, 2857, 1722, 1471, 1462, 1251 cm'; HRMS (ESI)
[M+Na]" calculated for C;sH3,NaO,Si: 305.1913, found: 305.1866.

To a solution of PhsP"CH;I™ (734 mg, 1.82 mmol) in THF (7 mL) was added n-BuLi solution
in hexane (1.56 M, 1.20 mL) at 0 °C and stirred for 30 min. The mixture was cooled to —78 °C,

added a solution of the above-mentioned aldehyde (391 mg, 1.39 mmol) in THF (7 ml) and

71



warmed to 0 °C in 1 h. The reaction was quenched with saturated NH4Cl aq. solution and
organic materials were extracted with EtOAc three times. The combined extract was washed
with brine, dried over Na,SO, and filtered. The filtrate was concentrated under reduced
pressure and the residue was filtered through a short pad of silica gel with hexane/EtOAc
(100:1) to furnish a crude 63. '"H NMR (400 MHz, CDCl;): & 0.05 (3H, s), 0.07 (3H, s), 0.90
(9H, s), 1.01 (3H, d, J=6.8), 1.56 (1H, dddd, J = 13.6, 7.6, 5.6, 5.2 Hz), 1.65 (3H, s), 1.72-1.82
(1H, m), 2.14-2.21 (2H, m), 2.56-2.62 (1H, m), 2.86-2.94 (1H, m), 4.11 (1H, d, J = 12.0 Hz),
429 (1H, d, J = 12.0 Hz), 4.92-4.97 (2H, m), 5.75 (1H, m); *C NMR (125 MHz, CDCl;): &
-5.4,-5.3, 14.0, 17.7, 18.4, 22.6, 25.8 (3C), 37.6, 37.9, 51.4, 58.3, 113.5, 135.5, 135.8, 141.1;
IR v, 2956, 2927, 2885, 2856, 1471, 1462, 1371 cm™'.  This was employed for the next step

without purification.

1) TBAF, THF
OTBS  2) mCPBA, NaHCO;,
CH,CI,, =30 °C
86% (3 steps)

(1R,1°S,2R,55)-1,2-epoxy-2-methyl-5-(1’-methylprop-2’-enyl)cyclopentanemethanol 64

To a solution of the above-mentioned crude 63 in THF (3.5 mL) was added TBAF solution
in THF (1 M, 2.50 mL) at 0 °C and stirred at room temperature for 2 days. The reaction was
quenched with phosphate buffered solution (pH 7.0, 0.2 M) and organic materials were
extracted with EtOAc four times. The combined extract was washed with brine, dried over
Na,SO, and filtered. The filtrate was concentrated under reduced pressure and the residue was
filtered through short pad silica gel hexane/EtOAc (5:1) to furnish crude alcohol. 'H NMR
(500 MHz, CDCly): & 1.03 (3H, d, J = 7.0 Hz), 1.58 (1H, dddd, J = 14.0, 9.0, 5.5, 5.5 Hz),

1.80-1.88 (1H, m), 2.20-2.24 (2H, m), 2.56-2.61 (1H, m), 2.92 (1H, m), 4.10 (1H, d, J = 12.0
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Hz), 425 (1H, d, J = 12.0 Hz), 4.96-5.10 (2H, m), 5.77 (1H, ddd, J = 17.0, 10.5, 6.5 Hz); “C
NMR (100 MHz, CDCls): 6 14.0, 17.5, 23.2, 37.7, 38.4, 51.5, 57.6, 114.0, 135.6, 138.4, 141.2;
IR Vy 3310, 2958, 2914, 2870, 2841, 1637, 1456, 1436, 1413, 1379, 1371 cm’".

To a solution of the above-mentioned crude alcohol in CH,Cl, (12 mL) was added NaHCO;
(230 mg, 2.74 mmol) and mCPBA (417 mg, 1.69 mmol) at —30 °C and stirred for 3 h. The
reaction was quenched with saturated Na,S,0; aq. solution and organic materials were extracted
with EtOAc twice. The combined extract was washed with 2 M NaOH agq. solution and brine,
dried over Na,SO, and filtered. The filtrate was concentrated under reduced pressure and the
residue was purified by silica gel column chromatography with hexane/EtOAc (20:1-4:1) to
furnish 64 (217 mg, 86% over three steps) as a colorless solid. Mp 71.3-71.9 °C (colorless
fine needles from hexane). [a]p? —29.1 (¢ 1.08, CHCL). 'H NMR (500 MHz, CDCLy): &
1.04 3H, d, J= 6.5 Hz), 1.36 (3H, s), 1.44-1.47 (2H, m), 1.56-1.63 (1H, m), 1.85-1.89 (1H, m),
2.37-2.40 (1H, m), 2.53-2.61 (1H, m), 3.64 (1H, d, J = 12.0 Hz), 4.15 (1H, d, J = 12.0 Hz),
4.99-5.06 (2H, m), 5.64 (1H, ddd, J=17.5, 10.5, 7.5 Hz); >C NMR (125 MHz, CDCls): & 15.5,
18.7,20.4,33.6 37.2,46.3, 60.4, 70.2, 72.8, 114.5, 140.1; IR v, 3296, 2958, 2939, 2927, 1639,
1460, 1425, 1379 crn_I; HRMS (ESI) [M-i-N:a]+ calculated for C;;HsNaO,: 205.1205, found:

205.1147.

1) Ti(O-i-Pr),4
toluene
60 °C, 98%

2) Ac,0, pyridine
99%

OAc

65

(15,1°S,55)-1-hydroxy-2-methylene-5-(1’-methylprop-2’-enyl)cyclopentanemethyl acetate
65

To a solution of 64 (409 mg, 2.24 mmol) in toluene (13 mL) was added Ti(O-i-Pr), (670 pL,
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2.26 mmol) at room temperature and stirred at 60 °C for 2 h under argon atmospher. The
reaction was quenched with 1 M HCI aq. solution and organic materials were extracted with
EtOAc five times. The extract was dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography with
hexane/EtOAc (6:1-2:1) to furnish a diol (402 mg, 98%) as a colorless oil. [a]p”' —3.2 (¢ 1.08,
CHCLy). 'H NMR (500 MHz, CDCl;): § 1.18 (3H, d, J = 6.8 Hz), 1.30-1.36 (1H, m), 1.72 (1H,
dd, J = 8.3, 4.4 Hz), 1.76-1.87 (2H, m), 2.23 (1H, s), 3.28 (1H, ddd, J = 15.4, 154, 6.9 Hz),
2.38-2.42 (2H, m), 3.45 (1H, dd, J=11.2,4.4 Hz), 3.73 (1H, dd, J=11.2, 8.3 Hz), 4.90 (1H, dd,
J=10.2, 1.7 Hz), 4.99 (1H, dd, J = 16.2, 1.7 Hz), 5.04-5.09 (2H, m), 5.68 (1H, ddd, J = 16.2,
10.2, 8.8 Hz); >C NMR (125 MHz, CDCls): § 19.9, 25.5 27.5, 38.7, 53.2, 63.4, 82.1, 108.0,
113.1, 143.6, 155.4; IR v, 3390, 3074, 2958, 2931, 2875, 1456, 1375 cm'; HRMS (ESI)
[M+Na]" calculated for C;;H;sNaO,: 205.1205, found: 205.1206.

