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Ac
AIBN
9-BBN
Bn

Boc

DDQ
DIBAL-H
DIPEA
DMAP
DMF
DMSO
DPPA
EDCI
ee

EE
equiv
Et

Hex
HMPA
HOMO
HPLC
IBX
KHMDS
KPB
LDA
LUMO

MOM

acetyl

2,2’-azobisisobutyronitrile
9-borabicyclo[3.3.1]lnonane

benzyl

tert-butoxycarbonyl

butyl

benzoyl

1,5-cyclooctadiene

cyclohexyl
1,8-diazabicyclo[5.4.0lundec—7-ene
N, N'dicyclohexylcarbodiimide
2,3-dichloro-5,6-dicyano—1,4-benzoquinone
diisobutylaluminum hydride

N, N-diisopropylethylamine

4- N, N-dimethylaminopyridine

N, N-dimethylformamide

dimethyl sulfoxide
diphenylphosphoryl azide
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
enantiomeric excess

1-ethoxyethyl

equivalent

ethyl

hexyl

hexamethylphosphoric acid triamide
highest occupied molecular orbital
high performance liquid chromatography
o-iodoxybenzoic acid

potassium hexamethyldisilazide
potassium phosphate buffer pH
lithium diisopropylamide

lowest unoccupied molecular orbital
methyl

methoxymethyl



mp

MPM

MS
MS
NBS
NCS
NIS
NMO
NOESY
N.R.
PG
Ph
Piv
PLE
PMB
PPTS
Pr
PTLC
Py
recryst.
rt

Sn2
TBAF
TBDPS
TBHP
TBS
temp
Tf
TFA
THF
TLC
TMS
tol
TPAP
TS

melting point
p-methoxyphenylmethyl
methanesulfonyl

mass spectrograph

molecular sieves
N-bromosuccinimide
N-hlorosuccinimide
N-iodosuccinimide
N-methylmorpholine N-oxide
nuclear Overhauser effect spectroscopy
no reaction

protecting group

phenyl

pivaloyl

pig liver esterase
p-methoxyphenylmethyl

pyridinium p-toluenesulfonate
propyl

preparative thin—-layer chromatography
pyridine

recrystallization

room temperature

bimolecular nucleophilic substitution
tetra—n-butylammonium fluoride
tert-butyldiphenylsilyl
tert-butylhydroperoxide
tert-butyldimethylsilyl

temperature
trifluoromethanesulfonyl
trifluoroacetic acid

tetrahydrofuran

thin-layer chromatography
trimethylsilyl

methylphenyl
tetra—n—propylammonium perruthenate

transition state
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I, ARG FOESRITE L, 2L OFHRAEFRCHHE SN2 LI2X
D EFHEDEVRZ IRFTTIVENT 4 770y 7 ERARE L 720 | RIWA R
ICAWSHIRTWS, Lo, KR E L Cilib) 22 IR E 35 L OVE REFL 25 HA T RE 7 B 48 5L
ERHTDOHXTNENANT 47Ty FCRK 4 MRFEEZAT D6 ORI EE
THZENS2HY . TORAIRIIAKAK EREERREO—>TH D, —F, I, 1k
FWVENC KX DBREEHYL DS BRI CORIBE & 720 | BEFEW O /D 72\ B 72 BREE IR AR
FOSDOBRFNEE & 7> TWD, FbDHEKIEOHR T, BERRISDZ IXHIR, W
T A =T =T =& KEt TR T ARIRNCHEIT T 5 72O = LK — T
WL RTBEEWDR D INZ E D b REFIMOEIETH Y . S HIZAT—1LT
T URGTHDH LMD, ZHE TISE WS FRREE L A 2 AR 0810
XTINVELT 47T a7 DK, BEOEL OARFEEERMFTITIER SN T,
ZOHTHIEAE TATARETHY . MK T2 0L LRWIIKS RS pig liver
esterase(PLE)Z W=7 0 % 7 V72 P X7 )V OARF K REIE. OPLE 1% X #fE S
HEEMAT N 72 SN TE Y | Hix 2 EE TOMEERBRICHE LT 2 Z & TIHEEIAL O
ROET ERITONTWDETZD, HHNUOH DFEEEIREE TIET L Z ERAEET
% Z L (Figure 1-1) V. @PLE [ZREE R RIEDERN =D, H O COIEEICH A DF
RERAZEALTBS ZENARETH DL Z &, @I FE TOMIILFEN R RFARB], OF
DITRFENFRARFZ 2 AVIZAR TR, LIE LIEE OIERRA ko g Btk
EANFTLHZEDBRETH L0, KIS THLILDE /) VAR CERIZIXFITE L T VR
FUNEE AT VEELR LTV D OFERITmERRMEARE L TR TS S
& QBRERAVWEAGRTIE. BROY —F U I K BRI SRR T 5 FTEE
YRS D LN EEEEZA TSN, RENTEEZ AW Wz | AR )
BT DZENRN, Vo FfHEZAL TR, AAEREIREFEICERTH S,

ULOBLENG, 2EOT X I v ~vax— b bbb, Offix OFRREEAN
ARE L R D BRI A AN MIICET D7V —VEOBEBRT 70X T LR AT L~vn
F— b, QERRIELHATRER 2 RESEMAEZMEHICET LT ax T LA F L~ x—
. Zxt9 % PLE Z W ARF K fRZ S E Lo, R ARRFBLZAT X 7
NENT 477y 7 ORI BXOENS ZIEHT 58 R EIETERRD O RFEF
EhkE B E LARIFSE 21T - 7= (Figure 1-2),



Figure 1-1. Active-site model of PLE V.
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Figure 1-2, New chiral building blocks and their proposed application to the

synthesis of natural products.
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% 2% PLE ZHWERFENMKRDIRIZ L DA 4 kT OREE
% 17 dimethyl 2-aryl-2-methylmalonate O R& 7K 31

INET, TV—NEOBBR L7 aX T Vi AF )V ~rax— NIkt 5 PLE % H
WTEARFMAKRGIRZ L DR NIRRT 4 KRB OEFUZ DWW T, R A R E IR W
THENZ2SNTEY 2, ZOHTY Fadel HI3E ST/ VK % Bk RKIRY)
BRA~EIERT 52 & T, EOfFAMENLGEL TV A (Scheme 2-1) 2029,

Scheme 2-1. Synthesis of Natural Products via PLE-Mediated Hydrolysis
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LALLM B, Z3VETIZ PLE 2 W ARFNKGEPRE SN TWDLT Y — L&
v x— MILHERORAZHDWVIIANTITERILZFT 20 0MILALETHY .
A MU L TUIAFVEEZGTLREEICR STV W, 22T, KT VoA
ROERA~EBEHFTREZR2 AV MICT 220 b LITZOEMAL AT 2EE, BIW
fix OEREEANARE L Lo T VT2 A MUZET 5 EEZ G L, PLE
ZRWTEARFIKRGFEZATO AT I AVELT o 77 m y 7 2RI
LR R LT,

TP, FREBROAN ML, BHICT IV~ EBAETHH= hu ka4 5 0E
AT AHZ L Lz, 3725, 1RO ofluoro nitrobenzene |Z%F LA &G KEZE
HaRONZ £V dimethyl malonate 238 A% 3 JEMEA F L A2 XA F LT H Z &IZ
L0 =271 G L7 (Scheme 2-2), 672 = A7)V 11Z%f L PLE #{EH
SHIL A HRPICPURTETT 20D FEDE ) HVRUVBRITELIGLNT,
LR S HEIT LT2 = AT L 2 W DN D DR TH > T2, U AT )L OMKDRIC
FOBONDINVRABORDANLIE T DT =4 03, FER LICERT 550E
FWGIMEEZ AT 5= Fr OB RIC IV LEREND D THLEEZXBND, £

Z KRR ZLIT ORNC= b kaEcd 52 & & L, PA/C W TKRIBRMDSEM:
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Scheme 2-2. Preparation of Diester 1 and Its Attempted Conversion
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N
H
3
Reagents and conditions: (a) NaH, dimethyl malonate, THF, reflux, 12 h, 46%; (b) NaH, Mel,
THE, rt, 2 h, 100%.

UEDEICBERIFE2EOHHIILEALT 770y 7 OERITRETSH 5
ZEMTHENTEOT HFEWTEFTREOA L ML e X VR TFA2ET 58200
Ll E Uiz, REENAHRTENR, ROBRBTEBERA WY Y 7Y U I RIGIC &
DERF VT ZEANTHZENFARETHDZ Enb | HEAKRT 5 Z ENRECTH -5
FBOIN MICEBHZRTE2ETAXINELT 770y 7 8RR L /e v I
WIZERThDES A D,

AV ML 3 U RFFONERR U 6a 1d, SCREBERL A 4a9i2xi L (Me0)2CO
ERGSEDZETAFNANT AT IVEEAGL D AEEATF L AN E A TF T2 2 &
2 &L ARk L7=(Scheme 2-3), £ 72, O FIEIZ L YV =F L= AT /L 6b G LT,

Scheme 2-3. Preparation of Diester 6a
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Reagents and conditions: (a) (Me0)2CO, NaH, THF, 50 °C, 1.5 h, 94%; (b) Mel, NaH, THF, rt,
2 h, 80%.

AV MLIZHE R IR 723 & L 72 FE 6c DA %L 3,4-dichloronitrobenzene (2%t L |
P B WREEE BT £ DAL EZEINPIZ dimethy]l 2-methylmalonate #3# A 7% Z &
726 BAtA L7-(Scheme 2-4) 9, %< = b mDiEItiX PA/C 77E . MeOH ¥ CJx
JEEATO L= b EDETLE &b BRIETFHRESINIAEMDRH/TOENDLDHTH
o7, LL, WiEE LT ACOEt Z W& Z A, IS EINMIcEITL, =k



DB PBILSNIZTEDOT =V VFEREGS Z LTk LT, Kklz, 7= v
HER % 50%HsPO2 KIEEH  NaNOs THLEET 5 Z &L T AT )L 6 ~EEH LT,

Scheme 2-4. Preparation of Diester 6¢

Cl a CO,Me b c CO,Me
/@[ - co,Me CcO,Me
OzN c O,N cl cl

7 6C
Reagents and conditions: (a) CHsCH(CO2:Me)2, NaH, DMF, 70 °C, 12 h, 63%; (b) Hs, Pd/C,
AcOEt, rt, 4 h, 100%; (c) NaNOs, 50% HsPO2 aq, 0 °C, 1 h, 93%.

BIEY = AT ARG BNT-D T, PLE Z W= RF MK L D0 D AAIRF 4
R DREZZ SOV THET 21T - 72 (Table 2-1), HHEBROA /L ML VHERFE2HT
DY T AT IV 6a DARFIKGIECIBNTIE, GURDOFEFERENPKRENT LD, |
ik U7z PLE OIEMNLO TR E T MBI 5 R & 22BUKMEAR 7~ b Ho B E S 9,
FORER T T AEIRENEH L2202 ENEHE SN, —RIICHW S5 54
TN EIToTo L 2A, Ml < BUSIFHEIT L, FREOIFEGEWIZ THFMITIZIE
WIRE/RIE T ) DV VR 8a NS B iz(entry 1), L2rL, =F /LT 27 )L 6b &
Wb E, FOTF T ARINET 44% ee £ TIK T Liz(entry 2), — . AV MLIZH
FRTEATDHVT ATV 6 HHNTZE Z A, BILER92%), DO IRIE R
ETE VKRR 8 2455 Z LT Liz(entry 3), 7235, JEFMEIXE / LR
Vg 8a—c A xtILT 27 = U RFFER~ L 5% HPLC IZ X 0 E L7 (ERES),
Flo, MERELEIZ OV I Z OB TITREL TWRo e, TRETOT U —/LiE
i~ v 2 — NORFNKRFROBENS LLTIRT X RIETH D EHERI L7,

Table 2-1. PLE-Mediated Hydrolysis of Diester 6a—c

CO,R PLE .COH
CO,R CO,R
otassium phosphate
X p phosp X

buffer (pH=8), 30 °C

6a (R=Me, X=I) 8a (R=Me, X=lI)
6b (R=Et, X=I) 8b (R=Et, X=I)
6¢c (R=Me, X=Cl) 8c (R=Me, X=Cl)
entry substrate time (d) yield (%) ee (%)
1 6a 2 58 99
2 6b 1 63 44
3 6¢ 3 92 99




UL X oIz, ZHETIZHEFI DR, FEERO AV ML 2 OB REFLE AN A
REE B\ U RFE2ATIHRITTINELT 4770y 7 eEmT) s FIER
BICART A 2 LRI Lz, KX TAEAT 77y 7R TE B L RF v
NIEEEZ AT NIER LT D - OFFERIT RS REMEAR S L THAEETH 21300,
AT =T T ERGTHDH LD NUDIIARF A RRFE AT DR R KR
B L OFHERERL, TIIIRETEPEAH B ZE~ OIS - AR S 5,



% 2#i  dimethyl 2-alkyl-2-methylmalonate M /RZ /K 55 fi#

TuF TRV T IF v v R — MY D PLE & AW RE KSR L0155
NWORKE AMIRFETTHE ) VAR i h RIE A~ EIERT 572 0I12iE, flix O
BEHEFEAN E BRI I OSREIBE BN FIRE T D L 9 e IR 238 A L T < BN
HbH, LOLERDL, ZNNETICHEINTNDH YT VX L~var— MIBWTD, B
REREHARECH D DL, Keese HIZ Lo THEENZ 1 RF2=y FEFATHYVT R
T 910 L Trost HICK VW HESNZ 3 IKFE2=y NEFTHYT AT /L 11 @I
ROENTEY ., BREEALBRAKNEETH - 72 (Scheme 2-5),

Scheme 2-5. PLE-Mediated Hydrolysis of 9 by Keese et al. and 11 by Trost et al.
o} o}

CO,Me CO,Me
RO§< 2 PLE RO\\< 2 NMe, PLE NMe,
Co,Me < CoH CO,Me _COH
9a: R = TBS 10a: 49%, 95% ee MeO,C Me0,c” ™
R =t - 909 0
9b: R =t-Bu 10b: 90%, 96% ee 1 12 66% e

92% ee recryst.

Z 2T, AT, Fix OFRESNERGIT, DOSRBREWDTRETH D 2 IKHK
2= NERBERMICET AT T X L~wa 32— k 18a-d @ PLE % W\ 7= REFEIAKS
fRIZE D ARARFHXINLELT 4 7T 0y 7 AT X Et 2 BG L, £9°.
—NCHWONDGETHD U Ve U U AR (pH=8, KPB 8) & ¥ & L T
Ji %47 > 7= (Table 2-2),

Table 2-2. PLE-Mediated Hydrolysis of Diester 13a-d

R PLE R
MeO,C CO,Me potassium phosphate MeO,C CO,H

13a: R=CH,CHCH, buffer (pH=8), 30 °C 1l4a: R=CH,CHCH,

13b: R=CH,CCH 14b: R=CH,CCH

13c: R=CH,CHCHPh(E) 14c: R=CH,CHCHPh(E)

13d: R=CH,CCPh 14d: R=CH,CCPh

entry substrate time (h) yield (%) ee (%)

1 13a 18 100 37 (S)
2 13b 22 96 58 (S)
3 13c 9 100 89 (R)
4 13¢’® 23 82 76 (R)
5 13d 75 56 13 (R)

2 Ethyl ester was used.



ZOFER, MIEIZT VU, e LA E TS5 U= A7/ 18a, 18b (22T
IE IREEEMICKHET 5 DVRUER 14a, 14b NS OND L DD, T ONFHE
IXZZ 37% ee, 58% ee &/ DWW AERITHF DR o7z (entry 1,2), LA L7
D BT T INEEAETH YT AT 18¢ IOWTIE, ST 5F ) IRy
B2 14e 28 E B0 BAF 72 7 0 F A IEIRME(89% ee)l T HiL T & 7o(entry 3), £72.,
TF N ATV 13 H AWIGAIZIE, 7V —VEBROYE LRk, BFMEOKT
(76% ee) 3B S #u7z(entry 4), —J7. 7B F L 2 oRUGIC 7 = = VI B L 728 %
AT 27270 13A IOV TR, IR, A & H IRV S O ThH - 7z (entry 5),
¥, WFMEILE  DVAR VR 1da-d 23T 57 =V ReFEk~ L 25 #it% . HPLC
IZXVRE LIZ(ERESMR), £7-. 14a-d OHFERECE DWW TIESTERBEAE S~ &
THLL  ENEOH S E T 5 Z L2k > THBMNZ L= (Scheme 2-6), &/ /LR
Vlk 14a, 14b 1IKFBIRMTHZ LI2E D 16 ~E BB L= Z A, EET~ AT A
DEZRLIZZ &0 SETHD Z LR ERINT ™, £ FVARCE 14¢ IOV T
IZ. one—pot TA V¥ 73— FEBRH L THNLNA— | 16 ~& LWtk BRALFIZTh
NWNRA—= R ERETDHZETTIVIT~EEBRLIZE A, EBNREILT T ADMEZR
L7228 D RIETHD Z ENRfERENTZY, £72, 14d 12>\ TE, RIETHHZ &
PVHBA L7214 LV FFE LT =V F18c Z/KEWMT L ik vEbi b 18e &
T AVARVEE 14d D HFEINAT =Y R 18d #KBIHRMT A2 Z LIc KV ARk LT
18e DIENE D FE KT H Z LIk RIEATH D Z L MR STz,

Scheme 2-6. Determination of Absolute Configuration of 14a—d

’ MeO,C~ “CO,H

MeO,C~ “CO,H MeO,C~ ~CO,H
14a: 65% ee 15 14b: 77% ee
from 14a: [a]p?’ -0.6 (c 1.3, CHCI3)
from 14b: [a]p?® -0.8 (¢ 1.1, CHCly)

2/ TPh c —/"Ph d —~"Ph
MeO,C \ CO,H MeO,C ) NHCO,PMB MeO,C \ NH,
14c: 89% ee 16 17: [a]p®® +13.9 (c 0.9, CHCl3)
w2/ Ph e X\/\Ph f e — pn
MeO,C \ CONHPh MeO,C ) CONHPh MeO,C CONHPh
18c: 89% ee 18e 18d: 13% ee

from 18c: [a]p?® +23.3 (c 1.0, CHCIy)
from 18d: [0]5%C +4.2 (c 0.4, CHCly)

Reagents and conditions: (a) Pd/C, He, EtOH, rt, 12 h, 86%; (b) Pd/C, Hs, EtOH, rt, 12 h,
73%; (c) DPPA, EtsN, (CH2ClDs, reflux, 3 h; PMBOH, reflux, 24 h, 74%; (d) 10% TFA/CHszCls,
rt, 10 min, 74%; (e) Pd/C, Hz, EtOH, rt, 12 h, 74%; (f) Pd/C, Hz, EtOH, rt, 12 h, 78%.



ROBRMER G LN 18¢ 12OV TIE, it E LT KPB7, £7KINREZ 0°C
2T D5, ME AT, BIRMEORE BNV 52 o, 51T, ANnE~ L
F T T DA — )V AT T2BE. 2-83% ) U FAIRIRMEPME T T D8R & nTz, 20D
BK L LT IR TH D KPB 8 RN L Y PLE 24 & ISR RN EEFT L TU
HZ ol Fe, ONETE & BITHRAET D MeOH (2 & VRO 3 Ikt ENE(L L T
LED ZehEnEblclcd, EREEL2&SAmREl~. KPB8 & PLE OREAH
BHIZY ATV 18c 23 VU VR TEZHWTH FLTWS FiE~NEEHLIZE Z
H,XNVFTTURT— BV TS FMEIME T T25 2 &<, BBMERSE /A
VIR VR 14 2455 Z L N TE 2 (ERES ),

PLE %AW AREFENIKG RIS K o T B D E R ORI 31T 2 Iyt
DEBIZONT, ZTNETIZEZL OHRENRRINTWND 9, Tk, KERSSH, 5
VIR O R E I AR 2 N 2 & RO 3 ot IEFITID IAEN TV LK
53T D—ERDN | BN S T BUKVEERIEE & A8+ 5 72 01, AKFBERED AR D LA WL T5 ]
REMDTNIEL L, BERONEENENT 570 ThH L Ll TWD, £2
T, ®asrzFrFAEEoRn EZBEL, Kb RWHEREZEX V= AT 18
(TR L. B RIS T . REIAKR GRS Z fatd 5 2 & & L7z(Table 2-3),

Table 2-3. Co—Solvent Effect on PLE-Mediated Hydrolysis of Diester 13c

//~Ph PLE, 30°C —/Ph
MeO,C~ ~CO,Me potassium phosphate MeO,C S CO,H
13¢ buffer (pH=8), co-solvent 14¢

entry co-solvent” time (h) yield (%) ee (%)
1 acetone 20 94 62
2 t-BuOH 8 95 66
3 DMF 21 90 78
4 MeCN 6 30 21
5 diglyme 9 75 83
6 DMSO 9 69 85
7 toluene 48 88 66

a10% of co—solvent was used.



Z DGR, AL LT 10% D diglyme 3 KON DMSO % W 7= RE MK FRIZEB
TENTEI 83%, 85% ee & IIAMEA W2 WGE L RIRE D= FA&RMEIC T
T VIR MR 14e 355N 5 H O D(entry 5,6), (X & A EDIERIZ BN TS F
ABIPEIFME T L, MeCN ZHWW 2 EINER, = F o F A 3PUE & & IS KIERK T 238
S duiz(entry 1-4), BESE SO ONLRBIRMEIC 8 B 2 2 JPRIEZ DD T, K &R
S LRI T Tl < I & A EKIZITR T e WIEE 2 N L7z 2 #HR TR 21T 5
BRI TS, =2 T A EIREN (LT 25680305 2 ERRESN TS, &
2T, L LT toluene & HWTRIGZAT o723, Z O%A bIERMEITIK T3 555
R L7 o7 (entry 7),

10



3 PLE & M\ 7= B s e R o

— RN PLE Z W7 a X I VR Y T AT IOVOREFIMKGIRIL, $ET25F /0
VIR RRICE B ST B TR IR LT 5720 @MW TER Th HE / VR
VEEPELNTL DI ERMLNTWND 10, UL, RIZERW THDHE ) LR
2 14c N HE PLE IC X 2K fRE2 T 5D &35 & K0 IKSiEZ =19V pro-S
MO ATV, DFEY SIKOF ) DIV RO FPIKGIES L, VWA VEE 19 12
EEINDHELEZOND, TOMKR, FERMTHD R IKOE ) VR CBRO T
FEom ENBR SN D1E3Th H(Scheme 2-7), Z OFIEITHEERICFESEIE LTH
BARICBWTHBEICAWLN TSR, ZTRETPLE ZHW 220X 97T/ 1L
RN U OEEFRAEFENCET 2GS X SR, £ THARL =) U F 4%
PO EEZHIEL, 89% ee TAMT D Z LI L7z /) WVR U 14 (2% L
PLE % AWl E AL ENC O W TR EIT ) 2 & LT,

Scheme 2-7. Proposed Kinetic Resolution
® __/"Ph

fast S slow

/~Ph MeOzC" COH \ //~Ph
N < | ol

8 14c major
MeO,C~ "CO,Me

HO,C™ “CO,H
© —/Ph / ’ 19 i

(pro-R) (pro-S) slow N fast
13c HO,C~ ~CO,Me
14c minor

E AV W 14elTxt L AR & RO G2 W TR E PLE TR LI & 254,
FORBRSE 2 Hi%, TLC Z4TIZ LV 14e BSIMKDIR S VT2 BT D 2 VR ik 19
DERPBI S aDTe, TLC SHTIC L0 SN ET L2 2D D &R L2t H
HERSRIL 72 & 2 A, B IVR VR 14e 23 88%DINE TN S iz, ®IhT 257 =1
REHEIL 18c ~ L ZHit%:, HPLC I X W M FHEDORE LT 2 A, = v FF
BEIRPEIT 89% ee 705 96% ee £ THIEL TS Z & M HER X 1172 (Scheme 2-8), fil>
T, YT AT/ 18¢ IZ% L TH PLE Z W CERBBIGC & E 5 2 & THERMETFD
FINEITL, =T FARIREOR LR RSN DTIIRWhEB X, FROEMLET,
FRFE Z 22T CTRIGZAT o 7oy, B REZ LT, VINARVBOARITHR I LT,
T F 2 F A B O[] E L éfrbfcﬁiﬂo 7o
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Scheme 2-8, 'Treatment of 14¢ and 13c with PLE for a Week

\\\/\Ph PLE \\\/\Ph
MeO,C~ “CO,H potassium phosphate buffer (pH=8), 30 °C MeO,C™ "COzH
14c: 89% ee 88% 14c: 96% ee
/~Ph PLE —~"Ph
MeO,C™ "CO,Me potassium phosphate buffer (pH=8), 30 °C MeO,C” "COxH
13c 100% 14c: 89% ee

PLE Z#HW=Z DX 5 70F /7 BVAR UEORERILEFDENL, i E TITHEH]
DR, £ T, EBEEZENDODLZEEZHNE L, 7aX TR AT NG
HEINDOEA T EIEROE ) IR BE PLE ORIGEITH) Z & & LT, 7,
BIEHDONREFTARD =0, WHE~ax— MIEEL., IR T UV LETHD 14a, v
YFINETHD lde OffllZ, B Rev P INETHD 14de, ~F LU VETH S 14f
AR L. Bt x1T>72(Scheme 2-9), = Z C. HE 14f 128 2 U0SEMEIL, HifE S
NTVWARIET D7 e XT3 AT ILORENMAKSRE FEEOSEE W5 2 &
EL7=™,

Scheme 2-9. Kinetic Resolution of Racemic Malonates 14a, 14c, 14e, and 14f with
PLE

><\/ PLE, 10% acetone Vi
MeO,C™ "COzH potassium phosphate buffer (pH=8), 30 °C, 7 d MeO,C™ "COzH
l4a 97% 14a: racemic mixture
>(\/\ph PLE —"Ph
Me0,C™ "CO.H potassium phosphate buffer (pH=8), 30 °C, 7 d MeO,C™ "COzH
1l4c 57% 14c: 21% ee
MeO,C"™ "COzH potassium phosphate buffer (pH=8), 30 °C, 7 d MeO,C" "COzH
14e 59% 14e: 36% ee

PLE, 10% DMSO

!

MeO,C”~ "CO,H potassium phosphate buffer (pH=8), 30 °C, 7 d MeO,C~ "CO,H
14f 90% 14f: racemic mixture

ZORER, MEPEEDH B85 X 5 I HE 14a, 14f OIK S REBOSITEITE
T TEIRTHLIFEENRREINEND DA TH-Tm, — 7, MBHICHEFRZ &Y
14c, 14e ([ZOWTIFNMAKRDGFREOCET L, VRV BOERR A MRS 2 & & BT,
B U 72 / VIR VBRI ZIE I 21% ee, 36% ee & R ERITI 2 BV S v,
ZIHDOFRERIZE Y PLE 2 HW o R P NI E R RERH D 2 LB G
NEENT, 2T, vax— hUSDE /7 VR e 14g, 14h, 141 28R L. #
HEENTWERET D 70X TP AT VO RFINKS MGG & FRED S:0F % H
WTCREZEITH Z & & L7=(Scheme 2-10) 10:12),
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Scheme 2-10. Kinetic Resolution of Racemic Substrates 14g, 14h, and 14i with

PLE
C[COZMQ PLE |C[C02|\/|e
CO,H i = CO,H

potassium phosphate buffer (pH=8), 30 °C, 7 d

l4g 91% 14g: racemic mixture
MeO,C H CO,H MeO,C H CO,H
PLE, 10% acetone
X potassium phosphate buffer (pH=8), 30 °C, 7 d A
Ph 47% Ph
14h 14h: 98% ee
MeO,C H CO,H MeO,C H CO,H
PLE, 10% acetone
potassium phosphate buffer (pH=8), 30 °C, 7 d
Ph 49% Ph
14i 14i: 30% ee

ZORER, BRARDT /) WVAR VR 14g 1B W TR, IR fRIZE TR, 7' AR
A ENDDHTH T, *ji\ AR [FERR, BN BB 2 B T A 14h, 14112
DOWTIIIMAD RIS HEIT U, PHIR U BOEREHERT S L L b2, B L-E
J IV BRI Z LTI 98% ee. 30% ee THo7-Z &b, GGG B8R
é;mio LI ED#ERN S, PLE % W72 B im0 20 BN IR ST O 1 8 73 B 5

REEERIZ LTS ZEDNRBRIND T, BUE, FERUNOEE L | BUKERET
&5 t-Bu X c-Hex F5E 2 ISHICH T k4 7o FEEIT K3 2 BE R AL T ENZ DV
THHZEITo-TWVWH EZATHD,

LD X912, ZivE TITHEF O 22 MAIBHERAL I 2 (RBEAME, T70bb T3
NEEAT LT VX)L~ n F— MK LT PLE & AW ARFNAKDEELT S Z & T,
Blhflp S o F AP TRIGT 2 ) WVR U BEGED 2 & EJzIJJL TNEHE
PLE THLEES 2 Z L THiBID 72wy, PLE IZ X 2 EmAIEFDENET L., AE5EE
BT T8 FH ATRE 7R LV E T %F®mw6mtﬁﬁ%7wtw74/77m/7
AT 5 Z LIRS LT, £72, ABIAEM L7z PLE Z HW 7o B e 7o
FERRMEIIH DO, ZNE TR T FARRIAKSMREEITH Z & 7ﬁ>%ﬁ“6‘
HoOl VT AT NVCK L THEATH I E T ENICITTINVELT 4 77 vy 7 %Al
HTXHAMREMEZ MO TEBY . AEER EARRFIEERVEL B LND,
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% 3% (-)-physostigmine OFEAARH LA
9 1ET R R

(-)-physostigmine (1) 3% 1864 4T Jobst, Hesse HIZ LV W7 7 U 71 pE G RHEY)
Physostigma veneosum OFEND EEpLy & L CHEES W 3BRAT v A N ThH
% (Figure 3-1) 19, Lk, FREIRLIZFIO X 512, BfEE TIZE < OFERIENRE S
T %, (5)-physostigmine Ot S AARLE 1L 1969 4F, Robinson © 2 X V) L X,
ZD% X B MHEMITIC L > THEE SN TR Y ¥, ZOMENFRHEE L TR
hexahydropyrrolo[2,3-bAlindole B #& FIZ_ 2 P ANARF 4 hRFZ Gt 2 DDOARKFH
LEATLZZENETON, AERAENR EIFFICHKEN LG TH 5,
(-)-physostigmine [XFEE 27 v F L2l v o AT 7—PRBIVNTF I Lz o RT
T —EBHEEEZ A L TR D | BUE, SNESSEIEMNE/JEDOIREE L L THWHRT
U5 1316018 F 7= (-)-physostigmine (X7 VY A ~ —IRIGEIKOF LR ) — MMbE
Mo1oL L THIEREZED TEHY | ENICIEFRITHEEYEHE BN Th T\ 5%
1811619 X 5 [ ZHBRIEVZ L ICT BT a Y v AT T — B IHIE M O FE BTN (A Ry B
1 T&H Y. ()-physostigmine L% D (+)-enantiomer (ZE~3K) 1000 %t OIEMEZ 73
EDRHEINTND Z END 20, HZEAITHIFL /T T(-)-physostigmine 35 L E D
FHEREMGET 5 LIIFERFICEETHDL L EF R D, 2O LD ITHEE L EWIETEO W
& B 23 572 U 5 (5)-physostigmine (£, 1935 4F, Julian 512 K > THID GBI
WEIN TR, ZRETICEZL OEEMBINHE STV D 19,

Z 2 TOAMETIERNR LR O NAANAH 4 IRFBEGT HHBF I LELT 1
77 a7 ZRF LM E OV — M2 X Y (5)-physostigmine D ARFEE K % K
THLET AKX TNENLT 770y 7 OISR EORE., L0 0H Atk
ZANLGET D & & BT, WETEHEARBEMI A R T 5 2 L 2 AR E LIFRICEF LT,

Figure 3-1. Structure of (-)-physostigmine (1) and derivatives.

(-)-physostigmine (1) : R=OCONHMe, X=NMe
(-)-phenseline : R=OCONHPh, X=NMe
(-)-esermethole : R=OMe, X=NMe
R X (-)-eserethole : R=0OEt, X=NMe

N H (-)-eseroline : R=OH, X=NMe

Me (-)-deoxyeseroline : R=H, X=NMe
(-)-N8-norphysostigmine : R=OCONHMe, X=NH
(-)-physovenine : R=OCONHMe, X=0

14



52H WA AT

(-)-physostigmine DA AT % LL FIZ7RF (Scheme 3-1), (-)-physostigmine 234
7% hexahydropyrrolo[2,3-2lindole B#$1L7 7 # & 2 I D OER, fi< BmTHT I/
BIZ X DBENRE SN TWNDHID, ABFZETIE oxindole HHEZHTHT 7 Z 4 2
19p),190),192 % RF ARk 5 Z & T(-)-physostigmine DTERAF LA A ERKTHZ L &
Lto AERIZBWTHE L 72 % oxindole ‘HH#IEL, 2B 147 X K37 H CuDZEHS T & L

FFNFEBRET I MEBISICE VAR TEDL DL Lie, —MRAIZ, 4 fRRFBICHEE
Ltﬁﬁ%% BT 2 RINEEDOSAREED - OHET LEES . AT, CuDEiEsr& L
T HHET I MEISIZ b\’Ci’ﬂlﬁ? U =& AWTE5E | BUSHREE TH D Z &3
HBITND, LNLEND, AEE 3IZBW TG ANIEFITEE L TWAH Z b
il 7 < BUR 23 1A ?5%@&%beﬁ%#@%f%b MDA —)VT TN b
LTWDAN MICHERFRFNER L EEEZHND e Lz, F1H#kT7I R 3I
A L 7= w%mLAH&/E%%ﬁﬁéTJ—wﬁ®%@Lt7m%7w&%%w
v B X — FORFMARGIIZE Y @ F o F ARG D Z LA LIEHiHlx 7
NEAT 47Tyl ANPLEGHIZERTEDLHD &%7&‘:0

Scheme 3-1. Retrosynthetic Analysis of (-)-Physostigmine

intramolecular OMOM
MeHNOCO aryl amidation wCO,H
NMe
— CONH2 — CO,Me

) physostlgmlne 1)
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% 31 (-)-physostigmine DR E 2B KL

(-)-physostigmine DA HF AL, HFHNIZITMARRE ) IR B4 O
VIR VBREANL T v a— )L~ LR 5 Z & B EME L 7= (Scheme 3-2), T 72bH, £
J AR 4 DI VIR AL B BRI ~ & AR L TRE D OSRME IV,
& LCTHF # AV, i L 7@t & NaBHs O SOSER I, KR T, MeOH %3V
VURVFICK O TF TS T v a— v b 25, £ U KEREEE MOM =—7 Lk
LR LTote, = AT VENE A EHER 1 7 X R & BT X R 2 M 21T - 7208,
T AT IVENLIZBEES 2 4 SIRBIZ K DSKEEOZEN G, W RDFIFITB N TS
FOSIEAE S HET Lo tz, ZATIVENOE 1 &7 I RF~OEHEOEBBIINETH -7
Toh, BeMEHICAEMT D L L L, ET T AT ML ARSI T KT 52 L
THNRUEE T 2GR Uiz, SV THVR RN 2 Bt b~ & Z8Hit% . NHs & s S
H5ZECRALAIBATH HE 17T I K 8 237,

Scheme 3-2. Preparation of Primary Amide 3
OMOM

OH
COH a, b \\I c \\I d
COMe — co,Me T coMe T
cl cl cl
5

4 6
OMOM OMOM

\\l e, f \\l
CO,H - CONH,
Cl Cl
3

7
Reagents and conditions: (a) (COCl)2, DMF, CHzClz, 0 °C to rt, 2 h; (b) NaBH4, MeOH, THF,
-30 °C, 3 h, 86% (2 steps); (¢c) MOMC]I, DIPEA, Nal, CH:Cls, reflux, 4 h, 91%; (d) 1M NaOH,
MeOH, reflux, 12 h, 89%; (e) (COCI)z, DMF, CH:Cls, 0 °C, 4 h; (f) NHs, THF, 0 °C, 30 min,
77% (2 steps).

7 R3MBBFOLNTZDT, Buchwald b3 L2 2% 4 L2, K TH D0
TINIFEFET I REIRIC X % oxindole B OAEZLIZ DU THRFTH & 1T > 72 (Table 3-1),
£, toluene IFBEH, HE L LT KeCOs & AW TMBLETE P b aiTo72 L 2 A, Al
BEDT 7K L8 BHFEEDILFRG6%NZ THFHALT X /(entry 1), 0.5 %4 & Cul 177
TCIRHEEORENMEN SN0, BEimEO Cul AW TS EIT > 2RO S
FIIIW =B o2, 72, HIELE L TKsPOs, Cs2C0s & W2, JRENOFE
e HITNRITME T T HHER L 2o z(entry 2,3), Z Z THAE%E KoCOs (2T L.
W TR TRIR BT 21T - 72, 1,4-dioxane H1, MBGER TRGEIT-T-L 25, L&
DJFEL O IR DR Zdv, PERIIKIRIZIL T(24%) L7 (entry 4), F£7=. DMF #1, 100
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°C TILZAVE TR, JRBEHITERE T, ICRIZHREGIWICH E-72b DD, INEk
BIESHE D Z LI XV EEHIZEARICHEA L, BRARIET6WIZTIHIED T 7 ¥ A8 %
55 Z &2k Lz (entry 5,6),

Table 3-1. Intramolecular Aryl Amidation of Primary Amide 3

OMOM N,N'-dimethylethylenediamine (1.0 equiv), ?MOM
‘\\\| Cul (0.5 equiv), base (1.5 equiv)
@LCONHZ conditions, 1 d @S,}:O
cl N
3 8
entry solvent base temp yield (%)
1 toluene K,CO; reflux 66
2 toluene K;3POy4 reflux 33
3 toluene Cs,CO;4 reflux 57
4 1,4—dioxane K,CO; reflux 24
5 DMF K,CO; 100 °C 53
6 DMF K2C03 reflux 76

"ol T 7 % L 8I1L N-ATF b, Hit < BRMESRM:E T MOM R4 RET D2 LTI L
a—)L 2 ~ LM L7=(Scheme 3-3), Gk L7 7 /v =2—/L 2 1%, STERBEAI O 7 L =2 —)1
2 LK FE ALY b LT — 4 (IH-NMR, 13C-NMR, IR, MS and [alp) 1922352472 — K % 7R
L. Z ZiZ()-physostigmine DX ARFEEGREERT D L LI, FHIFTLENL
T AT Tay 7 4 OMKNAREOME ., BLOAAMEEGET D22 N TE T,

Scheme 3-3. Formal Total Synthesis of (-)-Physostigmine

OMOM OMOM OH

\ \
o a b
o o] = o e
N N N [0]p28 -8.6 (c 0.42, CHCI)
H Me Me  (lit. [a]p? -8.5 (c 0.42, CHCl))
8 9 2

Reagents and conditions: (a) NaH, Mel, THF, 0 °C, 2.5 h, 97%; (b) conc. HC1, MeOH, 50 °C,
12 h, 81%.
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A4 (-)-physostigmine Dk BN A K

(-)-physostigmine DEARFRAEMAZEMR LIZb DD, AHEEEIZIIT 2K EFER~
DOERIFEFOENINHETHY , KIEETHST I ERE LIV HREIN TS
(Scheme 3-4) 199, E7- 2007 4, FIAGIZ LY BRRFFOEANTRIZIIT D IROSE
DHE I TV D (Scheme 3-5) 199 4 THEAZTET 5 Z EOROE CHBEEE L
TW5, ZZThOLNUDEHFR LICBRRF2EAL THE ZENTEIX, 0%
FHZ(-)-physostigmine Z /KT 2D Z ENAREL 7257200 T, S BT v A

K (-)-aphanorphine <5 HiM: R A (-)-eptazocine 72 & DR U NANLARK 4 IR FEE A

THEY. BLOZOFEEREGRICHFIATCE 2AMOEWX I VLT 0 7T
my 7 & LTABER EEREVNEE A D, T THHIIAEALT 47Ty
11 #5%5E, AL, REMER~ERT 5 Z & & L7-(Scheme 3-6),

Scheme 3-4. Introduction of an Oxygen Atom at the Benzene Ring by Fuji et al.

a. LIAIH c. NaOMe,
Me, NMe b. NBS 4 Br Cul MeO
NMe . NMe
o) 35% (2 steps) N H 35% N H
NHCO,Et

Me Me

Scheme 3-5. Introduction of an Oxygen Atom at the Benzene Ring by Takemoto et
al

a’b Br c’d MeO.
NH NCO,Me NMe
N H N H N H
Me Me

Me

Reagents and conditions: (a) C1ICOz:Me, EtsN, DMAP, CH:Cl:, 0 °C, 2 h, 78%; (b) NBS, DMF,
0 °C, 2 h, 92%; (c) Cul, NaOMe, MeOH/DMF, 120 °C, 2 h, 70%; (d) LiAlH4, THF, reflux, 2 h,
96%.

Scheme 3-6. Design of New Chiral Building Block 11

"o Tiwe € 3 Ve MeO S
U n e
H H N
()-aphanorphine ()-eptazocine MeO wCOH
CO,Me
CN
MeHNO,CO MeO o ﬁ u cl
NMe
— o
N H N
Me \
10 Me

(-)-physostigmine

18



XTI NVENLT 477 a7 11 OFIE, AR LI LT 177 my
74 LRIBROFEEZHNTERTE DD EE 2 CTEBER L&MW T 5 4,5-dichloro—
2-nitrophenol 29% X F b3 2% Z & M B BAA L 72 (Scheme 3-7), &6 7z{b&® 12
IZxf L. dimethyl 2-methylmalonate % F\\CHEFRREZEEBRSISEZIToT20, i

FESET LR, ZHEHFBEREOA MU HEOB LGS L Y HEE 12 AR
EHE SN TWATEOTHLEBZX NG, £ T, BEENICEKREEDDLZ &L L,
F 9 DMF H 100 °C Tt S5 Z & CHLERIAYIC dimethyl malonate 23 A L |
fe STEMEA F L U EBAED A FIARIZ K 0 LEW 18 2157-, D%, #ihd & R, =
FrEEoiEITL, M7 I 2 {bEITO 2 TIhEW 16 A LT, fF6h7z 15 1Tt L,
T VKRR 4 DEEDOBE L RO SR Z MO TARFINAKR G AT T2 ZAH A B
FURENEAINTZVZ ATV 15 ICB W THHIMFEY KSTEIT L, SR S ET
FUF BRI E ) AVRCEE 1L 2155 2 LICREI LT, el FMEITE /B
NWR VBRI XIS T 57 = U RaFE R~ L8 #its HPLC IZ K RGE L7z (RIS ),

Scheme 3-7. Preparation of New Chiral Building Block 11
HO. Cl a CO,Me g
D[ 0 D[ come _ ° .
O,N cl
CO,Me CO,Me
Meoﬁ COMe e Meo\d< o one \©\)\
HoN cl cl

Reagents and conditions: (a) K2COs, Mel, acetone, rt, 12 h, 99%; (b) CH2(CO:2Me)2, NaH,
DMF, 100 °C, 8 h; (c) NaH, Mel, THF, 40 °C, 12 h, 79% (2 steps); (d) Pd/C, Hz, AcOEt, rt, 4 h,
98%; (e) NaNOs, 50% HsPO2 aq, 0 °C, 2 h, 80%; (f) PLE, potassium phosphate buffer (pH=8),
30 °C, 2 d, 86%, 99% ee.

\CO,H
co,Me

BONTFHRITINENLT o 7T ay 7 11 OMIINIRRLEIL, ¥ 7 LVELT v
r7nay 7 4 EFRIC RETHD ZENTRINTH, MEEEZEDS720IZE, Brossi H
75§$Ecﬁb L 72(-)-physostigmine D& FEAETH D= F UL 1019~ & B L JERFF

BREERT D2 ETRET HZ & & L7-(Scheme 3-8), T 72 b5 3 Hi Cilk 727
Na—)L 2 DERKE RO FIEEZRNTE VRV IE 1L 06 9 TRIZTT va—L
21 ~ LBt B CTokBE i 2 3 Uk, %12 DMSO ', NaCN T4 52 & T
=hUNM10 ZAR LT, G LIZ= R UL 101E, STERBEAIO = R UL 10 & A FEA
7 b L7 —4 ((H-NMR, 3C-NMR, IR, MS and [alp)3 52272 —F &R~ L, FHEFT L
BT 7T m ey 7 11 ORERSARELE O ffEE |, 35 L UN-)-physostigmine ~® X V) %)
K72 — b DRENLIZE) LTz,
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Scheme 3-8, Formal Total Synthesis of (-)-Physostigmine via the New Chiral
Building Block

OMOM
| .CO,H
CO;Me \CELCOZMe \(:ELCOZMe
OMOM OMOM OMOM
\CKLCONHZ

\@f% C&

o

N

Me
Reagents and conditions: (a) (COCDQ, DMF, CH:Cls, 0 °C to rt, 4 h; (b) NaBH4, MeOH, THF,
-30°C, 3 h, 93% (2 steps); (¢) MOMC]I, DIPEA, Nal, CH2Cls, reflux, 4 h, 93%; (d) 1M NaOH,
MeOH, reflux, 12 h, 97%; (e) (COCI)2, DMF, CH:Cls, 0 °C to rt, 4 h; () NHs, THF, 0 °C, 30
min; (g) K2COs, Cul, N,N-dimethylethylenediamine, DMF, reflux, 12 h, 96% (3 steps); (h)

NaH, Mel, THF, 0 °C, 3 h; () conc. HC1, MeOH, 50 °C,12 h, 73% (2 steps); (j) PPhs, imidazole,
Is, toluene, reflux, 12 h, 66%; (k) NaCN, DMSO, 80 °C, 12 h, 86%.