To a solution of the above-mentioned diol (402 mg, 2.21 mmol) in pyridine (2.2 mL) was
added Ac,0 (2.2 mL) and stirred for 1 h at room temperature. The reaction was quenched with
water and organic materials were extracted with EtOAc four times. The combined extract was
washed with 2 M HCI aq. solution and brine, dried over Na,SO,, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography with
hexane/EtOAc (20:1-5:1) to furnish 65 (490 mg, 99%) as a colorless oil. [a]p’' —25.8 (¢ 1.11,
CHCL;). 'H NMR (500 MHz, CDCls): 1.20 (3H, d, J = 6.8 Hz), 1.36 (1H, dddd, J = 12.2, 12.2,
9.7, 9.7 Hz), 1.60-1.80 (1H, br-s), 1.74 (1H, ddd, J = 11.9, 9.7, 7.5 Hz), 1.80-1.87 (1H, m),
2.08 (3H, s), 2.22-2.28 (1H, m), 2.37-2.41 (2H, m), 4.11(1H, d, J=12.3 Hz), 4.24 (1H, d, J =
12.3 Hz), 4.90 (1H, dd, J = 10.1, 2.0 Hz), 4.96-5.00 (2H, m), 5.08 (1H, dd, J = 2.5, 2.5 Hz),
5.65 (1H, ddd, J = 18.6 10.1, 8.6); >C NMR (125 MHz, CDCl;): § 19.8, 20.9, 25.8, 27.5, 39.1,

54.3, 65.5, 81.0, 108.1, 113.2, 143.3, 155.0, 171.2; IR v,.,, 3479, 2970, 1732, 1373, 1224 cm ;
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HRMS (ESI) [M-i-Na]+ calculated for Ci3H,)NaO;: 247.1310, found: 247.1301.

TBHP
H,. VO(acac), NaOMe
- —_— S
“oHOAC ;[)o!%ene MeOH, 92%

65

67a

(1R,1°S,25)-1-hydroxymethyl-2-methoxymethyl-5-(1’-methylprop-2’-enyl)cyclopentane-1,
2-diol 67a

To a solution of 65 (21.8 mg, 0.097 mmol) in toluene (1.5 mL) were added TBHP (solution
in toluene, 2 M, 53 uL) and VO(acac), (4.8 mg, 0.018 mmol) at 0 °C and stirred under argon
atmosphere. After 2 h, to the reaction was added NaOMe solution in MeOH (0.5 M, 1.9 mL,
0.95 mmol) and the reaction mixture was stirred at room temperature for 1 h. The reaction was
quenched with brine and organic materials were extracted with EtOAc eight times. The
combined extract was dried over Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography with hexane/EtOAc (5:1-2:1) to
furnish 67a (20.5 mg, 92%) as a colorless oil. [a]p”’ —26.7 (¢ 1.20, CHCl;). 'H NMR (500
MHz, CDCl;): 6 1.12 (3H, d, /= 6.3 Hz), 1.16-1.20 (1H, m), 1.63-1.69 (1H, m), 1.78-1.87 (2H,
m), 2.08-2.22 (2H, m), 3.36 (1H, d, J = 10.0 Hz), 3.41 (3H, s), 3.46 (1H, d, J = 10.0 Hz), 3.64
(1H,d,J=12.0 Hz), 3.71 (1H, d, J=12.0 Hz), 4.86 (1H, dd, J = 10.0, 1.8 Hz), 4.96 (1H, ddd, J
=17.1, 1.8, 0.8 Hz), 5.62 (1H, ddd, J = 17.1, 10.0, 8.3 Hz); °C NMR (125 MHz, CDCls): &
19.5,24.4 29.7, 39.4, 48.5, 59.5, 61.1, 75.4, 81.1, 82.3, 112.8, 143.9; IR v, 3432, 2952, 2896,
1637, 1456, 1375, 1338 cm_l; HRMS (ESI) [M-i-Na]+ calculated for C;,H»NaOy4: 253.1416,

found: 253.1395.
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1) triphosgene
pyridine
CHJCl,, 0 °C, 82%

Y

2) TMSCI, imidazole
CH,CI,, -30°C
90%

67a 67c

(1’S,5R,68,95)-6-Methoxymethyl-9-(1’-methylprop-2’-enyl)-6-
trimethylsiloxy-1,3-dioxabicyclo[4.4]nonan-2-one 67¢

To a solution of 67a (33.1 mg, 0.144 mmol) in CH,Cl, (1.0 mL) was added pyridine (115 uL,
1.42 mmol) and triphosgene (24.7 mg, 0.0832 mmol) at 0 °C and stirred for 1 h under argon
atmosphere. The reaction was quenched with saturated NH4Cl aq. solution and organic
materials were extracted with EtOAc four times. The combined extract was washed with brine,
dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography with hexane/EtOAc (10:1-3:1) to furnish
carbonate 67b (30.2 mg, 82%) as a colorless oil. [a]p? —=55.6 (¢ 1.14, CHCL). 'H NMR
(500 MHz, CDCls): 6 1.09 (3H, d, J=6.6 Hz), 1.10-1.16 (1H, m), 1.47 (1H, ddd, J = 14.9, 11.5,
4.9 Hz), 1.72 (1H, ddd, J = 14.9, 10.3, 5.9 Hz), 1.99 (1H, dddd, J = 10.3, 10.3, 5.1, 4.9 Hz),
2.13-2.19 (1H, m), 2.67 (1H, m), 3.15-3.20 (1H, br-s), 3.36 (3H, s), 3.44 (1H, d, /= 10.2 Hz),
3.53 (1H, d, J =10.2 Hz), 4.43 (1H, d, J = 9.5 Hz), 4.45 (1H, d, J = 9.5 Hz), 4.95 (1H, dd, J =
10.1, 1.5 Hz), 5.01 (1H, ddd, J = 16.9, 1.5, 0.8 Hz), 5.65 (1H, ddd, J = 16.9, 10.1, 8.6 Hz); "°C
NMR (125 MHz, CDCls): 6 19.2, 23.6, 28.4, 39.5, 45.0, 59.3, 66.0, 74.8, 80.4, 92.3, 114.2,
142.2, 154.3; IR v, 3500, 2969, 2933, 1877, 1793, 1735, 1637, 1456, 1375, 1241 cm™'; HRMS
(ESI) [M+Na]" calculated for C;3H5NaOs: 279.1208, found: 279.1173.