\ [(x]D25 +58.9 (c 1.42, CHCIy)
(lit. [o]p +57.5 (¢ 0.50, CHCI3))
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FAFE HUESGMaME X %7~/ A R(+)-ophiobolin A D REFRE I

(+)-ophiobolin A (1)i% 1958 4= #EW)IiJRE Ophiobolus miyabeanus D52 ) & HL
it 240 SN RIRTHID TR ENTZBAZ TR A4 RTHY | 1965 4, T DFFER
BT D X RS E AT IC L 0 HEELE R E M T b (Figure 4-1) 24, Lok, Hi
TEE TIZZE < ORER - FHRED#]E ST D 29,

(+)-ophiobolin A DFEIERIFFE L LT CLANA T A ¥ R Z &5 T 5-8-5 BEREER
U772 4 BRACEIK . 3 DO RF A BHIRFE L T 8 DOARFIRKFEHAT D Z LM%
F o, AEERK EIEFICHEREVMELEM TH D, TOEMEEE LT, AffE, Y
TEF R EITHT D PUREME, A Rk L TR A R TIES AR, L1210 A M i
Z%F3 2 T A b= RIEE 200 ff e 20 0 RIS 6 B L R B (A-549, HT-29,
and Mel-20 with ICso = 25 nM; P-335 with ICso = 62.5 nM) 20 % /R 3~ 2 & A3 fis S 4
TWo, £z, Cé-epi [MFEKIZHBOVMIAENEZRTHDONENZ LA LNEINT
VNS T i 250250 AT O R A IETEMEFR BARF SR IC IR S FF T TN D DRI BT
LDV — NMeAmE LTHIERZED TS, HIZ, (+)-ophiobolin A JHiFxIAD &
FRAFFEIZBE L CIEZ < OFER R I TWDH H DD 29 ophiobolin JEHIZE L TEARK
X, B 5 IZ & % (+)-ophiobolin C ® 1 FNZRENTI Y 20, ZDOMOWFFES NV— T &
DA DA AL 2 & T H 1-oxaspiro[4.4lnonane “H#% % & 7> ophiobolin i X
OSEZRIR DR FRITR T WA H 237200,

ZOEOIT, FELBEBIOCAAREWIEEOmE D EIRNFFTLND
(+)-ophiobolin A Z =LA & LTEHE L, # 2 B TR MSIc > F IV ER
THHMITINENT 47T a7 % Cll AR 4 IRFIRE L TR L7
DRI RP DO ARF BE R & ZIUTEED HETEMEMHBEEZ B & L, ARt
JeEAT o7,

Figure 4-1. Structure of (+)-ophiobolin A (1) and (+)-ophiobolin C.

1l-oxaspiro[4.4]nonane

H skeleton

“OH
(+)-ophiobolin A (1) (+)-ophiobolin C
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52H WA AT

(+)-ophiobolin A ()D& E EMK T 5 TS REFRE L LU FOARZET
bivd, Thbb, O4 SOHEE LI AFH L, 2 OOFRK 4 BEKFLZLE 5 2D
REFLEAT D CD BRENLONRA N ORI AELE, @AB BRAEER A AFAET
% C2NAFFLOEN, @ b v B —a72 R SCHBRFH BAEH O 72— iR
NEE - b 8 BEROMEEL, O3 R Thd, UEOREEBE L, KD XD 7itf & T
%1T-7-(Scheme 4-1),

Scheme 4-1. Retrosynthetic Analysis of (+)-Ophiobolin A

OPG

introduction of
Me group

(+)-ophiobolin A (1)
intramolecular

coupling PGO\ Hosomi-Sakurai  TMS
reaction ~ PGO, OPG reaction Ho X TOPG
— + — L h—0 H
Br
fo) PGO—
Fragment C 4 5
coupling |
reaction
o~ 11—/ "Ph
— opG  +  TMS A, p—
0 s MeO,C~ ~CO,H
O
OPG 6
Fragment B Fragment A

Trbb, $EE25 8 BIREBEIZ CT-C8HTITHY)Z &L, BHHEHTERD LD
IRk IR\ BBRGHELARGICE D L O flix OFERE~ LB TRERAEA AT D 2
ZEEPREAL UCRRE LT, BEFREIA2 0 C2ALEB L C3 LA Fl, B DK
HIZRBREE AR LIo 7 A7 LA TEIRAK RN, i< Me EOBEANIZ L VIBETE S
HbDEL. =/ UMRKBITABRT T AL N ThHS FragmentC & CDER7V 77 AV [ 4
EDHN TV TRINCEDBERTEDL D EER T, RARICEBITHEE 725 CD
BR7 77 A2 4 OEICHOWTE, £OFKEBIT C10, C14 fLd 2 DDARFHIL
BRI T L EBER . TINV NI ATFAL T U BRUONI S 2 — V[ —70F
WIZHET 5 5 6D Hosomi-Sakurai & 22 LD B CED b0 E LTz, F
7=, BR{LAIBAA 51X Fragment A & Fragment B £ D7 v 7'V U 7 OGIZ L D BT
56D & L, Fragment A [ZOWTIE, Alld L72AIBHIC S v I VEZ AT 288+
TNVENLT 7 7uy 7 6% ClLiAF 4 IKFRE L THEHT2Z L TARIKTE
LbDEEZT,
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% 3Hi 1-oxaspirol4.4lnonane Fi& DIESE

Fragment A DERK :

H2F 2Ty | HREAZSHLATRE A 2 IREBEEMIA, TR BMIHIC Y
FINVEEATDHE)INKR U BEmT T o FARRCERT 22 LTk LzD
T.ARFTZNVENT 4771 v 7 % (+)-ophiobolin A @ C11 7 A7 4 FfrkFEIR & LT
Fragment A O & A% Bi4f L 72 (Scheme 4-2),

Scheme 4-2. Synthesis of Fragment A

—/—ph ab \\\\\/\Ph c \\\\\/\Ph de
MeO,C X COH T 7 MeO,C T MeO,C -
8

OH OMOM
6 7
OH OEE
—~Ph ; — g — h, i
AcO > - - AcO\>‘\' - ACO\>\ - -
OMOM OMOM OMOM
9 10 11
OEE OEE OEE
o — ik R | ~ m
Q} - . HO\/\>\’ - . Cl\/\>\’ _—
OMOM OMOM OMOM
12 13 14
\/OEE n \\\\/OH o \/l
TMS\/\>\’ - TMS\/\>‘\' - TMS\/\>\'
OMOM OMOM OMOM
15 16 Fragment A

Reagents and conditions: (a) (COC1)2, DMF, CH2Cls, 0 °C to rt, 2 h; (b) NaBH4, MeOH, THF,
-30°C to rt, 3 h, 86% (2 steps); (c) MOMCI, DIPEA, Nal, CH:Clg, reflux, 7 h, 99%:; (d) LiAlH.,
Et20, rt, 5 min; (e) Ac20, Py, DMAP, CH:Cls, rt, 2 h, 100% (2 steps); (f) Os, MeOH, -78 °C, 2
h; NaBH4, =78 °C to 0 °C, 1 h, 94%; (g) ethyl vinyl ether, PPTS, CH2Cls, rt, 30 min, 96%; (h)
K2COs, MeOH, rt, 3 h, 100%; () SOsPy, DMSO, Et:N, 0 °C, 30 min, 98%; (j) ¢-BuOK,
(Et0)2P(O)CH2CO2Et, THF, -78 °C to rt, 2 h, 100%; (k) DIBAL-H, CH2Clz, —78 °C, 30 min,
99%; (1) MsCl, 2,6-lutidine, LiCl, DMF, 0 °C, 2 h, 98%; (m) MesSiSiMes, MeLi, Et2O/HMPA
(4:1), -60 °C, 30 min, 88%; (n) PPTS, EtOH, rt, 1.5 d, 100%:; (0) PPhs, imidazole, Iz, benzene,
rt, 3 h, 94%.

W), E ANVR RGBT D IINKR B D T v a— L ~DIEILIE, BRELY
~L W% diglyme BT NaBHa 2 IV T o TV, AFEZ WSS, 3
BREMEDEMER T2 TR HEMEL B O N o Tc, £ 2T, A D DM 2020,
WL UC THF & Hv, b & NaBHs ORISR IC, (KE T, MeOH 2>V v ¥
N ZIZEVE T 52 & THEMR S BIRICTT va— T ~EBH 5 Z LT
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L7, ZEUTKEERZ MOM = —7 L & L CIR#E, = A7 V% LiIAIH4 IZ X YD oo, 4
U7z KRR % Ac JECLREELT-t., AV 2k “EHEASZBILAVICEIZA L. one—pot T
NaBH4 [Z THUET 5 Z & TTa— L 10 G LTz, 7/ba—/L 10 OKEEf % EE ——
TE L THR#E L%, Ac BEoBrE, 4 U7-/KEE M % Parrikh-Doering fg{b O G412 fH9
kv rarrse N 12 226G, o7 AT B R 12 XL,
Horner-Wadsworth—-Emmons KJ&%1T9 2 & T a,p-REFIT AT L~ L A%, = AT
NVEREZ DIBAL & 5422 T UAT I a— L 18 ALz, AT U AT La—
N MsCl BEOLICl TREET 5 Z L2807 aafk 14 ~ & H#i% 29 Still O Tk 30
% U, MesSiSiMes & MeLi 7252+ CTMSLI Z#FHH L, 7 r ek 14 LSS EH 2 &
TELOT VNV T 15 Z@EINRICTERK LTz, #it\W T EE £&RELT7 L3 —L 16 ~
LAEH% . CHoCleisfiE, 3 v#E b 21To72 L ZATHIERZ Lic, MOM ETH#SH
TAREERE L . RORORTITAER T2 7L 3 LR AR = AT RA & ORI T SN2 RSNt
fTL. 7RI R 77 UBEERBEIAERY E L TR TE L, UL, BEERE-C
DN BT TRISZAT 9 2 & TRIBUSIFMEl S, HBIFEETH HE / IR
it 6 725 15 TR 60%., 1 TRETY) 97% & ) @mIERIC T Fragment A 2 595 Z & ITHK
LT,

Fragment B O &k :

Fragment B O& kT, endodb L X exodA V7 4 L 2HT 577 brinbKigH
EDBNLEFIA LT 7 AT U ABIRIPKERINC L VAT 9 2 & &3l L 72 (Scheme
4-3),

Scheme 4-3. Synthetic Approach via Diastereoselective Hydrogenation

diastereoselective

l_) hydrogenation 2_) i_)
o or
o ,“,/OPG o ,”,/OH o ,,”/OH

(0] O O
Fragment B 17 18

MR 2-butyne—1,4-diol 7> LA G IZZEHARIREZ2 7 1 B4R 193VI2%f L, n-BuLi Z{F
MesEsZ Tl r-UF UL, f =Ry ROFRZITWVWT L= —1 20
%1572 (Scheme 4-4), 56727 /22— 20 (2% L, DCC % AV 7= methacryl i &
DPAMES . #E < 5 AR Grubbs filtfif 3202 FIW2PABR A # B2 X | &% DDQ IZ &
D MPM 4 RET 52 TendodA V7 42 GT5T7 27 o 17T #8RELT,

FloiexoA V7 4 U EATDHT 7 M I8 DAL TDO X 2 1XiTo70, bbb,
TG I (REPETIIH L0, TRERS L TLMTAF AR KRB A Hv
T ) DO RGICHEERRER T 7 b 2230 K% EE J:CR# . i\ T PivOCHaI,
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LDA ZHWTHNWR=VIED o il Faf o A F o=y &8 A% DBU CTALH
THIETexod V7 4 U ~EEB U, BZICPPTSICL Y EE a2 fRrETH2 & T
exoAX V7 4V ERTDHT U M oent-18 15T,

Scheme 4-4. Preparation of Lactones 17 and ent-18

(0]
Br\/\‘(?/\ —»a NOMPM _b - QJ\”/ —»C’ ‘ b OH
¥~ "OMPM OH MPMO.__~ oG
19 20 \2/1\” 17
0 o 0 o o OEE ———™ o OH
(@) O
22 23 24 ent-18

Reagents and conditions: (a) n-BuLi, THF, -78 °C, 30 min, 91%; (b) methacrylic acid, DCC,
DMAP, CH:Cls, reflux, 12 h, 87%; (c) Grubbs cat. 2nd, CH2Cly, reflux, 18 h, 80%; (d) DDQ,
CH2Cls/t-BuOH/KPB 7 (8:1:1), rt, 1 h, 70%; (e) ethyl vinyl ether, PPTS, CH2Cls, rt, 1 h, 82%:;
(f) PivOCH:I, LDA, THF, -78 °C, 1 h; (g) DBU, CH2Cls, rt, 24 h, 65% (2 steps); (h) PPTS,
MeOH, rt, 7.5 h, 78%.

Bohi=Z 27 ho 17, ent-18 12k} L, Z4LZ1 Crabtree filt i 39([Ir(cod) (Py)(PCys3)]
PFs # W CKFEHRMEZIT - 7-(Scheme 4-5), LU NS, endo V7 4 v & HT
577 b2 1T ICBWTUIMESRAETICEN TS INTEETET, exo L7 1
EAETDT7 b ent-18 [IZHOWTIMERICE W TOABISITEITT D H DD,
1,3-cis KB L O trans K3 1:1 THEOND DA TH -1,

Scheme 4-5. Attempted Diastereoselective Hydrogenation of Lactones 17 and
ent-18

H, (100 atm),

l_) [Ir(cod)(Py)(PCys)]PFs (20 mol%) b
OH OH
o] N CH,Cl,, 1t, 3 d o s

N.R.

H, (100 atm),

[Ir(cod)(Py)(PCy3)]PFs (20 mol%)
i—}\/OH I)\/OH * OH
o) CH,Cly, 1, 3d o o)

96% (dr =1: 1)

Flo. 77 b 17, ent-18 (12X L, N Ei PA/C fiEAFE T, KEBEWMEIT- 72
E A, FUNIE TR U SLARRIZZE N T WD D BRI T L, B— 0 RMIRE L
THRY) ent26 B L N26 a5 Z & 15570 o 7=(Scheme 4-6),
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Scheme 4-6. Pd/C Catalyzed Hydrogenation of Lactones 17 and ent-18

_ Pd/C, H, Pd/C, H,
,JOH —————— I} _OH OH ———— OH
o EtOH,20h  OF g~ ™" o EtOH,20h O

o) o)
0, 0,
17 85% ent-26 ent-18 60% 26

single isomer single isomer

LEDRERNS, KBEOERMZFH LY 7T A7 VA RIRIKFRIMNZ LD
Fragment B D& IR EETH L Z Lo 7D T, F-IZLFIRTREICED A&
% %47 > 72(Scheme 4-7), D-valine F 3K ® oxazolidinone 7>5 27 A7 L AR T Y
IR 3N L0 & B D 27 Z AV, Williams D54 F 30, AP CiR%ELL 7= NIS %
AWl a—=RZ 7 N ALRUSEIT-72L 2A, H—DRMKL LTI —FF 27 o 28
ERRHZ LI LI Bonica— K77 b 28 % CFsCOzNa & LS HEHZ &T
Ny ZnFduaTte7— b~ L%, EteNH TUET 52 LK M) 7t rT &
FNEERBREL, T3 —)L 25 237z, &&ICAECToKERE%Z TBDPS A T+ 5
Z & T Fragment BOA AR T Lz %7,

Scheme 4-7. Preparation of Fragment B
i-Pr.

e e Ao e e 1)
N_ O | — OH OTBDPS
Y singleisomer O s o s o s
o o
27

O O (0]
28 25 Fragment B

Reagents and conditions: (a) NCS, Nal, NaHCOs, AcOEt/H20 (2:1), rt, 1 d, 92%; (b) CF3CO2
Na, DMF, 90 °C, 2 d; EtsNH, rt, 12 h, 63%; (c) TBDPSC], imidazole, CH2Cls, rt, 3 h, 97%.

S—RT77 FALCBIT VT AT VABRIEDO IOV TIE LT D X 9 IZH A
T& % (Figure 4-2)39, ¥, oxazolidinone M 4 /LR = LAk L HIEH D A L 7R = )L HE )3
WBf- PR 2 eV 2 K DI LTz 5 BROEBIRELZ L5, 20L&, Melkla—F
AFIOVEG N & HICHE equatorial ILETH I T A—va BNk bEMTHD &
EBERONDHD, EOGFE, EUTA I=U LA F 2D Clsp)-NfEEE T & Me K& D
FITABOTAHANELTLED, £IZ T, Me &i3#E axial 5, ZRickVa—F
A FIVEVr 1L 1,3-diaxial FHAVEA Z#ET 5 X 9 128 equatorial IZAZET 5, 2D XKD
IRERAIRRE AR L CRURREITT 2720, 1,3-trans DI — K77 N WU T AT L
TEIRIZH/ON TS D bDEE X BID,

Figure 4-2. 'Transition state of the iodolactonization.

) (0]
i-Pr //
/N O




1-oxaspiro[4.4]nonane ‘F#& DHELE :

Fragment A 33 X ' Fragment B OARICHKII L7=D TWED D v 7V v 7 %47
- 72(Scheme 4-8), J 725, Fragment A % ¢tBuli #H\W\ 7= a7 o= F 7 AXH
X0 HEY F U LRI L W Fragment B LSS HSHZ ETYUT AT LA
—DIREW & L TEIRIZ TRALATBRA 5 2457,

Scheme 4-8. Coupling Reaction of Fragment A with Fragment B
™S

\\c\/l t-BuLi (2.1 equiv) HO OTBDPS
TMSM - . OTBDPS N o H
' _ 0,
OMOM © =0 87680/ ez MOMO—"]
Fragment A Fragment B ?
(1.05 equiv) (1.0 equiv) 5

AR L7Z2E 2, TV NV R ATFAT T o BLONI X — L ER—01THNIZET S
BAVBTBRIA 5 D4y N Hosomi-Sakurai a2 & ¥ 1-oxaspirol4.4lnonane k%3 L O
C10, C14 LD 2 DDORFH L E —ZIIVRRIRIITHEE T 5 Z LB TE L, AAFE
B AEZERT D L TR TH 57217 T/ <. ophiobolin BN ILEL THT D
CD BREOUDEHB L 2 DT OFAEAM EIFEFICERRENLDLEEZOND,
Hosomi-Sakurai SN 1T B 720121X7 VU vy 7 >0 HOMO O#E & FsE iz
BT DAF Y =0 LA A D LUMO OWUEDER Y AL 25 2 L aBE L, B
{LHTERR 5 DT VAL T UoBIOT FTe Rur7 I VEBOYT AT L AR RGIC
£% 4 SOEBIREEE B 2 5 & (Figure 4-3), FTEOBR{LILAE 525 TS IZB W TIHAL
KEEORBIIE 2 0H DO, TS4 1B W CIIAE R R ENFE L, TS2, TS3
ICBWCHIMREENFIET D220 R E L TITEORIMEANELE L TR LT
<HHLOLEHEMI L, K~ 72 Lewis iR 2 W TARBRLEUG OFR & B Ak L 7= (Table 4-1),

Figure 4-3. 'Transition state of the intramolecular Hosomi—-Sakurai reaction.

TS1 HOMO E:

29a

TS2

29b
diastereomer at C14 position




TS3

TS4
diastereomer at C10 and C14 position
Table 4-1. Intramolecular Hosomi—Sakurai Reaction
T™S Lewis acid
(3.0 equiv)
. CH,Cl,
MOMO—"
5: R=TBDPS
yield (%)
entry Lewis acid temp (°C) time (h) 29a 29b 29c¢ 29d
1 TiCl, -78 2 decomposition
2 Ti(Oi-Pr), ~78, =50, —20, rt 2,5,12,2 N.R.
3 TiCl(Oi-Pr) 78 4 29 40 0
4 TiCl,(Oi-Pr), =78, =50 4,1.5 18 19 57
5 TiCl (Oi-Pr), -78, 50, -20 2,2, 12 0 0 84
6 BF;-OEt, =78 4 45 27 0
7 ZnCl, =78, =50 2,8 25 22 27 0
8 EtAICl, =78 6 20 40 40 0
9 Et,AICI -78, =50, -20 5,812 25 36 36 0
10 SnCly =78 2 25 24 49 0
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%7, Hosomi-Sakurai JHZBWT—ANCHW SIS TiCls # W TS Z1T -
72l ZA, Lewis BBIUEOBREI DL EEN DT DR TH - lentry 1), F7z,
Ti(07-Pr)s & FIVTZBEIZIE, WIZ Lewis BREN T8 X 2 72D FEL 2 FILT 5 DA TH -
7=(entry 2), = Z T, AR Lewis it 255D T < Z & & L, TiCls(07-Pr) & v iz &
Z A, FrEZOBRK 29a 135515 H ODOKINERQI%) TH Y, HIZ, Fr TR ik
& 29b, 29¢ RZEIEAL 31%, 40% THHALT X 7z(entry 3)(7eds, BRALIKDHEERE
IZOW TR 23 5, ). KtV T TiCle(O7i-Pr)e % Lewis fig & L CTHW=L 2
A PWEROKLTA8%) & & Hiz, B _&E Z L1 C15 M) epifb L7= 29d 28 FAEW) &
L CTHELIL, & 5IZ Lewis BAE O TICHO1-Pr)s 2 V2 & 2 A, &UILERB4%) >
H—DRMEAR L LT 29d BE5NTE (entry 4,5), £7-. BFs-OEt: 2 VTG %E
Tolce A, FREDOIFEMS%) TIEXH L, ZNETTRG BWIIERICTHEDER
bR %2155 Z L12kEh Lz (entry 6), 72 HUNR ] L& B L Ak~ 72 Lewis F2(ZnCls,
EtAIClLz, Et2AICL, SnCla) % W THETZIT o 7o M3, ARUEIZZEbIZH 5 b D DILED
M B3 b 7e o 7e(entry 7-10), L EOEBRFER LV . IrEOBRILIK 29a D A7
59, 29b, 29c¢ bIFIFRERIET D Z &b ARBLSIZ IV TIERTR L 72 EBIRREIC
BWT, VREEDHZ2 LT, C-Si fEEMHHLE & 4% Y =7 Ao 42 ORGEAEIE
& O TREGFIEAEH 390388 < /B LT\ 5 Z & VR S iz (Figure 4-4),

Figure 4-4. Secondary orbital interaction in the cyclization reaction.

SiM83
MOMO secondary orbital

interaction

OTBDPS
TS3 r  TS4 , t

SIMeg
MOMO secondary orbital
interaction
H
OTBDPS
OTBDPS

F72, C15 (i’ epi b LT2ERIBIK 29d DG HNT A=A LIZONWTIFLLTFD X D
WZHERRAT U 72, BRALHIBRIE 5 OB T epifbITEZ o TR BT, F7/2, AF VA
BRIERZIT epi (bW Z V&7, HIZ, Lewis Bt & L T TiCl(OiPr): 8 LW
TiCl(O:Pr)s Z AW TZHAEIZ DI C15 MDD epi {b B E N5 Z &0 SUSRPIs A4
XV LAAFBOHWEE RaXxor NURER LI, FX 0o X —T =4
Y THHA Y TR F Y ROWIMIZIY C15 fLTOR T v b AR Z > TV DTz
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DThHHEEZOLND, CI15 L TD epi b3 Z 5 L 29d % 5 2 5EBIKIEIT T 7 b
VHERD 2 ODOBEHRIEN 1,3-cis DER L e o T DD, —JFOE DSLKREE 2/ &
<, Eo, WHEO “RMAERICE D =L —icFE LS ARNCR D Z ENTRE
S7= b o L HER L 7= (Figure 4-5),

I E DT DIZERAUIK 294 S H— D BMEKRE L TH

Figure 4-5. Proposed transition state of the intramolecular Hosomi-Sakurai

reaction proviving 29d.

TiCI(Oi-Pr
™S (O-Pr)s

or
OR TiCl,(0i-Pr),

epimerization

5: R =TBDPS

H

secondary orbital
interaction

+

B %@RMEom L2 B L, &R bBIRE SBRILRZ 5 2 72 BFsOEt: 2 il Lewis
e & RIE L. e\ CRRRIRBE DO Mg 217 - 7= (Table 4-2),

Table 4-2. Solvent Effect on the Intramolecular Hosomi-Sakurai Reaction

T™MS

BF3 - OEt2
OR (3.0 equiv)

. conditions
MOMO—"
5: R=TBDPS
yield (%)

entry solvent temp (°C) time (h) 29a 29b 29c
1 CH,Cl, -78 4 45 25 27
2 MeCN -40 12 decomposition
3 n-heptane -60 12 9 22 46
4 toluene -60 12 63 7 20
5 Et,O -60 12 56 30 trace
6 Et,O/toluene (4:1) -60 12 56 28 4
7 Et,O/toluene (1:4) -60 12 51 30 10
8 Et,O/toluene (1:1) -60 12 68 17 trace
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FOFER, MR ELTH D n-heptane HCULEITo72 L Z A, KIBZ2IRDL
TO%) Bl < v, WRPEAESE S LT MeCN # H WX, ER DT H5DOHTH
o 7z(entry 2,3), L/ L72M 5, toluene 38 L N Et:0 & V5 Z & THTEOBRILIK 29a
DL F(63%, 56%) & L HIT, THNEH MR 290, 29¢ DEIELMH S D LD
HEPE ST (entry 4,5), BME(K 29b, 29¢ DFEIAENNIIH] S 72 BEH & LCiE, Ak
L72EBIRFEIZ I T toluene @ n & 13 L O Et:0 OFEFJFE 1~ lone pair & 4%
=0 LA F 2 DORFEEYERE & O AERIC XY #uEO M EAER B S 7
O THDEBAEDE ZAHERIL TWD, K\ T, WSO R 2 857 L, Et20,
toluene Z{RAVAREE L L CRINMZHWD Z & & Liz(entry 6-8), Z D& F, Et20/toluene
(LD THRIGEIT S T2BR, BAF2INER(68%), F6 L ONEIRME(4 DIC THTE O LRBLE 2 A
THERK 29a #5252 LR L, 2KV 2ARICET 2 EAO % fifR3
Zo R tal 1, 2>) A O el

FTLOBRIIK 29a 1T Nk v FEik, EEMESE T HeO2 TS 2 Z & THRUGT
HT A=~ A UToKEEE%E Piv 25 CHRH#, fi< BFsOEt:, Me2S #H
W2 MOM RO ifR#, Dess—Martin F8{LIZ LD CDERTZ T 7 A M DT VT
R 4 ~ L7544 7= (Scheme 4-9),

Scheme 4-9. Preparation of CD-Ring Fragment 4

29a: R=TBDPS
Reagents and conditions: (a) 9-BBN, THF, rt, 3 h; 3M NaOH, 30% H:0: aq, rt, 3 h, 100%; (b)

PivCl, Py, DMAP, CH:Cly, rt, 12 h, 100%; (c) BF3OEts, Me2S, CH2Cls, -30 °C, 3 h, 92%; (d)
Dess—Martin periodinane, CH2Cls, rt, 2 h, 94%.

Btk 29a-d DIEEIRIE :

ARBALSOGIZI T D A5 29a-d OREEREIZLL T DO X 9 I2AT o7, BH—DRMEAR
& LT B 29d 13 MR 29a-¢ LITHRZRY | mWiAEmMEEL A L Tne/zd X
BRAE AR IEARAT 24T 5 2 212 K0 | ZOSIIRELE 2 P E L 72 (Figure 4-6), % DfE AR,
C10 MEIZ DWW TITEADNARE XA LT edy, Cld (XA ONARELE & (358
V. SHIZHBRRNZ &2 C15 /228 epifbZ i Z L TWAD Z & AR STz,
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Figure 4-6. X-ray crystallographic structure of 29d.

29d (10R, 14R, 15R)
R factor = 0.0651
wR factor = 0.1858

il DFEMEAR 29a—c (TG AL L e o To7o o, fhdb MR E R~ & 288 U X B fn i
FEATIC K ISR EZIT 9 Z & & L72(Scheme 4-10), ERILIA 29 # & Ruk v H#ELEL,
MRS N HoOg THLFRG 2 Z L T L — b~ B L, £ U7- kel %4 EE ——
TIELTIR#ET S Z L T381 257, i\ T, TBAF %# 7= TBDPS XDk ZE, 4
U7oKigH% 35-V=hrhma_Xuyo— e LTR#ETHZ LT 32 ~L LM%, EE K
D%, A CToKiERE 4 Dess-Martin i35 2 & TPV AT R 33 Ak LTz, &%
(ZEAPESRIE T MOM 5 BRETHZ L TT 7 h—b~ LB Witk Fetizon 73K 10%
Tk T252LT6-77 b 34 xER LT,

Scheme 4-10. Synthesis of 6-Lactones 34a—c

(o]
NO,
MOMO—" NO,
29a-c: R=TBDPS 3la-c
(0]
o f 1o O)‘\Q NO, o h NO,
NO, NO,
MOMO— 33a-c 34a-c

Reagents and conditions: (a) 9-BBN, THF, 29a: rt, 3 h, 29b: 50 °C, 6 h, 29¢: rt, 7.5 h; 3M
NaOH, 30% H:02 aq, rt, 3 h, from 29a: 100%, 29b: 85%, 29¢: 100%; (b) ethyl vinyl ether,
PPTS, CH:Cls, rt, 30 min, from 29a’ 93%, 29b>: 100%, 29¢”: 93%; (c) TBAF, THF, rt, 4 h, from
31la: 100%, 31b: 98%, 31c: 97%; (d) 3,5-(NO2)2BzCl, EtsN, DMAP, CHzCly, rt, 3 h, from 31a*
100%, 31b: 100%, 31c: 100%; (e) PPTS, EtOH, rt, 1.5 d, from 32a: 88%, 32b: 64%, 32c: 74%;
(f) Dess-Martin periodinane, CHzClz, rt, 2 h, from 82a’ 99%, 32b" 100%, 32¢”: 95%; (g)
THF/2N HCI (2:1), reflux, 8 h; (h) Fetizon reagent, benzene, reflux, 10 h, from 33a: 66%, 33b:
57%, 33c: 53% (2 steps).
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6-7 7 b 8da (Tt L7720 . X SRR EMAT 21T 5 2 & I2 k0 | Z DK
&2 P8 L= (Figure 4-7), T OfER. C10. C14 frlx e HICEADNAREE 24 L T
BY.CI5 LD epifb HIE Z > TV W2 E BB STz, Ko T 29a I1TFTE D AR
EEATHRIETHDL Z LDl

Figure 4-7. X-ray crystallographic structure of 6-lactone 34a.

34a (10R, 14S, 15S)
R factor = 0.0320
WR factor = 0.0740

BVERTH D 6-7 7 b 84b, 34c IR L L7 b DD, BAFZRHEFE GRS e h
o772 NOESY JIEIC L 0 ViARELE 2 ET H Z & & L= (Figure 4-8), % DR,
34b 12BN T, CI5/MZTD epifbiFE Z » TE LT, C10 AL & & HITHEAD SRR E
ZHL TS, ClANITEALONARELE & 13 HR2 2 BMEARTHY 72, 84cizoW
TH CI5 L TD epifbiT Z > TE LT, Cl4 /& & HICEADNKEEEZ A LT
D, C10 LIXEADNIARELE L1320 5-6 BIERDS cis ICHIERL CW\WDH 677 v
ThoDH I ENBIRBEINT,

Figure 4-8. NOLESY experiment on 6-lactones 34b and 34c.

34c (10S, 14S, 15S)
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WA C2AiB LN C3 M ARF L DR

Fragment C (ABRRTZ 7 7 AL ) OERK :

Fragment C(ABR 7 7 7' A2 M IZLAF D M % %K Li%it - &5k L7=(Scheme 4-11),
T 725, OFragment C Z (L EENAIC CD BEMNLE I v TV 7 ESELHT120, fEd
AT DD NAR = VI a (I RFBIRFAHEANTHZ L @Fragment C G /K7
LR T mEe N ALKIS, BEOCD BRENLE B v 7Y o Tk OKFERNE ZNE
MAZE IS L ONLIRBIRINITAT O 72012 5SS, 6SD 2 OO RFPLEZEATHZ L, D2
HThb, EBE. VAEKOT VLT )L a—) b Sharpless AR F Ak, Fit < HLE
BN ARF 2 FOBBRIZ L W FTEDOARFF0(55.68 &8 A 4D 55 X Grubbs
fibfii A FHWTEPABR A 2B AL 7 a X7 UK 86 157, 1kEB IV 2 %
KK Z =21 TBS, TBDPS A TriEL7-%., NBS T L= Z A, THILE
B EVERREICCHEO 7 etk R 2> 838 BLO 38%1525 Z LTk LT,
%I\Z. 38 % Dess—Martin fi#{t5 Z & CFragmentC %, 7o W7 L7 0~ 77
7 4 —IZTHBERFIRE T - 72 38 & LB MR 39 1T AWM D £ £ Dess-Martin (b
T5Z L THBERREL 72V . Fragment CE IR L AT D Z LTk L=,

Scheme 4-11. Synthesis of Fragment C and Fragment C’

Sharpless
— epoxidation HO — HO\ b TBSO\
/_/—L ; a HO, 2 ¢ TBDPSO )
OH ———————> 55 6S S SN
/ ) - OH
regioselective 74
epoxide opening 35
36 37
TBSO TBSO TBSO
4 TBOPSO 1} TBDPSO, TBDPSO, .
e ' (=
Y Br "'Br S OH
OH OH Br
38 38 39
38 +38 :39=82:1
TBSQ TBSO TBSO
e TBDPSO  TBDPSO ) TBDPSO,
38 —F— 38 +39 —— + &
Br "'Br =0
0 o] Br
Fragment C Fragment C' 40

Reagents and conditions: (a) Grubbs cat. 2nd, CH2Cle, rt, 12 h, 92%; (b) TBSCI, imidazole,
CH2Clz, 0 °C, 4.5 h, 87%; (c) TBDPSC], imidazole, DMAP, CHzClo/DMF (10:1), rt, 3 h, 98%;
(d NBS, acetone/H20 (3:1), rt, 2 d, 38: 58%, 38+39: 25%; (e) Dess-Martin periodinane,
CH:Clo, rt, 2 h, 98%; (f) Dess-Martin periodinane, CH:Cls, rt, 2 h, Fragment C: 61%, 40:
34%.
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C2 (Vi L O C3IARE L DAESE -

CDEBR7 I 7 AL FABIWNABRT TV A FTh b Fragment C DERLICHL) L7
DT, WALNME LLFE DTEAL, M7 T 7 AL MDAy TV TS AT D
Z el L7z, WAL, benzene H'. PhsSnH B XN EtsB F#E . xR o2 7 b
v E VR = LAY & ORIT Reformatsky % A 7 DA v 7V v RIS ETT D 2
EHHME L TWD, FFETREL, JOSKREDNRMTH Y . 2RISR E AT
W5 R CH % (Scheme 4-12),

Scheme 4-12. Ets:B-Mediated Reformatsky Type Reaction by Utimoto et al.

Et3B (1.1 equiv)

Ph3SnH (1.0 equiv)
Br + )< E
OHC . H :

Io) benzene, 25 °C, 3 min O OH
83%
single isomer
Phs;SnBr
EtsB
Ph3SnH Ph3Sn ®

Et*
OBEt, RCHO O OBEt,

[ ]
Et ~“ R J\/le
EtsB + O, EtH

PthnH

\/

FEEE, AE%E CDEBYZ 7 7 A b 43 X0 Fragment C, ¥ 721% Fragment C’ 2%}
LiEH L72E 2 A, WiFFE Y Fragment C, CHliY 7 A7 LA~ — & & [RERIC ST
TL, BIENOH—ORMEERE LTy 7Y I HER 41 285 Z LI0gEh L
(Scheme 4-13), #i< BiAKSNIE, MBS T, 41 % MsCl, imidazole THLER L 7= &
Z A, retro-aldol UG EIFHZHET L, ATEO =T ) 1K 3 1TIKULE(Q28%) THE H AL D D
HThoTle, £7z, SOCL ZH W & ZAKENGRTHDOHTHY . TR0, AcO.
Martin sulfran 9% W72 BRICIZ 2 ROSITEIT Lo 72, LA LA S, Burgess
RIE W2 D Z L THEDT ) MK 3 BEIRO2%) TR LMD Z L3 pinoTz, R
WT, AERICBIT 28 oS THD C2NAFTHFLOBELEITH L, HohizT
J AR BNTHFT B AKRFRIRMOMGF 21T - 72 (Table 4-3), Ak L=k 512, =/ K3
R4 B IKFBUINTE U 22 LIRELE 2 2 72 A B2 Eod 2 SO@E LT X 5l R &
D, T AT UABRIRINCHETT U, FTLOSIRELE 243 24N EL L TELRT
<HHLDETRELTE,
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Scheme 4-13. Preparation of Enone 3

TBSO TBSO
TBSO
RO,
Br "Br mngm|somer
4. R=TBDPS Fragment C: Fragment c:

R=TBDPS R=TBDPS

Reagents and conditions: (a) Fragment C or C’ (2.0 equiv), PhsSnH, EtsB, benzene, rt, 1 h,
from Fragment C: 90%, C*: 83%; (b) Burgess reagent, benzene, rt, 12 h, 92%.

Table 4-3. Construction of the C2 Stereogenic Carbon Center

OR
H,
conditions
O 3:R=TBDPS
yield (%)

entry catalyst solvent temp (°C) time (h) 42a 42b

1 Pd/C EtOH 50 12 62 25

2 Pd(OH),/C EtOH 50 12 56 32

3 PtO, EtOH 50 3 decomposition

4 PtO, AcOEt 50 3 40 40

5 Raney Ni EtOH rt 5 74 14

6 Raney Ni EtOH/THF (1:1) rt 9 87 9

7 Raney Ni THF rt 12 N.R.

8 Raney Ni AcOEt rt 12 N.R.

9 Raney Ni MeOH/THF (1:1) rt 3 82 2

FTUKFBRIMNZB N T—EIIZHW 15 PA/C 35 £ O Pearlman fit i (Pd(OH)2/C)
AW E A, FTEOARY 42a PEELTHEOND OO, ZOBREITZENE
12511, 1.8:1 TH VRN FERITG LD o7z (entry 1,2), KIC Adams filtfif
(PtO2) & FWTCIREAT o 12, Z ORGSR, EtOH IEBEH CIIE N GRTHDHTH Y |
AcOEt TG ZAT » 72 BRI ITERE DR F (LD AEI S L7z (entry 3,4), fit\ ¥ T
EtOH #'. Raney Ni Zfiifit & L CHW= & Z A, SEARRIRMED KiE 72 m 1(5.3:1) 238
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ME, SHIZFEERZ LIS, ATF—NT v 7 LB, WEOEMEOREN S THF
ERMUTRISEET2E 2 A, ZONRERRMEIL 9.8:1 £ Tl | L7z(entry 5,6), Z®
FEREESEZ, T e b UMD TRISEITH Z & & L THF, AcOEt %1 E L
THWER, WTINORE S RIGIEE L EIT Lo (entry 7,8), 2D Z & BAK
JMCRWTIE Y v F MR O FIEIIMNHATH L2 ZE NI LN L R o T, BEIC, T 'r
N MEESE A EtOH 205 MeOH ~E A 25 Z L2 X0 (B2 B i fKRIRE O [ _E(85:1)
DB S, IZITH—ORMEARE U CITLEONKELEZ A9 5/LEW 42a B™MEoN 5D
ZEERHL, X 2ERICE T AMBEROZ MRS 5 Z LIk Lz (entry 9),
Flo, ARISICE VDSBS 42a, 42b Ik L, ZNENZEZKEBRMOSEMHITAH L TH
C2 ML D BEMACITBR S NN E 2GR LTV D, Hi< 7 hioxtd 5 Meli OfHn
FOS & KFEIN & RERICSARINZ N TV A b T L, H— D BMER & U TRInE
2% hH %, Z ZIZ(+H)-ophiobolin A NEFT 5T X TORKHFLAFENES L2 &
(2 %% L 7=(Scheme 4-14),

Scheme 4-14. Construction of the C3 Stereogenic Carbon Center

MeLi

Et,0,-78°Ct0 0°C, 25 h
98%
O  42a: R=TBDPS single isomer

Fo. RERIZBIT D C2 LB L C3 MDAV, FEHIC X » Tk Sz
ophiobolin ¥8IZ 31T % ME— D45 k5 T & % (+)-ophiobolin C 27D RREM TH > 7= C2
fir(4:1), C3 fr(A3: 1) D LAEIMEZ KIEIZ BRI H D TH Y | Ak RIEFICERED
LD THDH & E 2z 5H(Scheme 4-15),

Scheme 4-15. Construction of the C2, C3 Stereogenic Carbon Centers by Kishi et al.

1) n-BusSnH, AIBN
benzene, reflux
C2:dr=4:1

2) TBSCI, imidazole
DMF, rt

3) MeMgBr, Et,0
0°Ctort
C3:dr=13:1
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5 H 8 BERMEEOMES

B A S £V AT LD 8 BEMEEORES :

AR A R A 2 I 2 IR FR-IRFBREGTEBOSIE . BITEDO GG L FIT IV TART]
RTHVZL DFERHBINTHDEN, ZOFRTHERELGICAFARETHY | mVVERE
FEFPRE, BURA S % A3 5 Grubbs il 2 FNZPABR A & & 2 ARG 3203, — XY
ICHEERNEE L SNDFER, REROBEICBWTOLADITHLZ L0 b, RO
BAREIS I 2 726 L, EER, 2 ORBIERIIEN S TS,

ASIE D3 (+)-ophiobolin A @ B BRILIZF Y 95 8 BERMEEICHE A rfRE THNIE, &
ORI B W TEME R B R AT ) BN R D 2 e A AE1T9 LTI
IR THDLEE XD, €2 T, RRUGCE W 8 BERMEELZMFTT X, AT
D2 EATHRED LT R 2 20 5 O ERE R ZS A Bl iR L 72 (Scheme 4-16),

Scheme 4-16. Attempted Preparation of Aldehyde 46

Reagents and conditions: (a) (COClz, DMSO, CH:Cls, -78 °C, 30 min; EtsN, rt, 30 min,
100%; (b) PhsP*MeBr, £-BuOK, THF, 0 °C, 30 min, 100%; (c) PPTS, EtOH, rt, 7 h, 100%; (d)
(COCD2, DMSO, CH:Cls, -78 °C, 30 min; EtsN, rt, 30 min, 98%.

FEREIA 2 O 1KEEFE L Swern (LT 5 2 & TT LT b N 43 ~ & LHith  Wittig
O X 0 AV 7 4 &8N L, PPTS TS5 Z & T4 —/V 45 2137, VA4 —
45 1Zxf L, Swern Bt & 1T o7 2 A, THIHRZ LITHEDOT LT E K 46 1315
5T, 3T A a— DK EESTE AT DEINRICTH LN TE 12, RUCHEEIX
PLFD X 512 L 7=(Scheme 4-17), YA —/L 45 L RFEICIELRED 3 oKBRIE N TF
ET 5P H =/ 21254 % Swern Bl Tl 3 /KB OB KITEH Sz Lk,
(COCD2 & DMSO MO FZHFTAELAZua A )Lk= MEE 1 kiR ONIGTA
pcd B W RIS ) U SERIZIEEE LTV D 3k T /L a2 — b O 43 TN AT
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HZ R0 T ax AR AENEL K EN 2K D B-BBESHEITL- D
DEEZBND,

Scheme 4-17. Proposed Mechanism of Dehydration of Diol 45

/7 N\ \S/QH'/_\ NEts
\‘S/CI HO /(%\CI ®(‘3
HO_ DMSO, & RO, - Y 4 NEg Ox
RO., (€oCh @y . i _ RO, - H§ . RO, _~
g RO, A : ey @;L QE
., H
OH <~ @

CLEN '

45 OH ) /(%\ 47

ZOMBEE R T R FEaBL S ERGT LT 2 A, IBX 2 AW & &SI
TTIVTE N46 OEMETH LT 7 h—/L 48 #1525 = L1252 L7~ (Scheme 4-18),

Scheme 4-18. Attempted Construction of the Eight-Membered Ring via Ring
Closing Metathesis

ring closing
metathesis

several conditions

ring closing
“““ metathesis

RO,

several conditions

“r2 55a: R'=H, R?=0Bn = R? 56a: Ri=H, R2=0Bn
55b: R1=0Bn, R?=H 56b: R'=0Bn, R?=H

Reagents and conditions: (a) IBX, DMSO, rt, 2 h; (b) MeLi, Et20, 0 °C, 3 h; (c) Dess—Martin
periodinane, CH:zClg, rt, 1 h, 100% (3 steps); (d) TMSCI, imidazole, DMF, rt, 12 h, 100%; (e)
Comins’ reagent, KHMDS, THF, -78 °C, 1.5 h, 82%; (f) Pd(PPhs)4, EtsN, CO (1 atm), MeOH,
50 °C, 2 h, 88%; (g) DIBAL-H, hexane, -78 °C, 1 h, 99%.

R!
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/o7 7 b—Ib 48 IZxF L AF KO, A Ul 2 #hokietiz Dess-Martin
BIbT 52 L TAFAT For~ W%, 3 kR E TMS =—7 V& L CIR#ET 2
ZLTH0 &G, AF NI h 50 % Comins i3 W E LS HDH T T/ —/L K
V7 7—h bl ~EEHt%, Hi Pd itz vz —m kiR oA, DIBAL ECiZ &
D BRALAIBRA 52 Z Ak L7-, BRALATEAA 52 (2%f L, % HfX Grubbs fillift, 35 X O
“ft Hoveyda-Grubbs filtlit % V>, toluene 3 X ONCHCD: H, MBS RS %
fTol=3, IO 8 BERBRALAGEN 53 1Z&< ST, FEIORIL E & &IZgED T
UIVERNEN AT LV iFER~ E B SN ARG LN DR TH o7, £io, Vil
HINTIRA B 2T F L7 4 AT LTHZITH D 2 L B3 HE STV D 54 3946 2 il L
LTHWEGE BREOR R Th oz, 62, ERMAAEERAALEMT 222 ML
L. C1-C2 iR A L7 1 » Th L ERALATERA 55a. 55b & T2k LR~ fiGt &
Tolen, ZNbLDOEEEZAWELRRORREEZX DDA TH T,

SmEBLIOT LT PhNERAOVTEERIGUGICZ L D 8 BEFRBEORET

1977 £, Kagan 5128 Y Smls SAHEA RO SUSHA] & L THIZE S 1LaRD TLCR 47,
ZIETIZ Smlz # HV 7= Barbier B!/ ts. Reformatsky 35 & O aldol # 1 7D it
radical-alkyne/alkene Ez{lJis. carbonyl-alkene/alkyne iEJICHI A v 7V o 7 K.
pinacol BATDHy 7Y TG ESL < OF 7R RFE-IRFER A TEREOG D BT S

. R ERRICHE R ST & 72 49, carbonyl-alkene/alkyne iZJcf v 7'V o 7K
FB T, oL TS E BIZEHAFRETH D | R FRBISIZEB W TIRIR 72 55
T, @SRRI, KR 2 22 A ZAOBRIRT L a— L OERBME SN TS, &6
12, HWAEEIL donor ELTT7 VTR, 7 R bIZEARRETH Y, acceptor
ELTET AT v BROT VX OIEHRICOFEICEDLTHPAETHL Z L5
FFITAMRETHD, ZOFTHHHELICL > THE SN 9, TAT=/LA
JVIR > % acceptor & L72BRILESIC £ 0 15 61 D BRAL GRS (K13 (+)-ophiobolin A D45
FRICEB W T 1 jkFE2=y bZRIBHICA T 2RIRT v a—LThH 2 Lb AKX
Ji % (+)-ophiobolin A ® B BR##ELIZ5E 95 Z & & L7=(Scheme4-19),

Scheme 4-19. Carbonyl-Alkene Reductive Coupling and Further Transformations

0ot ~Ho oty ph_olHol Ph
Y S S \/\SozPh MeOH Y : : : soph DTESCL 1) TBSCI Y
o CHO carbonyl-alkene o 2) Raney Ni

H © H reductive coupling H © H H OH OTBS

1) Swern oxid.
2) DBU

H H NaBH,, H H
PhYO T ~C.0 CeCly PhYO ENEo)
Om OMH
H o H HOH H
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F72 2004 -, B HIZX Y thiol 2t & L7z alkenal O 7 2 /v T ¥ VERALEIG
M BAFE S 4172 (Scheme 4-20) 50, AFUGIE. 53 FHNIGIZ B W TR R R B SR T
(1-01IMIZBNTH o FHMRIC K DRIERMIIHFONTI RN & £, mEAHK
BRALZICBWTHERZED TWS T Az ) 2 —0BLEN S HIEW & A DR
TIRFOBERIRDBWREFNRORWERISTH D Z &b AR RIER IR
WIS TH D | FEES Stoltz 512 K % (5)-cyanthiwigin F DA I\ T A BRAESIZH
WHILTWD 8D, KR radical-acceptor & L TT /L7 =)L ALk v & WAL,
BONDEMDIL Smly Z HWIZRILH T v 7Y UV ROSIZE T 2 A/ & Rk,
(+)-ophiobolin A DEA/KICME/R 1 jkRFEL=y FEHTDHIENL, AISIZONT
¢, (+)-ophiobolin A ® B BRAEEICHEMA T 5 2 & & LTz,

Scheme 4-20. Plausible Mechanism for the Acyl Radical Cyclization and Its
Application to Total Synthesis of (-)-Cyanthiwigin F

o)
@_/R
Q
AIBN W R
Me,(NC)CH —
MeNC)Ce + RSH L» RS * RSH “
o)
L]
on
o
o
O t-BuSH, O
,,,,, AIBN
PhH, 80 °C yH
N

o 57% o

acyl radical L
cyclization (-)-cyanthiwigin F

LU &, B bEOnZ2 7o 8 BEREUZ DWW TIIRIZHRE BN 72 7ed, £
THM 2T T VIEE 2 W TG 2 2 & & L7z(Schemed-21), HiRD YA —/L 57 O
—HOKEEREZ TBS K CHRE LK, 720 OKIEE %L Dess—Martin B2{k, il T
MeSO:Ph O7 =4 HAMEEDHZ ETT/Va—)L 59 ~EZBHLT-, £ U7 /KERH
K LT NV = 2R o~ EEBI% . PPTS Z Wiz TBS BOBifki, &K&%IC
Dess-Martin f2{t. %17 9 Z & TERALAIBMA 60 & A Ak L 7, BRALAIER{A 60 |2 % L proton
source & L C £ BuOH f#7E I, 4 ¥4 &D Smle Z# W TS E T T2 & 2 A, IS T
RNITHEIT L, HIfFiE Y 8 BIREBRILAGEM 61 2 BAFRIGRIC TS Z LIZHEI LT,
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ERIbIR 61 | Dess-Martin gtk 352 & T/ b 62 ~L 28 LT-, F7=. BRILATHAK
0iZxf L. thiol Zfill L 557 LT CHNEBALKICZIT T2 & 2 A, il & TlIR
BIORERROND DD, T U HNABRLEHL thiol & bIZ&EwmEL LW TERISELT
5 ZEIZ LD FEHISERIZER L, FREDOIEETIES 57 8 HERBRLEER 62 %
BT D Z LB Lz, (+)-ophiobolin A DA% ER T 51T ERILICE VB
72r b 62 & o B AREAFNIT VT b RAZEHRT B BN B 5D, % ZC, (+)-ophiobolin A
DEARERIEA, B2 BRRELRZITo7-, T7hbb, BRIk 62 2% DBU THLEE
L72%. Luche BlLOKRMFIfMTZETTIAT LVa— V63 A LT, o7
U7 /va—n 63 % SOCle, Py EJSSHEDLZETT U7l R 64 ~LBHk,
R4 A 2 L CTULT L a— 65 28T 52 LTI LT,

Scheme 4-21. Construction of the Eight-Membered Ring and Further

Transformations
OH

OH a, b X0 c S0,Ph d-f
OH OTBS

OTBS
59

57
x SOzPh i o i k
w SO,Ph S0,Ph

62

CCL—

Reagents and conditions: (a) TBSCI, Et3N, CH:Clz, 0 °C, 2 h, 64%; (b) Dess—Martin
periodinane, CH2Cly, rt, 2 h, 92%; (¢c) MeSO2Ph, n-BuLi, THF, -78 °C, 3 h, 100%; (d) MsCl,
EtsN, CH:Cly, rt, 12 h, 98%; (e) PPTS, EtOH, rt, 12 h, 100%; (f) Dess—Martin periodinane,
CH:Clz, rt, 1 h, 100%; (g) Smls, £-BuOH, THF, 0 °C to rt, 1.5 h, 67%; (h) £-Ci2H25SH,

1,1-azobis(cyclohexanecarbonitrile), toluene, reflux, 3 d, 57%; (i) Dess-Martin periodinane,
CH2Cls, rt, 1 h, 96%; G) DBU, benzene, 60 °C, 18 h, 88%; (k) CeCls-7H20, NaBH4, MeOH, 0 °C,
1.5 h, 100%; (1) SOCls, Py, toluene, 0 °C to rt, 2 h, 94%; (m) 1N HCI/DMF (1:1), 60 °C, 3 h,
97%.

EBTVIEE TIEH D0, MERLIGD 8 BERBEICEWTHL AR FTIEL RV ES Z
&L EEOBOEREEMIINRINHEITT 2 2 L PR TE O T, EEDORITIE
HAd+sz s &L, BEAKAZMLE L7 (Scheme 4-22), #EFRIAE L TRELZ20D 1
WoKEE I A Ac JE TR, i< PPTS % M\ /= TBS HEDOBUREEEZ TN A —/L 66 ~ &
Tt IBX TUEETHZ LI2E VT 7 b—/v 6T #%7-, 77 h—/L 67 IZxf L,
MeSO:Ph O 7 =A4 v NS, £ U7 KEEFEZ Ac R TR#ET HZ LIk D 68~ &
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Hittk . DBU TS A Z L TP =)L ALK Y 69 2157~ kT 3 ke i %
TMS = —7 /L& U CTHR# L7-% . DIBAL Z /= Ac FEDOBREZITUV TO ~ & LBHH% |
A UK R % Ley BRL OS2 & TERALFIEAMA 71 2 &% L7,

Scheme 4-22. Preparation of the Substrate for Smls-Mediated Cyclization and
Acyl Radical Cyclization

“OtMs 71
Reagents and conditions: (a) Ac20, Py, DMAP, CH:Clo, rt, 4 h, 99%; (b) PPTS, EtOH, rt, 12 h,
99%; (c) IBX, DMSO, rt, 2 h; (d) MeSO2Ph, n-BuLi, THF, 0 °C, 1.5 h; (e) Acz0, Py, DMAP,
CH:Cly, rt, 12 h, 88% (3 steps); (f) DBU, CH2Cls, 0 °C, 2 h, 77%; (g) TMSCI, imidazole, DMF,
rt, 12 h, 83%; (h) DIBAL-H, CH2Cls, -78 °C, 2 h; (i) TPAP, NMO, MS4A, CH:Cly, rt, 4.5 h,
93% (2 steps).

. H
OTMS 70

BRAVBIBRA 71126 L, flix DS (proton source DA HE, HIF & LT HMPA @
W, BONREESE) 12T Smle Z HWIZT ) » 7 ) 7 &AT o 1205 o 8 BER
BALAEIR 722 132 BT, TATE RRBLENZT0 DN ELNDEDHTH-T-
(Scheme 4-23), 7z, T ATVANBILORMEIF Lic s 2 A, ROGIFE EITE
TEELLTHEBREINSNLDHTHoT-, 6T, ERMBEHZEMT S22 48
& L. C1-C2frfllR A L7 ¢ T HERALRTEAR 78 2 A ik LIl BRAL UG 24T » 723,
ZOHGEBEBRORRE B2 H5DHTH T,
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Scheme 4-23. Attempted Construction of the Eight-Membered Ring via
Smls-Mediated Cyclization and Acyl Radical Cyclization

a) Sml,-mediated cyclization PhO,S RY R?

or H
b) acyl radical cyclization A o H

72a:R'=0OH,R?=H

.. H
OTMS 72b:R'=R%2=0

a) Sml,-mediated cyclization PhO,S Rl R2
or H
b) acyl radical cyclization oA )

RO,

74a: R'=OH,R?=H
74b:R'=R%2=0

0Bn

U bEDFEEBRGEREARE 2 STFET YV U IR DEEREToT- 8 2 A, RISHEINEE
T5 C6 M ER U o HEIZEM LTS C5 AL 2 MKEBRIEDORELTH D EEW
TBDPS FEONARBEEIZ L 0 SRR S TR Y . O dIZB LSS HETT L 72
W2 EMTPEINTZ, 2T, C5 L 2 #KEEFEDIREI A & m v TBDPS 6 @D
INEUVMRFER AL . HEWBR{LSEIT O 2 & & L7z(Scheme 4-24), #EH A&
2D TREOREROERIZ LV ELND CEALNED/NE WV MOM & TIR# S iz
DAL 75 1% L, Bk & AR, IBX CULEE, MeSO2Ph O 7 =74 > &I & w74,
U TKEERE Acfb, iV CDBU CUUEE L= & 2 A, SUNMIFEFITHEIETH D | thx
ICHENGR L TSR ER> T LEom, £TZTAcHETIEZRL, L HEfEDE
W Bz EAMEEEE LTHWAZEE L, RUA—LTT O 1 kI X 2 fokEE R % Bz
b L7, #% o7 3 #KEERE % TMS JECIR#ET 5 Z & T 78 ~ L Z5Hith . DBU CLE
L7zl 2 A, WFRRE D B OSTET L, SINERICTT AT =V ALK Y 79 %15
5B LT, BRI, Bk 2 TREZ R CBRALATERA 80 2 & LT, 15
SNT-BRALATERA 80 124 L, Sml: & HWZBETHH v 7V VI RISE T T2 25,
TOTE RPELSNIZAERYE &I, C5 A TBDPS & TR S /- g L3R
720 RERFREZRBIAERD B E LN TE 2, ZORIAERYIZ. NMR T L 0 BA L
RALBEITL TN D Z BRI N2 Lnn, Ch AL 2 FKER I ORFERLIZ X D57
EEENKGAICKRESEELEZTWD Z ENRBR N, /o, TV TV HIVER
{EDOFMITA LI A i, REN DT HOHRTH Y FTLED 8 BERBR{LHEA 81b
T Boniirol,
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Scheme 4-24. Attempted Construction of the Eight-Membered Ring via
Smls-Mediated Cyclization and Acyl Radical Cyclization

PivO

c, d

a) Sml,-mediated cyclization
OMOM or

N : Lo b) acyl radical cyclization

.. H 8la:R'=OH,R?=H
OTMS 80 OTMS g1b:R1=R2=0

Reagents and conditions: (a) IBX, DMSO, rt, 2 h; (b) MeSO2Ph, n-BuLi, THF, 0 °C, 2 h; (c)
BzCl, EtsN, DMAP, CH:Cls, rt, 12 h, 100% (3 steps); (d) TMSCI, imidazole, DMF, rt, 12 h,
85%; (e) DBU, CH:Cly, rt, 4 h, 97%; (f) DIBAL-H, CH2Clz, 78 °C, 1 h; (g) TPAP, NMO, MS4A,
CH2Cls, rt, 4 h, 82% (2 steps).

PABR A 2 2 212 £ % 8 BIRIBSEOBRES -

VL ED X 512 CHAL 2 #K R FE ORI X A KB E DN RS RIS R & A 5 2
TWDHZEWRBENTT-D, HERERA XL A2k D 8 BEMEICHOV TR 21T
9 Z & & L7(Scheme 4-25), fiiik & [FEk, TBDPS %75 MOM M ~{R#E R 2 2549
LT LI/ eND AN 82Tk L, IBX TRER, i< A F O, £ U7
2 hKlEF: % Dess—Martin 2, 7% - 72 3 fokEE A2 TMS X CR#ET 52 L T84 %
e, 22TV ATFAT R8T ) — )L N 7T — L2 H% | Pd il 2 A -
—RbkFOFEAN, DIBALIECIZ XV B FaXx o A F LEO@E LTz 1,1- @4 L
T4 UEEANTLHTETCHTEN, BT NVEEIZB T MO, ATF A7 hrnbi4d
BT H= )= F) 77— EREFICARALZETHY A7 L7u~v NTT77 4—I280
SIELTLEY EWVOHMANRHFELN TV, £2T, £F, AFVEOBEBHLE 1,1-
CTEBMA LT 4 U EAR L ARRICBITAHRA X BRI LD 8 BEREEOH AME
RTHZ L& Lz, T7hbb, AF AT by 84K LEHRIE2DEH WL & TF
L7 g U EEAL, BRILAIBMA 85 A Lz, BRILAIBEIR 85 (Zxf L., PARR A ¥ &
AN X B 8 BRIEEIZHOWTH A MFT 21T o7 & 2 A toluene 1 INEASEAE T, 50 mol%
D5 X Hoveyda—Grubbs filtfit 2 N2 BE, &b IR L S PO 8 BREBLAHRRIA
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86 = 5.2, (+)-ophiobolin A 23 H 7T % Cl4 (i A F ¥ A mB 4 &t 5-8-5 AR iR
L7z 4 BREUVE R OREZLUTHIO THRED Lo, ZHUZ K0 BE IR T 5 MA@ & fFk+
LARAEONTeZ LNTET,

Scheme 4-25. Construction of the Eight-Membered Ring via Ring Closing
Metathesis

ring closing metathesis

“OTMS gs
Reagents and conditions: (a) IBX, DMSO, rt, 2 h; (b) MeLi, Et20, rt, 6 h; (c) Dess—Martin
periodinane, CH2Cls, rt, 3 h, 94% (3 steps); (d) TMSCI, imidazole, DMF, rt, 12 h, 93%; (e) Zn,
PbCle, CHals, TiCls, THF, rt, 4 h, 93%; (f) Hoveyda-Grubbs cat. 274, toluene, 100 °C, 2 d, 72%.

Figure 4-9. NOESY experiment on compound 86.

H
MOMO.,,,
OMOM

Sk, AT D Z LT LTz 8 BERBRLAUERIR 86 72257 U AL DFRKIZ K 2 /K2
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General Information.

1H and 13C NMR spectra were recorded on a JEOL AL-400 and AL-300 spectrometer.
1H and 13C chemical shifts are reported in ppm downfield from tetramethylsilane (TMS,
& scale) with the solvent resonances as internal standards. The following abbreviations
were used to explain the multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; band, several overlapping signals; br, broad. IR spectra were recorded on a
JASCO FT/IR-8300. Melting points (mp) are uncorrected, recorded on a Yamato
capillary melting point apparatus. Optical rotations were measured using a 2 ml cell
with a 1 dm path length on a JASCO DIP-1000. Mass spectra and elemental analyses
were provided at the Materials Characterization Central Laboratory, Waseda University.
All reactions were carried out under an argon atmosphere with dry, freshly distilled
solvents under anhydrous conditions, unless otherwise noted. All reactions were
monitored by thin-layer chromatography carried out on 0.25 mm E. Merck silica gel
plates (60F-254) using UV light as visualizing agent and phosphomolybdic acid and
heat as developing agents. E. Merck silica gel (60, particle size 0.040-0.063 mm) was
used for flash column chromatography. Preparative thin-layer chromatography (PTLC)

separations were carried out on self-made 0.3 mm E. Merck silica gel plates (60F-254).

Materials.

THF, Et20, diglyme and 1,4-dioxane were distilled from sodium/benzophenone ketyl,
and methylene chloride (CH2Cl2), MeCN, benzene, hexane and heptane from calcium
hydride. DMF and DMSO were distilled from CaHs under reduced pressure. Toluene
and EtOH were distilled from sodium. MeOH was distilled from magnesium and I2. All
reagents were purchased from Aldrich, TCI, Merck, or Kanto Chemical Co. Ltd.
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dimethyl 2-aryl-2-methylmalonate O RFHK5HE

Dimethyl 2-(2-iodophenyl)malonate (5a)

COo,Me

Co,Me

|
To a suspension of NaH (89.5 mg, 2.24 mmol) in THF (5 mL) was added a solution of 4a
(206 mg, 0.746 mmol) in THF (2 mL) dropwise at 0 °C, and the reaction mixture was
stirred for 30 min. Then, to the reaction mixture was added (Me0)2CO (0.188 mL, 2.24
mmol) at 0 °C, and strring was continued at 50 °C. After the starting material
disappeared, the reaction was quenched with saturated aqueous NH4Cl solution (5 mL).
The aqueous layer was extracted with Et20 (5 mL x 2). The combined organic layer was
dried over Na2SQ.4, filtered and evaporated. The residue was purified by flash
chromatography (hexane/ethyl acetate=20/1) to afford 5a (235 mg, 94%).
1H NMR (400 MHz, CDCls) 6§ 7.88 (1H, dd, J= 7.8, 1.2 Hz), 7.47 (1H, dd, J= 7.8, 1.7 Hz),
7.38 (1H, ddd, J=17.8, 7.3, 1.2 Hz), 7.03 (1H, ddd, J= 7.8, 7.3, 1.7 Hz), 5.18 (1H, s), 3.79
(6H, s).

Diethyl 2-(2-iodophenyl)malonate (5b)
CO,Et
CO,Et

5b was prepared in 82% yield according to the procedure for 5a.

1H NMR (400 MHz, CDCls) § 7.87 (1H, dd, J= 8.1, 1.2 Hz), 7.47 (1H, dd, J= 8.1, 1.7 Hz),
7.37 (1H, ddd, J= 8.1, 7.6, 1.2 Hz), 7.02 (1H, ddd, /= 8.1, 7.6, 1.7 Hz), 5.12 (1H, s), 4.27
(2H, dq, J=10.7, 7.1 Hz), 4.23 (2H, dq, J= 10.7, 7.1 Hz), 1.29 (6H, t, J=7.1 Hz).

Dimethyl 2-(2-iodophenyl)-2-methylmalonate (6a)
CO,Me
CO,Me
|
To a suspension of NaH (41.9 mg, 1.05 mmol) in THF (5 mL) was added a solution of 5a
(250 mg, 0.749 mmol) in THF (2 mL) dropwise at 0 °C, and the reaction mixture was

stirred for 30 min. Then, to the reaction mixture was added Mel (0.070 mL, 1.12 mmol)
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at 0 °C, and strring was continued at room temperature. After the starting material
disappeared, the reaction was quenched with saturated aqueous NH4Cl solution (5 mL).
The aqueous layer was extracted with Et20 (5 mL x 2). The combined organic layer was
dried over Na2SQ.4, filtered and evaporated. The residue was purified by flash
chromatography (hexane/ethyl acetate=20/1) to afford 6a (210 mg, 80%).

1H NMR (400 MHz, CDCl3) § 7.94 (1H, dd, J= 7.8, 1.5 Hz), 7.33 (1H, ddd, J= 7.8, 7.6,
1.5 Hz), 7.07 (1H, dd, J= 7.8, 1.5 Hz), 6.96 (1H, ddd, J= 7.8, 7.6, 1.5 Hz), 3.81 (6H, s),
1.98 (3H, s).

Diethyl 2-(2-iodophenyl)-2-methylmalonate (6b)

CO,Et
CO,Et
[

6b was prepared in 51% yield according to the procedure for 6a.

1H NMR (400 MHz, CDCls) § 7.94 (1H, dd, J= 7.8, 1.5 Hz), 7.32 (1H, ddd, J= 7.8, 7.6,
1.5 Hz), 7.10 (1H, dd, J= 7.8, 1.5 Hz), 6.95 (1H, ddd, /= 7.8, 7.6, 1.5 Hz), 4.33 (2H, dq, /
=11.0, 7.1 Hz), 4.24 (2H, dq, J=11.0, 7.1 Hz), 1.97 (3H, s), 1.29 (6H, t, J= 7.1 Hz).

Dimethyl 2-(2-chloro-4-nitrophenyl)-2-methylmalonate (7)

CO,Me
Co,Me
O,N cl

To a suspension of NaH (62.5 mg, 1.56 mmol) in DMF (10 mL) was added a solution of
dimethyl methylmalonate (0.347 mL, 2.60 mmol) dropwise at 0 °C, and the reaction
mixture was stirred for 30 min. Then, to the reaction mixture was added
1,2-dichloro-4-nitrobenzene (250 mg, 1.30 mmol) in DMF (3 mL) at 0 °C, and strring
was continued at 70 °C. After the starting material disappeared, the reaction was
quenched with saturated aqueous NH4Cl solution (20 mL). The aqueous layer was
extracted with Et20 (20 mL X 2). The combined organic layer was dried over Na2SOs4,
filtered and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate=8/1) to afford 7 (248 mg, 63%) as a pale yellow solid.

mp 83.1-85.0 °C; 'H NMR (400 MHz, CDCls) 6 8.28 (1H, d, J= 2.4 Hz), 8.12 (1H, dd, J=
8.8, 2.4 Hz), 7.40 (1H, d, J = 8.8 Hz), 3.82 (6H, s), 1.96 (3H, s); 13C NMR (100 MHz,
CDCls) & 169.9, 147.3, 144.3, 135.1, 129.1, 126.0, 121.8, 59.7, 53.4, 21.8; IR (neat) vmax
3089, 2955, 1751, 1529, 1346 cm'}; HRMS (FAB) [M+H]* caluculated for C12H13CINOe:
302.0431, found: 302.0428.
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Dimethyl 2-(4-amino-2-chlorophenyl)-2-methylmalonate (7°)

CO,Me
CO,Me
H,N cl

A mixture of 7 (1.49 g, 4.94 mmol), 10% Pd/C and AcOEt (50 mL) was stirred under Hs
atmospere (1 atm) at room temperature. After the reaction was completed, the mixture
was filtered through a plug of Celite, and the filtrate was concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl acetate=2/1)
to afford 7’ (1.34 g, 100%) as a white solid.

mp 85.5-86.4 °C; 'TH NMR (400 MHz, CDCls) § 6.90 (1H, d, /= 8.5 Hz), 6.73 (1H, d, J =
2.4 Hz), 6.54 (1H, dd, J = 8.5, 2.4 Hz), 3.78 (6H, s), 1.88 (3H, s); 13C NMR (100 MHz,
CDCls) § 171.6, 146.8, 134.2, 128.7, 126.8, 117.1, 113.2, 59.0, 53.0, 22.3; IR (KBr) vmax
3470, 3371, 2949, 1750, 1625, 1504 cml; HRMS (FAB) [M+H]* caluculated for
C12H15CINO4: 272.0690, found: 272.0680.

Dimethyl 2-(2-chlorophenyl)-2-methylmalonate (6¢)

CO,Me
CO,Me
cl

To a stirred solution of 7’ (1.31 g, 4.81 mmol) in aqueous 50% HsPO:z (40 mL) was added
NaNO: (830 mg, 12.0 mmol) at 0 °C. After the reaction was completed, K2COs was added
to the reaction mixture. The aqueous layer was extracted with EtzO (40 mL X 2). The
combined organic layer was dried over NasSOy, filtered and evaporated. The residue
was purified by flash chromatography (hexane/ethyl acetate=4/1) to afford 6c (1.15 g,
93%) as a colorless liquid.

IH NMR (400 MHz, CDCls) § 7.39 (1H, dd, J= 5.9, 3.4 Hz), 7.28-7.23 (2H, m), 7.13 (1H,
dd, J=5.9, 3.4 Hz), 3.80 (6H, s), 1.93 (3H, s); 13C NMR (100 MHz, CDCl3) § 170.9, 137.4,
133.6, 131.0, 128.8, 128.1, 126.9, 59.8, 53.0, 21.8; IR (KBr) vmax 3008, 2956, 1748 cm1;
HRMS (FAB) [M+H]* caluculated for C12H14C104: 257.0581, found: 257.0575.

(R)-2-(Methoxycarbonyl)-2-(2-iodophenyl)propanoic acid (8a)

[ .CO,H
Co,Me
|

To a suspension of diester 6a (737 mg, 2.11 mmol) in pH 8 phosphate buffer (50 mL) was
added PLE (500 units), and the reaction mixture was stirred at 30 °C. After 6a
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disappeared, to the reaction mixture was added 2NV HCI to make pH of the solution to
pH 3. The aqueous layer was extracted with EtOAc (30 mL x 2), dried over Na2SOs,
filtered and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate=4/1) to afford 8a (410 mg, 58%, 99% ee) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.89 (1H, dd, J= 7.8, 1.2 Hz), 7.51-7.41 (2H, m), 7.07 (1H,
ddd, J=17.8, 6.1, 2.9 Hz), 3.80 (3H, s), 2.04 (3H, s). (For the determination of ee, see the

experiment for 8a’.).

(R)-2-(Ethoxycarbonyl)-2-(2-iodophenyl)propanoic acid (8b)

| \COLH
CO,Et
[

8b was prepared in 63% yield, 44% ee according to the procedure for 8a.

'H NMR (400 MHz, CDCls) § 7.89 (1H, dd, J= 7.8, 1.0 Hz), 7.48-7.42 (2H, m), 7.06 (1H,
ddd, /= 17.8, 5.9, 3.2 Hz), 4.29 (1H, dq, J= 10.7, 7.1 Hz), 4.26 (1H, dq, /= 10.7, 7.1 Hz),
2.03 (3H, s), 1.20 (3H, t, J= 7.1 Hz). (For the determination of ee, see the experiment for
8b’.).

(R)-2-(Methoxycarbonyl)-2-(2-chlorophenyl)propanoic acid (8c)

| .COH
Co,Me
cl

8c was prepared in 92% yield, 99% ee according to the procedure for 8a.
H NMR (400 MHz, CDCls) § 7.47 (1H, dd, J= 7.6, 1.7 Hz), 7.40 (1H, dd, J= 7.6, 1.7 Hz),
7.35 (1H, ddd, /= 7.6, 7.6, 1.7 Hz), 7.33 (1H, ddd, J= 7.6, 7.6, 1.7 Hz), 3.78 (3H, s), 2.01
(3H, s); 13C NMR (100 MHz, CDCls) § 177.0, 172.0, 136.3, 133.8, 130.1, 129.5, 128.2,
127.1, 56.6, 54.2, 23.3; IR (KBr) vmax 2960, 1742 cm''; HRMS (FAB) [M+H]+ caluculated
for C11H12C104: 243.0424, found: 243.0424; [alp28 +14.6 (¢ 0.56, CHCls).

(R)-Methyl 2-(phenylcarbamoyl)-2-(2-iodophenyl)propanoate (8a’)

| .CONHPh
co,Me
[

To a stirred solution of 8a (7.5 mg, 0.0224 mmol) in CH2Clz (0.5 mL) was added (COC)2
(0.006 mL, 0.673 mmol) and a catalytic amount of DMF, and the reaction mixture was

stirred at room temperature. After evolution of gas ceased, all volatile materials were
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removed under reduced pressure affording the crude carboxylic acid chloride, which was
used without further purification. To a solution of the carboxylic acid chloride in CH2Cl2
(0.5 mL) was added aniline (0.010 mL, 0.112 mmol) at 0 °C, and the reaction mixture
was stirred at room temperature. After the reaction was completed, to the reaction
mixture was added H20 (1 mL), and the aqueous layer was extracted with ether (1 mL X
3). The combined organic layer was washed with 2NV HC, saturated aqueous NaHCOs
and brine, dried over Na2SQ4, filtered and evaporated. The residue was purified by
PTLC (hexane/ethyl acetate=2/1) to afford 8a’ (7.3 mg, 81% (2 steps)).

'H NMR (400 MHz, CDCls) 6§ 10.48 (1H, s), 7.88 (1H, d, /= 7.8 Hz), 7.63 (2H, d, J= 7.6
Hz), 7.48-7.40 (2H, m), 7.33 (2H, dd, /= 7.6, 7.6 Hz), 7.12 (1H, dd, /= 7.6, 7.6 Hz), 7.03
(1H, ddd, /= 7.8, 5.4, 3.7 Hz), 3.75 (3H, s), 2.06 (3H, s); 99% ee; ee was determined by
HPLC; DICEL CHIRALPAK AS-H 0.46 cm ¢ X 25 cm; hexane/isopropanol=9/1; flow

rate=0.4 mL/min; retention time: 23.1, 25.0 min.

(R)-Ethyl 2-(phenylcarbamoyl)-2-(2-iodophenyl)propanoate (8b’)

| .CONHPh
CO,Et
[

8b’ was prepared in 17% yield according to the procedure for 8a’.

1H NMR (400 MHz, CDCls) § 10.50 (1H, s), 7.88 (1H, dd, J= 7.9, 1.0 Hz), 7.63 (2H, dd,
=8.8, 1.0 Hz), 7.43-7.42 (2H, m), 7.33 (2H, dd, /= 8.8, 7.8 Hz), 7.11 (1H, dd, J= 7.8, 7.8
Hz), 7.02 (1H, ddd, J= 7.9, 5.9, 3.4 Hz), 4.25 (1H, dq, J/=10.7, 7.3 Hz), 4.22 (1H, dq, J=
10.7, 7.3 Hz), 2.05 (3H, s), 1.22 (3H, t, J= 7.3 Hz); 44% ee; ee was determined by HPLC;
DICEL CHIRALPAK AS-H 0.46 cm ¢ X 25 cm; hexane/isopropanol=9/1; flow rate=0.4

mL/min; retention time: 19.4, 20.8 min.

(R)-Methyl 2-(phenylcarbamoyl)-2-(2-chlorophenyl)propanoate (8c’)

| .CONHPh
Co,Me
cl

8¢’ was prepared in 75% yield according to the procedure for 8a’.

1H NMR (400 MHz, CDCls) § 10.27 (1H, s), 7.60 (2H, dd, J= 7.6, 1.0 Hz), 7.46 (1H, dd,
=17.6, 1.7 Hz), 7.40-7.25 (5H, m), 7.11 (1H, ddd, J = 7.6, 7.6, 1.0 Hz), 3.75 (3H, s), 2.01
(3H, s); 13C NMR (100 MHz, CDCls) § 176.1, 168.2, 138.2, 137.9, 133.9, 130.0, 129.0,
128.9, 128.6, 127.0, 124.3, 120.0, 57.9, 53.5, 24.0; IR (KBr) vmax 3304, 2956, 1724, 1684,
1600, 1540 cm'; HRMS (FAB) [M+HI* caluculated for C17H17CINOs: 318.0897, found:
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318.0896; [alp?> +9.9 (c 0.91, CHCl3); 99% ee; ee was determined by HPLC; DICEL
CHIRALPAK AS-H 0.46 cm ¢ X 25 cm; hexane/isopropanol=9/1; flow rate=0.3 mL/min;
retention time: 22.1 min for (&)-methyl 2-(phenylcarbamoyl)-2-(2-chlorophenyl)
propanoate, 23.5 min for (S)-methyl 2-(phenylcarbamoyl)-2-(2-chlorophenyl)

propanoate.

dimethyl 2-alkyl-2-methylmalonate O RFMK S fE

2-Allyl-2-methylmalonic acid dimethyl ester (13a)

V
Me0,C~ “CO,Me
To a suspension of NaH (329 mg, 7.97 mmol) in THF (60 mL) was added
2-methylmalonic acid dimethyl ester (1.09 g, 7.24 mmol) dropwise at 0 °C. After stirring
for 30 min at room temperature, allyl bromide (0.771 mL, 8.91 mmol) was added
dropwise at 0 °C. Then the reaction mixture was warmed up to room temperature and
was stirred. After the reaction was completed, saturated aqueous NH4Cl solution (60
mL) was added to the reaction mixture and the aqueous layer was extracted with Et20
(40 mL x 2). The combined organic layer was dried (Na2SO4), and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=20/1) to afford the titled diester 13a (1.19 g, 86%) as a colorless liquid.
Rt = 0.53 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 5.69 (1H, ddt, J =
16.6, 11.2, 7.3 Hz), 5.14-5.09 (2H, m), 3.72 (6H, s), 2.62 (2H, d, J= 7.3 Hz), 1.41 (3H, s);
13C NMR (100 MHz, CDCls) § 172.1, 132.4, 119.1, 53.6, 52.5, 40.2, 19.9; IR (neat) Vmax
2992, 2960, 2336, 1738, 1458, 1436, 1296, 1250, 1214, 1150, 1116 cm L.

2-Methyl-2-(2-propynyl)malonic acid dimethyl ester (13b)

MeO,C CO,Me

13b was prepared in 88% yield according to the procedure for 13a.

Rt = 0.40 (hexane/ethyl acetate=4/1); 1H NMR (400 MHz, CDCls) § 3.75 (6H, s), 2.80 (2H,
d, J=2.7 Hz), 2.03 (1H, t, J= 2.7 Hz), 1.56 (3H, s); 13C NMR (100 MHz, CDCl3) § 171.1,
79.0, 71.3, 53.1, 52.8, 25.9, 19.8; IR (neat) vmax 3292, 3008, 2960, 1740, 1454, 1438, 1298,
1254, 1208, 1120 cm'1; HRMS (FAB) [M+H]* calculated for CoH1304: 185.0814, found:
185.0809.
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2-Methyl-2-(3-phenyl-2-propenyl)malonic acid dimethyl ester (13c)
//~Ph

MeO,C”~ ~CO,Me

13c was prepared in 97% yield according to the procedure for 13a.

Rf = 0.48 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.34-7.19 (5H, m),
6.45 (1H, d, J= 15.6 Hz), 6.08 (1H, dt, /= 15.6, 7.6 Hz), 3.73 (6H, s), 2.77 (2H, dd, J= 7.6,
1.2 Hz), 1.46 (3H, s); 13C NMR (100 MHz, CDCls) § 172.2, 137.0, 134.0, 128.4, 127.3,
126.1, 124.0, 54.0, 52.6, 39.5, 20.1; IR (neat) vmax 3032, 3004, 2956, 1734, 1456, 1436,
1294, 1276, 1246, 1202, 1112, 970, 744, 696 cm 1; HRMS (FAB) [M+H]* calculated for
C15H1904: 263.1283, found: 263.1283.

2-Methyl-2-(3-phenyl-2-propenyl)malonic acid diethyl ester (13¢’)

/Ph
EtO,C”~ “CO,Et
13c¢’ was prepared in 100% yield according to the procedure for 13a.
Rf = 0.30 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.34-7.18 (5H, m),
6.44 (1H, d, J=15.6 Hz), 6.10 (1H, dt, J=15.6, 7.6 Hz), 4.20 (4H, q, J= 7.1 Hz), 2.77 (2H,
dd, J= 7.6, 1.0 Hz), 1.44 (3H, s), 1.25 (6H, t, J= 7.1 Hz); 13C NMR (100 MHz, CDCl3) §
171.8, 137.0, 133.9, 128.4, 127.2, 126.1, 124.2, 61.3, 53.9, 39.4, 20.0, 14.1; IR (neat) vmax
2988, 2944, 1730, 1464, 1450, 1380, 1300, 1274, 1244, 1194, 1108, 970, 744, 694 cm™1;
HRMS (FAB) [M+H]* calculated for C17H2304: 291.1596, found: 291.1594.

2-Methyl-2-(3-phenyl-2-propynyl)malonic acid dimethyl ester (13d)
=—Ph

MeO,C~ "CO,Me

13d was prepared in 92% yield according to the procedure for 13a.

Rf = 0.39 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.38-7.34 (2H, m),
7.29-7.25 (3H, m), 3.76 (6H, s), 3.01 (2H, s), 1.62 (3H, s); 13C NMR (100 MHz, CDCls) §
171.2, 131.5, 128.1, 127.8, 123.1, 84.4, 83.4, 53.5, 52.8, 26.9, 20.1; IR (neat) Vmax 2956,
1738, 1250, 1118 cm'1; HRMS (FAB) [M+H]* calculated for C15H1704: 261.1127, found:
261.1125.

PLE-mediated asymmetric hydrolysis of 13c

To a suspension of diester 13¢ (30.0 mg, 0.114 mmol) in pH 8 phosphate buffer (3 mL)
was added PLE (15 units), and the reaction mixture was stirred at 30 °C. After 13c
disappeared, to the reaction mixture was added 2NV HCI to make pH of the solution to
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pH 3. The aqueous layer was extracted with EtOAc (1.5 mL X 2), dried over Na2SOs,
filtered and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate=4/1) to afford 14c (28.3 mg, 100%, 89% ee) as a colorless liquid.
In a large scale, to a suspension of PLE (2500 units) in pH 8 potassium phosphate buffer
(1500 mL) was added diester 13c (5.39 g, 20.5 mmol) via a syringe pump at 30 °C for 24
h. After 13c disappeared, to the reaction mixture was added 2N HCI to make pH of the
solution to pH 3. The aqueous layer was extracted with EtOAc (500 mL x 3), dried over
Na2S0y, filtered and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate=4/1) to afford 14c (5.10 g, 100%, 88% ee) as a colorless liquid.
PLE-mediated asymmetric hydrolysis of 13a, 13b, 13¢’, 13d was carried out according to
the above procedure. In the experiments in Table 2-3, organic co—solvent (10%) was

added to the above reaction mixture.

(S)-2-Allyl-2-methylmalonic acid monomethyl ester (14a)

Me0,C~ “CO,H

Rt = 0.45 (dichloromethane/methanol=5/1); 1TH NMR (400 MHz, CDCls) § 5.71 (1H, dddd,
J=16.6,10.5, 7.6, 7.3 Hz), 5.14 (1H, ddd, J= 16.6, 3.2, 1.5 Hz), 5.13 (1H, ddd, J/= 10.5,
1.5, 1.0 Hz), 3.77 (3H, s), 2.67 (1H, dddd, /= 13.9, 7.3, 1.2, 1.0 Hz), 2.62 (1H, dddd, J=
13.9, 7.6, 1.2, 1.0 Hz), 1.46 (3H, s); 3C NMR (100 MHz, CDCls) § 177.5, 172.0, 132.1,
119.5, 53.6, 52.7, 40.2, 19.9; IR (neat) vmax 2992, 2960, 1718, 1458, 1248 cmi; HRMS
(FAB) [M+H]* calculated for CsHi304 173.0814, found: 173.0817; [alp2? -3.2 (¢ 0.6,
CHCls); 65% ee (For the determination of ee, see the experiment for 18a.). For the

structure determinateon, see the experiment for 15.

(S)-2-Methyl-2-(2-propynyl)malonic acid monomethyl ester (14b)

MeO,C~ ~CO,H

Rt = 0.24 (dichloromethane/methanol=10/1); 'H NMR (400 MHz, CDCls) § 3.79 (3H, s),
2.84 (1H, dd, J= 16.8, 2.7 Hz), 2.80 (1H, dd, J = 16.8, 2.7 Hz), 2.06 (1H, t, /= 2.7 Hz),
1.60 (3H, s); 13C NMR (100 MHz, CDCls) § 176.0, 171.1, 78.8, 71.6, 53.0, 25.8, 19.8; IR
(neat) vmax 3300, 2960, 1740, 1728, 1462, 1440, 1298, 1258, 1124 cm}; HRMS (FAB)
[M+H]* calculated for CsH1104: 171.0657, found: 171.0658; [alp30 -5.7 (¢ 1.3, CHCly);
77% ee (For the determination of ee, see the experiment for 18b). For the structure

determination, see the experiment from 14b to 15.
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(R)-2-Methyl-2-(3-phenyl-2-propenyl)malonic acid monomethyl ester (14c)
—Ph

MeO,C \ CO,H

R¢ = 0.33 (dichloromethane/methanol=10/1); *H NMR (400 MHz, CDCls) § 7.34-7.20 (5H,
m), 6.47 (1H, d, /= 15.6 Hz), 6.10 (1H, dt, J= 15.6, 7.6 Hz), 3.75 (3H, s), 2.82 (1H, dd, J
=13.9, 7.6 Hz), 2.76 (1H, dd, J= 13.9, 7.6 Hz), 1.49 (3H, s); 13C NMR (100 MHz, CDCls) &
177.3,172.1, 136.9, 134.4, 128.4, 127.4, 126.2, 123.6, 54.0, 52.8, 39.5, 20.1; IR (neat) vmax
2956, 2360, 1736, 1112 cm'1; HRMS (FAB) [M+H]* calculated for C14H17NO4: 249.1127,
found: 249.1127; [alp2® +4.9 (¢ 0.9, MeOH); 89% ee (For the determination of ee, see the

experiment for 18c). For the structure determination, see the experiments for 16 and 17.

(R)-2-Methyl-2-(3-phenyl-2-propenyl)malonic acid monoethyl ester (14c’)
P

EtO,C \ CO,H

R¢ = 0.30 (dichloromethane/methanol=10/1); *H NMR (400 MHz, CDCls) § 7.34-7.19 (5H,
m), 6.47 (1H, d, J=15.6 Hz), 6.11 (1H, dt, J= 15.6, 7.6 Hz), 4.22 (2H, q, J= 7.1 Hz), 2.83
(1H, ddd, J=13.9, 7.6, 1.2 Hz), 2.75 (1H, ddd, J = 13.9, 7.6, 1.2 Hz), 1.49 (3H, s), 1.26
(3H, t, J= 7.1 Hz); 13C NMR (100 MHz, CDCls) § 177.2, 171.7, 136.9, 134.3, 128.4, 127.4,
126.2, 123.7, 61.8, 53.9, 39.5, 20.2, 14.1; IR (neat) vmax 2988, 1712, 1240, 1112 cm'};
HRMS (FAB) [M+H]* calculated for C15H1904: 263.1283, found: 263.1278; [alp26 +5.8 (¢
0.5, CHCls); 76% ee (For the determination of ee, see the experiment for 18¢’).

(R)-2-Methyl-2-(3-phenyl-2-propynyl)malonic acid monomethyl ester (14d)

~—==Ph

Me0,C~ “CO,H

R¢=0.27 (dichloromethane/methanol=10/1); *H NMR (400 MHz, CDCls) § 7.38-7.35 (2H,
m), 7.29-7.25 (3H, m), 3.78 (3H, s), 3.05 (1H, d, /= 16.8 Hz), 3.01 (1H, d, /= 16.8 Hz),
1.65 (3H, s); 13C NMR (100 MHz, CDCls) § 176.6, 171.0, 131.6, 128.1, 128.0, 123.0, 84.1,
83.7, 53.6, 53.0, 26.9, 20.1; IR (KBr) vmax 3001, 1751, 1719, 1298, 1205, 1101 cm};
HRMS (FAB) [M+H]* calculated for C14H1504: 247.0970, found: 247.0967; [alp3! +2.0 (¢
1.2, CHCls); 13% ee (For the determination of ee, see the experiment for 18d). For the

structure determination, see the experiments for 18e.
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(S)-2-Methyl-2-propylmalonic acid monomethyl ester (15)

MeO,C” “CO,H

To a stirred solution of 14a (26.5 mg, 0.154 mmol) in EtOH (1.5 mL) was added a
catalytic amount of 10% Pd/C under an atmosphere of Ar, and the reaction mixture was
stirred under an atmosphere of hydrogen. The mixture was filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography
(hexane/ethyl acetate=4/1) to afford 15 (23.5 mg, 86%) as a colorless liquid.

Rt = 0.40 (dichloromethane/methanol=10/1); 'H NMR (400 MHz, CDCls) § 3.75 (3H, s),
1.92-1.79 (2H, m), 1.45 (3H, s), 1.34-1.24 (2H, m), 0.94 (3H, t, J= 7.1 Hz); 13C NMR (100
MHz, CDCls) § 177.9, 173.0, 53.7, 52.6, 38.0, 20.1, 17.8, 14.2; IR (neat) vmax 2968, 2880,
1738, 1718, 1242, 1160, 1138 cm'l; HRMS (FAB) [M+HI* calculated for CsHi504:
175.0970, found: 175.0977; [alp27 -0.6 (¢ 1.3, CHCl3).

conversion from 14b to 15.

To a stirred solution of 14b (28.4 mg, 0.167 mmol) in EtOH (1.5 mL) was added a
catalytic amount of 10% Pd/C under an atmosphere of Ar, and the reaction mixture was
stirred under an atmosphere of hydrogen. The mixture was filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography
(hexane/ethyl acetate=4/1) to afford 15 (23.7 mg, 81%) as a colorless liquid.

[a]p25 -0.8 (¢ 1.1, CHCly)

(S)-2-(4-Methoxybenzyloxycarbonylamino)-2-methyl-5-phenyl-4-pentenoic acid methyl ester
(16)
e

Me0,C~ ~NHCO,PMB

To a stirred solution of 14c (51.2 mg, 0.206 mmol) in 1,2-dichloroethane (1 mL) was
successively added EtsN (0.049 mL, 0.350 mmol) and diphenylphosphorylazide (0.053
mL, 0.247 mmol). The reaction mixture was stirred at room temperature for 15 min and
then was refluxed for 3 h. After checking that 14c had been converted completely to the
isocyanate by TLC, p-methoxybenzyl alcohol (0.044 mL, 0.350 mmol) was added to the
solution and the reaction mixture was refluxed for 24 h. The solution was concentrated
giving a yellow oil, which was purified by PTLC (hexane/ethyl acetate=4/1). This gave
16 (71.8 mg, 91%) as a clear colorless oil.

Rf = 0.20 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.37-7.18 (7TH, m),
6.85 (2H, AA'XX’ pattern, J= 8.5 Hz), 6.40 (1H, d, /= 15.6 Hz), 6.00 (1H, dt, /= 15.6, 7.6
Hz), 5.51 (1H, br), 5.05 (1H, d, /= 12.0 Hz), 5.00 (1H, d, /= 12.0 Hz), 3.79 (3H, s), 3.75
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(3H, br), 2.95 (1H, br), 2.74 (1H, dd, J= 14.2, 7.6 Hz), 1.61 (3H, s); 13C NMR (100 MHz,
CDCls) § 174.1, 159.4, 154.7, 136.8, 134.3, 129.8, 128.4, 127.4, 126.2, 123.4, 113.8, 66.3,
59.9, 55.3, 52.7, 40.5, 23.4; IR (neat) vmax 3364, 3028, 3004, 2956, 1736, 1724, 1518, 1304,
1248, 1178, 1036 cm 1; HRMS (FAB) [M+H]* calculated for C22H26NOs: 384.1811, found:
384.1800; [a]p3! +9.7 (¢ 1.1, CHCly).