To a solution of above-mentioned 67b (30.3 mg, 0.118 mmol) in CH,CL, (1.0 mL) was
added imidazole (48.3 mg, 0.710 mmol) and TMSCI (45 uL, 0.356 mmol) at —30 °C and stirred
for 16 h. The reaction was quenched with phosphate buffered solution (pH 7.0, 0.2 M) and

organic materials were extracted with EtOAc three times. The combined extracts were washed
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with brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography with hexane/EtOAc (30:1-10:1) to furnish
TMS ether 67¢ (34.4 mg, 90%) as a colorless solid. Mp 51.5-52.5 °C (colorless fine needles
from hexane). [a]p? —63.6 (¢ 1.31, CHCL;). 'H NMR (500 MHz, CDCL): & 0.15 (9H, s),
1.07 (3H, d, J= 6.9 Hz), 1.13-1.23 (1H, m), 1.67-1.79 (2H, m), 1.89 (1H, dddd, J = 14.2, 9.3,
9.3,4.7 Hz), 2.20-2.25 (1H, m), 2.52 (1H, m), 3.33 (3H, s), 3.36 (1H, d, /= 10.3 Hz), 3.43 (1H,
d, J=10.3 Hz), 4.34 (1H, d, /= 9.2 Hz), 4.46 (1H, d, J = 9.2 Hz), 498 (1H, dd, /=103, 1.5
Hz), 5.02 (1H, dd, J = 17.1, 1.5 Hz), 5.65 (1H, ddd, J = 17.2, 10.3, 8.3 Hz); *C NMR (125 MHz,
CDCl;): 6 2.1 (3C), 19.6, 23.3 30.6, 39.0, 46.2, 59.0, 65.9, 74.5, 83.8,92.4, 114.5, 141.7, 154.7;
IR v, 2958, 2892, 1799, 1454, 1247 cm_lg HRMS (ESI) [M-S-Na]+ calculated for

Ci6H2sNaOsSi: 351.1604, found: 351.1660.

K20302(OH)4
Na|04
2,6-lutidine

Y

THF, H,0
87%

67¢c 68

(I’R,5R,65,95)-6-Methoxymethyl-9-(1’-methyl-2’-o0x0-ethyl)-6-
trimethylsiloxy-1,3-dioxabicyclo[4.4]nonan-2-one 68

To a solution of 67¢ (280 mg, 0.863 mmol) in THF (6.0 mL) and H,O (3.0 mL) were added
2,6-lutidine (255 pL, 2.17 mmol), NalO4 (470 mg, 2.20 mmol) and K,0sO,(OH)s (15.5 mg,
0.042 mmol), and stirred for 5 h at room temperature. The reaction was quenched with
saturated Na,S,0; aq. solution and organic materials were extracted with EtOAc three times.
The combined extract was washed with brine, dried over Na,SO,, filtered, and concentrated

under reduced pressure. The residue was purified by silica gel column chromatography with
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hexane/EtOAc (30:1-2:1) to furnish 68 (248 mg, 87%) as a colorless oil. [a]p —29.4 (¢ 1.06,
CHCL;). 'H NMR (500 MHz, CDCl;): 8 0.16 (9H, s), 1.09 (3H, d, J = 6.6 Hz), 1.19-1.24 (1H,
m), 1.21 (3H, d, J=7.1 Hz) 1.72-1.84 (2H, m), 2.09 (1H, dddd, J = 13.5,9.8, 9.5, 5.6 Hz), 2.43
(1H, dqd, /=9.8, 7.1, 2.7 Hz), 2.86 (1H, ddd, J = 9.8, 9.8, 9.8 Hz), 3.33 (3H, s), 3.42 (1H, d, J
=10.3 Hz), 3.51 (1H, d, J = 10.3 Hz), 4.20 (1H, d, J = 9.5 Hz), 4.50 (1H, d, J = 9.5 Hz), 9.56
(1H, d, J = 2.7 Hz); "C NMR (125 MHz, CDCL;): § 2.1 (3C), 12.8, 23.1, 30.9, 42.3, 47.1, 59.0,
66.3, 74.5, 83.2, 92.0, 154.3, 202.5; IR v,,,, 2953, 1800, 1724, 1457, 1390, 1249, 1182 cm ;

HRMS (ESI) [M+Na]" calculated for C;5sH,NaOgSi: 353.1396, found: 353.1411.

NaOMe, THF
—78 ~0°C, 72%

-
-

2) BusSnH, Pd(PPhs),
THF, 0 °C, 71%

(I’R,2’E,5R,6S,95)-6-Methoxymethyl-9-[1’-methyl-3’-(tributylstannyl)prop-2’-enyl]-6-
trimethylsiloxy-1,3-dioxabicyclo[4.4]nonan-2-one 59

To a solution of Ohira-Bestmann reagent (90 puL, 0.599 mmol) in THF (2.5 mL) was added
NaOMe (solution in MeOH, 0.5 M, 1.0 mL) at —78 °C and stirred under argon atmosphere.
After 30 min, to the mixture was added a solution of 68 (153 mg, 0.462 mmol) in THF (2.5 mL)
and the reaction mixture was gradually warmed to 0 °C over 3 h. The reaction was quenched
with phosphate buffered solution (0.1 M, pH 7.0) and organic materials were extracted with
EtOAc three times. The combined extract was washed with brine, dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column

chromatography with hexane/EtOAc (60:1-5:1) to furnish alkyne (108 mg, 72%) as a colorless
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oil. [a]p™ =92.1 (¢ 1.20, CHCl;). 'H NMR (500 MHz, CDCls): & 0.14 (9H, s), 1.24 (3H, d, J
= 6.8 Hz), 1.51-1.60 (1H, m), 1.74 (1H, ddd, J = 13.0, 8.3, 8.0 Hz), 1.87-2.00 (2H, m), 2.13
(1H, d, J= 2.4 Hz), 2.58 (1H, ddd, J = 9.8, 9.5, 3.9 Hz), 2.74-2.81 (1H, m), 3.33 (3H, s), 3.39
(1H, d, J = 10.2 Hz), 3.55 (1H, d, J = 10.2 Hz), 4.56 (1H, d, J = 9.8 Hz), 4.60 (1H, d, /= 9.8
Hz); °C NMR (125 MHz, CDCl;): & 2.0 (3C), 20.8, 21.3 25.4, 31.4, 47.1, 58.9, 66.4, 71.8, 74.0,
83.5, 85.8, 92.0, 154.5; IR v, 3281, 2956, 1802, 1658, 1584, 1451, 1386, 1249, 1179 cm ',
HRMS (ESI) [M+Na]" calculated for C;sH,sNaOsSi: 349.1447, found: 349.1464.

To Pd(PPh3), (7.0 mg, 0.006 mmol) were added a solution of above-mentioned alkyne (43.4
mg, 0.133 mmol) in THF (1.5 mL) and Bu3;SnH (53 pL, 0.202 mmol) at 0 °C and stirred for 2 h
under argon atmosphere. The reaction mixture was concentrated under reduced pressure and
the residue was purified by 10w/w% K,CO; on silica gel column chromatography with
hexane/EtOAc (1:0-40:1) to furnish 59 (59.0 mg, 71%) as a colorless oil. [a]p'® —44.5 (¢ 1.11,
CHCL;). 'H NMR (500 MHz, CDCl;): § 0.15 (9H, s), 0.81-0.94 (15H, m), 1.06 (3H, d, J = 6.6
Hz), 1.16-1.24 (1H, m), 1.25-1.34 (6H, m), 1.43-1.52 (6H, m), 1.67 (1H, ddd, J=13.7,9.5, 7.1
Hz), 1.77 (1H, ddd, J = 13.7, 10.0, 4.9 Hz), 1.83-1.91 (1H, m), 2.18-2.24 (1H, m), 2.47-2.54
(1H, m), 3.33 (3H, s), 3.34 (1H, d, J = 10.2 Hz), 3.44 (1H, d, J = 10.2 Hz), 4.35 (1H, d, J=9.3
Hz), 4.41 (1H, d, J = 9.3 Hz), 5.73 (1H, dd, J = 18.8, 8.1 Hz), 4.89 (1H, d, J = 18.8 Hz); °C
NMR (125 MHz, CDCl;): 8 2.1 (3C), 9.5 (3C), 13.7 (3C), 19.8, 23.5,27.2 (3C), 29.1 (3C), 30.5,
43.1, 46.1, 59.1, 66.0, 74.5, 83.9, 92.4, 127.9, 151.8, 154.7; IR v, 2954, 2924, 1807, 1457,
1377, 1249, 1179 cm_l; HRMS (ESI) [M-i-Na]+ calculated for C,3Hs4NaOsSiSn: 641.2660,

found: 641.2632.
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PEPPSI-IPr
—
DMSO

60 °C, 72%

(I’R,2’E,5R,5°°S,68,95)-9-[3°-(5>’-Hydroxymethyl-2"’-isopropyl-5’’-methylcyclopent-1’-
enyl)-1’-methylprop-2’-enyl]-6-methoxymethyl-6-trimethylsiloxy-
1,3-dioxabicyclo[4.4]nonan-2-one 58a

To PEPPSI-IPr (6.0 mg, 0.009 mmol) was added a solution of 59 (49.0 mg, 0.079 mmol) and
(R)-22 (25.1 mg, 0.078 mmol) in DMSO (1.5 mL) and stirred for 18 h at 60 °C under argon
atmosphere. The reaction was quenched with H,O and organic materials were extracted with
EtOAc three times. The combined extract was washed with brine and dried over Na,SOy,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography with hexane/EtOAc (30:1-2:1) to furnish 58a (26.5 mg, 72%) as a
colorless oil. 'H NMR (500 MHz, CDCl;): 8 0.16 (9H, s), 1.00 (3H, d, J = 6.8 Hz), 1.01 (3H,
d, J=6.9 Hz), 1.07 (3H, s), 1.10 3H, d, J = 6.6 Hz), 1.16-1.22 (1H, m), 1.49-1.54 (1H, m),
1.66-1.79 (2H, m), 1.84-1.91 (1H, m), 1.97 (1H, ddd, J =12.7, 8.5, 6.1 Hz), 2.19-2.26 (1H, m),
2.28-2.32 (2H, m), 2.50-2.57 (1H, m), 2.85 (1H, qq, J = 6.9, 6.8 Hz), 3.30 (3H, s), 3.35-3.40
(2H, m), 3.44 (1H, d, J=10.5 Hz), 3.61 (1H, d, /= 10.8 Hz), 4.35 (1H, d, /= 9.3 Hz), 4.45 (1H,
d, J=9.3 Hz), 5.48 (1H, dd, J = 16.1, 8.8 Hz), 5.97 (1H, d, J = 16.1 Hz); °C NMR (125 MHz,
CDCly): ¢ 2.1 (3C), 20.3, 21.3, 21.7, 22.3, 23.6, 27.4, 28.4, 30.6, 34.3, 39.3, 46.5, 52.8, 59.1,
65.9, 69.3, 74.5, 83.8, 92.3, 123.0, 133.6, 133.9, 150.2, 154.7; IR v,,,, 3464, 2958, 1793, 1454,
1383, 1249, 1180, 1108, 1061 cm'; HRMS (ESI) [M+Na]" calculated for C,sH4xNaOg:

503.2805, found: 503.2783.

80



BzCl
DMAP

_
pyridine
70%

(I’R,2’E,5R,5°°S,68,95)-9-[3’-(5’’-Benzoyloxymethyl-2°’-isopropyl-5’’-methylcyclopent-
1”’-enyl)-1’-methylprop-2’-enyl]-6-methoxymethyl-6-trimethylsiloxy-
1,3-dioxabicyclo[4.4]nonan-2-one 58b

To a solution of alcohol 58a (9.3 mg, 0.019 mmol) in pyridine (300 pL) was added benzoyl
chloride (7 uL, 0.060 mmol) and DMAP (1.8 mL, 0.015 mmol) and stirred for 2 h at room
temperature. The reaction was quenched with H,O and organic materials were extracted with
EtOAc three times. The combined extract was washed with brine, dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography with hexane/EtOAc (30:1-10:1) to furnish 58b (7.9 mg, 70%) as a colorless oil.
'H NMR (400 MHz, CDCl;): 8 0.14 (9H, s), 0.96 (3H, d, J = 6.8 Hz), 1.01 (3H, d, J = 6.8 Hz),
1.07 (3H, d, J = 9.7 Hz), 1.11-1.17 (1H, m), 1.20 (3H, s), 1.49-1.68 (3H, m), 1.79-1.90 (1H,
m), 1.99-2.05 (1H, m), 2.17-2.24 (1H, m), 2.30-2.39 (2H, m), 2.47-2.54 (1H, m), 2.83 (1H, qq,
J=06.8, 6.8 Hz), 3.30 (3H, s), 3.32 (1H, d, /=10.4 Hz), 3.39 (1H, d, J=10.4 Hz), 4.17 (1H, d, J
=9.2 Hz), 4.26 (1H, d J=9.2 Hz), 433 (1H, d, J = 10.6 Hz), 4.39 (1H, d, J = 10.6 Hz), 5.44

(1H, dd, J=16.0, 8.6 Hz), 5.95 (1H, d, J = 16.0 Hz), 7.40-7.50 (3H, m), 7.99-8.01 (2H, m).
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“— o DIBAL-H .
D —— .