(S)-2-Amino-2-methyl-5-phenyl-4-pentenoic acid methyl ester (17)

/e
Me0,C”~ “NH,
To a stirred solution of 16 (49.1 mg, 0.128 mmol) in CHzClz (1.35 mL) was added TFA
(0.15 mL) at room temperature. The solution developed a purple color, and after 10min
the reaction was completed. Addition of H2O (1 mL), with stirring, discharged the color.
The aqueous layer was extracted with hexane, and the resulting aqueous layer was
made to pH 9 with aqueous ammonia. The mixture was extracted twice with CH2Cly,
and the combined extracts was dried over NazSOs4 and filtered. The solution was
evaporated and the residue was purified by flash chromatography
(dichloromethane/methanol=50/1), giving the product 17 (20.8 mg, 74%) as a clear
colorless liquid.
[a]p33 +13.8 (¢ 0.9, EtOH), lit. [alp20 +10.6 (¢ 0.8, EtOH).

(S)-2-(4-Methoxyphenylcarbamoyl)-2-methyl-4-pentenoic acid methyl ester (18a)

MeO,C CONH@OMe

To a solution of 14a (4.0 mg, 0.0232 mmol) in CH2Clz (0.5 mL) was added EDCI (6.7 mg,
0.0350 mmol) and DMAP (1.4 mg, 0.0115 mmol) at 0 °C. To this reaction mixture was
added amine (11.4 mg, 0.0926 mmol) at 0 °C, and the reaction mixture was stirred at
room temperature. To the reaction mixture was added H20 (1 mL), and the aqueous
layer was extracted with ether (1 mL x 3). The combined organic layer was washed with
2N HCI, saturated aqueous NaHCOs and brine, dried over Na2SO., filtered and
evaporated. The residue was purified by PTLC (hexane/ethyl acetate=4/1) to afford
amide 18a (3.9 mg, 61%).

Re = 0.25 (hexane/ethyl acetate=4/1); 1H NMR (400 MHz, CDCls) § 8.83 (1H, s), 7.43 (2H,
AAXX’ pattern, J= 9.0 Hz), 6.85 (2H, AAXX’ pattern, J= 9.0 Hz), 5.72 (1H, ddt, J=17.1,
10.0, 7.3 Hz), 5.16-5.09 (2H, m), 3.78 (6H, s), 2.79 (1H, dddd, J= 13.7, 7.1, 1.2, 1.0 Hz),
2.63 (1H, dddd, J = 13.7, 7.6, 1.0, 1.0 Hz), 1.52 (3H, s); 13C NMR (100 MHz, CDCls) §
175.2, 168.4, 156.3, 132.6, 130.7, 121.8, 119.1, 114.0, 55.5, 54.1, 52.8, 42.6, 20.9; IR
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(neat) vmax 3336, 2956, 1740, 1666, 1514, 1246 cm 1; HRMS (FAB) [M+H]* calculated for
C15H20NO4 278.1392, found: 278.1392; [alp3l -22.7 (¢ 0.5, CHCl3); 65% ee; ee was
determined by HPLC; DICEL CHIRALPAK AS-H 046 cm ¢ X 25 cm;
hexane/isopropanol=9/1; flow rate=0.5 mL/min; retention time: 33.9 min for
(R)-2-(4-Methoxyphe nylcarbamoyl)-2-methyl-4-pentenoic acid methyl ester, 37.6 min
for (.9-2-(4-Methoxyphenylcarba moyl)-2-methyl-4-pentenoic acid methyl ester.

(S)-2-(4-Methoxyphenylcarbamoyl)-2-methyl-4-pentynoic acid methyl ester (18b)

MeO,C” fCONH@OMe

18b was prepared from 14b in 52% yield according to the procedure for 18a.

Rt = 0.18 (hexane/ethyl acetate=4/1); 1H NMR (400 MHz, CDCls) § 8.49 (1H, s), 7.43 (2H,
AAXX pattern, J= 9.0 Hz), 6.86 (2H, AAXX’ pattern, J= 9.0 Hz), 3.82 (3H, s), 3.79 (3H,
s), 2.94 (1H, dd, J=16.8, 2.7 Hz), 2.84 (1H, dd, J= 16.8, 2.7 Hz), 2.07 (1H, t, J= 2.7 Hz),
1.65 (3H, s); 13C NMR (100 MHz, CDCls) § 173.8, 167.4, 156.5, 130.5, 121.8, 114.0, 79.8,
71.4, 55.5, 53.8, 53.1, 26.8, 21.6; IR (neat) vmax 3296, 2960, 1738, 1670, 1516, 1246 cm'1;
HRMS (FAB) [M+H]* calculated for C15H1sNO4: 276.1236, found: 276.1232; [alp36 -19.7
(c 0.8, CHCl3); 77% ee; ee was determined by HPLC; DICEL CHIRALCEL OD-H 0.46
cm ¢ X 25 cm; hexane/isopropanol=9/1; flow rate=0.4 mL/min; retention time: 28.3 min
for (8-2-(4-Methoxyphenylcarbamoyl)-2-methyl-4-pentynoic acid methyl ester, 30.4
min for (£)-2-(4-Methoxyphenylcarbamoyl)-2-methyl-4-pentynoic acid methyl ester.

(R)-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentenoic acid methyl ester (18c)

—/"Ph
Meozcx(;N/l-;’h
18c was prepared from 14c in 54% yield according to the procedure for 18a.
Rt = 0.48 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 8.99 (1H, s), 7.54 (2H,
d, J=8.5 Hz), 7.34-7.18 (TH, m), 7.11 (1H, t, J= 7.6 Hz), 6.48 (1H, d, J= 15.9 Hz), 6.10
(1H, dt, J=15.9, 7.6 Hz), 3.79 (3H, s), 2.96 (1H, ddd, /= 13.9, 7.3, 1.2 Hz), 2.79 (1H, ddd,
J=13.9, 7.6, 1.2 Hz), 1.58 (3H, s); 13C NMR (100 MHz, CDCls) § 175.2, 168.6, 137.5,
136.8, 134.2, 128.9, 128.4, 127.4, 126.2, 124.4, 124.0, 120.1, 54.6, 52.9, 41.8, 21.1; IR
(neat) vmax 3352, 2956, 1738, 1674, 1542, 1248 cm 1; HRMS (FAB) [M+H]I* calculated for
C20H22NO3: 324.1600, found: 324.1603; [alp27 +42.0 (¢ 0.3, CHCI3); 89% ee; ee was
determined by HPLC; DICEL CHIRALPAK AS-H 046 cm ¢ X 25 cm;
hexane/isopropanol=9/1; flow rate=0.5 mL/min; retention time: 16.8 min for

(8-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentenoic acid methyl ester, 17.9 min
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for (B)-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentenoic acid methyl ester.

(R)-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentenoic acid ethyl ester (18c’)
—~"Ph
A

EtO,C~ "CONHPh

18¢’ was prepared from 14¢’ in 74% yield according to the procedure for 18a.

Rt = 0.58 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 9.09 (1H, s), 7.54 (2H,
d, J=8.5 Hz), 7.34-7.18 (TH, m), 7.11 (1H, t, J= 7.6 Hz), 6.48 (1H, d, J= 15.6 Hz), 6.11
(1H, dt, J=15.6, 7.3 Hz), 4.32-4.19 (2H, m), 2.97 (1H, ddd, J= 13.7, 7.3, 1.0 Hz), 2.78
(1H, ddd, J=13.7, 7.6, 1.0 Hz), 1.58 (3H, s), 1.30 (3H, t, /= 7.1 Hz); 13C NMR (100 MHz,
CDCls) 6 174.7, 168.7, 137.6, 136.9, 134.1, 128.8, 128.4, 127.4, 126.1, 124.3, 124.1, 120.0,
62.0, 54.5, 41.8, 21.3, 14.2; IR (neat) vmax 3348, 2984, 2940, 1710, 1600, 1538, 1244 cm'1;
HRMS (FAB) [M+H]* calculated for C21H24NOs: 338.1756, found: 338.1760; [alp3! +35.0
(c0.7, CHCl3); 76% ee; ee was determined by HPLC; DICEL CHIRALPAK AS-H 0.46 cm
¢ X 25 cm; hexane/isopropanol=9/1; flow rate=0.2 mL/min; retention time: 42.3 min for
(89-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentenoic acid ethyl ester, 44.8 min for
(R)-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentenoic acid ethyl ester.

(R)-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentynoic acid methyl ester (18d)

X:Ph

MeO,C”~ “CONHPh

18d was prepared from 14d in 49% yield according to the procedure for 18a.

Re = 0.29 (hexane/ethyl acetate=4/1); 1H NMR (400 MHz, CDCls) § 8.71 (1H, s), 7.53 (2H,
d, J= 8.1 Hz), 7.36-7.26 (7TH, m), 7.12 (1H, t, /= 7.6 Hz), 3.84 (3H, s), 3.15 (1H, d, J=
16.8 Hz), 3.05 (1H, d, /= 16.8 Hz), 1.71 (3H, s); 13C NMR (100 MHz, CDCls) § 174.0,
167.9, 137.4, 131.6, 128.9, 128.2, 128.0, 124.5, 122.9, 120.1, 85.0, 83.8, 54.4, 53.2, 28.1,
21.6; IR (neat) vmax 3356, 2956, 1738, 1678, 1602, 1538, 1444, 1244 cm 1; HRMS (FAB)
[M+HI* calculated for C20H20NO3: 322.1443, found: 322.1443; [alp®® +7.8 (¢ 0.3, CHCLy);
13% ee; ee was determined by HPLC; DICEL CHIRALPAK AS-H 0.46 cm ¢ X 25 cm;
hexane/isopropanol=9/1; flow rate=0.2 mL/min; retention time: 44.2 min for
(89-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentynoic acid methyl ester, 45.8 min
for (B)-2-Methyl-5-phenyl-2-phenylcarbamoyl-4-pentynoic acid methyl ester.
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(R)-2-Methyl-5-phenyl-2-phenylcarbamoylpentanonic acid methyl ester (18e)

. Ph
MeOZCXC;N/I-;h
18e was prepared from 18c¢ in 74% yield according to the procedure for 15.
[alp28 +23.3 (¢ 1.0, CHCl3)
18e was prepared from 18d in 78% yield according to the procedure for 15.
[a]p28 +4.2 (¢ 0.4, CHCls)
Rt = 0.57 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) § 9.11 (1H, s),
7.53-7.51 (2H, m), 7.33-7.23 (4H, m), 7.18-7.08 (4H, m), 3.75 (3H, s), 2.68-2.54 (2H, m),
2.10 (1H, ddd, J= 13.4, 11.2, 5.1 Hz), 1.92 (1H, ddd, J = 13.4, 11.2, 5.1 Hz), 1.68-1.53
(2H, m), 1.51 (3H, s); 13C NMR (100 MHz, CDCls) § 176.0, 169.0, 141.5, 137.7, 128.8,
128.3, 125.8, 124.3, 120.0, 54.2, 52.8, 38.3, 35.8, 26.9, 21.2; IR (neat) vmax 3348, 3060,
3028, 2952, 1734, 1716, 1676, 1600, 1540, 1246, 1118cm i HRMS (FAB) [M+H]+
calculated for C20H24NOs3: 326.1756, found: 326.1758.

PLE Z A\ 72 Rmi ot 250 &

PLE-mediated kinetic resolution of 14c

To a suspension of PLE (350 units) in pH 8 potassium phosphate buffer (250 mL) was
added a suspension of monoester 14c (791 mg, 3.19 mmol, 89% ee) in pH 8 potassium
phosphate buffer (30 mL) via a syringe pump at 30 °C for 72 h. After a week from the
addition of 14c¢, to the reaction mixture was added 2/ VHCI to make pH of the solution to
pH 3. The aqueous layer was extracted with EtOAc (200 mL X 3), dried over Na2SOs,
filtered and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate=4/1) to afford 14c (508 mg, 88%, 96% ee) as a colorless liquid.

2-Methyl-2-(3-phenylpropyl)malonic acid dimethyl ester (13¢)
Ph

MeO,C~ "CO,Me

13e was prepared from 13c in 91% yield according to the procedure for 15.

Rf = 0.44 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.29-7.25 (2H, m),
7.19-7.15 (3H, m), 3.69 (6H, s), 2.62 (2H, t, /= 7.6 Hz), 1.93-1.89 (2H, m), 1.60-1.52 (2H,
m), 1.40 (3H, s); 13C NMR (100 MHz, CDCls) § 172.6, 141.6, 128.2, 125.7, 53.6, 52.4, 35.9,
35.3, 26.2, 20.0; IR (neat) vmax 3000, 2956, 1736, 1268, 1116 cm 1; HRMS (FAB) [M+H]+
calculated for C15sH2:104: 265.1440, found: 265.1440.
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(R)-2-Methyl-2-(3-phenylpropyl)malonic acid monomethyl ester (14¢e)

w—"Ph
Me0,C”~ “CO,H
14e was prepared in 59% yield according to the procedure for PLE-mediated kinetic
resolution of 14c.
R = 0.33 (dichloromethane/methanol=10/1); *H NMR (400 MHz, CDCls) § 7.29-7.26 (2H,
m), 7.20-7.16 (3H, m), 3.73 (3H, s), 2.63 (2H, t, /= 7.3 Hz), 2.00-1.86 (2H, m), 1.68-1.55
(2H, m), 1.44 (3H, s); 13C NMR (100 MHz, CDCls) § 177.5, 172.6, 141.5, 128.3, 125.8,
53.6, 52.7, 36.0, 35.5, 26.3, 20.2; IR (neat) vmax 3028, 2996, 2956, 1736, 1718, 1454, 1268
cm 1; HRMS (FAB) [M+H]* calculated for C14H1904: 251.1283, found: 251.1288; [a]26p
+0.7 (¢ 0.8, CHCls); 36% ee. (14e was converted to 18e according to the procedure for 18a,
and the ee was determined by HPLC.).

(R)-2-Methyl-5-phenyl-2-phenylcarbamoylpentanonic acid methyl ester (18e)
«~""Ph
DN

Me0O,C~ “CONHPh

18e was prepared from 14e in 52% yield according to the procedure for 18a.

[alp36 +11.9 (¢ 0.5, CHCl3); 36% ee; ee was determined by HPLC; DICEL CHIRALCEL
OD-H 0.46 cm ¢ X 25 cm; hexane/isopropanol=9/1; flow rate=0.3 mL/min; retention
time: 27.2 min for (9-2-Methyl-5-phenyl-2-phenylcarbamoylpentanoic acid methyl
ester, 29.1 min for (&)-2-Methyl-5-phenyl-2-phenylcarbamoylpentanoic acid methyl

ester.

2-(4-Methoxyphenylcarbamoyl)-2-methyloctanoic acid methyl ester (18f)

MeOZC%OMe

18f was prepared from 14f in 52% yield according to the procedure for 18a.

Re = 0.57 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 9.06 (1H, s), 7.45 (2H,
AAXX pattern, J= 9.0 Hz), 6.85 (2H, AXXX pattern, /= 9.0 Hz), 3.78 (6H, s), 2.03 (1H,
dt, J=15.4, 7.6 Hz), 1.86 (1H, dt, J= 15.4, 7.6 Hz), 1.51 (3H, s), 1.26-1.19 (8H, m), 0.86
(3H, t, J= 6.8 Hz); 13C NMR (100 MHz, CDCls) § 176.2, 169.0, 156.2, 130.9, 121.6, 114.0,
55.4, 54.1, 52.7, 38.9, 31.5, 29.4, 25.1, 22.5, 21.1, 14.0; IR (neat) vmax 3336, 2932, 1714,
1666, 1602, 1516, 1246 cm 1; HRMS (FAB) [M+H]* calculated for C1sH2sNO4: 322.2018,
found: 322.2005; racemic mixture; ee was determined by HPLC; DICEL CHIRALCEL
OD-H 0.46 cm ¢ X 25 cm; hexane/isopropanocl=19/1; flow rate=0.4 mL/min; retention
time : 20.0, 22.0 min.
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6-Phenylcarbamoyl-3-cyclohexenecarboxylic acid methyl ester (18g)

CO,Me
C[CONHPh
18g was prepared from 14g in 45 %yield according to the procedure for 18a.
Rt = 0.14 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 8.01 (1H, s), 7.50 (2H,
d, J= 8.3 Hz), 7.29 (2H, dd, /= 8.3, 7.3 Hz), 7.08 (1H, t, J= 7.3 Hz), 5.77 (2H, s), 3.72
(3H, ), 3.14-3.05 (2H, m), 2.76-2.27 (4H, m); 13C NMR (100 MHz, CDCls) § 174.7, 170.9,
137.9, 128.8, 125.6, 124.8, 124.0, 119.8, 52.1, 41.6, 40.6, 26.9, 26.0; IR (neat) vmax 3324,
3032, 2952, 1730, 1666, 1602, 1538, 1442, 1250, 1206 cm; HRMS (FAB) [M+H]+
calculated for CisH1sNOs: 260.1287, found: 260.1279; racemic mixture; ee was
determined by HPLC; DICEL CHIRALPAK AS-H 046 cm ¢ X 25 cm;

hexane/isopropanol=3/1; flow rate=0.3 mL/min; retention time: 31.5, 36.6 min.

(S)-5-Phenyl-3-phenylcarbamoylmethyl-4-pentenoic acid methyl ester (18h)
MeO,C CONHPh

N
Ph
18h was prepared from 14h in 34% yield according to the procedure for 18a.

Rt = 0.22 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 7.68 (1H, s), 7.49 (2H,
d, J= 7.8 Hz), 7.33-7.19 (7TH, m), 7.08 (1H, t, J= 7.3 Hz), 6.50 (1H, d, J= 15.9 Hz), 6.18
(1H, dd, /= 15.9, 8.1 Hz), 3.67 (3H, s), 3.28 (1H, dtt, /= 8.1, 7.1, 6.8 Hz), 2.67-2.51 (4H,
m); 13C NMR (100 MHz, CDCls) § 172.5, 169.2, 137.7, 136.7, 131.1, 130.5, 128.9, 128.4,
127.4, 126.2, 124.2, 119.8, 51.8, 42.3, 38.8, 36.7; IR (KBr) vmax 3345, 1736, 1655, 1600,
1527, 1256 cm'l; HRMS (FAB) [M+HI* calculated for Cz0H22NOs: 324.1600, found:
324.1591; [alp27 —27.4 (¢ 0.3, CHCls); 98% ee; ee was determined by HPLC; DICEL
CHIRALPAK AS-H 0.46 cm ¢ X 25 cm; hexane/isopropanol=3/1; flow rate=0.4 mL/min;
retention time: 42.8 min for (£)-5-Phenyl-3-phenylcarbamoylmethyl-4-pentenoic acid
methyl ester, 47.2 min for (S-5-Phenyl-3-phenylcarbamoylmethyl-4-pentenoic acid

methyl ester.

(S)-5-Phenyl-3-phenylcarbamoylmethylpentanoic acid methyl ester (18i)
MeO,C = CONHPh

Ph
18i was prepared from 14i in 49% yield according to the procedure for 18a.

Rt = 0.16 (hexane/ethyl acetate=4/1); 1H NMR (400 MHz, CDCls) § 7.81 (1H, s), 7.52 (2H,
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d, J=7.8 Hz), 7.33-7.17 (7TH, m), 7.09 (1H, t, J= 7.6 Hz), 3.71 (3H, s), 2.71 (2H, t, J= 7.3
Hz), 2.56-2.38 (5H, m), 1.84-1.64 (2H, m); 13C NMR (100 MHz, CDCls) § 173.5, 169.9,
141.5, 137.9, 128.9, 128.4, 128.3, 125.9, 124.1, 119.6, 51.8, 41.9, 37.7, 36.2, 33.3, 33.1; IR
(KBr) vmax 3312, 3023, 2944, 2856, 1730, 1659, 1598, 1523, 1441, 1207, 1153 cm%;
HRMS (FAB) [M+H]* calculated for C20H24NO3: 326.1756, found: 326.1751; [alp28 +4.0 (¢
0.5, CHCl3); 30% ee; ee was determined by HPLC; DICEL CHIRALCEL OD-H 0.46 cm ¢
x 25 cm; hexane/isopropanol=3/1; flow rate=0.3 mL/min; retention time: 26.2 min for
(8-5-Phenyl-3-phenylcarbamoylmethylpentanoic acid methyl ester, 29.4 min for
(R)-5-Phenyl-3-phenylcarbamoylmethylpentanoic acid methyl ester.
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% 2Hi (5)-physostigmine DERXAF A

(-)-physostigmine DIERAREFEERKL ¢

(R)-Methyl 2-(2-chlorophenyl)-3-hydroxy-2-methylpropanoate (5)
OH

\
@chone
cl

To a stirred solution of 4 (850 mg, 3.50 mmol) in CH2Cls (35 mL) was added (COC):
(0.917 mL, 10.5 mmol) and a catalytic amount of DMF, and the reaction mixture was
stirred at room temperature. After evolution of gas ceased, all volatile materials were
removed under reduced pressure affording the crude carboxylic acid chloride, which was
used without further purification. To a solution of the carboxylic acid chloride in THF
(35 mL) was added NaBH4 (663 mg, 17.5 mmol) portionwise at 30 °C, and then was
added MeOH (4.2 mL) at this temperature for 1.5 h. After the reaction was completed,
2N HCI was slowly added to the reaction mixture to adjust the solution to pH 2, and the
aqueous layer was extracted with Et20 (20 mL X 2). The combined organic layer was
dried (Na2S04), and concentrated under reduced pressure. The residue was purified by
flash chromatography (hexane/ethyl acetate=2/1) to afford 5 (688 mg, 86% (2 steps)) as a
colorless oil.

1H NMR (400 MHz, CDCls) § 7.44 (1H, dd, J= 7.8, 1.7 Hz), 7.36 (1H, dd, J= 7.8, 1.7 Hz),
7.31 (1H, ddd, J=17.8, 7.8, 1.7 Hz), 7.24 (1H, ddd, /= 7.8, 7.8, 1.7 Hz), 4.34 (1H, d, J =
11.5 Hz), 3.72 (3H, s), 3.57 (1H, d, /= 11.5 Hz), 2.75 (1H, br), 1.73 (3H, s); 13C NMR (100
MHz, CDCls) § 176.9, 138.2, 133.6, 130.6, 128.6, 128.2, 127.0, 67.0, 52.3, 51.5, 21.2; IR
(neat) vmax 3468, 2956, 1732 cm i; HRMS (FAB) [M+HI* caluculated for C11H14ClOs:
229.0631, found: 229.0632; [alp26 +48.9 (¢ 1.00, CHCls).

(R)-Methyl 2-(2-chlorophenyl)-3-(methoxymethoxy)-2-methylpropanoate (6)
OMOM

\
@chone
cl

To a stirred solution of 5 (882 mg, 3.85 mmol) in CH2Clz (30 mL) was added Nal (57.8
mg, 0.385 mmol), DIPEA (4.03 mL, 23.1 mmol), and MOMCI (0.969 mL, 11.6 mmol)
successively at room temperature, and the mixture was refluxed. After the reaction was
completed, saturated aqueous NaHCOs solution (20 mL) was slowly added to the

reaction mixture and the aqueous layer was extracted with CHz2Clz (15 mL x 2). The
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combined organic layer was dried (Na2SO4), and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane/ethyl acetate=8/1) to afford 6
(955 mg, 91%) as a white solid.

mp 60.9-62.3 °C; 'H NMR (400 MHz, CDCls) § 7.38 (1H, dd, /= 7.3, 1.5 Hz), 7.36 (1H, dd,
J=1.3,1.5 Hz), 7.28 (1H, ddd, J= 7.3, 7.3, 1.5 Hz), 7.22 (1H, ddd, /= 7.3, 7.3, 1.5 Hz),
4.58 (1H, d, /= 6.6 Hz), 4.51 (1H, d, J= 6.6 Hz), 4.15 (1H, d, J= 9.5 Hz), 4.03 (1H, d, J=
9.5 Hz), 3.70 (3H, s), 3.20 (3H, s), 1.70 (3H, s); 13C NMR (100 MHz, CDCls) § 175.2, 139.1,
133.5, 130.6, 128.4, 128.3, 126.8, 96.5, 71.2, 55.2, 52.4, 50.9, 21.8; IR (neat) vmax 2952,
2894, 1726 cm'l; HRMS (FAB) [M+HI]* caluculated for Ci3H1sClO4 273.0894, found:
273.0894; [a]p2® +38.6 ( 0.90, CHCls).

(R)-2-(2-Chlorophenyl)-3-(methoxymethoxy)-2-methylpropanoic acid (7)
OMOM

\
@fLCOZH
cl

To a stirred solution of 6 (875 mg, 3.21 mmol) in MeOH (30 mL) was added 1M NaOH
(30 mL) at room temperature, and the mixture was refluxed. After the reaction was
completed, the mixture was concentrated under reduced pressure. 2N HCI was slowly
added to the aqueous layer to adjust the solution to pH 3, and the aqueous layer was
extracted with Et20 (70 mL X% 2). The combined organic layer was dried (Na2SO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=2/1) to afford 7 (742 mg, 89%) as a colorless oil.
1H NMR (400 MHz, CDCls) § 7.38 (1H, dd, J= 7.6, 1.7 Hz), 7.37 (1H, dd, J= 7.6, 1.7 Hz),
7.27 (1H, ddd, J= 7.6, 7.6, 1.7 Hz), 7.22 (1H, ddd, /= 7.6, 7.6, 1.7 Hz), 4.60 (1H, d, J =
6.6 Hz), 4.53 (1H, d, J= 6.6 Hz), 4.15 (1H, d, J= 9.5 Hz), 4.05 (1H, d, J= 9.5 Hz), 3.22
(3H, s), 1.74 (3H, s); 13C NMR (100 MHz, CDCls) § 180.4, 138.5, 133.6, 130.7, 128.5,
128.4, 126.8, 96.4, 70.9, 55.2, 50.9, 21.7; IR (neat) vmax 2952, 1708 cm 1; HRMS (FAB)
[M+Nal* caluculated for C12H15C104Na: 281.0557, found: 281.0564; [alp3 +34.1 (¢ 0.94,
CHCls).

(R)-2-(2-Chlorophenyl)-3-(methoxymethoxy)-2-methylpropanamide (3)
OMOM

\
@\/LCONHZ
cl

To a stirred solution of 7 (700 mg, 2.71 mmol) in CH2Clz (20 mL) was added (COC)2

(0.713 mL, 8.12 mmol) and a catalytic amount of DMF, and the reaction mixture was
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stirred at room temperature. After evolution of gas ceased, all volatile materials were
removed under reduced pressure affording the crude carboxylic acid chloride, which was
used without further purification. Into a stirred solution of the carboxylic acid chloride
in THF (35 mL) was bubbled NHs at 0 °C. After the reaction was completed, the mixture
was concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=1/2) to afford 3 (539 mg, 77% (2 steps)) as a
white solid.

mp 118.1-122.8 °C; 'H NMR (400 MHz, CDCls) § 7.48 (1H, dd, J= 7.6, 1.7 Hz), 7.40 (1H,
dd, /= 17.6, 1.7 Hz), 7.30 (1H, ddd, J= 7.6, 7.6, 1.7 Hz), 7.25 (1H, ddd, J= 7.6, 7.6, 1.7
Hz), 5.90 (1H, br), 5.51 (1H, br), 4.65 (1H, d, J= 6.6 Hz), 4.60 (1H, d, J= 6.6 Hz), 4.19
(1H, d, = 10.0 Hz), 3.90 (1H, d, J= 10.0 Hz), 3.30 (3H, s), 1.70 (3H, s); 13C NMR (100
MHz, CDCls) § 177.2, 138.8, 134.3, 131.2, 129.0, 128.7, 127.0, 96.6, 71.4, 55.5, 51.4, 22.1;
IR (neat) vmax 3400, 3193, 2945, 1685, 1618 cm';; HRMS (FAB) [M+H]* caluculated for
C12H17CINOs: 258.0897, found: 258.0900; [alp?® +42.9 (¢ 0.52, CHCls).

(R)-3-((Methoxymethoxy)methyl)-3-methylindolin-2-one (8)
OMOM

N
o]
N

N
To a stirred solution of 3 (58.9 mg, 0.229 mmol) in DMF (4 mL) was added K2COs (63.2
mg, 0.457 mmol), Cul (21.8 mg, 0.114 mmol), and N, N-dimethylethylenediamine (0.024
mL, 0.229 mmol) successively at room temperature, and the mixture was refluxed. After
the reaction was completed, the mixture was concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate=2/1) to afford 8
(38.6 mg, 76%) as a white solid.

mp 103.5-103.8 °C; 'H NMR (400 MHz, CDCls) § 8.43 (1H, br), 7.25 (1H, dd, J= 7.6, 1.0
Hz), 7.22 (1H, ddd, /= 7.6, 7.6, 1.0 Hz), 7.05 (1H, ddd, /= 7.6, 7.6, 1.0 Hz), 6.92 (1H, dd,
J=17.6,1.0 Hz), 4.51 (1H, d, J= 6.6 Hz), 4.45 (1H, d, J= 6.6 Hz), 3.85 (1H, d, J= 9.3 Hz),
3.78 (1H, d, J= 9.3 Hz), 3.15 (3H, s), 1.38 (3H, s); 13C NMR (100 MHz, CDCl3) § 181.8,
140.9, 133.1, 128.0, 123.0, 122.3, 109.9, 96.2, 71.6, 55.0, 49.5, 19.6; IR (KBr) Vmax 3437,
3170, 2963, 1719, 1679 cm 1; HRMS (FAB) [M+H]* caluculated for C12H16NOs: 222.1130,
found: 222.1129; [a]p27 -25.1 (¢ 0.93, CHCly).
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(R)-3-((Methoxymethoxy)methyl)-1,3-dimethylindolin-2-one (9)
OMOM

N
o
N

Me

To a suspension of NaH (43.4 mg, 1.08 mmol) in THF (8 mL) was added a solution of 8
(185 mg, 0.834 mmol) in THF (2 mL) dropwise at 0 °C, and the reaction mixture was
stirred for 30 min. Then, to the reaction mixture was added Mel (0.078 mL, 1.25 mmol)
at 0 °C, and strring was continued at 0 °C. After the starting material disappeared, the
reaction was quenched with saturated aqueous NH4Cl solution (5 mL). The aqueous
layer was extracted with Et20 (5 mL X 2). The combined organic layer was dried over
Na2S0s, filtered and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate=3/1) to afford 9 (190 mg, 97%) as a colorless liquid.

'H NMR (400 MHz, CDCls) § 7.31-7.26 (2H, m), 7.07 (1H, ddd, J= 7.6, 7.6, 1.0 Hz), 6.86
(1H, dd, J=17.6, 1.0 Hz), 4.49 (1H, d, J= 6.6 Hz), 4.43 (1H, d, J= 6.6 Hz), 3.81 (1H, d, J=
9.3 Hz), 3.78 (1H, d, J= 9.3 Hz), 3.23 (3H, s), 3.14 (3H, s), 1.35 (3H, s); 13C NMR (100
MHz, CDCls) § 178.9, 143.5, 132.6, 127.9, 122.7, 122.3, 107.9, 96.1, 71.6, 55.0, 48.9, 26.2,
19.7; IR (neat) vmax 3060, 2936, 1716 cm';; HRMS (FAB) [M+HI]* caluculated for
C13H1sNOs: 236.1287, found: 236.1293; [alp3! ~17.6 (¢ 0.76, CHCly).

(R)-3-(Hydroxymethyl)-1,3-dimethylindolin-2-one (2)
OH

N
o
N

Me

To a stirred solution of 9 (61.0 mg, 0.259 mmol) in MeOH (3 mL) was added a catalytic
amount of conc. HCl, and the reaction mixture was stirred at 50 °C. After the starting
material disappeared, the reaction was quenched with saturated aqueous NaHCOs3
solution (3 mL). The aqueous layer was extracted with AcOEt (3 mL X 2). The combined
organic layer was dried over NazSQy, filtered and evaporated. The residue was purified
by flash chromatography (hexane/ethyl acetate=1/1) to afford 2 (40.0 mg, 81%) as a
white solid.

1H NMR (400 MHz, CDCls) § 7.31 (1H, dd, J= 7.8, 7.8 Hz), 7.23 (1H, d, /= 7.3 Hz), 7.10
(1H, dd, J=17.3, 7.3 Hz), 6.87 (1H, d, J= 7.8 Hz), 3.86 (1H, d, J=11.0 Hz), 3.75 (1H, d,
=11.0 Hz), 3.23 (3H, ), 2.27 (1H, br), 1.42 (3H, s); 13C NMR (100 MHz, CDCls) § 179.9,
143.6, 131.7, 128.3, 122.7, 122.7, 108.3, 67.6, 49.9, 26.2, 19.0; IR (KBr) vmax 3363, 1691
cm 1; HRMS (FAB) [M+H]* caluculated for C11H14NO2: 192.0946, found: 192.1024; [a]p26
-8.6 (¢ 0.42, CHCly), lit. [alp2® -8.5 (¢ 0.42, CHCls).
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(-)-physostigmine DX B IEAALF EEK ¢

1,2-Dichloro-4-methoxy-5-nitrobenzene (12)

To a stirred solution of 4,5-dichloro-2-nitrophenol (3.17 g, 15.2 mmol) in acetone (80
mL) was added K2COs (4.21 g, 30.4 mmol), Mel (2.85 mL, 45.6 mmol) successively at
room temperature. After the reaction was completed, saturated aqueous NH4Cl solution
(80 mL) was added to the reaction mixture. The resultant solution was concentrated
under reduced pressure, and the residue was extracted with Et20 (80 mL x 2). The
combined organic layer was dried over NazSOy, filtered and evaporated. The residue
was purified by flash chromatography (hexane/ethyl acetate=30/1) to afford 12 (3.32 g,
99%) as a yellow solid.

Rr = 0.44 (hexane/ethyl acetate=4/1); mp 66.4-71.4 °C; 'H NMR (400 MHz, CDCls) § 7.99
(1H, s), 7.20 (1H, s), 3.98 (3H, s); 13C NMR (100 MHz, CDCls) § 151.9, 138.6, 137.9, 127.0,
123.9, 115.6, 57.1; IR (KBr) vmax 1515, 1343, 1269, 933 cm ..

Dimethyl 2-(2-chloro-5-methoxy-4-nitrophenyl)malonate (12”)

CO,Me

MeO
CO,Me

O,N cl

To a suspension of NaH (1.03 g, 25.8 mmol) in DMF (100 mL) was added dimethyl
malonate (3.69 mL, 32.3 mmol) dropwise at 0 °C, and the reaction mixture was stirred
for 30 min. Then, to the reaction mixture was added a solution of 12 (2.84 g, 12.9 mmol)
in DMF (10 mL) via a cannula at 0 °C, and strring was continued at 100 °C. After the
starting material disappeared, the reaction was quenched with saturated aqueous
NH4CI solution (100 mL). The aqueous layer was extracted with EtzO (100 mL X 2). The
combined organic layer was dried over NasSOy, filtered and evaporated. The residue
was used in the next step without further purification.

Rt = 0.32 (hexane/ethyl acetate=2/1); mp 93.3-96.1 °C; 'H NMR (400 MHz, CDCls) § 7.92
(1H, ), 7.37 (1H, s), 5.28 (1H, s), 3.98 (3H, s), 3.82 (6H, s); 13C NMR (100 MHz, CDCls) §
167.1, 151.5, 139.1, 136.6, 126.1, 125.2, 115.8, 56.9, 53.5, 53.4; IR (KBr) vmax 1770, 1739,
1573, 1526, 1271, 1221, 1144 cm1; HRMS (FAB) [M+H]* caluculated for C12H13CINO7:
318.0381, found: 318.0374.
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Dimethyl 2-(2-chloro-5-methoxy-4-nitrophenyl)-2-methylmalonate (13)

CO,Me
MeO
O,N cl

To a suspension of NaH (723 mg, 18.1 mmol) in THF (100 mL) was added a solution of
12’ in THF (10 mL) dropwise at 0 °C, and the reaction mixture was stirred for 30 min.
Then, to the reaction mixture was added Mel (1.21 mL, 19.4 mmol) at 0 °C, and strring
was continued at 40 °C. After the starting material disappeared, the reaction was
quenched with saturated aqueous NH4Cl solution (100 mL). The aqueous layer was
extracted with Et20 (100 mL x 2). The combined organic layer was dried over NazSOs,
filtered and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate=8/1) to afford 13 (3.38 g, 79% (2 steps)) as a yellow solid.

Rr = 0.28 (hexane/ethyl acetate=2/1); mp 101.2-104.4 °C; 'TH NMR (400 MHz, CDCls) §
7.93 (1H, s), 7.01 (1H, s), 3.95 (3H, s), 3.82 (6H, s), 1.95 (3H, s); 13C NMR (100 MHz,
CDCls) § 170.0, 151.4, 143.7, 138.1, 127.8, 124.8, 114.0, 59.7, 56.6, 53.4, 21.9; IR (KBr)
Vmax 1752, 1728, 1570, 1509, 1266, 1222, 1113 cm 1; HRMS (FAB) [M+H]* caluculated for
C13H15CINO7: 332.0537, found: 332.0551.

Dimethyl 2-(4-amino-2-chloro-5-methoxyphenyl)-2-methylmalonate (14)

Ve CO,Me
CO,Me
H,N cl

A mixture of 13 (3.35 g, 10.1 mmol), 10% Pd/C and AcOEt (100 mL) was stirred under
H: atmospere (1 atm) at room temperature. After the reaction was completed, the
mixture was filtered through a plug of Celite, and the filtrate was concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=8/1) to afford 14 (2.99 g, 98%) as a white solid.

R = 0.21 (hexane/ethyl acetate=2/1); mp 105.6-107.9 °C; 'TH NMR (400 MHz, CDCls) §
6.70 (1H, s), 6.55 (1H, s), 3.80 (3H, s), 3.79 (6H, s), 1.89 (3H, s); 13C NMR (100 MHz,
CDCls) 6§ 171.6, 145.4, 136.6, 126.1, 125.3, 116.5, 110.1, 59.2, 55.5, 53.0, 22.4; IR (KBr)
Vmax 3441, 3358, 2958, 1730, 1578, 1514, 1259, 1229, 1114, 1035 cm 1; HRMS (FAB) [M]+
caluculated for C13H16CINOs: 301.0717, found: 301.0720.
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Dimethyl 2-(2-chloro-5-methoxyphenyl)-2-methylmalonate (15)

co,Me
MeO
\(:6<002Me
cl

To a stirred solution of 14 (2.99 g, 9.91 mmol) in aqueous 50% HsPO2z (80 mL) was added
NaNO: (1.71 g, 25.7 mmol) at 0 °C. After the reaction was completed, K2CO3 was added
to the reaction mixture. The aqueous layer was extracted with EtzO (60 mL X% 2). The
combined organic layer was dried over NasSOy, filtered and evaporated. The residue
was purified by flash chromatography (hexane/ethyl acetate=8/1) to afford 15 (2.27 g,
80%) as a white solid.

Re=0.21 (hexane/ethyl acetate=4/1); mp 70.6-71.6 °C; 'H NMR (400 MHz, CDCls) § 7.29
(1H, d, /= 8.8 Hz), 6.77 (1H, dd, J= 8.8, 2.9 Hz), 6.71 (1H, d, /= 2.9 Hz), 3.80 (6H, s),
3.78 (3H, ), 1.91 (3H, s); 13C NMR (100 MHz, CDCl3) § 170.6, 158.0, 138.1, 131.4, 124.6,
115.1, 112.8, 59.6, 55.1, 52.8, 21.6; IR (KBr) vmax 2958, 1751, 1723, 1602, 1576, 1295,
1253, 1113, 1045 cm'l; HRMS (FAB) [M+H]* caluculated for Ci3Hi6ClOs: 287.0686,
found: 287.0699.

(R)-2-(Methoxycarbonyl)-2-(2-chloro-5-methoxyphenyl)propanoic acid (11)

~CO,H
MeO. \
\@(Lcozlvm
cl

To a suspension of 15 (2.27 g, 7.92 mmol) in pH 8 phosphate buffer (190 mL) was added
PLE (1900 units), and the reaction mixture was stirred at 30 °C. After the reaction was
completed, to the reaction mixture was added 2N HCI to make pH of the solution to pH
3. The aqueous layer was extracted with EtOAc (50 mL X 2), dried over Na2SOQy, filtered
and evaporated. The residue was purified by flash chromatography (hexane/ethyl
acetate=4/1) to afford 11 (1.86 g, 86%) as a colorless oil.

Rt = 0.18 (dichloromethane/methanol=10/1); 1H NMR (400 MHz, CDCls) § 11.35 (1H, br),
7.29 (1H, d, J= 8.8 Hz), 7.02 (1H, d, /= 2.9 Hz), 6.84 (1H, dd, J= 8.8, 2.9 Hz), 3.83 (3H,
s), 3.79 (3H, s), 1.98 (3H, s); 13C NMR (100 MHz, CDCls) § 176.8, 171.8, 158.4, 137.2,
130.5, 124.9, 115.6, 113.5, 56.5, 55.5, 54.2, 23.2; IR (neat) vmax 2956, 1744, 1604, 1578,
1414, 1296, 1250, 1114, 1044 cm'}; HRMS (FAB) [M+H]* caluculated for Ci12H14ClOs:
273.0530, found: 273.0540; [alp2! +27.1 (¢ 1.44, CHCl3); 99% ee (For the determination of

ee, see the experiment for 11’.).
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(R)-Methyl 2-(phenylcarbamoyl)-2-(2-chloro-5-methoxyphenyl)propanoate (11°)

MeO | .CONHPh
CO,Me
cl

To a stirred solution of 11 (72.2 mg, 0.265 mmol) in CH2Cls (2 mL) was added (COCI)2
(0.069 mL, 0.794 mmol) and a catalytic amount of DMF, and the reaction mixture was
stirred at room temperature. After evolution of gas ceased, all volatile materials were
removed under reduced pressure affording the crude carboxylic acid chloride, which was
used without further purification. To a solution of the carboxylic acid chloride in CH2Cl2
(2 mL) was added aniline (0.073 mL, 0.794 mmol) at 0 °C, and the reaction mixture was
stirred at room temperature. After the reaction was completed, to the reaction mixture
was added H20 (1 mL), and the aqueous layer was extracted with ether (1 mL X 3). The
combined organic layer was washed with 2NV HCl, saturated aqueous NaHCOs and
brine, dried over Na2SQ4, filtered and evaporated. The residue was purified by PTLC
(hexane/ethyl acetate=2/1) to afford 11’ (87.3 mg, 95% (2 steps)) as a pale yellow solid.
Rt = 0.43 (hexane/ethyl acetate=2/1); mp 104.6-106.0 °C; 'TH NMR (400 MHz, CDCls) §
10.29 (1H, s), 7.60 (2H, dd, /= 8.3, 1.2 Hz), 7.32 (2H, dd, /= 8.3, 7.3 Hz), 7.26 (1H, d, J=
8.5 Hz), 7.10 (1H, tt, J= 7.3, 1.2 Hz), 7.02 (1H, d, /= 2.9 Hz), 6.80 (1H, dd, J= 8.5, 2.9
Hz), 3.80 (3H, s), 3.74 (3H, s), 1.99 (3H, s); 13C NMR (100 MHz, CDCls) § 175.9, 168.1,
158.4, 139.1, 137.9, 130.4, 128.9, 125.2, 124.3, 120.0, 115.8, 113.1, 57.8, 55.4, 53.5, 24.0;
IR (KBr) vmax 2951, 1720, 1678, 1599, 1549, 1298, 1270, 1126, 1038 cm1; HRMS (FAB)
[M+HI* caluculated for CisH1sNClO4: 348.1003, found: 348.1001; [alp?! -16.5 (c 1.49,
CHCI3); 99% ee; ee was determined by HPLC; DICEL CHIRALCEL OD-H 0.46 cm ¢ X
25 cm; hexane/isopropanol=9/1; flow rate=0.5 mL/min; retention time: 16.6 min for
(9-methyl 2-(phenylcarbamoyl)-2-(2-chloro-5-methoxyphenyl)propanoate, 19.3 min
for (R)-methyl 2-(phenylcarbamoyl)-2-(2-chloro-5-methoxyphenyl)propanoate.

(R)-Methyl 2-(2-chloro-5-methoxyphenyl)-3-hydroxy-2-methylpropanoate (16)
OH

\
MeO
© \@Lcone
cl

16 was prepared from 11 in 93%yield (2 steps) according to the procedure for 5.

Rt = 0.22 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) 6 7.26 (1H, d, J= 8.8
Hz), 6.98 (1H, d, J=2.9 Hz), 6.77 (1H, dd, J= 8.8, 2.9 Hz), 4.32 (1H, d, /= 11.5 Hz), 3.81
(3H, s), 3.72 (3H, s), 3.55 (1H, d, J/= 11.5 Hz), 2.76 (1H, br), 1.71 (3H, s); 13C NMR (100
MHz, CDCls) § 177.0, 158.5, 139.1, 131.3, 125.0, 115.2, 113.0, 67.2, 55.5, 52.5, 51.6, 21.2;
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IR (neat) vmax 3444, 2952, 1732, 1602, 1576, 1414, 1296, 1246, 1114, 1048 cm ; HRMS
(FAB) [M+H]* caluculated for Ci12H16ClO4: 259.0737, found: 259.0734; [alp22 +52.3 (¢
1.61, CHCls).

(R)-Methyl 2-(2-chloro-5-methoxyphenyl)-3-(methoxymethoxy)-2-methylpropanoate (17)
OMOM

\
MeO
€ \CELCOZMe
cl

17 was prepared from 16 in 93% yield according to the procedure for 6.

Rt = 0.44 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 7.26 (1H, d, /= 8.5
Hz), 6.94 (1H, d, J=2.9 Hz), 6.75 (1H, dd, J= 8.5, 2.9 Hz), 4.58 (1H, d, J/= 6.6 Hz), 4.52
(1H, d, J= 6.6 Hz), 4.12 (1H, d, J= 9.5 Hz), 4.01 (1H, d, /= 9.5 Hz), 3.80 (3H, s), 3.70
(3H, s), 3.23 (3H, s), 1.67 (3H, s); 13C NMR (100 MHz, CDCls) § 175.0, 158.2, 140.2, 131.1,
124.9, 115.6, 112.5, 96.5, 71.2, 55.4, 55.2, 52.4, 50.9, 21.7; IR (neat) vmax 2948, 1736, 1602,
1576, 1470, 1296, 1250, 1110, 1046 cm '; HRMS (FAB) [M]* caluculated for C14H19C1Os:
302.0921, found: 302.0912; [a]lp22 +10.5 (¢ 0.84, CHCl»).

(R)-2-(2-Chloro-5-methoxyphenyl)-3-(methoxymethoxy)-2-methylpropanoic acid (18)
OMOM

\
MeO
e \i:(L(:ozH
cl

18 was prepared from 17 in 97% yield according to the procedure for 7.