6 ko THF “10R?
OMe $
R10 OMe
58a 58¢ (R'= TMS, R2 = H: 28%) 58e (22%)

58d (R'=H, R2 = TMS: 29%)
(1R,1’R,28,2°E,58,5”°S)-1-Hydroxymethyl-5-[3°-(5”’-hydroxymethyl-2*’-isopropyl-5°’-
methylcyclopent-1°’-enyl)-1’-methylprop-2’-enyl]-2-methoxymethyl-2-trimethylsiloxy-
cyclopentan-1-ol (58¢)

(S,I’R,2R,2’E ,3S5,5”°S)-2-Hydroxymethyl-3-[3’-(5’’-hydroxymethyl-2’’-isopropyl-5°’-
methylcyclopent-1°’-enyl)-1’-methylprop-2’-enyl]-1-methoxymethyl-2-trimethylsiloxy-
cyclopentan-1-ol (58d)

(1R,1I’R,25,2’E 5S,5°S)-1-Formyloxymethyl-5-[3’-(5’’-hydroxymethyl-2’’-isopropyl-5°’-
methylcyclopent-1”’-enyl)-1’-methylprop-2’-enyl]-2-methoxymethyl-2-trimethylsiloxy-
cyclopentan-1-ol (58e¢)

To a solution of alcohol 58a (13.4 mg, 0.028 mmol) in THF (500 pL) was added DIBAL-H
(solution in hexane, 1.0 M, 1.8 mL) at —78 °C with stirring and the reaction mixture was
gradually warmed to —-30 °C over 1 h. The reaction was quenched with saturated
sodium/potassium tartrate aq. solution and organic materials were extracted with EtOAc three
times. The combined extract was washed with brine, dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography with hexane/EtOAc (10:1-3:1) to furnish 58¢ (3.5 mg, 28%), 58d (3.7 mg,
29%) and 58e (2.9 mg, 22%).

58¢: '"H NMR (500 MHz, CDCl;): § 0.17 (9H, s), 0.99 (3H, d, /= 7.1 Hz), 1.00 3H, d, J =

6.9 Hz), 1.06 3H, s), 1.14 (3H, d, J = 6.6 Hz), 1.39-1.51 (2H, m), 1.59-1.80 (3H, m),
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1.88-2.05 (2H, m), 2.24-2.29 (2H, m), 2.32-2.38 (1H, m), 2.89 (1H, qq, J = 7.1, 6.9 Hz), 3.28
(1H, d, J = 9.8 Hz), 3.30-3.37 (2H, m), 3.36 (3H, s), 3.48 (1H, d, J = 9.8 Hz), 3.59 (1H, d, J =
12.2 Hz), 3.69 (1H, d, J = 12.2 Hz), 5.55 (1H, dd, J = 16.1, 9.0 Hz), 6.04 (1H, d, J = 16.1 Hz).

58d: 'H NMR (500 MHz, CDCl): § 0.16 (9H, s), 0.98 (3H, d, J = 6.8 Hz), 1.00 (3H, d, J =
6.9 Hz), 1.05 3H, s), 1.14 3H, d, J = 6.1 Hz), 1.19-1.28 (2H, m), 1.46-1.68 (3H, m),
1.79-1.83 (1H, m), 1.95 (1H, ddd, J = 12.7, 8.5, 6.6 Hz), 2.14-2.30 (3H, m), 2.86 (1H, qq, J =
6.9, 6.8 Hz), 3.32 (1H, d, J = 10.8 Hz), 3.34 3H, s), 3.40 (1H, d, J = 9.1 Hz), 3.54 (1H, d, J
=9.1 Hz), 3.61 (1H, d, J = 10.8 Hz), 3.64-3.69 (2H, m), 5.48 (1H, dd, J = 15.8, 8.3 Hz), 5.90
(1H, d, J = 15.8 Hz).

58¢: '"H NMR (500 MHz, CDCls): 5 0.16 (9H, s), 0.98 (3H, d, J = 6.8 Hz), 1.01 (3H, d, J =
6.4 Hz), 1.07 (3H, s), 1.17 3H, d, J = 6.4 Hz), 1.26-1.33 (1H, m), 1.50 (1H, ddd, J = 12.6, 7.4,
6.1 Hz), 1.69-1.84 (2H, m), 1.88-2.03 (3H, m), 2.20-2.30 (3H, m), 2.87 (1H, qq, J = 6.8,
6.4Hz), 3.30 (3H, s), 3.34-3.40 (3H, m), 3.64 (1H, d, J = 10.7 Hz), 4.17 (1H, d, J = 12.0 Hz),
430 (1H, d, J= 12.0 Hz), 5.48 (1H, dd, J = 16.1, 8.8 Hz), 5.95 (1H, d, J = 16.1 Hz), 8.12 (1H,

S).