Rt = 0.50 (dichloromethane/methanol=2/1); 'H NMR (400 MHz, CDCls) § 7.27 (1H, d, J=
8.8 Hz), 6.94 (1H, d, J= 2.9 Hz), 6.76 (1H, dd, J= 8.8, 2.9 Hz), 4.60 (1H, d, /= 6.6 Hz),
4.54 (1H, d, J= 6.6 Hz), 4.12 (1H, d, J= 9.5 Hz), 4.03 (1H, d, /= 9.5 Hz), 3.80 (3H, s),
3.24 (3H, s), 1.72 (3H, s); 13C NMR (100 MHz, CDCls) § 179.0, 158.2, 139.4, 131.2, 125.0,
115.6, 112.8, 96.5, 70.9, 55.5, 55.3, 50.9, 21.6; IR (neat) vmax 3084, 2944, 1710, 1602, 1576,
1472, 1294, 1244, 1152, 1046 cm'; HRMS (FAB) [M]* caluculated for CisHi7ClOs:
288.0765, found: 288.0755; [alp24 +10.9 (¢ 1.92, CHCl»).

(R)-2-(2-Chloro-5-methoxyphenyl)-3-(methoxymethoxy)-2-methylpropanamide (19)
OMOM

\
MeO
€ \CELCONHZ
cl

19 was prepared from 18 according to the procedure for 3.

The crude amide 19 was used for the next step without further purification.

74



(R)-5-Methoxy-3-((methoxymethoxy)methyl)-3-methylindolin-2-one (20)
OMOM

\
MeO o
(6]

N

H
20 was prepared from 19 in 96% yield (3 steps) according to the procedure for 8.
Rt = 0.20 (hexane/ethyl acetate=1/1); mp 77.4-79.6 °C; 'H NMR (400 MHz, CDCls) § 9.23
(1H, s), 6.87 (1H, d, J= 2.4 Hz), 6.86 (1H, d, J= 8.3 Hz), 6.74 (1H, dd, J= 8.3, 2.4 Hz),
4.52 (1H, d, J= 6.6 Hz), 4.48 (1H, d, J= 6.6 Hz), 3.83 (1H, d, J= 9.3 Hz), 3.79 (3H, s),
3.78 (1H, d, J= 9.3 Hz), 3.24 (3H, s), 1.37 (3H, s); 13C NMR (100 MHz, CDCl3) § 181.7,
155.7, 134.5, 134.3, 112.3, 110.4, 110.2, 96.2, 71.6, 55.7, 55.1, 50.0, 19.7; IR (KBr) Vmax
3283, 1721, 1682, 1493, 1200, 1116, 1049, 1030 cm ; HRMS (FAB) [MI]* caluculated for
C13H17NO4: 251.1158, found: 251.1161; [alp2! -36.6 (¢ 1.34, CHCls).

(R)-5-Methoxy-3-((methoxymethoxy)methyl)-1,3-dimethylindolin-2-one (20”)
OMOM

\
MeO oY
(e]
N

Me
20’ was prepared from 20 according to the procedure for 9.
The crude 20’ was sufficiently pure, and was used for the next step without further
purification.
Rt = 0.30 (hexane/ethyl acetate=1/1); TH NMR (400 MHz, CDCls) § 6.91 (1H, d, J= 2.4
Hz), 6.80 (1H, dd, J= 8.3, 2.4 Hz), 6.76 (1H, d, J= 2.4 Hz), 4.50 (1H, d, J= 6.6 Hz), 4.45
(1H, d, J = 6.6 Hz), 3.80 (3H, s), 3.78 (1H, d, /= 9.3 Hz), 3.77 (1H, d, /= 9.3 Hz), 3.21
(3H, s), 3.17 (3H, s), 1.34 (3H, s); 13C NMR (100 MHz, CDCls) § 178.5, 155.9, 137.1, 134.1,
111.9, 110.6, 108.1, 96.3, 71.7, 55.8, 55.1, 49.3, 26.3, 19.8; IR (neat) vmax 2944, 1712, 1500,
1148, 1112, 1042 cm''; HRMS (FAB) [M]+ caluculated for C14H1aNO4: 265.1314, found:
265.1311; [alp26 -47.3 (¢ 1.32, CHCly).

(R)-3-(Hydroxymethyl)-5-methoxy-1,3-dimethylindolin-2-one (21)
OH

\
MeO S
(0]
N

Me
21 was prepared from 20’ in 73% yield (2 steps) according to the procedure for 2.
R = 0.11 (hexane/ethyl acetate=1/1); mp 133.7-139.6 °C; 'TH NMR (400 MHz, CDCls) §
6.84 (1H, d, J=2.4 Hz), 6.82 (1H, dd, J= 8.3, 2.4 Hz), 6.78 (1H, d, /= 8.3 Hz), 3.83 (1H,
d, J=10.7 Hz), 3.80 (3H, s), 3.73 (1H, d, J=10.7 Hz), 3.20 (3H, s), 1.40 (3H, s); 13C NMR
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(100 MHz, CDCls) 6 179.5, 156.2, 137.0, 133.1, 112.2, 110.5, 108.5, 67.6, 55.8, 50.3, 26.3,
19.0; IR (KBr) vmax 3385, 2927, 1686, 1493, 1294, 1042 cm'l; HRMS (FAB) [M]+
caluculated for C12H1:NO3: 221.1052, found: 221.1048; [alp26 -15.7 (¢ 0.84, CHCly).

(S)-3-(lodomethyl)-5-methoxy-1,3-dimethylindolin-2-one (22)
|

\
MeO
(0]
N

Me

To a stirred solution of 21 (127 mg, 0.574 mmol) in toluene (5 mL) was added imidazole
(117 mg, 1.72 mmol), PPhs (452 mg, 1.72 mmol), and I2 (364 mg, 1.44 mmol) successively
at room temperature, and the mixture was refluxed. After the reaction was completed, a
mixture of saturated aqueous NaHCOs3 solution (3 mL) and saturated aqueous Na2S203
solution (3 mlL) were added to the reaction mixture, and the aqueous layer was
extracted with Et20 (5 mL x 2). The combined organic layer was dried (Na2SO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=4/1) to afford 22 (125 mg, 66%) as a colorless
solid.

Rr = 0.52 (hexane/ethyl acetate=1/1); mp 114.0-116.0 °C; '"H NMR (400 MHz, CDCls) &
6.90 (1H, d, J= 2.4 Hz), 6.86 (1H, dd, /= 8.5, 2.4 Hz), 6.79 (1H, d, J= 8.5 Hz), 3.82 (3H,
s), 3.51 (1H, d, J= 9.8 Hz), 3.41 (1H, d, J= 9.8 Hz), 3.23 (3H, s), 1.51 (3H, s); 13C NMR
(100 MHz, CDCls) § 177.5, 156.0, 136.6, 133.9, 112.5, 110.3, 108.5, 55.8, 48.9, 26.4, 23.0,
10.8; IR (KBr) vmax 1705, 1693, 1498, 1224 cm'; HRMS (FAB) [MI]* caluculated for
C12H14INO2: 331.0069, found: 331.0070; [alp28 -17.3 (¢ 1.35, CHCls).

2-((S)-5-Methoxy-1,3-dimethyl-2-oxoindolin-3-yl)acetonitrile (10)
CN

\
MeO
(0]
N

Me

To a stirred solution of 22 (75.3 mg, 0.227 mmol) in DMSO (3 mL) was added a NaCN
(44.6 mg, 0.910 mmol), and the reaction mixture was stirred at 80 °C. After the starting
material disappeared, the reaction was quenched with saturated aqueous NaHCO3
solution (3 mL). The aqueous layer was extracted with Et20 (5 mL x 2). The combined
organic layer was dried over NazSQy, filtered and evaporated. The residue was purified
by flash chromatography (hexane/ethyl acetate=2/1) to afford 10 (45.0 mg, 86%) as a
colorless oil.

Rt = 0.35 (hexane/ethyl acetate=1/1); TH NMR (400 MHz, CDCls) § 7.10 (1H, d, J= 2.4
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Hz), 6.87 (1H, dd, /= 8.5, 2.4 Hz), 6.82 (1H, d, J= 8.5 Hz), 3.82 (3H, s), 3.23 (3H, s), 2.85
(1H, d, J=16.6 Hz), 2.57 (1H, d, /= 16.6 Hz), 1.52 (3H, s); 13C NMR (100 MHz, CDCls) §
177.1, 156.4, 136.0, 132.2, 116.5, 113.4, 110.4, 109.1, 55.8, 45.2, 26.5, 26.3, 22.1; IR
(neat) vmax 1712, 1602, 1506, 1454, 1292, 1042 cm '; HRMS (FAB) [MI]* caluculated for
C13H14N202: 230.1055, found: 230.1055; [alp25 +58.9 (c 1.42, CHCIy), lit. [alp +57.5 (c
0.50, CHCls).
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(E)-(R)-2-Hydroxymethyl-2-methyl-5-phenylpent-4-enoic acid methyl ester (7)

—~TPh
MeOZCX

OH
To a stirred solution of 6 (20.8 g, 83.8 mmol) in CH2Cl: (250 mL) was added (COCD):

(21.9 mL, 251 mmol) and a catalytic amount of DMF, and the reaction mixture was
stirred at room temperature. After evolution of gas ceased, all volatile materials were
removed under reduced pressure affording the crude carboxylic acid chloride, which was
used without further purification. To a solution of the carboxylic acid chloride in THF
(500 mL) was added NaBH4 (9.51 g, 251 mmol) portionwise at 30 °C, and then was
added MeOH (50 mL) at this temperature for 1.5 h. After the reaction was completed,
2N HCI was slowly added to the reaction mixture to adjust the solution to pH 2, and the
aqueous layer was extracted with Et20 (300 mL x 2). The combined organic layer was
dried (Na2S04), and concentrated under reduced pressure. The residue was purified by
flash chromatography (hexane/ethyl acetate=4/1) to afford 7 (16.2 g, 83% (2 steps)) as an
oil.

Rf = 0.27 (hexane/ethyl acetate=2/1); '1H NMR (400 MHz, CDCls) § 7.34-7.20 (5H, m),
6.44 (1H, d, J=15.6 Hz), 6.15 (1H, ddd, J= 15.6, 7.6, 7.6 Hz), 3.73 (3H, s), 3.72 (1H, dd,
J=11.5,7.1 Hz), 3.61 (1H, dd, /= 11.5, 6.3 Hz), 2.51 (2H, d, J= 7.6 Hz), 2.31 (1H, dd, J=
7.1, 6.3 Hz), 1.22 (3H, s); 13C NMR (100 MHz, CDCls) § 177.1, 137.2, 133.5, 128.5, 127.3,
126.1, 124.8, 67.8, 52.0, 48.2, 39.0, 19.5; IR (neat) vmax 3420, 2956, 2364, 1732, 1212,
1126, 1040, 970, 744, 694 cm1; HRMS (FAB) [M+H]* calculated for C14H1903: 235.1334,
found: 235.1329; [alp3s +10.5 (¢ 1.2, CHCl3).

(E)-(R)-2-Methoxymethoxymethyl-2-methyl-5-phenylpent-4-enoic acid methyl ester (8)
2 TPh

MeO,C
OMOM

To a stirred solution of 7 (16.2 g, 69.2 mmol) in CH2Clz (400 mL) was added Nal (2.07 g,
13.8 mmol), DIPEA (72.3 mL, 415 mmol), and MOMCI (21.0 mL, 277 mmol) successively
at room temperature, and the mixture was refluxed. After the reaction was completed,
saturated aqueous NaHCOs3 solution (300 mL) was slowly added to the reaction mixture
and the aqueous layer was extracted with CHz2Clz (200 mL % 2). The combined organic

layer was dried (Na2SO4), and concentrated under reduced pressure. The residue was
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purified by flash chromatography (hexane/ethyl acetate=8/1) to afford the titled MOM
ether 8 (19.1 g, 99%) as an oil.

Rf = 0.37 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.34-7.19 (5H, m),
6.43 (1H, d, J= 15.6 Hz), 6.12 (1H, ddd, J= 15.6, 7.8, 7.6 Hz), 4.61 (2H, s), 3.70 (3H, s),
3.66 (1H, d, J=9.3 Hz), 3.55 (1H, d, /= 9.3 Hz), 3.35 (3H, s), 2.56 (1H, dd, /= 13.7, 7.6
Hz), 2.45 (1H, dd, J = 13.7, 7.8 Hz), 1.26 (3H, s); 13C NMR (100 MHz, CDCls) § 175.8,
137.3, 133.4, 128.5, 127.2, 126.1, 125.0, 96.6, 72.7, 55.2, 51.8, 47.4, 39.1, 19.8; IR (neat)
vmax 3032, 2952, 2888, 1732, 1458, 1436, 1216, 1150, 1112, 1048, 970, 920, 744, 694 cm'1;
HRMS (FAB) [M+H]* calculated for C16H2304: 279.1596, found: 279.1596; [alp24 +5.4 (c
1.1, CHCly).

(E)-(S)-2-Methoxymethoxymethyl-2-methyl-5-phenylpent-4-en-1-ol (8°)

—~"Ph
HO N

OMOM
To a stirred solution of LiAlH4 (2.44 g, 51.5 mmol) in Et20 (350 mL) was added a

solution of 8 (19.1 g, 68.6 mmol) in Et20 (30 mL) dropwise at 0 °C, and the reaction
mixture was stirred at room temperature. After the reaction was completed, saturated
aqueous Na2SO4 solution was slowly added dropwise to the reaction mixture till no gas
evolution was observed, and the precipitated solid was filtered off through a Celite pad.
The filtrate and washings were combined, and concentrated under reduced pressure.
The residue, crude 8, was used without further purification.

Rt = 0.28 (hexane/ethyl acetate=2/1).

(E)-(R)-Acetic acid 2-methoxymethoxymethyl-2-methyl-5-phenylpent-4-enyl ester (9)

—FTPh
AcO N\

OMOM
To a stirred solution of crude 8 obtained as above in CH:2Cls (400 mI) was added

pyridine (6.66 mL, 82.4 mmol), DMAP (839 mg, 6.86 mmol), AczO (7.77 mL, 82.4 mmol)
successively at room temperature. After the reaction was completed, saturated aqueous
NH4C1 solution (300 mL) was added to the reaction mixture and the aqueous layer was
extracted with CH2Clz (200 mL X 2). The combined organic layer was dried (Na2SOa4),
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=8/1) to afford the titled acetate 9 (19.2 g, 96% (2
steps)) as an oil.

Rf = 0.34 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.35-7.18 (5H, m),
6.41 (1H, d, J= 15.6 Hz), 6.19 (1H, ddd, J= 15.6, 7.6, 7.6 Hz), 4.61 (2H, s), 3.99 (2H, s),

79



3.38 (1H, d, J=9.3 Hz), 3.36 (1H, d, J= 9.3 Hz), 3.35 (3H, s), 2.27 (1H, ddd, J= 13.7, 7.6,
1.2 Hz), 2.25 (1H, ddd, J/ = 13.7, 7.6, 1.2 Hz), 2.07 (3H, s), 0.98 (3H, s); 13C NMR (100
MHz, CDCls) § 171.0, 137.4, 133.2, 128.5, 127.1, 126.0, 125.3, 96.7, 71.7, 68.4, 55.2, 38.5,
38.3, 20.9, 19.3; IR (neat) vmax 2936, 2888, 1740, 1242, 1150, 1112, 1048, 970, 918, 744,
694 cm'i; HRMS (FAB) [M+H]* calculated for Ci7H2504: 293.1753, found: 293.1752;
[alp24 +2.4 (¢ 1.1, CHCls).

(R)-Acetic acid 4-hydroxy-2-methoxymethoxymethyl-2-methylbutyl ester (10)

\F\/OH
AcO.

OMOM

Into a stirred solution of 9 (5.14 g, 17.6 mmol) in MeOH (150 mL) was bubbled O3 at -78
°C till the starting material was consumed. Then, NaBH4 (1.66 g, 43.9 mmol) was added
portionwise to the reaction mixture and the reaction mixture was wormed up to 0 °C
with stirring. After the reaction was completed, saturated aqueous NH4Cl solution (100
mL) was added to the reaction mixture and the aqueous layer was extracted with Et20
(100 mL X 2). The combined organic layer was dried (Na2SO4), and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=8/1) to afford 10 (3.65 g, 94% (2 steps)) as an oil.

Rt = 0.23 (hexane/ethyl acetate=1/1); 1H NMR (400 MHz, CDCls) § 4.61 (2H, s), 3.98 (1H,
d, J=11.0 Hz), 3.96 (1H, d, /= 11.0 Hz), 3.73 (1H, ddd, /= 13.2, 6.6, 6.6 Hz), 3.72 (1H,
ddd, /= 13.2, 6.6, 6.6 Hz), 3.40 (2H, s), 3.35 (3H, s), 2.07 (3H, s), 1.68 (1H, ddd, /= 14.2,
6.6, 6.6 Hz), 1.63 (1H, ddd, = 14.2, 6.6, 6.6 Hz), 0.98 (3H, s); 13C NMR (100 MHz,
CDClIs) § 170.9, 96.7, 72.2, 68.7, 58.6, 55.4, 38.2, 37.2, 20.9, 19.9; IR (neat) vmax 3400,
2944, 2892, 1742, 1248, 1150, 1114, 1048 cm; HRMS (FAB) [M+H]* calculated for
C10H2105: 221.1389, found: 221.1386; [alp25 -1.2 (¢ 1.1, CHCly).

(R)-Acetic acid 4-(1-ethoxyethoxy)-2-methoxymethoxymethyl-2-methylbutyl ester (11)

—~CFE

AcO
OMOM

To a stirred solution of 10 (15.4 g, 70.0 mmol) in CH2Clz (400 mL) was added ethyl vinyl
ether (10.1 mL, 105 mmol), PPTS (1.76 g, 7.00 mmol) successively at room temperature.
After the reaction was completed, triethylamine (1.2 mL) was added to the reaction

mixture, and the resultant mixture was concentrated under reduced pressure. The

residue was purified by flash chromatography (hexane/ethyl acetate=8/1) to afford the
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titled ethoxyethylether 11 (19.6 g, 96%) as an oil.

Rt = 0.48 (hexane/ethyl acetate=2/1); 1TH NMR (400 MHz, CDCls) § 4.67 (1H, q, J= 5.4
Hz), 4.59 (2H, s), 3.96 (2H, s), 3.70-3.58 (2H, m), 3.52-3.44 (2H, m), 3.37-3.30 (2H, m),
3.34 (3H, s), 2.06 (3H, s), 1.60-1.70 (2H, m), 1.30 (3H, d, /= 5.4 Hz), 1.20 (8H, t, J= 7.1
Hz), 0.97 (3H, s); 13C NMR (100 MHz, CDCls) § 171.0, 99.6, 99.5, 96.6, 72.0, 68.5, 61.2,
60.6, 55.1, 37.0, 34.4, 20.8, 19.8, 19.5, 15.3; IR (neat) vmax 2980, 2936, 2888, 1742, 1242,
1150, 1132, 1112, 1048 cm't; HRMS (FAB) [M-EtO]* calculated for Ci12Hz2305: 247.1545,
found: 247.1545.

(S)-4-(1-Ethoxyethoxy)-2-methoxymethoxymethyl-2-methylbutan-1-ol (11°)

oﬁ\/OEE
HO N

OoMOM

To a stirred solution of 11 (4.62 g, 15.8 mmol) in MeOH (120 mL) was added K2COs (6.55
g, 47.4 mmol) at room temperature. After the reaction was completed, saturated
aqueous NH4Cl solution (80 mL) was added to the reaction mixture. The resultant
solution was concentrated under reduced pressure, and the residue was extracted with
Et20 (80 mL X 2). The combined organic layer was dried (Na2SO4), and purified by flash
chromatography (hexane/ethyl acetate=2/1) to afford the titled alcohol 11’ (3.91 g, 99%)
as an oil.

Rt = 0.24 (hexane/ethyl acetate=2/1); 1TH NMR (400 MHz, CDCls) § 4.69 (1H, q, J= 5.4
Hz), 4.61 (2H, s), 3.72 (1H, m), 3.64 (1H, m), 3.55-3.36 (6H, m), 3.36 (3H, s), 3.06 (1/2H, t,
J=6.8 Hz), 3.05 (1/2H, t, J= 6.8 Hz), 1.71 (1H, m), 1.59 (1H, m), 1.32 (3H, d, J= 5.4 Hz),
1.21 (3H, t, J= 7.1 Hz), 0.93 (3/2H, s), 0.92 (3/2H, s); 13C NMR (100 MHz, CDCls) § 99.7,
96.7, 74.2, 68.4, 61.6, 61.3, 60.9, 55.2, 38.6, 34.7, 34.6, 19.8, 19.7, 15.4; IR (neat) Vmax
3476, 2980, 2936, 2884, 1384, 1148, 1110, 1046 cm1; HRMS (FAB) [M+H]* calculated for
C12H2705: 251.1858, found: 251.1858.

(R)-4-(1-Ethoxyethoxy)-2-methoxymethoxymethyl-2-methylbutyraldehyde (12)

s\\/OEE
Ox XN

OMOM

To a stirred solution of 11’ (3.87 g, 15.5 mmol) in CH2Clz (120 mL) was added DMSO
(21.9 mL, 309 mmol), EtsN (21.5 mL, 155 mmol), and SOsPy (12.3 g, 77.3 mmol)
successively at 0 °C. After the reaction was completed, saturated aqueous NaHCO3

solution (200 mL) was slowly added to the reaction mixture and the aqueous layer was
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extracted with Et20 (200 mL x 2). The combined organic layer was dried (Na2SO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=6/1) to afford 12 (3.76 g, 98%) as an oil.

Rt = 0.44 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) § 9.55 (1H, s), 4.63
(1/2H, q, J=5.4 Hz), 4.61 (1/2H, q, J= 5.4 Hz), 4.59 (2H, s), 3.69-3.51 (4H, m), 3.49-3.41
(2H, m), 3.34 (3H, s), 2.04-1.94 (1H, m), 1.79-1.70 (1H, m), 1.26 (3/2H, d, /= 5.4 Hz),
1.25 (3/2H, d, J=5.4 Hz), 1.19 (3H, t, J= 7.1 Hz), 1.14 (3/2H, s), 1.13 (3/2H, s); 13C NMR
(100 MHz, CDCls) 6 204.4, 99.7, 99.5, 96.6, 71.3, 71.2, 60.7, 60.5, 55.3, 48.9, 48.8, 33.4,
19.5, 16.7, 16.5, 15.3; IR (neat) vmax 2984, 2940, 2892, 1730, 1382, 1148, 1112, 1048 cm'1;
HRMS (FAB) [M+Nal* calculated for C12H2405Na: 271.1521, found: 271.1516.

(E)-(S)-6-(1-Ethoxyethoxy)-4-methoxymethoxymethyl-4-methylhex-2-enoic acid ethyl ester
(12)

OEE

Etozc/\>ﬁ

OMOM

To a stirred solution of +-BuOK (2.94 g, 26.2 mmol) in THF (100 mL) was added triethyl
phosphonoacetate (7.81 mL, 39.4 mmol) at 0 °C. After stirring for 10 min, a solution of
12 in THF (10 mL) was added dropwise at —78 °C. Then the reaction mixture was
warmed up to room temperature and was stirred. After the reaction was completed,
saturated aqueous NH4Cl solution (80 mL) was added to the reaction mixture and the
aqueous layer was extracted with Et20 (80 mL X 2). The combined organic layer was
dried (Na2S04), and concentrated under reduced pressure. The residue was purified by
flash chromatography (hexane/ethyl acetate=8/1) to afford the titled ester 12’ (4.18 g,
100%) as an oil.

Rt = 0.49 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 6.98 (1H, d, J= 16.1
Hz), 5.81 (1H, d, J= 16.1 Hz), 4.65 (1/2H, q, J= 5.4 Hz), 4.64 (1/2H, q, J= 5.4 Hz), 4.60
(2H, s), 4.19 (2H, q, J = 7.3 Hz), 3.64-3.54 (2H, m), 3.52-3.35 (4H, m), 3.34 (3H, s),
1.85-1.71 (2H, m), 1.29 (3H, t, /= 7.3 Hz), 1.28 (38H, d, /= 5.4 Hz), 1.19 8H, t, J= 7.1
Hz), 1.13 (3H, s); 13C NMR (100 MHz, CDCls) § 166.7, 154.0, 119.8, 99.6, 99.5, 96.6, 74.6,
74.5, 61.5, 61.4, 60.5, 60.2, 55.3, 40.0, 37.0, 21.2, 21.1, 19.8, 15.3, 14.2; IR (neat) Vmax
2984, 2940, 2888, 1722, 1370, 1148, 1112, 1050 cm™1; HRMS (FAB) [M+H]* calculated for
C16H3106: 319.2121, found: 319.2122.
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(E)-(S)-6-(1-Ethoxyethoxy)-4-methoxymethoxymethyl-4-methylhex-2-en-1-ol (13)

S\\/OEE
HO X

OMOM

To a stirred solution of 12’ (6.37 g, 20.0 mmol) in CH2Cls (150 mL) was added a solution
of DIBAL-H in toluene (53.2 mL, 0.94 M) at —78 °C. After the reaction was completed,
MeOH was added to the reaction mixture at —78 °C till no gas evolution was observed.
Then, saturated aqueous Rochelle salt solution (100 mL) was added to the reaction
mixture and the resultant solution was stirred vigorously at room temperature. After 30
min, the aqueous layer was extracted with CH2Clz (80 mL X 2). The combined organic
layer was dried (Na2SO4), and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate=2/1) to afford the titled alcohol
13 (5.45 g, 100%) as an oil.

Rt = 0.18 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 5.70 (1H, d, J= 15.9
Hz), 5.65 (1H, dt, J= 15.9, 5.1 Hz), 4.65 (1H, q, J= 5.4 Hz), 4.60 (2H, s), 4.14 (2H, dd, J=
5.4, 5.1 Hz), 3.65-3.56 (2H, m), 3.51-3.37 (2H, m), 3.35 (3H, s), 3.33 (2H, s), 1.74-1.69
(2H, m), 1.29 (3H, d, J = 5.4 Hz), 1.20 (3H, t, J= 7.1 Hz), 1.08 (3H, s); 13C NMR (100
MHz, CDCIs) § 137.9, 127.6, 99.6, 99.5, 96.7, 75.6, 63.8, 61.8, 60.6, 60.5, 55.2, 38.9, 37.3,
21.6, 19.9, 19.8, 15.3; IR (neat) vmax 3436, 2980, 2936, 2884, 1384, 1148, 1110, 1048 cm™1;
HRMS (FAB) [M-EtOl* calculated for C12Hz2304: 231.1596, found: 231.1596.

(E)-(S)-1-Chloro-6-(1-ethoxyethoxy)-4-methoxymethoxymethyl-4-methylhex-2-ene (14)

x\\/OEE

Cl
OMOM

To a stirred solution of 18 (5.45 g, 19.7 mmol) in DMF (120 mL) was added LiCl (3.34 g,
78.9 mmol), 2,6-lutidine (9.19 mL, 78.9 mmol), MsCl (3.05 mL, 39.4 mmol) successively
at 0 °C. After the reaction was completed, saturated aqueous NH4Cl solution (80 mL)
was added to the reaction mixture and the aqueous layer was extracted with Et20 (200
mL X 2). The combined organic layer was dried (Na2SO4), and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=20/1) to afford 14 (5.60 g, 96%) as an oil.

Rt = 0.42 (hexane/ethyl acetate=4/1); '"H NMR (400 MHz, CDCls) § 5.78 (1H, d, J= 15.6
Hz), 5.62 (1H, dt, J= 15.6, 6.8 Hz), 4.65 (1H, q, J= 5.4 Hz), 4.60 (2H, s), 4.06 (2H, d, J=
6.8 Hz), 3.66-3.55 (2H, m), 3.51-3.38 (2H, m), 3.35 (3H, s), 3.33 (2H, s), 1.78-1.67 (2H,
m), 1.29 (3H, d, J= 5.4 Hz), 1.20 (3H, t, J= 7.1 Hz), 1.08 (3H, s); 13C NMR (100 MHz,
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CDCls) 6 141.0, 124.6, 99.6, 96.7, 75.3, 61.7, 60.6, 55.2, 45.5, 39.2, 37.2, 21.5, 19.8, 15.3;
IR (neat) vmax 2980, 2940, 2888, 1382, 1150, 1132, 1112, 1048 cml; HRMS (FAB)
[M-EtOl* calculated for C12H22C103: 249.1257, found: 249.1258.

(E)-(S)-[6-(1-Ethoxyethoxy)-4-methoxymethoxymethyl-4-methylhex-2-enyl]trimethylsilane (15)

cﬁ\/OEE
T™MS NP

OMOM

To a stirred solution of hexamethyldisilane (2.47 mL, 12.1 mmol) in HMPA (5 mL) was
added a solution of MeLi in Et20 (13.1 mL, 0.92 M) dropwise at 0 °C, and the resultant
red solution was stirred at this temperature for 3 min. Then the solution was diluted
with Et20 (20 mL) and the diluted solution was cooled to —60 °C. After 5 min, a solution
of 14 (1.19 g, 4.02 mmol) in Et20 (3 mL) was added to the reaction mixture dropwise,
and stirring was continued at the same temperature. After the reaction was completed,
saturated aqueous NH4Cl solution (15 mL) was added to the reaction mixture and the
aqueous layer was extracted with Et20 (10 mL X 2). The combined organic layer was
dried (Na2S04), and concentrated under reduced pressure. The residue was purified by
flash chromatography (hexane/ethyl acetate=20/1) to afford the titled
allyltrimethylsilane 15 (1.14 g, 86%) as an oil.

Rt = 0.56 (hexane/ethyl acetate=4/1); 1H NMR (400 MHz, CDCls) § 5.40 (1H, dt, J= 15.6,
7.8 Hz), 5.24 (1H, d, J=15.6 Hz), 4.67 (1H, q, J= 5.4 Hz), 4.61 (2H, s), 3.68-3.57 (2H, m),
3.52-3.41 (2H, m), 3.36 (3H, s), 3.29 (1H, d, J = 9.3 Hz), 3.27 (1H, d, J = 9.3 Ha),
1.73-1.68 (2H, m), 1.45 (2H, d, J= 7.8 Hz), 1.30 (3H, d, J= 5.4 Hz), 1.21 (3H, t, J= 7.1
Hz), 1.05 (3H, s), 0.00 (9H, s); 13C NMR (100 MHz, CDCl3) § 133.9, 124.8, 99.6, 96.7, 76.3,
62.2, 62.1, 60.6, 55.1, 39.0, 37.6, 23.0, 22.0, 19.9, 15.3, -2.0; IR (neat) vmax 2960, 2884,
2364, 1382, 1250, 1150, 1112, 1052, 854 cm'; HRMS (FAB) [M-EtOl* calculated for
C15H3103S1: 287.2042, found: 287.2043.

(E)-(S)-3-Methoxymethoxymethyl-3-methyl-6-trimethylsilanylhex-4-en-1-ol (16)

O
TMS X

OMOM

To a stirred solution of 15 (3.89 g, 11.7 mmol) in EtOH (80 mL) was added PPTS (2.94 g,
11.7 mmol) at room temperature. After the reaction was completed, triethylamine (2.0
mL) was added to the reaction mixture, and the mixture was concentrated under

reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
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acetate=4/1) to afford the titled alcohol 16 (3.05 g, 100%) as an oil.

Rt = 0.44 (hexane/ethyl acetate=2/1); 1H NMR (400 MHz, CDCls) § 5.44 (1H, dt, J= 15.6,
7.8 Hz), 5.29 (1H, d, J= 15.6 Hz), 4.63 (2H, s), 3.69 (2H, dd, /= 6.6, 6.6 Hz), 3.37 (3H, s),
3.36 (1H, d, J=9.3 Hz), 3.29 (1H, d, J= 9.3 Hz), 2.08 (1H, br), 1.71 (2H, ddd, J= 6.6, 6.6,
1.5 Hz), 1.46 (2H, dd, J/ = 7.8, 0.7 Hz), 1.06 (3H, s), 0.00 (9H, s); 13C NMR (100 MHz,
CDCls) § 134.1, 125.0, 96.8, 76.2, 59.7, 55.3, 41.5, 39.2, 23.1, 22.4, -2.0; IR (neat) vmax
3364, 2956, 2888, 1250, 1150, 1112, 1050, 856 cm 1; HRMS (FAB) [M+H]* calculated for
C13H20038Si: 261.1886, found: 261.1893; [alp23 +7.3 (¢ 1.0, CHCly).

(E)-(S)-(6-1odo-4-methoxymethoxymethyl-4-methylhex-2-enyl)trimethylsilane (Fragment A)

—
TMS AN

OMOM

Imidazole (3.19 g, 46.8 mmol), PPhs (5.83 g, 22.2 mmol), and Iz (5.94 g, 23.4 mmol) was
added to benzene (90 mL) at room temperature with stirring, and the resultant
suspension was stirred at room temperature for 30 min. Then, to the reaction mixture
was added a solution of 16 (3.05 g, 11.7 mmol) in benzene (10 mL), and the resultant
solution was stirred at room temperature. After the reaction was completed, a mixture
of saturated aqueous NaHCOs solution (60 mL) and saturated aqueous Na2Sz0s
solution (60 mL) were added to the reaction mixture, and the aqueous layer was
extracted with Et20 (100 mL x 2). The combined organic layer was dried (Na2SO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=120/1) to afford Fragment A (3.97 g, 92%) as an
oil.

Rt = 0.53 (hexane/ethyl acetate=20/1); TH NMR (400 MHz, CDCls) & 5.42 (1H, dt, J =
15.9, 8.1 Hz), 5.18 (1H, d, /= 15.9 Hz), 4.61 (2H, s), 3.36 (3H, s), 3.29 (1H, d, /= 9.3 Ha),
3.24 (1H, d, J=9.3 Hz), 3.13 (2H, dd, /= 8.5, 7.8 Hz), 2.10 (1H, ddd, J= 9.3, 8.5, 7.8 Hz),
2.07 (1H, ddd, J= 9.3, 8.5, 7.8 Hz), 1.46 (2H, dd, J/= 8.1, 0.7 Hz), 1.02 (3H, s), 0.00 (9H,
s); 13C NMR (100 MHz, CDCls) & 132.4, 125.9, 96.7, 75.4, 55.3, 43.5, 42.5, 23.1, 21.4, 1.0,
-2.0; IR (neat) vmax 2956, 2888, 1248, 1152, 1112, 1052, 852, 840 cm1; HRMS (FAB)
[M+Nal* calculated for Ci3H27102SiNa: 393.0723, found: 393.0732; [alp?® 6.4 (c 1.0,
CHCls).
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(3S,5R)-5-lodomethyl-3-methyldihydrofuran-2(3H)-one (28)

o
To a stirred solution of 4-isopropyl-8-(2-methylpent-4-enoyl)-oxazolidin-2-one (27)
(376 mg, 1.67 mmol) in a mixture of ethyl acetate (12 mL) and H20 (6 mL) was added
NCS (0.379 g, 2.84 mmol), NaHCOs (351 mg, 4.17 mmol), and Nal (425 mg, 2.84 mmol)
successively at room temperature. After the reaction was completed, saturated aqueous
NaHCOs solution (10 mL) and saturated aqueous Na2S20s3 solution (10 mL) were added
to the reaction mixture, and the aqueous layer was extracted with Et20 (15 mL x 2).
The combined organic layer was dried (Na2SO4) and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl acetate=4/1)
to afford the known iodide 28 (369 mg, 92%) as an oil.

(3S,5R)-5-Hydroxymethyl-3-methyldihydrofuran-2(3H)-one (25)

Ob,,,./OH

o
To a stirred solution of the iodide 28 (344 mg, 1.43 mmol) in DMF (14 mL) was added
CF3CO2Na (292 mg, 2.15 mmol) at 90 °C till the starting material was consumed. Then
diethylamine (0.445 mL, 4.29 mmol) was added dropwise to the reaction mixture at
room temperature, and the resultant solution was stirred at the same temperature.
After the reaction was completed, H20 (10 mL) and ethyl acetate (20 mL) were added to
the reaction mixture, and the aqueous layer was extracted with ethyl acetate (20 mL x
3). The combined organic layer was dried (Na2SO4) and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl acetate=2/1)
to afford the known alcohol 25 (117 mg, 63%) as an oil.

(3S,5R)-5-(tert-Butyldiphenylsilyloxymethyl)-3-methyldihydrofuran-2(3H)-one (Fragment B)

Ol—)“’/OTBDPS

o
To a stirred solution of the alcohol 25 (116 mg, 0.892 mmol) in CH2Cls (10 mL) was
added imidazole (122 mg, 1.78 mmol) and TBDPSCI(0.278 mL, 1.07 mmol) successively
at room temperature. After the reaction was completed, saturated aqueous NH4Cl (10
mL) was added to the reaction mixture, and the aqueous layer was extracted with
CH2Clz (8 mL X 2). The combined organic layer was dried (Na2SO4) and concentrated
under reduced pressure. The residue was purified by flash chromatography
(hexane/ethyl acetate=20/1) to afford Fragment B (319 mg, 97%) as a white solid.
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(3S,5R)-5-(tert-Butyldiphenylsilanyloxymethyl)-2-[(E)-(3S)-3-methoxymethoxymethyl-3-methyl
-6-trimethylsilanyl-hex-4-enyl]-3-methyltetrahydrofuran-2-ol (5)
T™MS

To a stirred solution of Fragment A (867 mg, 2.34 mmol) in Et20 (5 mL) was added a
solution of #Buli in pentane (3.14 mL, 1.49 M) dropwise at —78 °C, and the resultant
solution was stirred at this temperature for 15 min. Then, to the reaction mixture was
added Fragment B (820 mg, 2.22 mmol) in Et20 (2 mL) dropwise, and stirring was
continued at the same temperature. After the reaction was completed, saturated
aqueous NH4CI solution (10 mL) was added to the reaction mixture and the aqueous
layer was extracted with Etz0 (10 mL X 2). The combined organic layer was dried
(Na2S0s4), and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=15/1) to afford 5 (1.17 g, 86%) as a mixture of
diastereomers.

Rf = 0.50 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) & 7.74-7.64 (4H, m),
7.47-7.38 (6H, m), 5.40 (1H, dt, J=15.9, 7.8 Hz), 5.18 (1H, dt, /= 15.9, 1.2 Hz), 4.62 (2H,
s), 3.68-3.59 (2H, m), 3.44 (1H, m), 3.36 (3H, s), 3.30 (1H, d, J= 9.3 Hz), 3.28 (1H, d, J=
9.3 Hz), 2.89 (1H, m), 2.59(1H, br), 2.52-2.36 (2H, m), 1.78-1.52 (3H, m), 1.46 (2H, dd,
=17.8,1.2 Hz), 1.40-1.33 (1H, m), 1.07 (9H, s), 1.07 (3H, d, /= 7.1 Hz), 1.01 (3H, s), 0.00
(9H, s); 13C NMR (100 MHz, CDCls) § 135.5, 133.6, 133.1, 129.8, 127.8, 125.4, 106.8, 96.7,
76.1, 69.8, 68.2, 55.1, 42.4, 39.5, 37.0, 35.7, 31.4, 26.8, 23.1, 21.6, 19.2, 17.8, -2.0; IR
(neat) vmax 3420, 2960, 2936, 2892, 2860, 2336, 1248, 1150, 1114, 1048, 854, 736, 702
cm 1; HRMS (FAB) [M+Nal* calculated for C3sHs605Si2Na: 635.3564, found: 635.3582.

tert-Butyl-[(2R,4S,5S,6R,7S)-7-methoxymethoxymethyl-4,7-dimethyl-6-vinyl-1-oxaspiro[4.4]
non-2-ylmethoxy]diphenylsilane (29a)

To a stirred solution of 5 (10.0 mg, 0.0163 mmol) in CH2Cl2 (1 mL) was added a solution
of TiCl3(O7-Pr) in CH2Clz (0.049 mL, 1.0 M) at -78 °C. After 4 h, the reaction was
completed and was quenched with adding triethylamine (0.010 mL). H2O (1 mL) was
added to the reaction mixture and the aqueous layer was extracted with Etz0 (1 mL X 2).
The combined organic layer was dried (Na2SO4), and concentrated under reduced

pressure. The residue was purified by flash chromatography (hexane/ethyl
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acetate=130/1) to afford 29a (2.5 mg, 29%), 29b (2.6 mg, 31%), and 29c (3.4 mg, 40%).

Rr = 0.33 (hexane/ethyl acetate=10/1); 1H NMR (400 MHz, CDCls) § 7.70-7.66 (4H, m),
7.44-7.35 (6H, m), 5.61 (1H, ddd, J= 16.8, 10.7, 10.0 Hz), 4.98 (1H, dd, J= 10.0, 2.4 Hz),
4.84 (1H, dd, J=16.8, 2.4 Hz), 4.58 (2H, s), 4.03 (1H, m), 3.65 (1H, dd, J= 10.0, 4.4 Hz),
3.52 (1H, dd, J= 10.0, 6.3 Hz), 3.35-3.26 (2H, m), 3.31 (3H, s), 2.38 (1H, d, J= 10.7 Hz),
2.18-2.09 (1H, m), 2.05-1.99 (1H, m), 1.86-1.72 (2H, m), 1.68-1.58 (2H, m), 1.41 (1H, m),
1.04 (9H, s), 0.99 (3H, d, J= 7.1 Hz), 0.87 (3H, s); 13C NMR (100 MHz, CDCls) § 136.1,
135.6, 133.8, 129.5, 127.6, 117.6, 96.6, 96.0, 76.5, 76.0, 66.9, 60.7, 55.0, 45.1, 37.0, 36.3,
34.6, 30.9, 26.9, 20.3, 19.2, 15.8; IR (neat) vmax 2960, 2936, 2864, 1150, 1114, 1050, 704
cm 1; HRMS (FAB) [M+H]* calculated for Cs2Ha704Si: 523.3244, found: 523.3253; [alp24
-13.7 (¢ 1.1, CHCla).

tert-Butyl-[(2R,4S,5R,6R,7S)-7-methoxymethoxymethyl-4,7-dimethyl-6-vinyl-1-oxaspiro[4.4]
non-2-ylmethoxy]diphenylsilane (29b)

Rr = 0.45 (hexane/ethyl acetate=10/1); 1H NMR (400 MHz, CDCls) & 7.68-7.65 (4H, m),
7.40-7.32 (6H, m), 5.91 (1H, ddd, J= 17.3, 10.0, 10.0 Hz), 5.02 (1H, dd, J= 10.0, 2.4 Hz),
4.94 (1H, dd, J=17.3, 2.4 Hz), 4.58 (2H, s), 4.09 (1H, m), 3.55 (1H, dd, J= 10.0, 4.4 Hz),
3.51 (1H, dd, J=10.0, 5.9 Hz), 3.33 (3H, s), 3.16 (1H, d, /= 9.0 Hz), 3.14 (1H, d, J= 9.0
Hz), 2.27 (1H, d, J= 10.0 Hz), 2.10 (1H, m), 1.94-1.89 (1H, m), 1.75-1.65 (3H, m), 1.53
(1H, m), 1.20 (1H, m), 1.02 (9H, s), 0.95 (3H, d, /= 6.8 Hz), 0.94 (3H, s); 13C NMR (100
MHz, CDCls) § 137.7, 135.6, 133.8, 129.4, 127.5, 116.5, 96.7, 95.8, 78.0, 75.2, 617.2, 55.1,
53.2, 46.2, 40.5, 38.0, 36.2, 34.4, 26.9, 21.0, 19.3, 14.2; IR (neat) vmax 2960, 2936, 2864,
1148, 1114, 1046, 702 cm'i; HRMS (FAB) [M]* calculated for Cs2His04Si: 522.3165,
found: 522.3139; [alp26 +4.0 (¢ 1.1, CHCly).

tert-Butyl-[(2R,4S,5S,6S,7S)-7-methoxymethoxymethyl-4,7-dimethyl-6-vinyl-1-oxaspiro[4.4]
non-2-ylmethoxy]diphenylsilane (29c)

Rr = 0.39 (hexane/ethyl acetate=10/1); 1H NMR (400 MHz, CDCls) & 7.68-7.65 (4H, m),
7.44-7.35 (6H, m), 5.73 (1H, ddd, J=17.1, 10.3, 10.3 Hz), 4.97 (1H, dd, /= 10.3, 2.4 Hz),
4.92 (1H, dd, J=17.1, 2.4 Hz), 4.60 (2H, s), 4.02 (1H, m), 3.64 (1H, d, J= 9.0 Hz), 3.55
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(1H, dd, J=10.3, 5.1 Hz), 3.47 (1H, dd, /= 10.3, 6.1 Hz), 3.33 (3H, s), 3.29 (1H, d, J=9.0
Hz), 2.02-1.83 (2H, m), 1.89 (1H, d, /= 10.3 Hz), 1.69-1.50 (3H, m), 1.31-1.23 (2H, m),
1.06 (3H, s), 1.04 (9H, s), 0.91 (3H, d, J = 6.6 Hz); 13C NMR (100 MHz, CDCls) & 135.5,
134.6, 133.8, 133.7, 129.5, 129.4, 127.5, 117.8, 96.7, 94.7, 76.0, 73.4, 66.3, 61.1, 55.0, 45.1,
36.2, 35.3, 34.6, 30.2, 26.9, 25.1, 19.3, 14.2; IR (neat) vmax 2960, 2936, 2872, 1146, 1114,
1050, 738, 704 cm1; HRMS (FAB) [M+H]* calculated for Cs2H704Si: 523.3244, found:
523.3229; [alp23 —22.2 (¢ 0.6, CHCls).

tert-Butyl[(2R,4R,5R,6R,7S)-7-methoxymethoxymethyl-4,7-dimethyl-6-vinyl-1-oxaspiro[4.4]
non-2-ylmethoxy]diphenylsilane (29d)

To a stirred solution of 5 (9.5 mg, 0.0155 mmol) in CH2Cl: (1 mL) was added a solution of
TiCl(O7-Pr)s in CH2Cl2 (0.047 mL, 1.0 M) at —78 °C. Stirring was continued at -78 °C at
4 h, then at —50 °C for 2 h, and finally at —20 °C for 12 h. After the reaction was
completed, the reaction was quenched with triethylamine (0.010 mL). H2O (1 mL) was
added to the reaction mixture and the aqueous layer was extracted with Etz0 (1 mL X 2).
The combined organic layer was dried (NazSO4), and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=30/1) to afford 29d (6.8 mg, 84%).