SEMCI
DIPEA, TBAI
_—

THF
reflux, 92%

67b 67d

(1’S,5R,68,95)-6-Methoxymethyl-9-(1’-methylprop-2’-enyl)-6-
[(2”-trimethylsilylethoxy)methoxy]-1,3-dioxabicyclo[4.4]nonan-2-one 67d
To a solution of the above-mentioned carbonate 67b (391 mg, 1.53 mmol) in THF (4.0 mL)

was added DIPEA (1.40 mL, 8.02 mmol), SEMCI (800 pL, 4.56 mmol) and TBAI (178 mg,
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0.477 mmol) and stirred for 14 h at 80 °C under argon atmosphere. The reaction was
quenched with saturated NaHCO; aq. solution and organic materials were extracted with EtOAc
three times. The combined extract was washed with 1 M HCI aq. solution, 1 M NaOH agq.
solution and brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography with hexane/EtOAc (30:1-3:1) to
furnish 67d (543 mg, 92%) as a colorless solid. Mp 85.3—86.0 °C (colorless fine needles from
hexane). [a]p® =29 (¢ 0.75, CHCL;). 'H NMR (500 MHz, CDCl;): 8 0.02 (9H, s), 0.87-0.97
(2H, m), 1.08 (3H, d, J = 6.8 Hz), 1.19-1.27 (1H, m), 1.55-1.62 (1H, m), 1.89-2.05 (2H, m),
2.21 (1H, ddq, J = 8.6, 8.6, 6.8 Hz), 2.58 (1H, ddd, J = 8.6, 8.6, 8.6 Hz), 3.33 (3H, s), 3.46 (1H,
d,J=11.2 Hz), 3.64 (1H, ddd, J=10.2, 10.2, 6.4 Hz), 3.67 (1H, d, J = 11.2 Hz), 3.73 (1H, ddd,
J=10.2,10.2, 6.4 Hz), 438 (1H, d, J=9.3 Hz), 447 (1H, d, J=9.3 Hz), 483 (1H,d, J= 7.8
Hz), 4.95-5.04 (3H, m), 5.65 (1H, ddd, J = 18.6, 10.3, 8.6 Hz); °C NMR (125 MHz, CDCL;): &
—-1.43 (3C), 18.3, 19.4, 23.4, 26.5, 39.2, 46.2, 59.2, 65.8, 65.9, 72.6, 85.5, 90.6, 92.6, 114.4,
141.8, 154.5; IR v, 2953, 2925, 2893, 1789, 1248, 1181 cm'; HRMS (ESI) [M+Na]"

calculated for C;9H34NaO¢Si: 409.2022, found: 409.2024.

1 ) K20502(OH)4
NalOy,, 2,6-lutidine
THF, H,0, 88%

Y

2) PhaP*CH.l-1-
NaHMDS
67d HMPA, THF 77a
quant.
(I’R,2°Z,5R,68,9S5)-6-Methoxymethyl-9-(3’-iodo-1’-methylprop-2’-enyl)-6-

[((2”-trimethylsilyl)ethoxy)methoxy]-1,3-dioxabicyclo[4.4|nonan-2-one 77a

To a solution of 67d (297 mg, 0.767 mmol) in THF (1.4 mL) and H,O (0.7 mL) was added

K,0s0,(OH)4 (17.6 mg, 0.0478 mmol), 2,6-lutidine (225 pL, 1.91 mmol) and NalO4 (420 mg,
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1.96 mmol) and stirred for 3 h at room temperature. The reaction was quenched with saturated
Na,S,0; aq. solution and organic materials were extracted with EtOAc three times. The
combined extract was washed with brine and dried over Na,SQ,, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography with
hexane/EtOAc (20:1-3:2) to give aldehyde (261 mg, 88%) as a colorless solid. Mp
81.8-83.1 °C (colorless fine needles from hexane). [a]p”’ +1.12 (¢ 1.08, CHCL). 'H NMR
(500 MHz, CDCl3): 6 0.03 (9H, s), 0.92-0.96 (2H, m), 1.23 (3H, d, J = 7.1 Hz), 1.24-1.27 (1H,
m), 1.64 (1H, ddd, J = 14.4, 10.5, 5.6 Hz), 2.50 (1H, ddd, /= 14.4, 9.7, 4.6 Hz), 2.10-2.18 (1H,
m), 2.40-1.48 (1H, m), 2.95 (1H, ddd, J = 10.0, 9.8, 9.8 Hz), 3.34 (3H, s), 3.52 (1H, d, J=11.2
Hz), 3.65 (1H, ddd, J=9.8, 9.8, 7.1 Hz), 3.72-3.77 (2H, m), 4.24 (1H, d, /= 9.5 Hz), 4.52 (1H,
d, J=9.5 Hz), 4.84 (1H, d, J = 8.1 Hz), 4.99 (1H, d, J = 8.1 Hz), 9.56 (1H, d, J = 2.6 Hz); °C
NMR (125 MHz, CDCl): 6 —-1.4 (3C), 12.6, 18.3, 23.1, 26.7, 42.1, 47.4, 59.3, 65.9, 66.6, 72.5,
84.9, 90.6, 92.3, 154.1, 202.1; IR v,,,, 2951, 2892, 1800, 1724, 1457, 1393, 1248, 1179 cm ',
HRMS (ESI) [M+Na]" calculated for C;sH3,NaO;Si: 411.1815, found: 411.1797.

To a suspension of Ph;PCH,I'1 (206 mg, 0.388 mmol) in THF (1.5 mL) was added
NaHMDS (solution in THF, 1.0 M, 385 puL) and stirred at room temperature under argon
atmosphere. After 1 h, the red solution was cooled to —78 °C and added a solution of HMPA
(24 pL, 0.138 mmol) in THF (400 pL) and a solution of the above-mentioned aldehyde (75.3
mg, 0.194 mmol) in THF (800 pL) successively. The reaction mixture was warmed to —10 °C
over 2 h and quenched with saturated NH4ClI aq. solution and organic materials were extracted
with EtOAc three times. The combined extract was washed with brine and dried over Na,SO,,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography with hexane/EtOAc (30:1-4:1) to furnish 77a (104 mg, quant.) as a

colorless oil. [a]p™ —=19.2 (¢ 1.53, CHCl;). 'H NMR (500 MHz, CDCL): & 0.02 (9H, s),
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0.86-0.96 (2H, m), 1.21-1.30 (1H, m), 1.61 (1H, ddd, J = 14.4, 10.7, 5.4 Hz), 1.87-1.93 (1H,
m), 1.98 (1H, ddd, J = 14.4, 9.5, 5.1 Hz), 2.65-2.76 (2H, m), 3.34 (3H, s), 3.49 (1H, d, J=11.2
Hz), 3.64 (1H, ddd, J = 9.6, 9.6, 6.1 Hz), 3.69-3.74 (2H, m), 4.42 (1H, d, J = 9.5 Hz), 4.49 (1H,
d, J=9.5 Hz), 4.84 (1H, d, J = 7.9 Hz), 4.97 (1H, d, J = 7.9 Hz), 5.96 (1H, dd, J = 9.1, 7.4 Hz),
6.21 (1H, d, J= 7.4 Hz); >C NMR (125 MHz, CDCLy): § —1.4 (3C), 18.2, 18.3, 23.3, 26.7, 40.2,
45.9,59.3,65.7,66.1,72.8, 81.7, 85.4, 90.6, 92.4, 144.1, 154.3; IR v,,,, 2953, 2888, 1806, 1246,

1075 cm™'; HRMS (ESI) [M+Na]" calculated for CoH33NaOSi: 535.0989, found: 535.0964.