Rt = 0.42 (hexane/ethyl acetate=10/1); mp 94-98 °C; 'H NMR (400 MHz, CDCls) &
7.74-7.70 (4H, m), 7.43-7.35 (6H, m), 5.91 (1H, ddd, /= 17.3, 10.0, 9.8 Hz), 5.12 (1H, dd,
J=10.0, 2.4 Hz), 4.95 (1H, dd, J=17.3, 2.4 Hz), 4.62 (2H, s), 3.91 (1H, m), 3.67 (1H, dd,
J=10.5, 4.4 Hz), 3.62 (1H, dd, J= 10.5, 4.6 Hz), 3.36 (3H, s), 3.22 (2H, s), 2.09 (1H, m),
2.09 (1H, d, J=9.8 Hz), 1.95-1.89 (1H, m), 1.73-1.56 (4H, m), 1.47 (1H, m), 1.04 (9H, s),
1.03 (3H, s), 0.96 (3H, d, /= 6.8 Hz); 13C NMR (100 MHz, CDCls) & 136.2, 135.6, 133.8,
133.7, 129.4, 127.5, 117.8, 96.7, 94.8, 78.6, 75.8, 66.7, 56.3, 55.1, 44.6, 38.5, 36.4, 34.8,
32.8, 26.8, 20.9, 19.3, 14.4; IR (KBr) vmax 2952, 2866, 1464, 1427, 1385, 1107, 1047, 1003,
916, 812, 744, 706 cm'1; HRMS (FAB) [M]* calculated for Cs2H4604Si: 522.3165, found:
522.3152; [alp24 +35.8 (¢ 0.5, CHCls).
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2-[(2R,4S,5S,6R,7S)-2-(tert-Butyldiphenylsilanyloxymethyl)-7-methoxymethoxymethyl-4,7-
dimethyl-1-oxaspiro[4.4]non-6-yl]ethanol (29a’)

To a stirred solution of 29a (31.5 mg, 0.0603mmol) in THF (1 mL) was added a solution
of 9-BBN in THF (0.362 mL, 0.5 M) dropwise at 0 °C, and the resultant solution was
stirred at room temperature. After the starting material disappeared, 3N NaOH
solution (0.2 mL) and 30 % H202 solution (0.2 mL) was added to the reaction mixture
and the resultant mixture was stirred at room temperature. After the reaction was
completed, H20 (1 mL) was added to the reaction mixture and the aqueous layer was
extracted with Et20 (1 mL x 2). The combined organic layer was dried (Na2SO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=4/1) to afford 29a’ (32.5 mg, 100%) as an oil.

Rf = 0.35 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) & 7.68-7.65 (4H, m),
7.43-7.34 (6H, m), 4.61 (2H, s), 3.92 (1H, m), 3.66 (1H, dd, J= 10.3, 4.6 Hz), 3.63-3.55
(2H, m), 3.59 (1H, dd, J=10.3, 5.9 Hz), 3.34 (3H, s), 3.31 (1H, d, J= 9.0 Hz), 3.29 (1H, d,
J=9.0 Hz), 2.27-2.17 (1H, m), 2.12-2.06 (2H, m), 1.82-1.47 (6H, m), 1.31 (1H, m), 1.06
(9H, s), 1.03 (3H, d, J= 6.8 Hz), 0.87 (3H, s); 13C NMR (100 MHz, CDCls) § 135.5, 133.7,
133.5, 129.5, 127.5, 96.6, 95.3, 74.9, 66.4, 62.7, 55.2, 48.8, 43.3, 37.2, 34.7, 29.9, 28.9,
26.9, 19.7, 19.4, 15.3; IR (neat) vmax 3468, 2940, 2864, 1114, 1046, 704 cm'; HRMS
(FAB) [M+Nal* calculated for Cs2Hss05SiNa: 563.3169, found: 563.3160; [alp24 -9.0 (c
0.7, CHCly).

2-{(2R,4S,5S,6R,7S)-2-({[tert-Butyl(diphenyl)silylJoxy}methyl)-7-[(methoxymethoxy)methyl]-4,
7-dimethyl-1-oxaspiro[4.4]non-6-yl}ethyl pivalate (30)

To a stirred solution of 29a’ (1.72 g, 3.19 mmol) in CH2Clz (30 mL) was added pyridine
(1.03 mL, 12.8 mmol), DMAP (390 mg, 3.19 mmol), PivCl (0.982 mL, 7.97 mmol)
successively at room temperature. After the reaction was completed, saturated aqueous
NH4C1 solution (30 mL) was added to the reaction mixture and the aqueous layer was
extracted with CH2Clz (20 mL x 2). The combined organic layer was dried (NazSO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography to afford 30 (1.99 g, 100%) as an oil.
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1H NMR (400 MHz, CDCls) § 7.68-7.64 (4H, m), 7.42-7.34 (6H, m), 4.60 (2H, s), 4.05 (1H,
ddd, /= 10.3, 6.2, 6.0 Hz), 4.02 (1H, ddd, /= 10.3, 6.6, 6.0 Hz), 3.94-3.89 (1H, m), 3.64
(1H, dd, J=10.3, 4.2 Hz), 3.57 (1H, dd, J=10.3, 6.2 Hz), 3.34 (3H, s), 3.30 (1H, d, J= 9.2
Hz), 3.28 (1H, d, /= 9.2 Hz), 2.22-2.10 (2H, m), 1.99 (1H, dd, /= 7.1, 7.1 Hz), 1.79-1.53
(5H, m), 1.50 (1H, dd, /= 11.5, 6.5 Hz), 1.33 (1H, dd, /= 11.0, 5.5 Hz), 1.14 (9H, s), 1.05
(9H, s), 1.03 (3H, d, J= 6.8 Hz), 0.88 (3H, s).

2-[(2R,4S,5S,6R,7S)-2-({[tert-Butyl(diphenyl)silyl]Joxy}methyl)-7-(hydroxymethyl)-4,7-dimethyl
-1-oxaspiro[4.4]non-6-yl]ethyl pivalate (30’)

To a stirred solution of 30 (1.92 g, 3.08 mmol) in a mixture of CH2Clz (20 mL) and Me2S
(10 mL) was added BF3OEt2 (1.93 mL, 15.4 mmol) at -30 °C. After the reaction was
completed, saturated aqueous NaHCOs solution (20 mL) was added to the reaction
mixture, and the aqueous layer was extracted with Et20 (20 mL x 2). The combined
organic layer was dried (Na2SO4) and concentrated under reduced pressure. The residue
was purified by flash chromatography to afford 30’ (1.65 g, 92%) as an oil.

IH NMR (400 MHz, CDCls) § 7.68-7.64 (4H, m), 7.43-7.35 (6H, m), 4.06-4.03 (2H, m),
3.95-3.91 (1H, m), 3.63 (1H, dd, J= 10.3, 4.4 Hz), 3.56 (1H, dd, J = 10.3, 6.0 Hz), 3.42
(1H, d, J=10.6 Hz), 3.39 (1H, d, /= 10.6 Hz), 2.21-2.09 (2H, m), 1.92 (1H, dd, J= 7.1,
7.1 Hz), 1.81-1.65 (5H, m), 1.61-1.48 (2H, m), 1.31-1.26 (1H, m), 1.15 (9H, s), 1.05 (9H,
s), 1.03 (3H, d, J= 6.8 Hz), 0.88 (3H, s).

2-[(2R,4S,5S,6R,7S)-2-({[tert-Butyl(diphenyl)silylJoxy}methyl)-7-formyl-4,7-dimethyl-1-oxa
spiro[4.4]non-6-yl]ethyl pivalate (4)

To a stirred solution of 30’ (1.63 g, 2.80 mmol) in CH2Cl: (30 mL) was added
Dess-Martin periodinane (3.56 g, 8.40 mmol) at room temperature. After the reaction
was completed, Et20 (50 mL) and a mixture of saturated aqueous NaHCOs3 solution (60
mL) and saturated aqueous Na2S20s3 solution (60 mlL) was added to the reaction
mixture and the aqueous layer was extracted with Et20 (50 mL x 2). The combined
organic layer was dried over Na2SQO4, and concentrated under reduced pressure. The

residue was purified by flash chromatography to afford 4 (1.52 g, 94%) as an oil.
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'H NMR (400 MHz, CDCls) & 9.44 (1H, s), 7.68-7.65 (4H, m), 7.44-7.35 (6H, m),
4.01-3.94 (2H, m), 3.82 (1H, ddd, /= 11.0, 7.7, 7.3 Hz), 3.64 (1H, dd, J= 10.4, 4.4 Hz),
3.60 (1H, dd, J = 10.4, 5.5 Hz), 2.39 (1H, dd, J = 9.0, 5.5 Hz), 2.25-2.18 (1H, m),
2.16-2.08 (2H, m), 1.83 (1H, ddd, J=13.5, 9.3, 8.2 Hz), 1.77-1.60 (3H, m), 1.55-1.47 (1H,
m), 1.34 (1H, ddd, J=12.3, 8.2, 3.7 Hz), 1.14 (9H, s), 1.06 (9H, s), 1.03 (3H, d, J= 6.8 Hz),
1.02 (3H, s).

2-[(2R,4S,5R,6R,7S)-2-(tert-Butyldiphenylsilanyloxymethyl)-7-methoxymethoxymethyl-4,7-
dimethyl-1-oxaspiro[4.4]non-6-yl]ethanol (29b”)

29b’ was prepared from 29b in 85% yield according to the procedure for 29a’.

Rf = 0.27 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) & 7.71-7.67 (4H, m),
7.44-7.35 (6H, m), 4.63 (2H, s), 4.19 (1H, m), 3.72-3.65 (2H, m), 3.58-3.57 (2H, m), 3.37
(3H, s), 3.30 (1H, d, /= 9.3 Hz), 3.30 (1H, d, J=9.3 Hz), 2.48 (1H, br), 2.19 (1H, m), 2.08
(1H, m), 1.88 (1H, dd, /= 6.6, 6.3 Hz), 1.80-1.56 (5H, m), 1.52-1.48 (2H, m), 1.05 (3H, s),
1.04 (9H, s), 1.03 (3H, d, J= 7.3 Hz); 13C NMR (100 MHz, CDCls) & 135.7, 133.8, 133.7,
129.5, 127.6, 96.7, 96.2, 78.3, 77.5, 67.1, 62.1, 55.4, 44.7, 44.2, 40.9, 39.2, 36.5, 36.2, 29.7,
26.8, 21.1, 19.2, 15.2; IR (neat) vmax 3436, 2960, 2880, 1148, 1114, 1046, 704 cm 1; HRMS
(FAB) [M+H]* calculated for Cs2H905Si: 541.3349, found: 541.3354; [alp2? -3.2 (¢ 1.0,
CHCls).

2-[(2R,4S,5S,6S,7S)-2-(tert-Butyldiphenylsilanyloxymethyl)-7-methoxymethoxymethyl-4,7-
dimethyl-1-oxaspiro[4.4]non-6-yl]ethanol (29¢’)

29¢’ was prepared from 29¢ in 100% yield according to the procedure for 29a’.

Rf = 0.42 (hexane/ethyl acetate=2/1); '1H NMR (400 MHz, CDCls) & 7.68-7.66 (4H, m),
7.44-7.36 (6H, m), 4.62 (1H, d, J = 6.6 Hz), 4.61 (1H, d, J = 6.6 Hz), 3.96 (1H, m),
3.64-3.54 (4H, m), 3.48 (1H, d, J = 9.3 Hz), 3.44 (1H, d, J = 9.3 Hz), 3.35 (3H, s),
2.01-1.87 (2H, m), 1.86-1.53 (6H, m), 1.49-1.41 (2H, m), 1.16-1.08 (1H, m), 1.12 (3H, s),
1.05 (9H, s), 0.95 (3H, d, J= 6.6 Hz); 13C NMR (100 MHz, CDCls) & 135.6, 133.9, 133.6,
129.6, 127.6, 96.7, 94.4, 75.6, 72.3, 66.5, 63.2, 55.2, 50.6, 44.2, 37.8, 35.4, 35.0, 29.9, 27.3,
26.8, 25.4, 19.3, 13.9; IR (neat) vmax 3456, 2956, 2936, 2868, 1146, 1114, 1048, 704 cm'%;
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HRMS (FAB) [M+H]* calculated for Cs2H4905Si: 541.3349, found: 541.3354; [alp27 -11.4
(¢1.1, CHCly).

tert-Butyl-{(2R,4S,5S,6R,7S)-6-[2-(1-ethoxyethoxy)ethyl]-7-methoxymethoxymethyl-4,7-di
methyl-1-oxaspiro[4.4]non-2-ylmethoxy}diphenylsilane (31a)

To a stirred solution of 29a’ (391 mg, 0.724 mmol) in CH2Clz (7 mL) was added ethyl
vinyl ether (0.104 mL, 1.08 mmol), PPTS (18.2 mg, 0.0724 mmol) successively at room
temperature. After the reaction was completed, triethylamine (0.12 mL) was added to
the reaction mixture, and the resultant mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl acetate=8/1)
to afford the titled ethoxyethylether 31a (412 mg, 93%) as an oil.

Rt = 0.42 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) & 7.68-7.64 (4H, m),
7.43-7.34 (6H, m), 4.60 (2H, s), 4.54 (1/2H, q, J= 5.4 Hz), 4.48 (1/2H, q, J= 5.4 Hz), 3.94
(1H, m), 3.70-3.65 (1H, m), 3.56-3.45 (3H, m), 3.39-3.30 (2H, m), 3.33 (3H, s), 3.30 (1H,
d, J=9.0 Hz), 3.28 (1H, d, J= 9.0 Hz), 2.17-2.04 (2H, m), 1.91 (1H, dd, J= 7.1, 7.1 Hz),
1.80-1.67 (3H, m), 1.62-1.56 (2H, m), 1.50 (1H, m), 1.33 (1H, m), 1.21 (3/2H, d, J= 5.4
Hz), 1.19 (3/2H, d, J= 5.4 Hz), 1.11 (3/2H, t, J= 7.1 Hz), 1.10 (3/2H, t, /= 7.1 Hz), 1.05
(9H, s), 1.03 (3H, d, J= 6.8 Hz), 0.85 (3H, s); 13C NMR (100 MHz, CDCls) § 135.5, 133.7,
133.6, 133.5, 129.5, 127.5, 99.6, 96.6, 95.3, 74.9, 66.7, 66.6, 65.7, 65.5, 60.9, 55.0, 48.6,
43.8, 37.5, 37.4, 34.6, 29.9, 26.9, 26.8, 20.0, 19.3, 18.9, 15.5, 15.4; IR (neat) vmax 2936,
2884, 1114, 1050, 704 cm'l; HRMS (FAB) [M]* calculated for CasHs606Si: 612.3846,
found: 612.3848.

tert-Butyl-{(2R,4S,5R,6R,7S)-6-[2-(1-ethoxyethoxy)ethyl]-7-methoxymethoxymethyl-4,7-di
methyl-1-oxaspiro[4.4]non-2-ylmethoxy}diphenylsilane (31b)

31b was prepared from 29b’ in 100% yield according to the procedure for 31a.

Rf = 0.34 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) & 7.71-7.67 (4H, m),
7.43-7.34 (6H, m), 4.69 (1/2H, q, J= 5.4 Hz), 4.67 (1/2H, q, J= 5.4 Hz), 4.60 (2H, s), 4.19
(1H, m), 3.69-3.59 (2H, m), 3.58-3.56 (2H, m), 3.55-3.44 (2H, m), 3.35 (3H, s), 3.25 (1/2H,
d, J=9.0 Hz), 3.24 (1/2H, d, J= 9.0 Hz), 3.22 (1/2H, d, J= 9.0 Hz), 3.21 (1/2H, d, J= 9.0
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Hz), 2.18 (1H, m), 2.07 (1H, m), 1.81-1.46 (8H, m), 1.30 (3H, d, J= 5.4 Hz), 1.20 (3H, t, J
=17.1 Hz), 1.04 (9H, s), 1.03 (3H, s), 1.02 (3H, d, J= 7.3 Hz); 13C NMR (100 MHz, CDCls)
8 135.7, 133.8, 129.5, 127.6, 99.6, 99.3, 96.7, 96.0, 78.3, 67.1, 65.1, 64.6, 60.7, 60.6, 55.1,
44.9, 44.6, 40.9, 39.5, 36.5, 35.8, 26.8, 20.6, 19.9, 19.2, 15.4, 15.1; IR (neat) vmax 2960,
2930, 2880, 1132, 1112, 1046, 704 cml; HRMS (FAB) [M+Nal* calculated for
C36H5606SiNa: 635.3744, found: 635.3732.

tert-Butyl-{(2R,4S,5S,6S,7S)-6-[2-(1-ethoxyethoxy)ethyl]-7-methoxymethoxymethyl-4,7-di
methyl-1-oxaspiro[4.4]non-2-ylmethoxy}diphenylsilane (31c)

EEQ

MOMO—"
31c was prepared from 29¢’ in 93% yield according to the procedure for 31a.

Rt = 0.41 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) & 7.68-7.65 (4H, m),
7.43-7.35 (6H, m), 4.60 (2H, s), 4.58 (1/2H, q, J= 5.4 Hz), 4.57 (1/2H, q, J= 5.4 Hz), 3.97
(1H, m), 3.64-3.48 (5H, m), 3.45-3.36 (3H, m), 3.33 (3H, s), 1.97-1.84 (3H, m), 1.70 (1H,
m), 1.64-1.53 (3H, m), 1.51-1.42 (2H, m), 1.24 (3/2H, d, J= 5.4 Hz), 1.23 (3/2H, d, J=5.4
Hz), 1.16 (3/2H, t, J= 7.1 Hz), 1.15 (3/2H, t, J= 7.1 Hz), 1.12-1.07 (1H, m), 1.10 (3H, s),
1.04 (9H, s), 0.93 (3H, d, J= 6.3 Hz); 13C NMR (100 MHz, CDCls) & 135.6, 133.9, 133.7,
129.5, 127.6, 99.5, 96.8, 94.1, 94.0, 75.5, 72.3, 72.2, 66.7, 65.5, 65.3, 60.7, 60.4, 55.0, 50.1,
44.3, 44.2, 37.5, 37.4, 35.2, 30.2, 30.1, 26.8, 25.5, 25.4, 24.2, 24.1, 19.9, 19.2, 15.3, 13.9;
IR (neat) vmax 2960, 2936, 2872, 1134, 1114, 1048, 704 cm’; HRMS (FAB) [M+Nal+
calculated for C3sHs606S1Na: 635.3744, found: 635.3752.

{(2R,4S,5S,6R,7S)-6-[2-(1-Ethoxyethoxy)ethyl]-7-methoxymethoxymethyl-4,7-dimethyl-1-oxa
spiro[4.4]non-2-yI}methanol (31a”)

EEQ

MOMO—"
To a stirred solution of 31a (412 mg, 0.672 mmol) in THF (7 mL) was added a solution of
TBAF in THF (1.34 mL, 1.0 M) at room temperature. After the reaction was completed,
saturated aqueous NH4Cl solution (5 mL) was added to the reaction mixture and the
aqueous layer was extracted with Et20 (5 mL x 2). The combined organic layer was
dried (Na2S04), and concentrated under reduced pressure. The residue was purified by
flash chromatography (hexane/ethyl acetate=4/1) to afford the titled alcohol 31a’ (251
mg, 100%) as an oil.
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Rr = 0.13 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) § 4.73 (1/2H, q, J= 5.4
Hz), 4.68 (1/2H, q, J = 5.4 Hz), 4.62 (2H, s), 3.93 (1H, m), 3.70-3.58 (3H, m), 3.54-3.43
(8H, m), 3.36 (3H, s), 3.33 (1H, d, J= 9.0 Hz), 3.30 (1H, d, J= 9.0 Hz), 2.19 (1H, m), 2.04
(1H, m), 1.99-1.92 (1H, m), 1.82-1.73 (2H, m), 1.71-1.57 (3H, m), 1.52 (1H, m), 1.34 (1H,
m), 1.30 (3H, d, /= 5.4 Hz), 1.21 (3H, t, /= 7.1 Hz), 1.04 (3H, d, J= 6.8 Hz), 0.86 (3/2H,
s), 0.85 (3/2H, s); 13C NMR (100 MHz, CDCls) & 99.4, 96.6, 95.8, 76.6, 76.5, 74.7, 65.7,
65.1, 64.6, 60.9, 60.8, 55.1, 48.8, 48.7, 44.0, 43.9, 36.7, 35.7, 34.5, 34.4, 29.8, 26.6, 26.5,
19.9, 19.8, 19.0, 18.9, 15.6, 15.3; IR (neat) vmax 3456, 2948, 2880, 1110, 1048 cm 1; HRMS
(FAB) [M+Nal* calculated for C20H3s06Na: 397.2566, found: 397.2562.

{(2R,4S,5R,6R,7S)-6-[2-(1-Ethoxyethoxy)ethyl]-7-methoxymethoxymethyl-4,7-dimethyl-1-oxa
spiro[4.4]non-2-yl}methanol (31b”)

31b’ was prepared from 31b in 98% yield according to the procedure for 31a’.

Re = 0.22 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) & 4.68 (1/2H, q, J= 5.4
Hz), 4.67 (1/2H, q, J= 5.4 Hz), 4.61 (2H, s), 4.19 (1H, m), 3.70-3.32 (6H, m), 3.36 (3H, s),
3.26 (1/2H, d, J= 9.0 Hz), 3.25 (1/2H, d, J= 9.0 Hz), 3.23 (1/2H, d, /= 9.0 Hz), 3.22 (1/2H,
d, J=9.0 Hz), 2.20 (1H, m), 2.05 (1H, br), 1.90-1.49 (9H, m), 1.30 (3H, d, J = 5.4 Hz),
1.20 (3H, t, J="7.1 Hz), 1.04 (3H, d, J= 6.8 Hz), 1.03 (3H, s); 13C NMR (100 MHz, CDCls)
5 99.6, 99.3, 96.7, 96.3, 77.9, 76.9, 76.8, 66.4, 64.9, 64.4, 60.7, 60.5, 55.1, 44.9, 44.4, 41.4,
39.9, 36.2, 35.8, 26.7, 20.7, 19.9, 15.3, 15.0; IR (neat) vmax 3468, 2956, 2880, 1146, 1110,
1044 cm1; HRMS (FAB) [M-EtOl* calculated for C1sHs3O5: 329.2328, found: 329.2318.

{(2R,4S,5S,6S,7S)-6-[2-(1-Ethoxyethoxy)ethyl]-7-methoxymethoxymethyl-4,7-dimethyl-1-oxa
spiro[4.4]non-2-yl}methanol (31c’)

EEQ

MOMO—"
31c¢’ was prepared from 31c in 97% yield according to the procedure for 31a’.

Re = 0.13 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) & 4.66 (1/2H, q, J= 5.4
Hz), 4.65 (1/2H, q, J = 5.4 Hz), 4.58 (2H, s), 3.93 (1H, m), 3.65-3.53 (3H, m), 3.50-3.29
(5H, m), 3.31 (3H, s), 2.15 (1H, br), 1.95-1.67 (4H, m), 1.64-1.50 (3H, m), 1.48-1.39 (2H,
m), 1.26 (3H, d, J= 5.4 Hz), 1.17 (3H, t, J= 7.1 Hz), 1.10-1.01 (1H, m), 1.07 (3/2H, s),
1.06 (3/2H, s), 0.91 (3H, d, J = 6.6 Hz); 13C NMR (100 MHz, CDCls) & 99.4, 99.2, 96.7,
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94.2, 94.1, 75.2, 71.8, 71.7, 65.8, 65.2, 64.8, 60.6, 60.4, 55.0, 50.5, 50.3, 44.5, 44.4, 38.9,
38.6, 35.0, 34.5, 34.4, 30.4, 30.3, 25.1, 25.0, 24.4, 24.3, 19.8, 19.7, 15.3, 13.8, 13.7; IR
(neat) vmax 3472, 2940, 2876, 1134, 1108, 1048 cm1; HRMS (FAB) [M+Nal* calculated
for C20HssO6Na: 397.2566, found: 397.2573.

3,5-Dinitrobenzoic acid (2R,4S,5S,6R,7S)-6-[2-(1-ethoxyethoxy)ethyl]-7-methoxymethoxy
methyl-4,7-dimethyl-1-oxaspiro[4.4]non-2-ylmethyl ester (32a)

NO
EEO O)KQ/ 2

MOMO—""

To a stirred solution of 81a’ (251 mg, 0.671 mmol) in CH2Cle (7 mL) was added
triethylamine (0.187 ml, 1.34 mmol), DMAP (8.2 mg, 0.0670 mmol), and 3,5-(NO2):BzCl
(232 mg, 1.01 mmol)) successively at room temperature. After the reaction was
completed, saturated aqueous NH4Cl solution (5 mL) was added to the reaction mixture
and the aqueous layer was extracted with CH2Clz (5 mL % 2). The combined organic
layer was dried (Na2SO4), and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate=8/1) to afford the titled
3,5-dinitrobenzoate 32a (381 mg, 100%) as an oil.

Rt = 0.47 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) § 9.23 (1H, t, J= 2.0
Hz), 9.17 (2H, d, J= 2.0 Hz), 4.61 (1H, q, J = 5.4 Hz), 4.60 (2H, s), 4.45-4.36 (2H, m),
4.23 (1H, m), 3.63-3.51 (2H, m), 3.49-3.37 (2H, m), 3.34 (3H, s), 3.31 (1H, d, J= 9.3 H2),
3.29 (1H, d, J = 9.3 Hz), 2.26 (1H, m), 2.02 (1H, m), 2.00 (1H, dd, J = 7.3, 6.8 Hz),
1.90-1.77 (3H, m), 1.67-1.53 (3H, m), 1.34 (1H, m), 1.24 (3/2H, d, J= 5.4 Hz), 1.23 (3/2H,
d, J=5.4Hz), 1.17 (3/2H, t, J= 7.1 Hz), 1.15 (3/2H, t, J= 7.1 Hz), 1.10 (3H, d, /= 6.8 H2),
0.88 (3H, s); 13C NMR (100 MHz, CDCls) § 162.3, 148.5, 133.7, 129.5, 122.3, 99.5, 99.4,
96.6, 96.2, 76.6, 71.7, 69.3, 65.3, 65.1, 60.7, 60.6, 55.1, 48.5, 48.4, 43.6, 37.4, 35.1, 34.5,
30.0, 26.7, 26.6, 19.9, 19.2, 15.4; IR (neat) vmax 2960, 2884, 1738, 1550, 1348, 1280, 1170,
1150, 1112, 1046 cmi; HRMS (FAB) [M-EtO]* calculated for CzsH3sN2010: 523.2292,
found: 523.2294.
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3,5-Dinitrobenzoic acid (2R,4S,5R,6R,7S)-6-[2-(1-ethoxyethoxy)ethyl]-7-methoxymethoxy
methyl-4,7-dimethyl-1-oxaspiro[4.4]non-2-yImethyl ester (32b)

EEQ

MOMO—"|

32b was prepared from 31b’ in 100% yield according to the procedure for 32a.

Rt = 0.41 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) § 9.24 (1H, t, J= 2.0
Hz), 9.18 (2H, d, J= 2.0 Hz), 4.69 (1/2H, q, J = 5.4 Hz), 4.67 (1/2H, q, J= 5.4 Hz), 4.61
(2H, s), 4.50-4.40 (1H, m), 4.42 (1H, dd, J=10.7, 5.4 Hz), 4.35 (1H, dd, /= 10.7, 4.4 Hz),
3.73-3.59 (2H, m), 3.55-3.45 (2H, m), 3.36 (3H, s), 3.27 (1H, d, J= 9.3 Hz), 3.23 (1/2H, d,
J=9.3 Hz), 3.22 (1/2H, d, J= 9.3 Hz), 2.28 (1H, m), 2.05-1.91 (2H, m), 1.80-1.58 (6H, m),
1.51 (1H, m), 1.30 (3H, d, /= 5.4 Hz), 1.20 (3H, t, J= 7.1 Hz), 1.09 (3H, d, J= 7.1 Hz),
1.02 (3H, s); 13C NMR (100 MHz, CDCls) & 162.5, 148.7, 134.0, 129.5, 122.4, 99.6, 99.4,
96.7, 74.9, 69.5, 64.9, 64.4, 60.7, 60.6, 55.2, 45.0, 44.4, 41.4, 39.8, 36.6, 35.7, 26.8, 20.5,
19.9, 15.4, 15.0, 14.2; IR (neat) vmax 2960, 2884, 1738, 1552, 1348, 1280, 1170, 1146, 1132,
1110, 1048, 722 cm'; HRMS (FAB) [M+Nal* calculated for C2rH40N2OnNa: 591.2530,
found: 591.2540.

3,5-Dinitrobenzoic acid (2R,4S,5S,6S,7S)-6-[2-(1-ethoxyethoxy)ethyl]-7-methoxymethoxy
methyl-4,7-dimethyl-1-oxaspiro[4.4]non-2-yImethyl ester (32¢)

EEQ

MOMO—"

32c¢ was prepared from 31¢’ in 100% yield according to the procedure for 32a.

Rt = 0.48 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) § 9.22 (1H, t, J= 2.0
Hz), 9.15 (2H, d, J= 2.0 Hz), 4.60 (1/2H, q, J = 5.4 Hz), 4.59 (1/2H, q, J = 5.4 Hz), 4.57
(1H, d, J= 6.8 Hz), 4.56 (1H, d, /= 5.4 Hz), 4.44-4.33 (2H, m), 4.25 (1H, m), 3.65-3.36
(6H, m), 3.30 (3H, s), 2.08-2.00 (1H, m), 1.98-1.85 (2H, m), 1.80-1.69 (2H, m), 1.67-1.45
(4H, m), 1.23 (3/2H, d, J= 5.4 Hz), 1.22 (3/2H, d, J= 5.4 Hz), 1.20-1.12 (1H, m), 1.17 (3H,
t, J=17.1 Hz), 1.11 (3H, s), 1.00 (3H, d, J= 6.8 Hz); 13C NMR (100 MHz, CDCls) § 162.4,
148.7, 133.9, 129.5, 122.3, 99.5, 99.4, 96.7, 95.1, 72.2, 72.1, 69.0, 65.2, 65.0, 60.6, 60.5,
55.0, 50.1, 44.3, 44.2, 37.7, 35.3, 35.1, 30.1, 30.0, 25.5, 25.4, 24.2, 19.8, 15.3, 13.8; IR
(neat) vmax 2960, 2880, 1738, 1550, 1348, 1282, 1168, 1136, 1110, 1048, 722 cm 1; HRMS
(FAB) [M+Nal* calculated for Ca7H40N201:1Na: 591.2530, found: 591.2518.
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3,5-Dinitrobenzoic acid (2R,4S,5S,6R,7S)-6-(2-hydroxyethyl)-7-methoxymethoxymethyl-4,7-di
methyl-1-oxaspiro[4.4]non-2-yImethyl ester (32a’)

NO
HO Ok@/ 2

MOMO—""

To a stirred solution of 32a (381 mg, 0.671 mmol) in EtOH (5 mL) was added PPTS (169
mg, 0.671 mmol) at room temperature. After the reaction was completed, triethylamine
(0.11 mL) was added to the reaction mixture and the mixture was concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=4/1) to afford 32a’ (292 mg, 88%) as an oil.

Rt = 0.44 (hexane/ethyl acetate=1/1); TH NMR (400 MHz, CDCls) § 9.28 (2H, d, J= 2.2
Hz), 9.22 (1H, t, J= 2.2 Hz), 4.62 (1H, d, J= 6.6 Hz), 4.61 (1H, d, J= 6.6 Hz), 4.50 (1H,
dd, J=11.7, 5.1 Hz), 4.43 (1H, dd, /= 11.7, 3.4 Hz), 4.24 (1H, m), 3.73 (1H, ddd, J= 11.0,
5.6, 5.4 Hz), 3.60 (1H, ddd, J= 11.0, 7.8, 5.6 Hz), 3.35 (3H, s), 3.32 (1H, d, J= 9.0 Hz),
3.31 (1H, d, J= 9.0 Hz), 2.74 (1H, br), 2.41 (1H, m), 2.17 (1H, dd, J= 8.5, 4.6 Hz), 2.05
(1H, ddd, J=12.7, 8.1, 4.6 Hz), 1.90-1.78 (3H, m), 1.74-1.55 (3H, m), 1.37 (1H, m), 1.09
(3H, d, J= 6.8 Hz), 0.88 (3H, s); 13C NMR (100 MHz, CDCls) & 162.6, 148.5, 133.6, 129.8,
122.3, 96.6, 96.2, 76.6, 72.0, 68.4, 62.9, 55.2, 49.3, 43.6, 36.6, 35.5, 34.5, 29.5, 28.6, 19.6,
15.2; IR (neat) vmax 3476, 2952, 2884, 1736, 1544, 1348, 1282, 1170, 1148, 1112, 1046
cm 1; HRMS (FAB) [M+H]* calculated for C2sHssN2O10: 497.2135, found: 497.2150; [a]p28
-5.9 (¢ 1.5, CHCly).

3,5-Dinitrobenzoic acid (2R,4S,5R,6R,7S)-6-(2-hydroxyethyl)-7-methoxymethoxymethyl-4,7-di
methyl-1-oxaspiro[4.4]non-2-ylmethyl ester (32b”)

HO

MOMO—"|

32b’ was prepared from 32b in 64% yield according to the procedure for 32a’.

Rt = 0.23 (hexane/ethyl acetate=1/1); 'H NMR (400 MHz, CDCls) § 9.24 (1H, t, J= 2.0
Hz), 9.18 (2H, d, J= 2.0 Hz), 4.63 (2H, s), 4.50-4.44 (1H, m), 4.42 (1H, dd, /= 11.0, 5.6
Hz), 4.36 (1H, dd, /= 11.0, 4.1 Hz), 3.72-3.68 (2H, m), 3.38 (3H, s), 3.32 (1H, d, /= 9.8
Hz), 3.31 (1H, d, /= 9.8 Hz), 2.43 (1H, br), 2.30 (1H, m), 2.04 (1H, ddd, J= 12.7, 8.0, 4.4
Hz), 1.98-1.91 (2H, m), 1.78-1.68 (4H, m), 1.60-1.47 (2H, m), 1.11 (38H, d, /= 7.1 Hz),
1.04 (3H, s); 13C NMR (100 MHz, CDCls) & 162.5, 148.7, 133.9, 129.5, 122.4, 96.9, 96.7,
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77.3, 74.9, 69.5, 61.8, 55.4, 44.8, 43.9, 41.3, 39.5, 36.7, 36.1, 29.7, 20.9, 15.0; IR (neat)
Vmax 3456, 2960, 2884, 1738, 1552, 1348, 1280, 1170, 1148, 1110, 1046, 722 cm!; HRMS
(FAB) [M+H]* calculated for CasH33sN2O1o: 497.2135, found: 497.2111; [alp32 +2.1 (¢ 0.7,
MeOH).

3,5-Dinitrobenzoic acid (2R,4S,5S,6S,7S)-6-(2-hydroxyethyl)-7-methoxymethoxymethyl-4,7-di
methyl-1-oxaspiro[4.4]non-2-ylmethyl ester (32¢”)

MOoMO—"]

32¢’ was prepared from 32c¢ in 74% yield according to the procedure for 32a’.

Rt = 0.41 (hexane/ethyl acetate=1/1); 'H NMR (400 MHz, CDCls) § 9.23 (1H, t, J= 2.0
Hz), 9.19 (2H, d, J= 2.0 Hz), 4.58 (1H, d, J= 6.6 Hz), 4.56 (1H, d, /= 6.6 Hz), 4.47 (1H,
dd, J=11.5, 5.6 Hz), 4.39 (1H, dd, J=11.5, 3.9 Hz), 4.26 (1H, m), 3.72-3.62 (2H, m), 3.46
(1H, d, J=9.3 Hz), 3.38 (1H, d, J= 9.3 Hz), 3.31 (3H, s), 2.07 (1H, m), 1.96-1.83 (3H, m),
1.80-1.72 (2H, m), 1.66 (1H, ddd, J= 14.1, 7.3, 6.8 Hz), 1.62 (1H, ddd, J= 14.1, 7.3, 6.3
Hz), 1.56-1.46 (2H, m), 1.19-1.12 (1H, m), 1.12 (3H, s), 1.01 (3H, d, J= 6.6 Hz); 13C NMR
(100 MHz, CDCls) & 162.5, 148.7, 133.8, 129.6, 122.4, 96.7, 95.1, 72.4, 72.0, 68.7, 62.9,
55.1, 50.6, 44.3, 38.3, 35.2, 34.9, 30.0, 27.3, 25.3, 13.8; IR (neat) vmax 3476, 2960, 2880,
1738, 1550, 1348, 1282, 1168, 1108, 1046, 722 cm 1; HRMS (FAB) [M+H]+ calculated for
C23H33N2010: 497.2135, found: 497.2130; [alp32 +5.0 (¢ 0.7, MeOH).

3,5-Dinitrobenzoic acid (2R,4S,5S,6R,7S)-7-methoxymethoxymethyl-4,7-dimethyl-6-(2-0xo
ethyl)-1-oxaspiro[4.4]non-2-yImethyl ester (33a)

MOMO—"

To a stirred solution of 32a’ (26.1 mg, 0.0526 mmol) in CH2Cl: (5 mL) was added
Dess—Martin periodinane (33.4 mg, 0.0787 mmol) at room temperature. After the
reaction was completed, Et2O (10 mL) and a mixture of saturated aqueous NaHCOs
solution (10 mL) and saturated aqueous Na2S203 solution (10 mL) was added to the
reaction mixture and the aqueous layer was extracted with Et20 (10 mL X 2). The
combined organic layer was dried (Na2SO4), and concentrated under reduced pressure.

The residue was purified by flash chromatography (hexane/ethyl acetate=6/1) to afford
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the titled aldehyde 33a (25.7 mg, 99%) as an oil.

Rt = 0.44 (hexane/ethyl acetate=2/1); '"H NMR (400 MHz, CDCls) & 9.66 (1H, dd, J= 3.9,
1.7 Hz), 9.23 (1H, t, J= 2.2 Hz), 9.17 (2H, d, J= 2.2 Hz), 4.60 (1H, d, /= 6.6 Hz), 4.59
(1H, d, /= 6.6 Hz), 4.42 (1H, dd, J= 11.5, 3.9 Hz), 4.36 (1H, dd, J = 11.5, 5.6 Hz), 4.22
(1H, m), 3.38 (1H, d, J= 9.0 Hz), 3.34 (1H, d, /= 9.0 Hz), 3.34 (3H, s), 2.75 (1H, dd, J=
9.3, 5.6 Hz), 2.45 (1H, ddd, J/ = 15.9, 5.6, 1.7 Hz), 2.36 (1H, ddd, J = 15.9, 9.3, 3.9 Hz),
2.12 (1H, m), 2.03-1.97 (1H, m), 1.87-1.77 (3H, m), 1.61 (1H, m), 1.36 (1H, m), 1.08 (3H,
d, J = 6.8 Hz), 0.90 (3H, s); 13C NMR (100 MHz, CDCls) & 202.9, 162.4, 148.5, 133.7,
129.5, 122.3, 96.6, 95.6, 72.3, 68.6, 55.2, 47.4, 42.8, 41.9, 37.1, 35.6, 34.5, 30.2, 20.3, 15.4;
IR (neat) vmax 2964, 2888, 1734, 1550, 1348, 1284, 1170, 1112, 1046 cm1; HRMS (FAB)
[M+H]+ calculated for CgzsHs1N2010: 495.1979, found: 495.1977; [alp? -30.8 (¢ 1.2,
CHCls).

3,5-Dinitrobenzoic acid (2R,4S,5R,6R,7S)-7-methoxymethoxymethyl-4,7-dimethyl-6-(2-oxo
ethyl)-1-oxaspiro[4.4]non-2-yIlmethyl ester (33b)

MOMO—"|

33b was prepared from 32b’ in 100% yield according to the procedure for 33a.

Rt = 0.41 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) 6 9.77 (1H, dd, J= 1.5,
1.2 Hz), 9.24 (1H, t, J= 2.0 Hz), 9.18 (2H, d, /= 2.0 Hz), 4.58 (2H, s), 4.43-4.35 (3H, m),
3.34 (3H, s), 3.26 (2H, s), 2.54-2.48 (3H, m), 2.28 (1H, ddd, J= 13.9, 13.9, 6.8 Hz), 2.03
(1H, m), 1.90 (1H, ddd, J= 13.2, 8.3, 8.3 Hz), 1.84-1.77 (2H, m), 1.61-1.43 (2H, m), 1.08
(3H, d, /= 7.1 Hz), 1.00 (3H, s); 13C NMR (100 MHz, CDCls) & 202.5, 162.4, 148.7, 133.9,
129.5, 122.4, 96.7, 95.3, 76.1, 74.7, 69.2, 55.2, 45.1, 43.2, 42.3, 41.9, 40.0, 36.2, 34.9, 20.4,
15.3; IR (neat) vmax 2960, 2884, 1732, 1550, 1348, 1282, 1170, 1110, 1046, 722 cm%;
HRMS (FAB) [M+Nal* calculated for C2sH30N2010Na: 517.1798, found: 517.1801; [a]p23
+22.4 (¢ 0.8, CHCly).
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3,5-Dinitrobenzoic acid (2R,4S,5S,6S,7S)-7-methoxymethoxymethyl-4,7-dimethyl-6-(2-0xo
ethyl)-1-oxaspiro[4.4]non-2-yIlmethyl ester (33c)

o)
NO
O\ H OJK(;/ 2
MOMO—" NO,

33c was prepared from 32¢’ in 95% yield according to the procedure for 33a.

Rt = 0.47 (hexane/ethyl acetate=2/1); 'H NMR (400 MHz, CDCls) 6 9.78 (1H, dd, J= 1.7,
1.5 Hz), 9.23 (1H, t, J= 2.0 Hz), 9.15 (2H, d, J= 2.0 Hz), 4.54 (1H, d, J = 6.3 Hz), 4.52
(1H, d, J=6.3 Hz), 4.39 (1H, dd, /= 11.2, 6.1 Hz), 4.35 (1H, dd, J= 11.2, 4.1 Hz), 4.27
(1H, m), 3.38 (1H, d, /= 9.3 Hz), 3.36 (1H, d, /= 9.3 Hz), 3.29 (3H, s), 2.57 (1H, ddd, J=
17.6, 6.6, 1.5 Hz), 2.49 (1H, ddd, /= 17.6, 6.6, 1.7 Hz), 2.16 (1H, dd, J = 6.6, 6.6 Hz),
1.96-1.88 (2H, m), 1.83-1.72 (3H, m), 1.56-1.48 (1H, m), 1.29-1.24 (1H, m), 1.11 (3H, s),
1.03 (3H, d, J= 6.3 Hz); 13C NMR (100 MHz, CDCls) & 202.6, 162.4, 148.7, 133.8, 129.5,
122.4, 96.7, 94.8, 72.5, 68.7, 55.2, 47.1, 44.0, 39.0, 37.6, 35.1, 35.0, 29.7, 25.2, 13.7; IR
(neat) vmax 2960, 2884, 1734, 1550, 1348, 1282, 1168, 1110, 1048, 732 cm 1; HRMS (FAB)
[M+Nal* calculated for C2sHsoN201oNa: 517.1798, found: 517.1773; [alp27 +2.3 (¢ 1.2,
CHCls).

3,5-Dinitrobenzoic acid (3RS,4aR,5S,7aS,3'S,5'R)-3-hydroxy-7a-methyloctahydrocyclopenta]c]
pyran-5-spiro-2'-(3'-methyltetrahydrofuran)-5'-ylmethyl ester (33a’)

To a stirred solution of 33a (24.6 mg, 0.497 mmol) in THF (2 mL) was added 2N HCI (1
mL), and the mixture was refluxed. After the reaction was completed, saturated
aqueous NaHCOs solution (1 mL) was added to the reaction mixture and the aqueous
layer was extracted with Et20 (1 mL x 2). The combined organic layer was dried
(Na2S04), and concentrated under reduced pressure. The residue was purified by short
flash chromatography (hexane/ethyl acetate=4/1) to afford the titled crude lactol 33a’ as

a solid. This was used for next step without further purification.
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3,5-Dinitrobenzoic acid (3RS,4aR,5R,7aS,3'S,5'R)-3-hydroxy-7a-methyloctahydrocyclopenta[c]
pyran-5-spiro-2'-(3'-methyltetrahydrofuran)-5'-ylmethyl ester (33b”)

33b’ was prepared from 33b according to the procedure for 33a’.

3,5-Dinitrobenzoic acid (3RS,4aS,5S,7aS,3'S,5'R)-3-hydroxy-7a-methyloctahydrocyclopenta[c]
pyran-5-spiro-2'-(3'-methyltetrahydrofuran)-5'-ylmethyl ester (33c’)

33c’ was prepared from 33c according to the procedure for 33a’.

3,5-Dinitrobenzoic acid (4aR,5S,7aS,3'S,5'R)-7a-methylhexahydrocyclopenta[c]pyran-3(1H)-
one-5-spiro-2'-(3'-methyltetrahydrofuran)-5'-ylmethyl ester (34a)

To a stirred solution of crude 33a’ in benzene (3 mL) was added Fetizon reagent (503 mg,
0.838 mmol), and the mixture was refluxed. After the reaction was completed, the
mixture was filtered through a Celite pad and the filtrate was concentrated under
reduced pressure. The residue was purified by short flash chromatography
(hexane/ethyl acetate=4/1) to afford 34a (14.6 mg, 66% (2steps)) as a solid.

R¢=0.20 (hexane/ethyl acetate=2/1); mp 157 °C; 'H NMR (400 MHz, CDCls) & 9.24 (1H, t,
J=2.2Hz),9.16 (2H, d, J= 2.2 Hz), 4.46 (1H, dd, J=11.2, 3.4 Hz), 4.37 (1H, dd, J= 11.2,
6.1 Hz), 4.31 (1H, m), 4.21 (1H, d, J=10.3 Hz), 4.16 (1H, d, J= 10.3 Hz), 2.68 (1H, dd,
=16.8,4.9 Hz), 2.41 (1H, dd, /= 16.8, 14.6 Hz), 2.31 (1H, dd, J= 14.6, 4.9 Hz), 2.23 (1H,
ddd, /= 14.6, 11.8, 7.1 Hz), 2.17 (1H, dq, J= 7.1, 5.8 Hz), 1.93 (1H, dd, /= 14.6, 8.1 Hz),
1.86 (2H, dd, J= 7.4, 5.8 Hz), 1.65 (1H, ddd, J= 11.8, 11.7, 8.1 Hz), 1.59 (1H, dd, J= 11.7,
7.1 Hz), 1.12 (3H, d, J= 7.1 Hz), 0.96 (3H, s); 13C NMR (100 MHz, CDCls) § 169.7, 162.4,
148.7, 133.6, 129.5, 122.5, 93.3, 81.8, 72.8, 68.9, 53.3, 39.8, 37.1, 36.5, 33.8, 32.8, 30.3,
16.2, 15.8; IR (KBr) vmax 1735, 1544, 1345, 1277, 1168 cm'; HRMS (FAB) [M+H]*
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calculated for C21H25N209: 449.1560, found: 449.1571; [alp27 -68.1 (¢ 0.5, CHCls).

3,5-Dinitrobenzoic acid (4aR,5R,7aS,3'S,5'R)-7a-methylhexahydrocyclopenta[c]pyran-3(1H)-
one-5-spiro-2'-(3'-methyltetrahydrofuran)-5'-ylmethyl ester (34b)

34b was prepared from 33b’ in 57% yield according to the procedure for 34a.

Rt = 0.36 (hexane/ethyl acetate=1/1); mp 47-50 °C; 'H NMR (400 MHz, CDCls) & 9.25
(1H, t, J=2.0 Hz), 9.18 (2H, d, /= 2.0 Hz), 4.47 (1H, dd, /= 10.5, 5.1 Hz), 4.41 (1H, m),
4.38 (1H, dd, J= 10.5, 4.4 Hz), 4.23 (1H, d, J= 10.2 Hz), 4.09 (1H, d, /= 10.2 Hz), 2.75
(1H, dd, J=17.9, 13.6 Hz), 2.61 (1H, dd, /= 17.9, 5.6 Hz), 2.33-2.26 (2H, m), 2.06 (1H,
dd, J=14.6, 10.5 Hz), 2.02 (1H, ddd, J=12.8, 7.2, 4.9 Hz), 1.87 (1H, dd, J=13.6, 5.6 Hz),
1.77 (1H, ddd, J= 12.8, 8.2, 7.9 Hz), 1.66 (1H, dd, J= 12.3, 8.7 Hz), 1.30 (1H, ddd, J =
12.3, 11.3, 10.5 Hz), 1.19 (3H, s), 1.06 (3H, d, /= 7.2 Hz); 13C NMR (100 MHz, CDCIs) &
170.4, 162.4, 148.7, 133.8, 129.4, 122.5, 92.7, 81.8, 75.1, 69.2, 47.1, 42.6, 40.6, 40.5, 36.1,
34.4, 30.9, 16.7, 15.2; IR (KBr) vmax 1732, 1547, 1346, 1281, 1172 cm 1; HRMS (FAB)
[M+H]*+ calculated for C21H2sN209: 449.1560, found: 449.1555; [alp?! -12.0 (¢ 0.6,
CHCls).

3,5-Dinitrobenzoic acid (4aS,5S,7aS,3'S,5'R)-7a-methylhexahydrocyclopenta[c]pyran-3(1H)-
one-5-spiro-2'-(3'-methyltetrahydrofuran)-5'-ylmethyl ester (34c)

34c was prepared from 33¢’ in 53% yield according to the procedure for 34a.

Rt = 0.45 (hexane/ethyl acetate=1/1); mp 45-46 °C; 'H NMR (400 MHz, CDCls) &
9.24-9.20 (3H, m), 4.42 (1H, dd, J = 11.0, 6.1 Hz), 4.37 (1H, dd, /= 11.0, 3.8 Hz), 4.35
(1H, m), 4.04 (1H, d, J= 11.5 Hz), 3.88 (1H, d, /= 11.5 Hz), 2.53 (1H, dd, J= 15.6, 4.9
Hz), 2.33 (1H, dd, J=15.6, 7.7 Hz), 2.07 (1H, m), 2.05-1.97 (1H, m), 1.89 (1H, dd, J= 7.7,
4.9 Hz), 1.85 (1H, ddd, J=12.5, 10.8, 10.5 Hz), 1.63-1.55 (2H, m), 1.48 (1H, dd, /= 12.0,
5.6 Hz), 1.09 (3H, s), 1.03 (3H, d, J= 6.7 Hz); 13C NMR (100 MHz, CDCls) § 174.0, 163.3,
149.3, 134.7, 130.4, 123.0, 96.3, 75.3, 73.7, 69.3, 48.7, 40.7, 37.3, 36.3, 34.6, 29.9, 28.5,
26.2, 14.9; IR (KBr) vmax 1738, 1547, 1346, 1283, 1171 cm; HRMS (FAB) [M+H]+
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calculated for C21H25N209: 449.1560, found: 449.1563; [alp22 -21.0 (¢ 0.8, CHCls).

C2 (Vi L O C3IAE L DAESE -

(1S,2S)-2-(Hydroxymethyl)cyclopent-3-enol (36)

HQ
Ho, 3

Q

To a stirred solution of 35 (3.15 g, 22.2 mmol) in CH2Clz (1000 mL) was added Grubbs
cat. 2nd (376 mg, 0.443 mmol) in CH2Cl2 (20 mL) at room temperature. After the reaction
was completed, the reaction mixture was concentrated under reduced pressure. The
residue was purified by flash chromatography to afford the known diol 36 (2.33 g, 92%)

as an oil.

(1S,2S)-2-({[tert-Butyl(dimethyl)silylJoxy}methyl)cyclopent-3-en-1-ol (36°)

TBSO
Ho,

.

To a stirred solution of 36 (1.76 g, 15.4 mmol) in CH2Cl: (160 mL) was added imidazole
(1.37 g, 20.1 mmol) and TBSCI (2.64 g, 17.0 mmol) successively at 0 °C. After the
reaction was completed, saturated aqueous NH4Cl (100 mL) was added to the reaction
mixture, and the aqueous layer was extracted with CHzCl2 (80 mL x 2). The combined
organic layer was dried (Na2SO4) and concentrated under reduced pressure. The residue
was purified by flash chromatography to afford 86’ (3.07 g, 87%) as an oil.

IH NMR (400 MHz, CDCls) § 5.81-5.79 (1H, m), 5.49-5.48 (1H, m), 4.64-4.58 (1H, m),
3.93 (1H, dd, J= 10.2, 4.4 Hz), 3.81 (1H, dd, J = 10.2, 7.6 Hz), 3.19-3.17 (1H, m), 2.85
(1H, br), 2.70-2.64 (1H, m), 2.37-2.33 (1H, m), 0.90 (9H, s), 0.08 (3H, s), 0.07 (3H, s).

tert-Butyl{[(1S,2S)-2-({[tert-butyl(dimethyl)silylJoxy}methyl)cyclopent-3-en-1-yl]Joxy}diphenyl
silane (37)

TBSO
TBDPSO,

.

To a stirred solution of 36’ (2.97 g, 13.0 mmol) in a mixture of CH2Cl2 (80 mL) and DMF
(8 mL) was added imidazole (2.66 g, 39.1 mmol), DMAP (318 mg, 2.60 mmol) and
TBDPSC1 (6.77 mL, 26.0 mmol) successively at room temperature. After the reaction
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was completed, saturated aqueous NH4Cl (50 mL) was added to the reaction mixture,
and the aqueous layer was extracted with CH2Clz (50 mL x 2). The combined organic
layer was dried (Na2SO4) and concentrated under reduced pressure. The residue was
purified by flash chromatography to afford 87 (5.96 g, 98%) as a white solid.

'H NMR (400 MHz, CDCls) § 7.68-7.64 (4H, m), 7.45-7.34 (6H, m), 5.75-5.74 (1H, m),
5.64-5.62 (1H, m), 4.57 (1H, ddd, /= 7.1, 6.8, 6.3 Hz), 3.96 (1H, dd, J=9.8, 5.6 Hz), 3.76
(1H, dd, J= 9.8, 9.5 Hz), 2.65-2.64 (1H, m), 2.32-2.27 (1H, m), 2.24-2.17 (1H, m), 1.06
(9H, s), 0.90 (9H, s), 0.05 (3H, s), 0.03 (3H, s).

(1R,2R,3S,4S)-2-Bromo-3-({[tert-butyl(dimethyl)silyl]Joxy}methyl)-4-{[tert-butyl(diphenyl)silyl]
oxy}cyclopentanol (38)

TBSQ
TBDPSO,

Ce

oH

To a stirred solution of 37 (5.69 g, 12.2 mmol) in a mixture of acetone (90 mL) and H20
(30 mL) was added NBS (4.34 g, 24.4 mmol) at room temperature. After the reaction
was completed, saturated aqueous NaHCOs3 (50 mL) was added to the reaction mixture,
and the aqueous layer was extracted with EtzO0 (80 mL x 2). The combined organic layer
was dried (Na2S04) and concentrated under reduced pressure. The residue was purified
by flash chromatography to afford 38 (3.99 g, 58%) as an oil and inseparable mixture of
38 and 39 (1.72 g, 25%).

'H NMR (400 MHz, CDCls) § 7.67-7.65 (4H, m), 7.45-7.35 (6H, m), 4.66-4.65 (1H, m),
4.49 (1H, ddd, J= 7.6, 7.6, 6.6 Hz), 4.15 (1H, dd, J= 5.9, 3.7 Hz), 4.02 (1H, dd, /= 10.0,
6.3 Hz), 3.83 (1H, dd, J= 10.0, 4.6 Hz), 2.36-2.29 (1H, m), 2.28 (1H, ddd, J = 14.4, 7.6,
4.9 Hz), 1.80 (1H, br), 1.74 (1H, ddd, J=14.4, 7.6, 2.9 Hz), 1.07 (9H, s), 0.91 (9H, s), 0.09
(3H, s), 0.06 (3H, s).

(2R,3S,4S)-2-Bromo-3-({[tert-butyl(dimethyl)silylJoxy}methyl)-4-{[tert-butyl(diphenyl)silyl]
oxy}cyclopentanone (Fragment C)

TBSQ
TBDPSO,

(e

(o}

To a stirred solution of 38 (3.64 g, 6.46 mmol) in CH2Cl: (60 mL) was added

Dess-Martin periodinane (8.21 g, 19.4 mmol) at room temperature. After the reaction
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was completed, Et20 (80 mL) and a mixture of saturated aqueous NaHCOs3 solution (80
mL) and saturated aqueous Na2S20s3 solution (80 mL) was added to the reaction
mixture and the aqueous layer was extracted with Et20 (60 mL x 2). The combined
organic layer was dried over Na2SQO4, and concentrated under reduced pressure. The
residue was purified by flash chromatography to afford Fragment C (3.55 g, 98%) as a
white solid.

'H NMR (400 MHz, CDCls) § 7.67-7.64 (4H, m), 7.48-7.36 (6H, m), 4.48 (1H, ddd, J= 8.0,
7.3, 6.3 Hz), 4.27 (1H, dd, J = 10.0, 2.9 Hz), 4.25 (1H, d, J = 7.3 Hz), 3.89 (1H, dd, J =
10.0, 3.4 Hz), 2.58 (1H, dd, J= 18.8, 7.3 Hz), 2.40-2.35 (1H, m), 2.27 (1H, dd, J= 18.8,
8.0 Hz), 1.09 (9H, s), 0.90 (9H, s), 0.12 (3H, s), 0.08 (3H, s).

(2S,3S,4S)-2-Bromo-3-({[tert-butyl(dimethyl)silylJoxy}methyl)-4-{[tert-butyl(diphenyl)silylJoxy}
cyclopentanone (Fragment C’)

TBSQ
TBDPSO,

7

(o}

To a stirred solution of 38 and 39 (1.65 g, 2.93 mmol) in CH2Clz (30 mL) was added
Dess-Martin periodinane (3.11 g, 7.32 mmol) at room temperature. After the reaction
was completed, Et20 (50 mL) and a mixture of saturated aqueous NaHCOs3 solution (50
mL) and saturated aqueous Na2S20s3 solution (50 mL) was added to the reaction
mixture and the aqueous layer was extracted with Et20 (50 mL x 2). The combined
organic layer was dried over Na2SQO4, and concentrated under reduced pressure. The
residue was purified by flash chromatography to afford Fragment C’ (1.00 g, 61%) as an
oil and 40 (559 mg, 34%) as an oil.

'H NMR (400 MHz, CDCls) § 7.68-7.59 (4H, m), 7.48-7.36 (6H, m), 4.80 (1H, ddd, J=6.1,
5.6, 4.9 Hz), 4.25 (1H, d, /= 7.1 Hz), 4.07 (1H, dd, J= 10.2, 4.1 Hz), 4.01 (1H, dd, J =
10.2, 6.8 Hz), 2.39-2.34 (1H, m), 2.32 (1H, dd, J= 18.8, 4.9 Hz), 2.25 (1H, dd, J= 18.8,
6.1 Hz), 1.07 (9H, s), 0.90 (9H, s), 0.10 (3H, s), 0.08 (3H, s).
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2-[(2R,4S,5S,6R,7S)-7-[(R)-((1S,2S,3S)-2-({[tert-Butyl(dimethyl)silylJoxy}methyl)-3-{[tert-butyl
(diphenyl)silyl]loxy}-5-oxocyclopentyl)(hydroxy)methyl]-2-({[tert-butyl(diphenyl)silylJoxy}
methyl)-4,7-dimethyl-1-oxaspiro[4.4]non-6-yl]ethyl 2,2-dimethylpropanoate (41)

To a stirred solution of 4 (1.39 g, 2.41 mmol) and Fragment C (2.71 g, 4.81 mmol) in
benzene (25 mL) was added a solution of EtsB in hexane (5.25 mL, 1.01 M) and PhsSnH
(1.69 g, 4.81 mmol) in benzene (10 mL) successively at room temperature. After the
reaction was completed, saturated aqueous KF (50 mL) was added to the reaction
mixture, and the aqueous layer was extracted with AcOEt (50 mL X 2). The combined
organic layer was dried (Na2SO4) and concentrated under reduced pressure. The residue
was purified by flash chromatography to afford 41 (2.30 g, 90%) as a white solid.

1H NMR (400 MHz, CDCls) & 7.68-7.63 (6H, m), 7.59-7.58 (2H, m), 7.44-7.33 (12H, m),
4.66 (1H, ddd, J= 4.6, 4.6, 4.1 Hz), 4.17 (1H, ddd, J= 10.5, 10.5, 5.4 Hz), 4.00-3.96 (2H,
m), 3.93-3.89 (1H, m), 3.84 (1H, dd, J=10.0, 5.6 Hz), 3.62 (1H, dd, /= 10.2, 4.6 Hz), 3.51
(1H, dd, J="17.7, 1.8 Hz), 3.50 (1H, dd, /= 10.2, 6.7 Hz), 3.11 (1H, d, J= 7.7 Hz), 2.50 (1H,
dd, /= 8.2, 1.8 Hz), 2.34-2.29 (1H, m), 2.26-2.19 (1H, m), 2.14-2.12 (2H, m), 2.08 (1H,
ddd, J=12.5, 7.9, 4.6 Hz), 2.01 (1H, dd, /= 8.4, 4.4 Hz), 1.80-1.73 (1H, m), 1.70-1.54
(4H, m), 1.46-1.43 (1H, m), 1.27-1.22 (1H, m), 1.14 (9H, s), 1.05 (9H, s), 1.03 (3H, d, /=
6.7 Hz), 1.02 (9H, s), 0.95 (3H, s), 0.88 (9H, s), 0.04 (6H, s).

2-[(2R,4S,5S,6R,7R)-7-[(E)-((2S,3S)-2-({[tert-Butyl(dimethyl)silyl]Joxy}methyl)-3-{[tert-butyl(di
phenyl)silylJoxy}-5-oxocyclopentylidene)methyl]-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-
dimethyl-1-oxaspiro[4.4]non-6-yl]ethyl 2,2-dimethylpropanoate (3)

To a stirred solution of 41 (2.22 g, 2.09 mmol) in benzene (20 mL) was added Burgess
reagent (1.49 g, 6.27 mmol) in benzene (5 mL) at room temperature. After the reaction
was completed, saturated aqueous NaHCOs3 (50 mL) was added to the reaction mixture,
and the aqueous layer was extracted with AcOEt (20 mL x 2). The combined organic
layer was dried (Na2SO4) and concentrated under reduced pressure. The residue was

purified by flash chromatography to afford 3 (2.01 g, 92%) as a white solid.
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1H NMR (400 MHz, CDCls) & 7.67-7.63 (8H, m), 7.43-7.33 (12H, m), 6.59 (1H, s), 4.34
(1H, dd, J = 9.5, 2.3 Hz), 4.34-4.29 (1H, m), 4.04 (1H, ddd, J = 10.8, 9.2, 5.9 Hz),
3.88-3.80 (2H, m), 3.81 (1H, dd, J= 9.5, 3.1 Hz), 3.61 (1H, dd, J/=10.2, 4.4 Hz), 3.52 (1H,
dd, J=10.2, 6.7 Hz), 3.04-3.03 (1H, m), 2.68 (1H, dd, /= 17.7, 10.5 Hz), 2.22-2.09 (2H,
m), 2.17 (1H, dd, J = 17.7, 7.9 Hz), 1.98 (1H, dd, J = 8.2, 5.9 Hz), 1.76-1.57 (5H, m),
1.54-1.44 (2H, m), 1.12 (9H, s), 1.10 (9H, s), 1.03 (9H, s), 1.02 (3H, d, J= 6.7 Hz), 0.93
(3H, s), 0.85 (9H, s), 0.06 (3H, s), —0.02 (3H,s).

2-[(2R,4S,5S,6R,7R)-7-[((1S,2S,3S)-2-({[tert-Butyl(dimethyl)silylJoxy}methyl)-3-{[tert-butyl(di
phenyl)silyl]Joxy}-5-oxocyclopentyl)methyl]-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di
methyl-1-oxaspiro[4.4]non-6-yl]ethyl 2,2-dimethylpropanoate (42a)

To a stirred solution of 3 (29.8 mg, 0.0286 mmol) in a mixture of MeOH (1 mL) and THF
(1 mL) was added a catalytic amount of Ranney Ni under an atmosphere of Ar, and the
reaction mixture was stirred under an atmosphere of hydrogen. After the reaction was
completed, to the mixture was added acetone (3 mL) and stirred for 1 h. Then the
mixture was filtered through a plug of Celite, and the filtrate was concentrated under
reduced pressure. The residue was purified by flash chromatography to afford 42a (24.6
mg, 82%) as a white solid and 42b (0.7 mg, 2%).

'H NMR (400 MHz, CDCls) § 7.66-7.63 (8H, m), 7.45-7.33 (12H, m), 4.38 (1H, ddd, J=
9.0, 9.0, 6.7 Hz), 4.38-4.33 (1H, m), 4.04-3.93 (2H, m), 3.86-3.83 (1H, m), 3.73 (1H, dd, J
=10.2, 3.1 Hz), 3.61 (1H, dd, J= 10.2, 4.4 Hz), 3.51 (1H, dd, J= 10.2, 6.7 Hz), 2.41 (1H,
dd, J=18.4,9.7 Hz), 2.26-2.24 (1H, m), 2.19-2.07 (3H, m), 2.00 (1H, dd, J= 14.8, 2.0 Hz),
1.87-1.85 (1H, m), 1.73 (1H, dd, J= 7.9, 6.1 Hz), 1.68-1.61 (2H, m), 1.57-1.40 (5H, m),
1.20-1.16 (1H, m), 1.12 (9H, s), 1.09 (9H, s), 1.03 (9H, s), 1.00 (3H, d, J = 6.7 Hz), 0.86
(9H, s), 0.72 (3H, s), 0.09 (3H, s), 0.03 (3H,s).
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(1R,2S,3S,4S)-3-({[tert-Butyl(dimethyl)silyl]Joxy}methyl)-4-{[tert-butyl(diphenyl)silyl]Joxy}-2-
{[(2R,4S,5S,6R,7R)-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-6-(2-hydroxyethyl)-4,7-dimethyl-
1-oxaspiro[4.4]non-7-ylJmethyl}-1-methylcyclopentanol (2)

TBSO._ = Lo
TBDPSO,, _~

To a stirred solution of 42a (188 mg, 0.180 mmol) in Et20 (7 mL) was added a solution of
MelLi in Et20 (0.797 mL, 1.13 M) at -78 °C. Stirring was continued at —78 °C at 2 h, then
at 0 °C for 30 min. After the reaction was completed, saturated aqueous NH4Cl (5 mL)
was added to the reaction mixture, and the aqueous layer was extracted with AcOEt (5
mL X 2). The combined organic layer was dried (Na2SO4) and concentrated under
reduced pressure. The residue was purified by flash chromatography to afford 2 (173 mg,
98%) as a white solid.

'H NMR (400 MHz, CDCl) § 7.67-7.63 (8H, m), 7.44-7.34 (12H, m), 4.40 (1H, br), 4.28
(1H, dd, J=10.4, 1.3 Hz), 4.08 (1H, ddd, J=9.3, 9.3, 7.3 Hz), 3.90-3.85 (1H, m), 3.71 (1H,
dd, /= 10.4, 3.1 Hz), 3.64 (1H, dd, J/ = 10.3, 4.6 Hz), 3.56 (1H, dd, J = 10.3, 6.2 Hz),
3.54-3.48 (2H, m), 2.22 (1H, ddd, J= 10.4, 7.5, 7.3 Hz), 2.05 (1H, ddd, J= 12.1, 8.1, 3.8
Hz), 1.97-1.84 (4H, m), 1.76 (1H, dd, J= 9.3, 3.1 Hz), 1.70-1.59 (3H, m), 1.54-1.41 (6H,
m), 1.29-1.25 (1H, m), 1.07 (9H, s), 1.04 (9H, s), 1.03 (3H, s), 1.01 (3H, d, / = 6.8 Hz),
0.96 (9H, s), 0.65 (3H, s), 0.18 (3H, s), 0.17 (3H,s).

8 BB DOIRET

[(2R,4S,55,6R,7R)-7-[((1S,2R,4S,5S)-5-({[tert-Butyl(dimethyl)silylJoxy}methyl)-4-{[tert-butyl(di
phenyl)silylJoxy}-2-hydroxy-2-methylcyclopentyl)methyl]-2-({[tert-butyl(diphenyl)silyl]Joxy}
methyl)-4,7-dimethyl-1-oxaspiro[4.4]non-6-yl]acetaldehyde (43)

TBSO_ = L,

TBDPSO,,,

To a stirred solution of (COCDz (0.020 mL, 0.281 mmol) in CHz2Cl: (5 mL) was added
DMSO (0.020 mL, 0.225 mmol) at -78 °C, and the mixture was stirred at this
temperature for 30 min. Then, a solution of 2 (27.5 mg, 0.0281 mmol) in CH2Clz (1 mL)
was added dropwise at =78 °C. After 30 min, EtsN (0.078 mL, 0.563 mmol) was added to

the reaction mixture at -78 °C, and the reaction mixture was warmed up to room
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temperature. After the reaction was completed, H2O (5 mL) was added to the reaction
mixture and the aqueous layer was extracted with CHzClz (5 mL X 2). The combined
organic layer was dried (NazSOs), and concentrated under reduced pressure. The
residue was purified by flash chromatography to afford 43 (27.4 mg, 100%).

1H NMR (400 MHz, CDCls) § 9.52 (1H, dd, /= 2.9, 2.9 Hz), 7.67-7.63 (8H, m), 7.44-7.33
(12H, m), 4.44 (1H, br), 4.26 (1H, dd, J/=10.6, 1.3 Hz), 4.06 (1H, ddd, J=9.7, 9.2, 7.1 Hz),
3.92-3.87 (1H, m), 3.64 (1H, dd, J= 10.6, 2.9 Hz), 3.60 (1H, dd, /= 10.3, 4.6 Hz), 3.48
(1H, dd, J=10.3, 6.0 Hz), 2.41 (1H, dd, J= 7.7, 7.1 Hz), 2.32 (1H, ddd, /= 15.2, 8.1, 2.9
Hz), 2.18 (1H, ddd, J=15.2, 6.8, 2.9 Hz), 2.03-1.84 (5H, m), 1.69-1.40 (7H, m), 1.30-1.22
(1H, m), 1.07 (9H, s), 1.04 (3H, s), 1.03 (9H, s), 0.97 (3H, d, J= 6.6 Hz), 0.96 (9H, s), 0.64
(3H, s), 0.19 (3H, s), 0.18 (3H,s).

(1R,25,35,49)-2-{[(2R,4S,5S,6R,7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di
methyl-1-oxaspiro[4.4]non-7-yllmethyl}-3-({[tert-butyl(dimethyl)silylJoxy}methyl)-4-{[tert-
butyl(diphenyl)silyl]Joxy}-1-methylcyclopentanol (44)

TBSO_ = Lo

TBDPSO,,,

To a suspension of PhsP*MeBr (87.0 mg, 0.239 mmol) in THF (3 mL) was added a
solution of £#-BuOK (29.7 mg, 0.225 mmol) in THF (2 mL) dropwise at room temperature,
and the reaction mixture was stirred for 1 h. Then, to the reaction mixture was added
43 (27.4 mg, 0.0281 mmol) in THF (1 mL) at 0 °C. After the starting material
disappeared, the reaction was quenched with saturated aqueous NH4Cl solution (5 mL).
The aqueous layer was extracted with Et20 (5 mL x 2). The combined organic layer was
dried over Na2SQ.4, filtered and evaporated. The residue was purified by flash
chromatography to afford 44 (27.3 mg, 100%).

'H NMR (400 MHz, CDCls) § 7.67-7.63 (8H, m), 7.44-7.33 (12H, m), 5.73 (1H, dddd, J=
17.2, 10.3, 6.8, 6.2 Hz), 4.94 (1H, dd, /= 17.2, 1.8 Hz), 4.78 (1H, dd, /= 10.3, 1.8 Hz),
4.42 (1H, br), 4.25 (1H, dd, J = 10.3, 1.1 Hz), 4.07 (1H, ddd, J = 9.5, 9.3, 7.1 Hz),
3.92-3.87 (1H, m), 3.71 (1H, dd, /= 10.3, 2.9 Hz), 3.61 (1H, dd, /= 10.1, 4.4 Hz), 3.48
(1H, dd, J = 10.1, 6.8 Hz), 2.22-2.15 (1H, m), 2.13-1.99 (3H, m), 1.96-1.84 (4H, m),
1.66-1.59 (2H, m), 1.53-1.52 (2H, m), 1.49-1.36 (3H, m), 1.22-1.16 (1H, m), 1.07 (9H, s),
1.03 (9H, s), 1.02 (3H, s), 0.99 (3H, d, J= 6.8 Hz), 0.96 (9H, s), 0.67 (3H, s), 0.18 (3H, s),
0.17 (3H,s).
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(1R,25,35,49)-2-{[(2R,4S,5S,6R,7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di
methyl-1-oxaspiro[4.4]non-7-yllmethyl}-4-{[tert-butyl(diphenyl)silylJoxy}-3-(hydroxymethyl)-
1-methylcyclopentanol (45)

TBDPSO,,,

To a stirred solution of 44 (25.7 mg, 0.0264 mmol) in EtOH (3 mL) was added PPTS (1.3
mg, 5.28 X 103 mmol) at room temperature. After the reaction was completed, EtsN
(0.004 mL, 0.0264 mmol) was added to the reaction mixture, and the resultant solution
was concentrated under reduced pressure. The residue was purified by flash
chromatography to afford 45 (22.7 mg, 100%).

1H NMR (400 MHz, CDCls) § 7.67-7.63 (8H, m), 7.46-7.33 (12H, m), 5.74 (1H, dddd, J=
17.0, 10.3, 6.8, 6.4 Hz), 4.96 (1H, dd, J= 17.0, 1.8 Hz), 4.81 (1H, dd, J= 10.3, 1.8 Hz),
4.42 (1H, ddd, J= 9.7, 7.5, 6.6 Hz), 4.06 (1H, dd, /= 12.1, 3.3 Hz), 3.92-3.87 (1H, m),
3.83 (1H, dd, J=12.1, 2.2 Hz), 3.61 (1H, dd, J=10.1, 4.4 Hz), 3.47 (1H, dd, J=10.1, 6.8
Hz), 2.23-2.15 (1H, m), 2.13-1.96 (5H, m), 1.89 (1H, dd, /= 8.2, 6.4 Hz), 1.80 (1H, dd, J
= 15.0, 6.4 Hz), 1.69-1.59 (3H, m), 1.48-1.36 (4H, m), 1.22-1.18 (1H, m), 1.08 (9H, s),
1.06 (3H, s), 1.03 (9H, s), 0.99 (3H, d, J= 6.6 Hz), 0.67 (3H, s).

(1R,4R,58,7S)-7-{[(2R,4S,5S,6R, 7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4, 7-di

methyl-1-oxaspiro[4.4]non-7-yllmethyl}-5-{[tert-butyl(diphenyl)silylJoxy}-1-methyl-2-oxabi
cyclo[2.2.1]heptan-3-ol (48)

TBDPSO,,,

To a stirred solution of 45 (81.3 mg, 0.0946 mmol) in DMSO (5 mL) was added IBX (79.5
mg, 0.284 mmol) at room temperature. After the reaction was completed, Et20 (10 mL)
and a mixture of saturated aqueous NaHCOs solution (5 mL) and saturated aqueous
Na2S20s3 solution (5 mL) was added to the reaction mixture and the aqueous layer was
extracted with Et20 (5 mL x 2). The combined organic layer was dried over Na2SQOs, and
concentrated under reduced pressure. The crude lactol 48 was used for the next step

without further purification.
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(1R,25,35,49)-2-{[(2R,4S,5S,6R,7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di
methyl-1-oxaspiro[4.4]non-7-yllmethyl}-4-{[tert-butyl(diphenyl)silylJoxy}-3-(1-hydroxyethyl)-
1-methylcyclopentanol (49)

HO__~
TBDPSO,,, ~

To a stirred solution of 48 in Et20 (4.5 mL) was added a solution of MeLi in Et20 (0.586
mL, 1.13 M) at 0 °C. After the reaction was completed, saturated aqueous NH4Cl (5 mL)
was added to the reaction mixture, and the aqueous layer was extracted with AcOEt (5
mL X 2). The combined organic layer was dried (Na2SO4) and concentrated under
reduced pressure. The crude alcohol 49 was used for the next step without further

purification.
1-((1R,2S,3R,55)-2-{[(2R,4S,5S,6R,7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di

methyl-1-oxaspiro[4.4]non-7-ylmethyl}-5-{[tert-butyl(diphenyl)silylJoxy}-3-hydroxy-3-methyl
cyclopentyl)ethanone (49°)

TBDPSO,,

To a stirred solution of 49 (24.1 mg, 0.0276 mmol) in CH2Clz (4.5 mL) was added
Dess—Martin periodinane (80.3 mg, 0.189 mmol) at room temperature. After the
reaction was completed, Et2O (5 mL) and a mixture of saturated aqueous NaHCOs
solution (5 mL) and saturated aqueous Na2S20s3 solution (5 mL) was added to the
reaction mixture and the aqueous layer was extracted with EtzO (5 mL x 2). The
combined organic layer was dried over Na2S0O4, and concentrated under reduced
pressure. The residue was purified by flash chromatography to afford 49’ (82.4 mg,
100% (3 steps)).

'H NMR (400 MHz, CDCls) § 7.67-7.58 (8H, m), 7.48-7.33 (12H, m), 5.67 (1H, dddd, J=
17.3,10.7, 6.8, 6.3 Hz), 4.92 (1H, d, J= 17.3 Hz), 4.79 (1H, br), 4.77 (1H, d, J= 10.7 Hz),
4.30 (1H, ddd, J= 9.8, 7.8, 7.6 Hz), 3.93-3.87 (1H, m), 3.60 (1H, dd, J= 10.0, 4.6 Hz),
3.48-3.44 (1H, m), 3.47 (1H, dd, J = 10.0, 6.6 Hz), 2.35 (1H, dd, J = 7.3, 6.8 H2),
2.27-2.15 (2H, m), 2.23 (3H, s), 2.10-1.79 (4H, m), 1.74-1.20 (8H, m), 1.04 (9H, s), 1.03
(9H, s), 0.99 (3H, d, J= 7.0 Hz), 0.98 (3H, s), 0.68 (3H, s).
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1-{(1R,2S,3R,59)-2-{[(2R,4S,5S,6R,7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di
methyl-1-oxaspiro[4.4]non-7-ylJmethyl}-5-{[tert-butyl(diphenyl)silylJoxy}-3-methyl-3-[(tri
methylsilyl)oxy]cyclopentyl}ethanone (50)

TBDPSO,,

To a stirred solution of 49" (23.7 mg, 0.0272 mmol) in DMF (1.5 mL) was added
imidazole (55.6 mg, 0.816 mmol) and TMSCI (0.069 mL, 0.544 mmol) successively at
room temperature. After the reaction was completed, saturated aqueous NaCl (5 mL)
was added to the reaction mixture, and the aqueous layer was extracted with Et20 (3
mL X 2). The combined organic layer was dried (Na2SO4) and concentrated under
reduced pressure. The residue was purified by flash chromatography to afford 50 (24.0
mg, 100%).

1H NMR (400 MHz, CDCls) § 7.67-7.62 (8H, m), 7.46-7.32 (12H, m), 5.69 (1H, dddd, J=
17.1, 10.2, 6.8, 6.3 Hz), 4.94 (1H, dd, J= 17.1, 1.7 Hz), 4.77 (1H, dd, J = 10.2, 1.7 Hz),
4.18 (1H, ddd, J= 9.3, 7.8, 7.3 Hz), 3.92-3.86 (1H, m), 3.61 (1H, dd, J= 10.0, 4.4 Hz),
3.47 (1H, dd, J=10.0, 7.1 Hz), 3.06 (1H, dd, J= 7.3, 6.8 Hz), 2.39 (3H, s), 2.29 (1H, dd, J
=13.9, 9.5 Hz), 2.23-2.14 (1H, m), 2.07-1.95 (3H, m), 1.87 (1H, dd, J=13.9, 8.5 Hz), 1.79
(1H, dd, /= 8.5, 6.8 Hz), 1.74-1.35 (7H, m), 1.32-1.19 (1H, m), 1.07 (3H, s), 1.03 (9H, s),
1.01 (9H, s), 0.99 (3H, d, J= 6.8 Hz), 0.68 (3H, s), 0.08 (9H, s).

1-{(1R,2S,3R,59)-2-{[(2R,4S,5S,6R,7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di
methyl-1-oxaspiro[4.4]non-7-ylJmethyl}-5-{[tert-butyl(diphenyl)silylJoxy}-3-methyl-3-[(tri
methylsilyl)oxy]cyclopentyl}vinyl trifluoromethanesulfonate (51)

X

To_~ N\ A W
TBDPSO.,,

“OTMs
To a stirred solution of 50 (25.2 mg, 0.0267 mmol) in THF (1.5 mL) was added a solution
of KHMDS in toluene (0.534 mL, 0.5 M) at -78 °C, and the mixture was stirred at this

temperature for 30 min. Then, a solution of Comins’ reagent (95.7 mg, 0.267 mmol) in
THF (0.5 mL) was added dropwise at —78 °C. After the reaction was completed,
saturated aqueous NaCl (2 mL) was added to the reaction mixture, and the aqueous
layer was extracted with Et20 (2 mL x 2). The combined organic layer was dried

(Na2S04) and concentrated under reduced pressure. The residue was purified by flash
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chromatography to afford 51 (23.5 mg, 82%).

1H NMR (400 MHz, CDCls) § 7.69-7.63 (8H, m), 7.46-7.33 (12H, m), 5.71 (1H, dddd, J=
17.1,10.2, 6.6, 6.1 Hz), 5.59 (1H, d, J= 3.4 Hz), 5.42 (1H, d, J= 3.4 Hz), 4.95 (1H, dd, J=
17.1, 1.5 Hz), 4.75 (1H, dd, J/ = 10.2, 1.5 Hz), 4.10 (1H, ddd, J = 10.5, 7.1, 6.8 Hz),
3.93-3.87 (1H, m), 3.61 (1H, dd, /= 10.0, 4.4 Hz), 3.47 (1H, dd, /= 10.0, 7.1 Hz), 2.89
(1H, dd, J= 6.8, 6.6 Hz), 2.23-2.15 (1H, m), 2.08-2.00 (4H, m), 1.94 (1H, dd, J= 13.4,
11.0 Hz), 1.80 (1H, dd, /= 8.5, 6.6 Hz), 1.73-1.20 (8H, m), 1.04 (9H, s), 1.03 (9H, s), 1.00
(3H, d, J=6.6 Hz), 1.00 (3H, s), 0.68 (3H, s), 0.03 (9H, s).

Methyl 2-{(1S,2S,3R,5S)-2-{[(2R,4S,5S,6R,7R)-6-allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)
-4,7-dimethyl-1-oxaspiro[4.4]non-7-yl]methyl}-5-{[tert-butyl(diphenyl)silylJoxy}-3-methyl-3-
[(trimethylsilyl)oxy]cyclopentyl}acrylate (51°)

X

MeO,C_z N\o A QAT
TBDPSO.,,

“oTMs
To a stirred solution of 51 (9.5 mg, 8.83 x 103 mmol) in MeOH (3 mL) was added EtsN
(0.019 mL, 0.132 mmol) and Pd(PPhs)s (10.2 mg, 8.83 x 103 mmol) successively at room

temperature under an atmosphere of Ar, and the reaction mixture was stirred at 50 °C
under an atmosphere of CO. After the reaction was completed, saturated aqueous
NH4C]1 solution (3 mL) was added to the reaction mixture, and the aqueous layer was
extracted with Et2O (5 mL x 2). The combined organic layer was dried (Na2SO4) and
concentrated under reduced pressure. The residue was purified by flash
chromatography to afford 51’ (7.7 mg, 88%).

1H NMR (400 MHz, CDCls) 5 7.68-7.64 (8H, m), 7.43-7.33 (12H, m), 6.56 (1H, d, J= 1.2
Hz), 6.15 (1H, d, J= 1.2 Hz), 5.70 (1H, dddd, /= 17.3, 10.2, 6.8, 6.3 Hz), 4.91 (1H, d, J=
17.3 Hz), 4.75 (1H, d, J=10.2 Hz), 4.14-4.06 (1H, m), 3.93-3.87 (1H, m), 3.81 (1H, dd, /
=6.8, 6.8 Hz), 3.66 (3H, s), 3.62 (1H, dd, J= 10.0, 4.1 Hz), 3.48 (1H, dd, /= 10.0, 7.1 Hz),
2.21-2.14 (1H, m), 2.08-1.92 (4H, m), 1.83-1.73 (2H, m), 1.70-1.20 (8H, m), 1.03 (9H, s),
0.99 (3H, d, J= 6.8 Hz), 0.97 (9H, s), 0.97 (3H, s), 0.65 (3H, s), 0.00 (9H, s).
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2-{(1S,2S,3R,5S)-2-{[(2R,4S,5S,6R,7R)-6-Allyl-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-di
methyl-1-oxaspiro[4.4]non-7-ylJmethyl}-5-{[tert-butyl(diphenyl)silylJoxy}-3-methyl-3-[(tri
methylsilyl)oxy]cyclopentyl}prop-2-en-1-ol (52)

TBDPSO,,

To a stirred solution of 51’ (5.0 mg, 5.07 X 103 mmol) in hexane (0.7 mL) was added a
solution of DIBAL-H in hexane (0.054 mL, 0.94 M) at —-78 °C. After the reaction was
completed, MeOH was added to the reaction mixture at —-78 °C till no gas evolution was
observed. Then, saturated aqueous Rochelle salt solution (3 mL) was added to the
reaction mixture and the resultant solution was stirred vigorously at room temperature.
After 30 min, the aqueous layer was extracted with AcOEt (3 mL X 2). The combined
organic layer was dried (NazSOs), and concentrated under reduced pressure. The
residue was purified by flash chromatography to afford 52 (4.8 mg, 99%).

'H NMR (400 MHz, CDCls) § 7.68-7.63 (8H, m), 7.44-7.33 (12H, m), 5.69 (1H, dddd, J=
17.2,10.2, 6.8, 6.3 Hz), 5.36 (1H, d, J= 1.8 Hz), 5.08 (1H, d, J= 1.8 Hz), 4.91 (1H, dd, J=
17.2,1.6 Hz), 4.74 (1H, dd, J=10.2, 1.6 Hz), 4.16 (1H, brs), 4.16 (1H, brs), 4.12 (1H, ddd,
10.8, 7.5, 7.1 Hz), 3.92-3.87 (1H, m), 3.61 (1H, dd, J= 10.0, 4.4 Hz), 3.46 (1H, dd, J=
10.0, 7.1 Hz), 3.09 (1H, br), 2.88 (1H, dd, J = 7.3, 6.8 Hz), 2.21-2.14 (1H, m), 2.06-1.93
(5H, m), 1.80 (1H, dd, J= 8.6, 6.3 Hz), 1.75-1.20 (8H, m), 1.03 (9H, s), 1.03 (9H, s), 1.01
(3H, s), 0.99 (3H, d, J= 6.8 Hz), 0.63 (3H, s), 0.04 (9H, s).

2-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]benzenepropanol (577)

s

oTBS

1,2-Benzenedipropanol (1.45 g, 7.46 mmol) in THF (20 mL) was added to a vigorously
stirred suspension of NaH (299 mg,7.46 mmol) in THF (50 mL) at 0 °C. After stirring for
16 h, TBSC1 (1.16 g, 7.46 mmol) was added and stirring was continued at room
temperature. After the reaction was completed, saturated aqueous NH4Cl solution (70
mL) was added to the reaction mixture and the aqueous layer was extracted with Et20
(70 mL x 2). The combined organic layer was dried over NazSO4, filtered and evaporated.
The residue was purified by flash chromatography (hexane/ethyl acetate=10/1) to afford
57 (1.47 g, 64%) as a yellow oil.

Rf = 0.17 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.26-7.11 (4H, m),
3.70 (2H, dt, J= 6.1, 5.6 Hz), 3.67 (2H, t, J= 6.1 Hz), 2.73 (2H, t, J= 7.8 Hz), 2.70 (2H, t,
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J=8.0 Hz), 1.87 (2H, dt, J= 7.8, 6.1 Hz), 1.80 (2H, dt, J= 8.0, 6.1 Hz), 1.30 (1H, t, J =
5.6 Hz), 0.91 (9H, s), 0.07 (6H, s); 13C NMR (100 MHz, CDCls) § 140.1, 139.6, 129.3,
129.2, 126.0, 125.9, 62.6, 62.5, 34.3, 34.0, 28.8, 28.7, 25.9, 18.3, -5.3; IR (neat) vmax 3364,
2936, 2860, 1256, 1100, 838 cm;; HRMS (FAB) [M+H]* caluculated for CisH3302Si:
309.2250, found: 309.2241.

2-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]benzenepropanal (58)

~o
OTBS

To a stirred solution of 57 (1.47 g, 4.76 mmol) in CH2Cl: (40 mL) was added
Dess-Martin periodinane (4.04 g, 9.52 mmol) at room temperature. After the reaction
was completed, Et20 (80 mL) and a mixture of saturated aqueous NaHCOs3 solution (80
mL) and saturated aqueous Na2S20s3 solution (80 mlL) was added to the reaction
mixture and the aqueous layer was extracted with Et20 (80 mL x 2). The combined
organic layer was dried over Na2SQO4, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate=15/1) to afford 58
(1.34 g, 92%) as a yellow oil.

Rt = 0.37 (hexane/ethyl acetate=4/1); '"H NMR (400 MHz, CDCls) § 9.84 (1H, t, J= 1.5
Hz), 7.17-7.13 (4H, m), 3.67 (2H, t, J= 6.1 Hz), 2.98 (2H, t, J= 7.1 Hz), 2.74 (2H, dt, J=
7.1, 1.5 Hz), 2.69 (2H, t, J= 8.0 Hz), 1.79 (2H, tt, J= 8.0, 6.1 Hz), 0.91 (9H, s), 0.06 (6H,
s); 13C NMR (100 MHz, CDCls) § 201.5, 140.0, 138.0, 129.4, 128.9, 126.5, 126.2, 62.4,
44.9, 34.2, 28.8, 25.9, 24.8, 18.3, -5.3; IR (neat) vmax 2956, 2860, 1728, 1100, 836 cm'1;
HRMS (FAB) [M+H]* caluculated for Ci1sH31028i: 307.2093, found: 307.2104.

4-(2-(3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl)phenyl)-1-(phenylsulfonyl)butan-2-ol
(59)
OH
SO,Ph
To a stirred solution of MeSO2Ph (888 mg, 5.68 mmol) in THF (35 mL) was added a
solution of n-Buli in hexane (3.42 mL, 1.66 M) dropwise at —78 °C, and the reaction
mixture was stirred for 20 min. Then, to the reaction mixture was added a solution of 58
(1.34 g, 4.37 mmol) in THF (10 mL) via a cannula at -78 °C, and strring was continued.
After the reaction was completed, saturated aqueous NH4Cl solution (40 mL) was added

to the reaction mixture and the aqueous layer was extracted with Et20 (40 mL X 2). The

combined organic layer was dried over Na2S04, and concentrated under reduced
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pressure. The residue was used in the next step without further purification.

Re = 0.11 (hexane/ethyl acetate=4/1); '"H NMR (400 MHz, CDCls) § 7.92 (2H, dd, J= 7.3,
1.2 Hz), 7.69 (1H, tt, J= 7.3, 1.2 Hz), 7.59 (2H, dd, /= 7.3, 7.3 Hz), 7.14-7.04 (4H, m),
4.24-4.17 (1H, m), 3.64 (2H, t, J= 6.2 Hz), 3.42 (1H, br), 3.25 (1H, dd, J= 14.1, 9.5 Hz),
3.16 (1H, dd, J= 14.1, 2.0 Hz), 2.84-2.67 (2H, m), 2.64 (2H, t, J= 7.9 Hz), 1.82-1.68 (4H,
m), 0.90 (9H, s), 0.05 (6H, s); 13C NMR (100 MHz, CDCls) § 140.0, 139.2, 138.8, 134.1,
129.5, 129.3, 129.2, 127.9, 126.2, 126.0, 65.4, 62.5, 62.3, 37.8, 34.2, 28.7, 27.9, 25.9, 18.3,
-5.3; IR (neat) vmax 3516, 2936, 2860, 1448, 1306, 1258, 1152, 1090, 836 cm 1; HRMS
(FAB) [M+H]* caluculated for C25H3004SSi: 463.2338, found: 463.2341.

(3-(2-((E)-4-(Phenylsulfonyl)but-3-enyl)phenyl) propoxy)(tert-butyl)dimethylsilane (59°)
xSO,Ph
To a stirred solution of 59 in CH2Clz (40 mL) was added EtsN (3.95 mL, 28.4 mmol),
MsCl (0.676 mL, 8.73 mmol) successively at 0 °C, and the reaction mixture was stirred
at room temperature. After the reaction was completed, saturated aqueous NHiCl
solution (40 mL) was added to the reaction mixture and the aqueous layer was extracted
with Et2O (40 mL x 2). The combined organic layer was dried over Na2SQs, and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=10/1) to afford 59’ (2.87 g, 98% (2 steps)) as a
yellow oil.
Rt = 0.32 (hexane/ethyl acetate=4/1); '"H NMR (400 MHz, CDCls) § 7.84 (2H, dd, J= 7.3,
2.2 Hz), 7.61 (1H, tt, J= 7.3, 2.2 Hz), 7.53 (2H, dd, J= 7.3, 7.3 Hz), 7.17-7.06 (4H, m),
7.02 (1H, dt, J= 15.1, 6.8 Hz), 6.31 (1H, dt, /= 15.1, 1.5 Hz), 3.63 (2H, t, J = 6.1 Ha),
2.80 (2H, t, /= 8.0 Hz), 2.63 (2H, t, J= 7.9 Hz), 2.52 (2H, ddt, /= 7.9, 6.8, 1.5 Hz), 1.75
(2H, tt, J= 8.0, 6.1 Hz), 0.89 (9H, s), 0.04 (6H, s); 13C NMR (100 MHz, CDCls) § 146.0,
140.6, 140.0, 137.7, 133.2, 131.0, 129.4, 129.2, 129.1, 127.6, 126.6, 126.1, 62.3, 34.2, 32.8,
30.6, 28.7, 25.9, 18.3, 15.2, -5.3; IR (neat) vmax 2956, 1322, 1146, 1088, 838, 778 cm'1;
HRMS (FAB) [M+H]* caluculated for C25H3703SSi: 445.2233, found: 445.2229.