Pb(OAc),
pyridine H..,

Y

THF, -20 °C

91% (2 steps) SEMO\:

80

(I’R,28,2°Z,55)-2-Methoxymethyl-5-(3’-iode-1’-methylprop-2’-enyl)-2-
[((2”-trimethylsilyl)ethoxy)methoxy]cyclopentanone 80

To a solution of 77a (64.0 mg, 0.125 mmol) in MeOH (1.5 mL) was added K,CO; (97.4 mg,
0.705 mmol) and stirred for 13 h at room temperature. The mixture was diluted with H,O and
organic materials were extracted with EtOAc three times. The combined extract was washed
with brine and dried over Na,SO,, filtered, and concentrated under reduced pressure to give a
crude 77b. This was employed for the next reaction without further purification.
To the solution of the above-mentioned crude 77b in THF (1.5 mL) were added pyridine (100
pL, 1.24 mmol) and Pb(OAc)s (95.4 mg, 0.215 mmol) at —20 °C and stirred for 1 h. The
reaction was quenched with a mixture of saturated NaHCOj; aq. solution and saturated Na,S,0;
aq. solution and organic materials were extracted with EtOAc twice. The combined extract

was washed with brine and dried over Na,SQ,, filtered, and concentrated under reduced
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pressure. The residue was purified by silica gel column chromatography with hexane/EtOAc
(20:1-6:1) to give 80 (51.8 mg, 91% over 2 steps) as a colorless oil. [a]p? —1.07 (¢ 1.19,
CHCLy). 'H NMR (500 MHz, CDCl;): & 0.01 (9H, s), 0.77-0.88 (2H, m), 1.10 (3H, d, J = 6.8
Hz), 1.64-1.72 (1H, m,), 2.02-2.18 (2H, m), 2.23 (1H, ddd, J = 13.6, 7.5, 4.1 Hz), 2.42 (1H,
ddd, J=9.3, 7.1, 7.1 Hz), 2.76-2.82 (1H, m), 3.34 (3H, s), 3.43-3.47 (2H, m), 3.50 (1H, ddd, J
=11.0, 9.5, 6.1 Hz), 3.61 (1H, ddd, J=11.0, 9.5, 5.8 Hz), 4.65 (1H, d, /= 7.6 Hz), 4.87 (1H, d,
J=17.6 Hz), 6.14 (1H, dd, J = 9.1, 7.3 Hz), 6.19 (1H, d, J = 7.3 Hz); °C NMR (125 MHz,
CDCl;): 6 -1.4 (30),, 16.5,18.0, 22.7, 27.7, 39.6, 50.9, 59.6, 65.7, 74.3, 81.5, 82.0, 90.1, 144.1,
215.9; IR v, 2952, 2891, 1743, 1456, 1249, 1111 cm™'; HRMS (ESI) [M+Na]" calculated for

Ci7H3,INaO,4Si: 477.0934, found: 477.0921.

Me3;SnSnMe; SnMej;
PdCI,(PPh,), Ho,
THF,63% .
SEMO’ OMe
80 76

(1I’R,2S8,2°Z,55)-2-Methoxymethyl-5-[1’-methyl-3’-(trimethylstannyl)prop-2’-enyl]-2-
[((2”-trimethylsilyl)ethoxy)methoxy]cyclopentanone 76

To PdCIy(PPh;3), (23.8 mg, 0.034 mmol) was added a solution of the ketone 80 (317 mg,
0.697 mmol) and hexamethylditin (230 pL, 1.11 mmol) in THF (7 mL) and stirred 39 h at room
temperature under argon atmosphere. The reaction mixture was concentrated under reduced
pressure and the residue was purified by 10w/w% K,CO; on silica gel column chromatography
with hexane/EtOAc (1:0-40:1) to give a crude alkenyl stannane 76 and the crude 76 was further
purified by silica gel column chromatography with hexane/EtOAc (1:0-40:1) to furnish 76 (220

mg, 64%). [a]p” —24.8 (c 1.32, CHCl;). 'H NMR (500 MHz, CDCL): § 0.01 (9H, s), 0.17
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(9H, t, J = 26.4 Hz), 0.79-0.90 (2H, m), 1.12 (3H, d, J = 6.3 Hz), 1.60-1.67 (1H, m), 2.04-2.21
(3H, m), 2.28-2.32 (1H, m), 3.32 (3H, s), 3.38-3.40 (2H, m), 3.49 (1H, ddd, J = 10.9, 9.5, 6.1
Hz), 3.64 (1H, ddd, J = 10.9, 9.5, 5.9 Hz), 4.65 (1H, d, J = 7.8 Hz), 4.88 (1H, d, J = 7.8 Hz),
5.76 (1H, d, J = 12.5 Hz), 6.27 (1H, dd, J = 12.5, 9.5 Hz); °C NMR (125 MHz, CDCl;): 5 8.4
(3C), —1.4 (3C), 18.0, 19.4, 22.5, 27.3, 41.0, 52.0, 59.5, 65.7, 73.8, 82.0, 90.1, 128.8, 151.3,
215.9; IR v,,, 2954, 2893, 1743, 1598, 1250 cm™'; HRMS (ESI) [M+Na] calculated for

Cy0H40NaO4SiSn: 515.1616, found: 516.1613.

SnMe3
Ho LS PEPPSI-SIPr H:
H Vgl
. O DMSO, 60 °C -
SEMO OMe 85% SEMO OMe
76 (R)-22 75

1-Hydroxy-14-isoprpyl-3f-methoxymethyl-73,11B-dimethyl-3a-
[((2-trimethylsilyl)ethoxy)methoxy]-1,2-secofusicocca-8,10(14)-dien-2-one 75

To PEPPSI-SIPr (8.8 mg, 0.013 mmol) was added a solution of 76 (124 mg, 0.252 mmol)
and (R)-22 (114 mg, 0.376 mmol) in DMSO (5 mL) and stirred for 42 h at 60 °C under argon
atmosphere. The reaction was quenched with H,O and organic materials were extracted with
EtOAc three times. The combined extract was washed with brine and dried over Na,SOy,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography with hexane/EtOAc (40:1-3:1) to furnish 75 (103 mg, 85%) as a
colorless oil. [a]p™ —53.2 (¢ 1.17, CHCL;). 'H NMR (500 MHz, CDCL;): & 0.01 (9H, s),
0.79-0.89 (2H, m), 0.94 (3H, d, /= 6.9 Hz), 0.96 (3H, s), 0.99 (3H, d, J = 6.8 Hz), 1.05 (3H, d,
J=16.6 Hz), 1.50-1.58 (1H, m), 1.64-1.73 (1H, m), 1.80-1.84 (1H, m), 1.97 (1H, ddd, J = 12.7,