3-(2-((E)-4-(Phenylsulfonyl)but-3-enyl)phenyl)propan-1-ol (59”)

X SO,Ph
o

To a stirred solution of 59’ (2.87 g, 6.45 mmol) in EtOH (60 mL) was added PPTS (487
mg, 1.94 mmol) at room temperature. After the reaction was completed, EtsN (0.45 mL,

1.94 mmol) was added to the reaction mixture, and the resultant solution was
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concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate=2/1) to afford 59” (2.13 g, 100%) as an oil.

Rt = 0.22 (hexane/ethyl acetate=1/1); 'H NMR (400 MHz, CDCls) § 7.85 (2H, dd, J= 7.3,
1.5 Hz), 7.63 (1H, tt, J= 7.3, 1.5 Hz), 7.53 (2H, dd, /= 7.3, 7.3 Hz), 7.19-7.06 (4H, m),
7.02 (1H, dt, J= 15.1, 7.1 Hz), 6.32 (1H, dt, /= 15.1, 1.5 Hz), 3.69 (2H, dt, /= 6.1, 3.6
Hz), 2.81 (2H, t, J= 8.0 Hz), 2.68 (2H, t, J= 7.8 Hz), 2.54 (2H, ddt, J= 7.8, 7.1, 1.5 Hz),
1.84 (2H, tt, J= 8.0, 6.1 Hz), 1.37 (1H, br); 3C NMR (100 MHz, CDCls) § 146.0, 140.5,
140.0, 137.7, 133.3, 131.0, 129.4, 129.2, 129.1, 127.6, 126.7, 126.3, 62.2, 33.8, 32.8, 30.5,
28.6; IR (neat) vmax 3516, 2940, 1448, 1308, 1146, 732 cm'’; HRMS (FAB) [M+H]+
caluculated for C19H2303S: 331.1368, found: 331.1366.

3-(2-((E)-4-(Phenylsulfonyl)but-3-enyl)phenyl)propanal (60)

x_-SO,Ph
s

To a stirred solution of 59” (2.11 g, 6.39 mmol) in CH:2Clz (60 mL) was added
Dess-Martin periodinane (5.42 g, 12.8 mmol) at room temperature. After the reaction
was completed, Et2O (100 mL) and a mixture of saturated aqueous NaHCO3; solution
(100 mL) and saturated aqueous Na2S203 solution (100 mL) was added to the reaction
mixture and the aqueous layer was extracted with Et20 (100 mL X 2). The combined
organic layer was dried over Na2SQO4, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate=4/1) to afford 60
(2.10 g, 100%) as an oil.

Rt = 0.53 (hexane/ethyl acetate=1/1); 'H NMR (400 MHz, CDCls) § 9.83 (1H, t, J= 1.2
Hz), 7.85 (2H, dd, J= 7.3, 1.2 Hz), 7.62 (1H, tt, J= 7.3, 1.2 Hz), 7.54 (2H, dd, J= 7.3, 7.3
Hz), 7.18-7.07 (4H, m), 7.01 (1H, dt, J = 15.1, 7.1 Hz), 6.33 (1H, dt, /= 15.1, 1.5 H2),
2.91 (2H, t, J= 8.0 Hz), 2.80 (2H, t, J= 8.0 Hz), 2.75 (2H, t, J= 7.3 Hz), 2.53 (2H, ddt, J=
7.3, 7.1, 1.5 Hz); 13C NMR (100 MHz, CDCls) § 201.1, 145.5, 140.5, 138.0, 137.7, 133.3,
131.2, 129.3, 129.2, 129.0, 127.6, 126.9, 126.7, 44.7, 32.6, 30.5, 24.4; IR (neat) vmax 3060,
2940, 2840, 1722, 1308, 1290, 1146, 1086, 754 cm'i; HRMS (FAB) [M+H]* caluculated
for C19H2103S: 329.1211, found: 329.1220.

5,6,7,8,9,10-Hexahydro-8-((phenylsulfonyl)methyl)benzo[8]annulen-7-ol (61)

wOH
SO,Ph

To a stirred solution of 60 (100 mg, 0.304 mmol) in degassed THF (30 mL) and +BuOH
(0.059 ml, 0.609 mmol) was added a solution of Smlz in THF (4.0 mL, 1.20 mmol, 0.30
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M) at 0 °C, and the reaction mixture was stirred at room temperature. After the reaction
was completed, stirred open to the air, then saturated aqueous NH4Cl solution (10 mL)
was added to the reaction mixture and the aqueous layer was extracted with AcOEt (10
mL x 2). The combined organic layer was dried over NazSOs, and concentrated under
reduced pressure. The residue was purified by flash chromatography (benzene/ethyl
acetate=20/1) to afford 61 (67.4 mg, 67%) as a white solid.

Rt = 0.48 (benzene/ethyl acetate=3/1); mp 66.5-68.1 °C; 'H NMR (400 MHz, CDCls) §
7.75 (2H, d, J= 7.6 Hz), 7.60 (1H, t, J= 7.6 Hz), 7.48 (2H, dd, J= 7.6, 7.6 Hz), 7.19-7.09
(3H, m), 6.99-6.97 (1H, m), 3.79 (1H, dd, /= 14.1, 8.5 Hz), 3.43-3.35 (1H, m), 3.03 (1H, d,
J = 10.7 Hz), 2.89-2.83 (2H, m), 2.81 (1H, dd, J = 14.1, 2.2 Hz), 2.78-2.70 (2H, m),
2.25-2.17 (1H, m), 2.02-1.93 (1H, m), 1.82-1.72 (2H, m), 1.70-1.61 (1H, m); 13C NMR
(100 MHz, CDCls) § 139.9, 139.2, 138.8, 133.6, 129.3, 129.2, 128.9, 127.7, 126.9, 72.6,
59.1, 40.7, 37.7, 36.7, 31.0, 29.9; IR (KBr) vmax 3477, 2911, 1447, 1292, 1155, 1128, 1079
cm 1; HRMS (FAB) [M+H]* caluculated for C19H2303S: 331.1368, found: 331.1362.

5,6,9,10-Tetrahydro-8-((phenylsulfonyl)methyl)benzo[8]annulen-7(8H)-one (62)

o)
SO,Ph

To a stirred solution of 61 (67.4 mg, 0.204 mmol) in CH2Cly (2 mL) was added
Dess-Martin periodinane (173 mg, 0.408 mmol) at room temperature. After the reaction
was completed, Et20 (4 mL) and a mixture of saturated aqueous NaHCOs3 solution (4
mL) and saturated aqueous Na2S203 solution (4 mL) was added to the reaction mixture
and the aqueous layer was extracted with Et20 (4 mL x 2). The combined organic layer
was dried over Na2SO4, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate=4/1) to afford 62 (64.3 mg, 96%)
as a white solid.

Acyl radical cyclization of 60

To a stirred solution of 60 (10.0 mg, 0.0304 mmol) in toluene (2 mL) was added
1,1’-azobis(cyclohexanecarbonitrile) (11.2 mg, 0.0457 mmol), ¢-Ci2H25SH (0.022 mlL,
0.0913 mmol) successively at room temperature. The solution was degassed three times
by the freeze-thaw procedure, and the reaction mixture was stirred at 100 °C. After the
reaction was completed, the reaction mixture was concentrated under reduced pressure.
The residue was purified by PTLC (hexane/ethyl acetate=2/1) to afford 62 (5.7 mg, 57%).
Rt = 0.42 (hexane/ethyl acetate=1/1); mp 155.2-155.8 °C; 'TH NMR (400 MHz, CDCls) §
7.79 (2H, d, J= 7.6 Hz), 7.63 (1H, t, J= 7.6 Hz), 7.52 (2H, dd, J= 7.6, 7.6 Hz), 7.23-7.16
(3H, m), 7.09-7.06 (1H, m), 3.69 (1H, dd, J= 13.4, 10.5 Hz), 3.13-3.00 (2H, m), 2.98-2.88
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(3H, m), 2.80 (1H, ddd, &= 13.9, 4.9, 4.9 Hz), 2.69-2.57 (2H, m), 1.71-1.60 (2H, m); 13C
NMR (100 MHz, CDCls) § 213.5, 139.3, 138.9, 138.2, 133.8, 129.7, 129.4, 129.3, 127.8,
127.7,127.4, 60.2, 48.5, 42.4, 34.0, 30.8, 29.6; IR (KBr) vmax 2928, 2360, 1696, 1296, 1148,
1084 cm 1; HRMS (FAB) [M+H]* caluculated for C190H2103S: 329.1211, found: 329.1216.

5,6,9,10-Tetrahydro-8-methylenebenzo[8]annulen-7(8H)-one (62”)

cC X

To a stirred solution of 62 (55.6 mg, 0.169 mmol) in benzene (1.7 mL) was added DBU
(0.405 mL, 2.71 mmol) at room temperature, and the mixture was stirred at 60 °C. After
the reaction was completed, saturated aqueous NH4Cl solution (4 mL) was added to the
reaction mixture and the aqueous layer was extracted with EtzO (4 mL x 2). The
combined organic layer was dried over Na2S04, and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=15/1) to afford 62’ (27.7 mg, 88%) as a white solid.

Rt = 0.35 (hexane/ethyl acetate=4/1); mp 38.2-39.0 °C; 'TH NMR (400 MHz, CDCls) &
7.17-7.09 (4H, m), 5.01 (1H, s), 4.98 (1H, s), 3.02-2.99 (2H, m), 2.83-2.75 (4H, m),
2.51-2.48 (2H, m); 13C NMR (100 MHz, CDCls) § 210.3, 151.3, 139.4, 138.9, 130.0, 129.6,

127.2, 127.0, 113.4, 46.6, 36.0, 33.2, 30.0; IR (KBr) vmax 2943, 1697, 1487, 1447, 1182,
1073, 926 cm1; HRMS (EI) [M]* caluculated for C13sH140: 186.1045, found: 186.1046.

5,6,7,8,9,10-Hexahydro-8-methylenebenzo[8]annulen-7-ol (63)

cL

To a stirred solution of 62’ (27.7 mg, 0.149 mmol) in MeOH (1.5 mL) was added
CeCls7H20 (61.0 mg, 0.164 mmol), NaBH4 (6.2 mg, 0.164 mmol) at 0 °C, and the
mixture was stirred. After the reaction was completed, saturated aqueous NHiCl
solution (3 mL) was added to the reaction mixture. The resultant solution was
concentrated under reduced pressure, and the residue was extracted with Et20 (3 mL x
2). The combined organic layer was dried over Na2SOs, filtered and evaporated. The
residue was purified by flash chromatography (hexane/ethyl acetate=10/1) to afford 63
(28.0 mg, 100%) as an oil.

Rf = 0.21 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.16-7.08 (4H, m),
5.04 (1H, s), 4.82 (1H, s), 3.96-3.93 (1H, m), 2.86-2.68 (4H, m), 2.61-2.55 (1H, m),
2.38-2.33 (1H, m), 2.13-2.07 (1H, m), 1.81-1.74 (1H, m); 13C NMR (100 MHz, CDCl») §
153.9, 140.2, 140.0, 129.1, 129.1, 126.6, 126.5, 112.0, 77.3, 77.0, 76.7, 72.8, 40.6, 39.3,
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32.8, 29.1; IR (neat) vmax 3384, 2932, 1452, 1040, 756 cm 1; HRMS (EI) [M]* caluculated
for C13H160: 188.1201, found: 188.1202.

(E)-7-(Chloromethyl)-5,6,9,10-tetrahydrobenzo[8]annulene (64)

CO

To a stirred solution of 63 (28.0 mg, 0.150 mmol) in toluene (1.5 mL) was added pyridine
(0.061 mL, 0.752 mmol), SOClz (0.027 mL, 0.376 mmol) at 0 °C, and the mixture was
stirred at room temperature. After the reaction was completed, brine (3 mL) was added
to the reaction mixture and the aqueous layer was extracted with Etz0 (3 mL x 2). The
combined organic layer was dried over Na2S04, and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate=40/1) to afford 64 (29.2 mg, 94%) as an oil.

Rt = 0.44 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.12-7.08 (2H, m),
7.05-7.01 (2H, m), 5.59 (1H, dd, /= 7.3, 7.3 Hz), 3.84 (2H, s), 3.06 (2H, dd, J= 7.3, 7.3
Hz), 2.99 (2H, dd, J= 7.3, 7.3 Hz), 2.65 (2H, dd, J= 7.3, 7.3 Hz), 2.49 (2H, ddd, J= 7.3,
7.3, 7.3 Hz); 13C NMR (100 MHz, CDCls) § 140.0, 139.8, 136.9, 130.1, 129.7, 129.4, 126.2,
126.1, 52.1, 33.6, 33.4, 29.8, 28.3; IR (neat) vmax 3016, 2948, 2892, 1494, 1454, 1262, 756
cm 1; HRMS (ED [M]* caluculated for C13H15Cl: 206.0862, found: 206.0861.

((E)-5,6,9,10-Tetrahydrobenzo[8]annulen-8-yl)methanol (65)

S

To a stirred solution of 64 (29.2 mg, 0.141 mmol) in DMF (0.7 mL) was added 1V HC1
(0.7 mL) at room temperature, and the mixture was stirred at 60 °C. After the reaction
was completed, the reaction was quenched with saturated aqueous NaHCOs solution (2
mL). The aqueous layer was extracted with Etz0 (2 mL X 2). The combined organic layer
was dried over Na2SO0s4, filtered and evaporated. The residue was purified by flash
chromatography (hexane/ethyl acetate=10/1) to afford 65 (25.8 mg, 97%) as an oil.

Rf = 0.13 (hexane/ethyl acetate=4/1); 'H NMR (400 MHz, CDCls) § 7.11-7.09 (2H, m),
7.04-7.01 (2H, m), 5.44 (1H, dd, J="7.1, 7.1 Hz), 3.79 (2H, d, J= 5.6 Hz), 3.03 (2H, dd, J
=17.1,7.1Hz),2.99 (2H, dd, J= 7.1, 7.1 Hz), 2.58 (2H, dd, J= 7.1, 7.1 Hz), 2.48 (2H, ddd,
J=11,171, 7.1 Hz), 0.81 (1H, br); 13C NMR (100 MHz, CDCls) § 140.2, 140.1, 129.8,
129.6, 126.2, 126.2, 125.4, 68.9, 33.6, 33.6, 29.3, 27.8; IR (neat) vmax 3592, 3344, 2924,
1492, 1454, 1004 cm'l; HRMS (ED [M]* caluculated for CisHi6O: 188.1201, found:
188.1208.
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2-[(2R,4S,5S,6R,7R)-7-[((1S,2R,4S,5S)-5- ({[tert-Butyl(dimethyl)silylJoxy}methyl)-4-{[tert-butyl
(diphenyl)silylJoxy}-2-hydroxy-2-methylcyclopentyl)methyl]-2-({[tert-butyl(diphenyl)silylJoxy}

methyl)-4,7-dimethyl-1-oxaspiro[4.4]non-6-yl]ethyl acetate (2’)
AcO

TBSO._ = Lo

TBDPSO,,,

To a stirred solution of 2 (60.7 mg, 0.0621 mmol) in CH2Clz (2.5 mL) was added pyridine
(0.025 mL, 0.310 mmol), DMAP (2.3 mg, 0.0186 mmol), Ac20 (0.018 mL, 0.186 mmol)
successively at room temperature. After the reaction was completed, saturated aqueous
NH.4Cl1 solution (3 mL) was added to the reaction mixture and the aqueous layer was
extracted with CH2Clz (3 mL X 2). The combined organic layer was dried (Na2SO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography to afford 2’ (57.0 mg, 99%).

1H NMR (400 MHz, CDCls) § 7.67-7.63 (8H, m), 7.44-7.33 (12H, m), 4.40 (1H, br), 4.28
(1H, dd, J = 10.4, 1.1 Hz), 4.10-4.01 (2H, m), 3.93 (1H, ddd, J = 9.2, 7.1, 7.1 Hz),
3.88-3.84 (1H, m), 3.72 (1H, dd, J= 10.4, 2.9 Hz), 3.62 (1H, dd, /= 10.3, 4.4 Hz), 3.53
(1H, dd, /= 10.3, 6.6 Hz), 2.15-2.06 (2H, m), 1.97-1.84 (4H, m), 1.94 (3H, s), 1.75 (1H,
dd, J= 8.6, 4.9 Hz), 1.69-1.38 (8H, m), 1.29-1.25 (1H, m), 1.07 (9H, s), 1.04 (3H, s), 1.03
(9H, s), 1.01 (3H, d, J= 6.4 Hz), 0.96 (9H, s), 0.66 (3H, s), 0.18 (3H, s), 0.17 (3H,s).

2-[(2R,4S,5S,6R,7R)-7-{[(1S,2R,4S,5S)-4-{[tert-Butyl(diphenyl)silyl]Joxy}-2-hydroxy-5-(hydroxyl
methyl)-2-methylcyclopentyllmethyl}-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-dimethyl-

1-oxaspiro[4.4]non-6-yl]ethyl acetate (66)
AcO

HO._ o

TBDPSO,,

66 was prepared from 2’ in 99% yield according to the procedure for 45.

1H NMR (400 MHz, CDCls) & 7.66-7.63 (8H, m), 7.46-7.33 (12H, m), 4.41 (1H, ddd, J=
9.5, 7.0, 7.0 Hz), 4.13-4.06 (2H, m), 3.93-3.82 (3H, m), 3.75 (1H, dd, /= 6.4, 6.1 Hz), 3.62
(1H, dd, J=10.3, 4.4 Hz), 3.53 (1H, dd, J/=10.3, 6.6 Hz), 2.15-2.06 (3H, m), 2.00 (1H, dd,
J=15.0,9.9 Hz), 1.97 (3H, s), 1.87-1.84 (1H, m), 1.81 (1H, dd, J= 15.0, 6.4 Hz), 1.73 (1H,
dd, J=8.2, 5.5 Hz), 1.65-1.55 (4H, m), 1.47-1.39 (4H, m), 1.27-1.24 (1H, m), 1.09 (9H, s),
1.08 (3H, s), 1.03 (9H, s), 1.01 (3H, d, J= 6.4 Hz), 0.65 (3H, s).
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2-[(2R,4S,5S,6R,7R)-7-[((1R,4R,5S,7S)-5-{[tert-Butyl(diphenyl)silylJoxy}-3-hydroxy-1-methyl-2-
oxabicyclo[2.2.1]hept-7-yl)methyl]-2-({[tert-butyl(diphenyl)silylJoxy}methyl)-4,7-dimethyl-1-
oxaspiro[4.4]non-6-yl]ethyl acetate (67)

TBDPSO,,,

67 was prepared from 66 according to the procedure for 48.

The crude lactol 67 was used for the next step without further purification.

(1R,2S,3S,4S)-4-{[tert-Butyl(diphenyl)silyl]Joxy}-2-{[(2R,4S,5S,6R,7R)-2-({[tert-butyl(diphenyl)
silylJoxy}methyl)-6-(2-hydroxyethyl)-4,7-dimethyl-1-oxaspiro[4.4]non-7-ylJmethyl}-3-[1-

hydroxy-2-(phenylsulfonyl)ethyl]-1-methylcyclopentanol (67°)
HO

PhO,S

TBDPSO,,

To a stirred solution of MeSO2Ph (280 mg, 1.79 mmol) in THF (4 mL) was added a
solution of n-BulLi in hexane (1.081 mL, 1.66 M) dropwise at —-78 °C, and the reaction
mixture was stirred for 20 min. Then, to the reaction mixture was added a solution of 67
in THF (2 mL) via a cannula at —78 °C, and the reaction mixture was warmed up to 0 °C.
After the reaction was completed, saturated aqueous NH4Cl solution (5 mL) was added
to the reaction mixture and the aqueous layer was extracted with AcOEt (5 mL x 2).
The combined organic layer was dried over Na2SQO4, and concentrated under reduced

pressure. The crude triol 67 was used for the next step without further purification.

1-((1S,2S,3R,59)-2-{[(2R,4S,5S,6R,7R)-6-[2-(Acetyloxy)ethyl]-2-({[tert-butyl(diphenyl)silylJoxy}
methyl)-4,7-dimethyl-1-oxaspiro[4.4]non-7-ylJmethyl}-5-{[tert-butyl(diphenyl)silylJoxy}-3-
hydroxy-3-methylcyclopentyl)-2-(phenylsulfonyl)ethyl acetate (68)

To a stirred solution of 67 in CH2Cl: (4 mL) was added pyridine (0.145 mL, 1.79 mmol),
DMAP (14.6 mg, 0.120 mmol), Ac20 (0.113 mL, 1.20 mmol) successively at room

temperature. After the reaction was completed, saturated aqueous NH4Cl solution (5
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mL) was added to the reaction mixture and the aqueous layer was extracted with
CH2Clz2 (4 mL x 2). The combined organic layer was dried (Na2SO4), and concentrated
under reduced pressure. The residue was purified by flash chromatography to afford 68
(116 mg, 88% (3 steps)).

1H NMR (400 MHz, CDCls) & 7.87-7.85 (2H, m), 7.65-7.59 (9H, m), 7.53-7.50 (2H, m),
7.44-7.33 (12H, m), 5.68-5.65 (1H, m), 4.54 (1H, dd, /= 14.8, 1.1 Hz), 4.32-4.25 (1H, m),
4.13-4.06 (1H, m), 3.99 (1H, dd, J= 14.8, 9.2 Hz), 3.91-3.82 (2H, m), 3.61 (1H, dd, J=
10.2, 4.4 Hz), 3.51 (1H, dd, J= 10.2, 6.8 Hz), 2.46-2.42 (1H, m), 2.18-2.05 (2H, m), 2.00
(3H, s), 1.78 (3H, ), 1.76-1.13 (13H, m), 1.08 (9H, s), 1.03 (3H, s), 1.03 (9H, s), 1.02 (3H,
d, J=6.8 Hz), 0.67 (3H, s).

2-[(2R,4S,5S,6R,7R)-7-({(1S,2R,4S,5S)-4-{[tert-Butyl(diphenyl)silylJoxy}-2-hydroxy-2-methyl-5-
[(E)-2-(phenylsulfonyl)vinyl]cyclopentyl}methyl)-2-({[tert-butyl(diphenyl)silyl]Joxy}methyl)-4,7-

dimethyl-1-oxaspiro[4.4]non-6-yl]ethyl acetate (69)

AcO.
PhO,S

‘\ = Lo, SN

TBDPSO,,,

To a stirred solution of 68 (25.7 mg, 0.0233 mmol) in CH2Clz (1.5 mL) was added DBU
(0.020 mL, 0.140 mmol) at 0 °C. After the reaction was completed, saturated aqueous
NaCl (3 mL) was added to the reaction mixture, and the aqueous layer was extracted
with Et20 (3 mL x 2). The combined organic layer was dried (Na2SO4) and concentrated
under reduced pressure. The residue was purified by flash chromatography to afford 69
(18.6 mg, 77%).

1H NMR (400 MHz, CDCls) § 7.87-7.85 (2H, m), 7.65-7.28 (24H, m), 6.10 (1H, d, J= 15.2
Hz), 4.32-4.26 (1H, m), 3.95 (1H, ddd, J = 10.6, 10.6, 4.9 Hz), 3.86-3.81 (2H, m), 3.60
(1H, dd, J= 10.2, 4.4 Hz), 3.50 (1H, dd, J = 10.2, 6.8 Hz), 2.70-2.65 (1H, m), 2.12-1.92
(5H, m), 1.98 (3H, s), 1.67-1.19 (10H, m), 1.12 (3H, s), 1.02 (9H, s), 0.97 (3H, d, J= 6.8
Hz), 0.96 (9H, s), 0.50 (3H, s).
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2-[(2R,4S,5S,6R,7R)-2-({[tert-Butyl(diphenyl)silyl]Joxy}methyl)-7-({(1S,2R,4S,5S)-4-{[tert-butyl
(diphenyl)silyl]oxy}-2-methyl-5-[(E)-2-(phenylsulfonyl)vinyl]-2-[(trimethylsilyl)oxy]cyclo

pentyl}methyl)-4,7-dimethyl-1-oxaspiro[4.4]non-6-yl]ethyl acetate (69°)

AcO.
PhO,S

‘\ = Lo, N

TBDPSO,,,

", H
OTMS

69’ was prepared from 69 in 90% yield according to the procedure for 50.

1H NMR (400 MHz, CDCls) § 7.86-7.84 (2H, m), 7.65-7.28 (24H, m), 5.98 (1H, d, /= 15.4
Hz), 4.27 (1H, ddd, J= 8.8, 7.3, 7.3 Hz), 3.91 (1H, ddd, J= 10.0, 9.8, 4.4 Hz), 3.86-3.77
(2H, m), 3.61 (1H, dd, /= 10.2, 4.4 Hz), 3.50 (1H, dd, J= 10.2, 6.8 Hz), 2.58-2.52 (1H, m),
2.13-1.99 (5H, m), 1.97 (3H, s), 1.67-1.19 (10H, m), 1.15 (3H, s), 1.03 (9H, s), 0.96 (9H, s),
0.96 (3H, d, /= 6.8 Hz), 0.44 (3H, s), 0.19 (9H, s).

2-[(2R,4S,5S,6R,7R)-2-({[tert-Butyl(diphenyl)silyl]Joxy}methyl)-7-({(1S,2R,4S,5S)-4-{[tert-butyl
(diphenyl)silyl]loxy}-2-methyl-5-[(E)-2-(phenylsulfonyl)vinyl]-2-[(trimethylsilyl)oxy]cyclo

pentyl}methyl)-4,7-dimethyl-1-oxaspiro[4.4]non-6-yl]ethanol (70)

HO.
PhO,S

‘\ = Lo, SN

TBDPSO,,,

“OMs
To a stirred solution of 69’ (14.8 mg, 0.0133 mmol) in CH2Cl: (1 mL) was added a
solution of DIBAL-H in toluene (0.067 mL, 0.99 M) at -78 °C. After the reaction was

completed, MeOH was added to the reaction mixture at —-78 °C till no gas evolution was
observed. Then, saturated aqueous Rochelle salt solution (3 mL) was added to the
reaction mixture and the resultant solution was stirred vigorously at room temperature.
After 30 min, the aqueous layer was extracted with AcOEt (3 mL X 2). The combined
organic layer was dried (Na2SO4), and concentrated under reduced pressure. The crude

alcohol 70 was used for the next step without further purification.
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[(2R,4S,5S,6R,7R)-2-({[tert-Butyl(diphenyl)silylJoxy}methyl)-7-({(1S,2R,4S,5S)-4-{[tert-butyl(di
phenyl)silylJoxy}-2-methyl-5-[(E)-2-(phenylsulfonyl)vinyl]-2-[(trimethylsilyl)oxy]cyclopentyl}
methyl)-4,7-dimethyl-1-oxaspiro[4.4]non-6-yl]acetaldehyde (71)

PhO,S X
(Wl

TBDPSO,,,

“oTms
To a suspension of MS4A (13.3 mg, 0.5 g/mmol) in CH2Cl: (0.2 mL) was added a solution
of 70 in CH2Cl2 (0.5 mL), NMO (4.7 mg, 0.0398 mmol) and TPAP (2.3 mg, 6.63 x 1073

mmol) at room temperature. After the reaction was completed, the mixture was filtered
through a plug of Celite, and the filtrate was concentrated under reduced pressure. The
residue was purified by flash chromatography to afford 71 (13.2 mg, 93%).

1H NMR (400 MHz, CDCls) § 9.32 (1H, dd, /= 3.9, 1.0 Hz), 7.87-7.84 (2H, m), 7.65-7.30
(24H, m), 5.92 (1H, d, J=15.1 Hz), 4.28 (1H, ddd, J= 8.8, 7.1, 7.1 Hz), 3.87-3.81 (1H, m),
3.58 (1H, dd, J = 10.0, 4.6 Hz), 3.39 (1H, dd, J = 10.0, 7.1 Hz), 2.52-2.46 (1H, m),
2.19-1.94 (5H, m), 1.84-1.78 (1H, m), 1.70 (1H, dd, J= 15.6, 3.9 Hz), 1.63-1.20 (8H, m),
1.15 (3H, s), 1.02 (9H, s), 0.99 (9H, s), 0.92 (3H, d, J= 6.8 Hz), 0.39 (3H, s), 0.20 (9H, s).

2-{(2R,4S,55,6R,7R)-7-{[(1R,4R,5S,7S)-3-Hydroxy-5-(methoxymethoxy)-1-methyl-2-oxabicyclo
[2.2.1]hept-7-yl]methyl}-2-[(methoxymethoxy)methyl]-4,7-dimethyl-1-oxaspiro[4.4]non-6-y1}

ethyl pivalate (76)
PivO

76 was prepared from 75 according to the procedure for 48.

The crude lactol 76 was used for the next step without further purification.

(1R,2S,3S,49)-2-({(2R,4S,5S,6R,7R)-6-(2-Hydroxyethyl)-2-[ (methoxymethoxy)methyl]-4,7-di
methyl-1-oxaspiro[4.4]non-7-yI}methyl)-3-[1-hydroxy-2-(phenylsulfonyl)ethyl]-4-(methoxy

methoxy)-1-methylcyclopentanol (77)
HO

PhO,S

MOMO.,,

77 was prepared from 76 according to the procedure for 67’
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The crude triol 77 was used for the next step without further purification.

1-[(1R,2S,3R,5S)-2-({(2R,4S,5S,6R,7R)-6-[2-(Benzoyloxy)ethyl]-2-[(methoxymethoxy)methyl]-4,
7-dimethyl-1-oxaspiro[4.4]non-7-yI}methyl)-3-hydroxy-5-(methoxymethoxy)-3-methylcyclo
pentyl]-2-(phenylsulfonyl)ethyl benzoate (77°)

To a stirred solution of 77 in CH2Clz (4 mL) was added EtsN (0.163 mL, 1.17 mmol),
DMAP (8.9 mg, 0.0729 mmol), BzCl (0.085 mL, 0.729 mmol) successively at room
temperature. After the reaction was completed, saturated aqueous NH4Cl solution (5
mL) was added to the reaction mixture and the aqueous layer was extracted with
CH2Clz (4 mL x 2). The combined organic layer was dried (Na2SO4), and concentrated
under reduced pressure. The residue was purified by flash chromatography to afford 79’
(122 mg, 100% (3 steps)).

1H NMR (400 MHz, CDCIs) & 8.02-8.00 (2H, m), 7.95-7.93 (2H, m), 7.86-7.81 (2H, m),
7.60-7.36 (9H, m), 5.83 (1H, ddd, /= 6.3, 3.4, 3.2 Hz), 4.72 (1H, d, J= 6.6 Hz), 4.70 (1H,
d, J = 6.6 Hz), 4.64 (1H, d, J = 6.6 Hz), 4.62 (1H, d, J = 6.6 Hz), 4.54-4.46 (1H, m),
4.15-4.06 (1H, m), 4.02-3.95 (1H, m), 3.90 (1H, dd, J= 14.4, 6.6 Hz), 3.84 (1H, dd, J=
14.4, 5.9 Hz), 3.51-3.46 (2H, m), 3.41 (3H, s), 3.35-3.33 (1H, m), 3.33 (3H, s), 3.06 (1H,
ddd, /= 10.0, 7.6, 3.2 Hz), 2.39-2.21 (2H, m), 2.10 (1H, dd, /= 14.4, 4.4 Hz), 1.97-1.08
(13H, m), 1.26 (3H, s), 1.05 (3H, d, J= 6.6 Hz), 0.66 (3H, s).

1-{(1R,2S,3R,55)-2-({(2R,4S,5S,6R,7R)-6-[2-(Benzoyloxy)ethyl]-2-[(methoxymethoxy)methyl]-4,
7-dimethyl-1-oxaspiro[4.4]non-7-yI}methyl)-5-(methoxymethoxy)-3-methyl-3-[(trimethylsilyl)
oxy]cyclopentyl}-2-(phenylsulfonyl)ethyl benzoate (78)

78 was prepared from 77 in 85% yield according to the procedure for 50.

1H NMR (400 MHz, CDCIs) & 8.14-8.12 (2H, m), 7.85-7.28 (13H, m), 5.86 (1H, ddd, J=
8.6, 3.4, 3.2 Hz), 4.65 (1H, d, J= 6.6 Hz), 4.64 (1H, d, J= 6.6 Hz), 4.60-4.55 (1H, m), 4.51
(1H, d, J = 6.8 Hz), 4.42 (1H, d, J = 6.8 Hz), 4.27-4.14 (2H, m), 3.99-3.90 (2H, m),
3.53-3.47 (2H, m), 3.36-3.33 (1H, m), 3.34 (3H, s), 3.31 (3H, s), 2.89 (1H, ddd, J= 8.5, 8.3,
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3.7 Hz), 2.38-2.25 (1H, m), 2.23-2.17 (1H, m), 2.10-1.10 (13H, m), 1.29 (3H, s), 0.92 (3H,
d, J=6.6 Hz), 0.44 (3H, s), 0.10 (9H, s).

2-[(2R,4S,5S,6R,7R)-2-[(Methoxymethoxy)methyl]-7-({(1S,2R,4S,5S)-4-(methoxymethoxy)-2-
methyl-5-[(E)-2-(phenylsulfonyl)vinyl]-2-[(trimethylsilyl)oxy]cyclopentyl}methyl)-4,7-dimethyl

-1-oxaspiro[4.4]non-6-yl]ethyl benzoate (79)

BzO.
PhO,S

S

MOMO.,,,

‘. H
OTMS

79 was prepared from 78 in 97% yield according to the procedure for 69.

1H NMR (400 MHz, CDCls) & 8.07-8.04 (2H, m), 7.89-7.85 (2H, m), 7.59-7.33 (7TH, m),
6.26 (1H, d, J=15.1 Hz), 4.65 (1H, d, /= 6.6 Hz), 4.63 (1H, d, J= 6.6 Hz), 4.50 (1H, d, J/
= 6.8 Hz), 4.49 (1H, d, J= 6.8 Hz), 4.39-4.31 (1H, m), 4.23-4.16 (1H, m), 4.13-4.05 (1H,
m), 4.01-3.95 (1H, m), 3.53-3.45 (2H, m), 3.36-3.31 (1H, m), 3.33 (3H, s), 3.26 (3H, s),
3.13-3.06 (1H, m), 2.34-2.09 (3H, m), 1.94-1.88 (1H, m), 1.83-1.08 (10H, m), 1.29 (3H, s),
1.02 (3H, d, J= 6.6 Hz), 0.60 (3H, s), 0.20 (9H, s).

2-[(2R,4S,5S,6R,7R)-2-[(Methoxymethoxy)methyl]-7-({(1S,2R,4S,5S)-4-(methoxymethoxy)-2-
methyl-5-[(E)-2-(phenylsulfonyl)vinyl]-2-[(trimethylsilyl)oxy]cyclopentyl}methyl)-4,7-dimethyl

-1-oxaspiro[4.4]non-6-yl]ethanol (79’)
HO

PhO,S S
‘%7 A y
MOMO,, -~

. H
oTMS

79 was prepared from 79 according to the procedure for 70.

The crude alcohol 79’ was used for the next step without further purification.

[(2R,4S,5S,6R,7R)-2-[(Methoxymethoxy)methyl]-7-({(1S,2R,4S,5S)-4-(methoxymethoxy)-2-
methyl-5-[(E)-2-(phenylsulfonyl)vinyl]-2-[(trimethylsilyl)oxy]cyclopentyl}methyl)-4,7-dimethyl
-1-oxaspiro[4.4]non-6-yl]acetaldehyde (80)

80 was prepared from 79 in 82% yield (2 steps) according to the procedure for 71.
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1H NMR (400 MHz, CDCIls) § 9.51 (1H, d, /= 4.4 Hz), 7.91-7.88 (2H, m), 7.58-7.47 (3H,
m), 7.39 (1H, dd, J= 15.4, 11.2 Hz), 6.21 (1H, d, J= 15.4 Hz), 4.63 (2H, s), 4.50 (2H, s),
4.19 (1H, ddd, J = 8.8, 7.3, 7.3 Hz), 4.00-3.94 (1H, m), 3.40 (1H, dd, J= 10.0, 4.6 Hz),
3.36-3.33 (1H, m), 3.35 (3H, s), 3.26 (3H, s), 3.08-3.02 (1H, m), 2.36-2.25 (2H, m),
2.20-2.12 (1H, m), 2.09-2.01 (1H, m), 1.95-1.89 (1H, m), 1.77 (1H, ddd, J=12.2, 7.6, 4.1
Hz), 1.71-1.17 (9H, m), 1.28 (3H, s), 0.97 (3H, d, J= 6.8 Hz), 0.56 (3H, s), 0.21 (9H, s).

(1R,4R,5S,7S)-7-({(2R,4S,5S,6R,7R)-6-Allyl-2-[(methoxymethoxy)methyl]-4,7-dimethyl-1-oxa
spiro[4.4]non-7-yI}methyl)-5-(methoxymethoxy)-1-methyl-2-oxabicyclo[2.2.1]heptan-3-ol (83)

83 was prepared from 82 according to the procedure for 48.

The crude lactol 83 was used for the next step without further purification.
(1R,2S,35,4S)-2-({(2R,4S,5S,6R,7R)-6-Allyl-2-[ (methoxymethoxy)methyl]-4,7-dimethyl-1-oxa

spiro[4.4]non-7-yl}methyl)-3-(1-hydroxyethyl)-4-(methoxymethoxy)-1-methylcyclopentanol
(83)

MOMO.,,,

83’ was prepared from 83 according to the procedure for 49.

The crude diol 83’ was used for the next step without further purification.

1-[(1R,2S,3R,55)-2-({(2R,4S,5S,6R,7R)-6-Allyl-2-[(methoxymethoxy)methyl]-4,7-dimethyl-1-
oxaspiro[4.4]non-7-yl}methyl)-3-hydroxy-5-(methoxymethoxy)-3-methylcyclopentyl]ethanone
(837)

83” was prepared from 83’ in 94% yield (3 steps) according to the procedure for 49’.
1H NMR (400 MHz, CDCls) § 5.82 (1H, dddd, /= 17.3, 10.5, 6.6, 6.0 Hz), 5.06 (1H, dd, J
=17.3,1.7Hz), 4.95 (1H, dd, J=10.5, 1.7 Hz), 4.75 (1H, br), 4.64 (2H, s), 4.62 (1H, d, J=
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6.8 Hz), 4.59 (1H, d, /= 6.8 Hz), 4.23 (1H, ddd, J= 8.5, 7.8, 6.8 Hz), 4.03-3.97 (1H, m),
3.65 (1H, dd, J= 6.8, 6.6 Hz), 3.48 (1H, dd, J= 10.0, 6.3 Hz), 3.42 (1H, dd, /= 10.0, 5.1
Hz), 3.36 (3H, s), 3.35 (3H, s), 2.34 (1H, dd, /= 14.4, 8.3 Hz), 2.28-2.22 (1H, m), 2.25 (3H,
s), 2.15-1.96 (3H, m), 1.90 (1H, dd, J= 14.4, 9.3 Hz), 1.87-1.81 (1H, m), 1.72-1.22 (8H,
m), 1.19 (3H, s), 1.03 (3H, d, /= 6.6 Hz), 0.80 (3H, s).

1-{(1R,2S,3R,5S)-2-({(2R,4S,5S,6R,7R)-6-Allyl-2-[ (methoxymethoxy)methyl]-4,7-dimethyl-1-
oxaspiro[4.4]non-7-yl}methyl)-5-(methoxymethoxy)-3-methyl-3-[(trimethylsilyl)oxy]cyclo
pentyl}ethanone (84)

84 was prepared from 83” in 93% yield according to the procedure for 50.

1H NMR (400 MHz, CDCIs) § 5.85 (1H, dddd, /= 17.3, 10.2, 6.8, 6.0 Hz), 5.08 (1H, dd, /
=17.3, 1.7 Hz), 4.95 (1H, dd, J=10.2, 1.7 Hz), 4.65 (1H, d, J= 6.6 Hz), 4.64 (1H, d, J=
6.6 Hz), 4.60 (1H, d, J= 6.8 Hz), 4.57 (1H, d, J= 6.8 Hz), 4.17 (1H, ddd, J= 9.0, 7.8, 7.6
Hz), 4.03-3.97 (1H, m), 3.48 (1H, dd, J= 9.8, 6.6 Hz), 3.43 (1H, dd, J= 9.8, 5.1 Hz), 3.36
(3H, s), 3.32 (3H, s), 3.25 (1H, dd, J/ = 7.3, 6.8 Hz), 2.37-2.23 (3H, m), 2.30 (3H, s),
2.13-2.03 (2H, m), 1.95 (1H, dd, J= 9.0, 6.0 Hz), 1.86-1.79 (1H, m), 1.72-1.22 (8H, m),
1.29 (3H, s), 1.03 (3H, d, J= 6.8 Hz), 0.75 (3H, s), 0.13 (9H, s).

{[(1R,2S,3S,45)-2-({(2R,4S,5S,6R,7R)-6-Allyl-2-[(methoxymethoxy)methyl]-4,7-dimethyl-1-oxa

spiro[4.4]non-7-yl}methyl)-3-isopropenyl-4-(methoxymethoxy)-1-methylcyclopentylJoxy}(tri
methyl)silane (85)

MOMO.,,,

To a suspension of Zn powder (185 mg, 2.83 mmol) and PbCls (15.7 mg, 0.0565 mmol) in
degassed THF (1 mL) was added CHzl2 (0.114 mL, 1.41 mmol) and the reaction mixture
was stirred at room temperature for 1 h. A solution of TiCls in toluene (0.283 mL, 1.0 M)
was added to the reaction mixture at 0 °C and stirred at room temperature for 1 h. Then
84 (19.6 mg, 0.0353 mmol) in THF (1mL) was added to the mixture at 0 °C. After the
reaction was completed, saturated aqueous NaHCOs3 solution (0.5 mL) was added to the

reaction mixture and the mixture was filtered through a plug of Celite. To the filterate
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was added saturated aqueous Na2S203 solution (1 mlL) and the aqueous layer was
extracted with AcOEt (2 mL x 2). The combined organic layer was dried (Na2SO4), and
concentrated under reduced pressure. The residue was purified by flash
chromatography to afford 85 (18.1 mg, 93%).

1H NMR (400 MHz, CDCIs) § 5.87 (1H, dddd, /= 17.3, 10.2, 6.8, 6.3 Hz), 5.07 (1H, dd, /
=17.3, 1.7 Hz), 4.98 (1H, d, J= 2.4 Hz), 4.94 (1H, dd, J=10.2, 1.7 Hz), 4.84 (1H, d, J =
2.4 Hz), 4.69 (1H, d, J= 6.8 Hz), 4.65 (1H, d, J= 6.6 Hz), 4.65 (1H, d, /= 6.6 Hz), 4.58
(1H, d, J= 6.8 Hz), 4.10 (1H, ddd, /= 11.0, 7.8, 7.6 Hz), 4.03-3.98 (1H, m), 3.49 (1H, dd,
J=10.0, 6.6 Hz), 3.43 (1H, dd, /= 10.0, 5.1 Hz), 3.37 (3H, s), 3.35 (3H, s), 2.95 (1H, dd, J
=17.3, 6.8 Hz), 2.37-2.13 (4H, m), 2.18 (3H, s), 2.10-2.06 (2H, m), 1.97 (1H, dd, J = 8.8,
6.3 Hz), 1.86-1.21 (8H, m), 1.28 (3H, s), 1.03 (3H, d, /= 6.8 Hz), 0.71 (3H, s), 0.09 (9H,
s).

({(3S,3'S,3aR,5'R,6aS,7S,9R,9aS,10aR)-7-(Methoxymethoxy)-5'-[ (methoxymethoxy)methyl]-3',
6,9,10a-tetramethyl-1,3a,4,4',5",6a,7,8,9,9a,10,10a-dodecahydro-2H,3'H-spiro[dicyclopenta[a,d]
[8]annulene-3,2'-furan]-9-yl}oxy)(trimethyl)silane (86)

To a stirred solution of 85 (2.6 mg, 4.70 X 103 mmol) in toluene (1 mL) was added
Hoveyda—Grubbs cat. 2nd (1.5 mg, 2.35 X 103 mmol) in toluene (0.2 mL) at 100 °C. After
the reaction was completed, the reaction mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography to afford 86 (1.8 mg, 72%)
as an oil.

1H NMR (400 MHz, CDCls) § 5.49 (1H, dd, J= 8.2, 7.9 Hz), 4.68 (1H, d, J= 6.6 Hz), 4.66
(1H, d, /= 6.6 Hz), 4.66 (1H, d, J= 6.7 Hz), 4.62 (1H, d, /= 6.7 Hz), 4.12 (1H, ddd, J=
10.8, 9.0, 6.7 Hz), 3.95 (1H, dddd, /= 6.9, 6.7, 6.4, 4.1 Hz), 3.56 (1H, dd, J/=10.2, 4.1 Hz),
3.49 (1H, dd, 4= 10.2, 6.4 Hz), 3.38 (3H, s), 3.35 (3H, s), 3.20 (1H, dd, J= 6.9, 6.7 Hz),
2.27 (1H, dd, J= 13.6, 9.0 Hz), 2.20 (1H, dd, /= 13.6, 10.8 Hz), 2.12-2.06 (1H, m), 1.95
(3H, s), 1.94-1.81 (4H, m), 1.72-1.60 (4H, m), 1.55-1.46 (2H, m), 1.33-1.25 (2H, m), 1.30
(3H, ), 1.00 (3H, d, J= 6.9 Hz), 0.75 (3H, s), 0.06 (9H, s); 13C NMR (100 MHz, CDCl3) &
134.7, 129.9, 96.6, 96.0, 96.0, 79.8, 78.2, 72.8, 70.8, 61.4, 55.5, 55.1, 52.0, 49.3, 44.9, 42.7,
41.2, 38.4, 36.2, 35.9, 30.5, 29.5, 23.1, 22.1, 17.9, 16.9, 2.2; HRMS (FAB) [M+Nal+
calculated for C2oH5206SiNa: 547.3431, found: 547.3440.
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