8.8, 6.4 Hz), 2.02-2.09 (1H, m), 2.10-2.22 (2H, m), 2.26-2.34 (2H, m), 2.39 (1H, ddd, J = 10.8,
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9.3, 5.4 Hz), 2.60-2.68 (2H, m), 3.28-3.33 (4H, m), 3.37 (1H, dd, J = 10.7, 4.6 Hz), 3.40-3.43
(2H, m), 3.49 (1H, ddd, /= 11.0, 9.8, 6.3 Hz), 3.62 (1H, ddd, J = 11.0, 9.5, 5.8 Hz), 4.65 (1H, d,
J=17.6Hz), 487 (1H, d, J = 7.6 Hz), 5.58 (1H, ddd, J = 11.7, 2.5, 2.2 Hz), 5.64 (1H, dd, J =
11.7, 10.3 Hz); *C NMR (125 MHz, CDCly): § —1.5 (3C), 17.9, 18.0, 20.9, 21.0, 21.8, 22.1,
27.5,27.8, 28.0, 32.7, 33.2, 52.6, 53.4, 59.6, 65.7, 69.3, 73.8, 82.3, 90.2, 122.5, 134.1, 135.8,
146.3, 216.6; IR v, 3460, 2953, 2893, 1740, 1455, 1249 cm'; HRMS (ESI) [M+Na]"

calculated for C,7H4sNaOsSi: 503.3169, found: 503.3170.

SEMO “M—OMe

DMP 75: R = CH,OH
CH,Cl, L 82: R = CHO
89%

14-isoprpyl-3B-methoxymethyl-7p,11p -dimethyl-3o-[ ((2-
trimethylsilyl)ethoxy)methoxy]fusicoccane 84

To a solution of 75 (22.0 mg, 0.046 mmol) in CH,Cl, (1.0 mL) were added NaHCO; (26.7
mg, 0.318 mmol) and Dess-Martin periodinate (29.9 mg, 0.070 mmol) at 0 °C and stirred at
room temperature for 2 h. The reaction was quenched with a mixture of saturated NaHCOs aq.
solution and saturated Na,S,0; aq. solution, and the organic materials were extracted with
EtOAc three times. The combined extract was washed with brine and dried over Na,SOy,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography with hexane/EtOAc (60:1-10:1) to furnish 82 (19.4 mg, 89%). [a]p!

—202 (c 0.88, CHCl;). 'H NMR (500 MHz, CDCLy):  0.01 (9H, s), 0.78-0.86 (2H, m), 0.98
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(3H, d, J=6.9 Hz), 1.00 3H, d, J = 6.8 Hz), 1.04 (3H, d, J = 6.6 Hz), 1.21 (3H, s), 1.59-1.65
(1H, m), 1.97-2.04 (1H, m), 2.08-2.19 (2H, m), 2.22-2.32 (2H, m), 2.42-2.45 (2H, m), 2.54
(1H, ddd, J=10.7, 6.6, 6.3 Hz), 2.66 (1H, qq, /= 6.9, 6.8 Hz), 3.33 (3H, s), 3.37 (1H, d, J=9.8
Hz), 3.40 (1H, d, /= 9.8 Hz), 5.48 (1H, ddd, J=11.5, 2.5, 2.5 Hz), 5.65 (1H, dd, J=11.5, 10.7
Hz), 9.40 (1H, s); °C NMR (125 MHz, CDCLy): 8 —1.5 (3C), 17.8, 18.0, 20.9, 21.0, 22.4, 27.3,
28.0, 28.6, 31.7, 32.9, 52.2, 59.5, 62.8, 65.7, 73.8, 82.1, 90.1, 121.2, 131.2, 137.5, 149.4, 203.3,
215.9; IR v, 2957, 2893, 1741, 1722, 1455, 1375, 1248 cm'; HRMS (ESI) [M+Na]
calculated for C,7;H4NaOsSi: 501.3012, found: 501.3004.

To a solution of VCI;-(THF); (86.7 mg, 0.232 mmol) in THF (1.5 mL) was added Zn
powder (11.0 mg, 0.168 mmol) and stirred at 75 °C under argon atmosphere. After 14 h, the
solution was cooled to 45 °C, and to it were added THF (1.0 mL) and DMI (70 uL, 0.650
mmol) successively. Then, to the mixture was added a solution of 82 (12.6 mg, 0.026 mmol)
in THF (1.0 mL) over 5 h. The reaction was quenched with saturated sodium/potassium
tartrate aq. solution and organic materials were extracted with EtOAc for three times. The
combined extract was washed with brine and dried over Na,SQ,, filtered, and concentrated
under reduced pressure. The residue was filtered through a short pad of silica gel with
hexane/EtOAc (10:1) to furnish a crude 83 (1.4 mg, 12%).

The triene 83 was immediately dissolved to EtOAc (1.0 mL) and to the solution was added
Pd/C (1.6 mg), stirred under H, atmosphere. After 14 h, the mixture was filtered through a pad
of Celite and washed with EtOAc. The combined filtrate and washings were concentrated
under reduced pressure. The residue was purified by silica gel column chromatography with
hexane/EtOAc (1:0-40:1) to furnish a diastereomeric mixture of 84 (1.4 mg, quant.) as a
colorless oil. "H NMR (500 MHz, CDCl;): 8 0.01 (9H, s), 0.61-1.01 (14H, m), 1.20-1.43 (3H,

m), 1.47-1.74 (3H, m), 1.79-2.00 (4H, m), 2.02-2.09 (2H, m), 2.10-2.23 (4H, m), 2.28-2.38
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(2H, m), 2.28-2.38 (2H, m), 2.52-2.68 (2H, m), 3.32 (3H, s), 3.50-3.56 (1H, m), 3.59-3.64 (1H,
m), 4.66-4.69 (1H, m), 4.85-4.88 (1H, m); “C NMR (125 MHz, CDCl): § —-1.4 (3C), 15.6,
17.2,17.5,18.0, 19.4, 21.5, 26.9, 27.8, 28.5, 28.8, 29.7, 31.2, 32.3, 33.4, 37.5, 41.0, 41.7, 52.9,
53.3,59.5, 65.6, 73.6, 82.6, 90.3; HRMS (ESI) [M+Na]" calculated for C,;H5,NaO;Si: 475.3583,

found: 475.3572.
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