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Ac acetyl

All allyl

aqg. aqueous

Ara arabinose

9-BBN 9-borabicyclo[3.3.1]nonane

Bn benzyl

Boc tert-butoxycarbonyl

Bu butyl

'‘Bu tert-butyl

Bz benzoyl

cat. catalyst

Cp cyclopentadienyl

CSA 10-camphorsulfonic acid

Cy cyclohexyl

DABCO 1,4-diazabicyclo[2.2.2]octane

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCC dicyclohexylcarbodiimide

DET diethyl tartrate

DIBALH diisobutylaluminum hydride
DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMPU N,N-dimethyl propylene urea
DMSO dimethyl sulfoxide

dppp 1,3-bis(diphenylphosphino)propane
dr diastereomeric ratio

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
ee enantiomeric excess

Et ethyl

Gal galactose

Glc glucose

HMDS 1,1,1,3,3,3-hexamethyldisilazane
HMPA hexamethylphosphoric triamide
HPLC high-performance liquid chromatography
IBX 2-iodoxybenzoic acid

IPP isopentenyl pyrophosphate
KHMDS potassium hexamethyldisilazide

L leaving group

LDA lithium diisopropylamide

LHMDS lithium hexamethyldisilazide
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Scheme 1. Synthesis of taxadienone and plan for functionalization to taxol oxidation state by Baran.
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Figure 1. Common motifs of oxygenated terpenoids.
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Figure 2. Bioactive natural products containing an a-type common motif.
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Figure 3. Bioactive natural products containing a B-type common motif.
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L7z C16 L DNAR LRI £ 0 mde Rk 2 il ¢ & % Z & % 1990 41 Doller & Gros 23
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M. —HD 16-epi-15 & FE & L2 GA I Tami il AT LT 18 &5 D
(A% —AL2), ZOHMREZIEH LT Yu 51X OSW-1(4) ® C17 (iAHIEH 2 LRSI 125
AT D LTI, RAMAEER LTV T,

Doller & Gros (1990)

o Me,, _CO,Bu o Me,, _CO,Bu
Me Me . _CO,Bu Me / Me Me. _CO,/Bu Me
~~ 1OH ~~ OH
16'OAC DA —100 °C | /ig'OAc 5 OAC DA —100 °C | /e OAc
f f A f
15 17 16-epi-15 18

Scheme 2. Stereoselective addition of lithium enolate by Doller and Gros.
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Grieco (1991)
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B —
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0" withanolide E (21)

Scheme 3. Total synthesis of withanolide E by the Grieco group.
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Fuchs (1998)

i ipr
OHCCH2CH2 Pr 0304

—_—

pyridine

Me,AICI

AcO

85% 90%

Scheme 4. Stereoselective construction of contiguous chiral stereocenters by the Fuchs group.

Jin (2001)

1. KOEt
then AcCl
—_—
2. (CH,0H),
PPTS

75% (from 25)

Il
Pr koBu

_—

Davis reagent

76%

Scheme 5. Total synthesis of OSW-1 by the Jin group.
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Corey (1982)

1. 6N HCI, THF
50°C,6h

2. 2N HCI, THF
rt, 48 h

50-70%
+ isomer ca. 20%

Scheme 6. Total synthesis of K-76 by the Corey group.
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Kienzle (1988)

erigerol (37)
Scheme 7. Total synthesis of erigerol by the Kienzle group.
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Paquette (1995)

Me
M
Me (o] G‘e‘ "//
Vd N\ 39 CSA
_— > _—
SVH fBuLi, CeCly
Me Me -78 »25°C

ent-grindelic acid (43)
76%, dr = 10.4:1
(2 steps)

Scheme 8. Total synthesis of grindelic acid by the Paquette group.
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FOERDV YN T T2 H—V AT NENEIENAREBIRIIZE O S (A F— A

9), 40 ‘CIZHIET 5 L VWTEBKREB BL OB 2R TS HEITTHZ L&

A LTV, E (RO TIISFHEBBIREB AR TA U AR b A TRIET D8
RrloTWA,

Zakarian (2007)

Me Me
Me R Ph/\N/'\Ph Me R .
Me | Li Me | R Me Et/, Me
R 2
Me (S,5)-45 Me 40°C S < con
O\H/'\ O Me~y ;-0 Me =
Et TMSCI, —78 °C Et Me “OTMS
o) OTMS H .5 Me
a
44 2)-47 B
@) 100%
R = CH,CH,CH=CHMe, dr = >20:1

O\”/'\ OW/\ Me \ O \ Me
Bl Imscl, -78 °C Me OTMS
48b

44 (E)-47 85%, dr = 5:1

Me

Me R FgC/\NLi Me Et
| H N | Me Et
Me M PR Me Et
© (S)-46 40 °C COZH

Scheme 9. Diastereoselective Ireland—Claisen rearrangement using chiral base by the Zakarian group.

F 7. 2012 T Zhai HRA L7 4 v DONIARIEF N R 72 B A AV T Ireland—
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Zhai (2012)
/\ i F
(0]
\)—>: LDA, TMSCI, THF TsOH Me—= S
P — 10
TBSO ~78 °C - reflux N 0
Me (0]
(Z) 49 ] 50a
54%, dr=7:1
oE:
/\
(0]
LDA, TMSCI, THF TsOH Me—= >
o _— ’,, e
_78° (6]
78 °C — reflux Mé 3
TBSO
(E)-49 L ' B 50b
c 50%, single isomer

Scheme 10. Diastereoselective Ireland—Claisen rearrangement of (Z)-49 and (E)-49 by the Zhai group.
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Ireland (1991) -t
M
H e
\Me . CO,H
OTBS
53a
Me | DA, TBSCI
@ L @ Ji 4L 91%, dr = 72:28
"/O (0] THF/DMPU OTBS
51

OTBS ., e
E/Z 496
( ) - /\ﬁMe . @/LCOZH
-0
H
53b
E .
- - major product
Me Me
H
,o& —_— ©/k002H
ﬁ&iTBS 53b
D' major product
LDA TBSCI
L j\ 1, 79%, dr = 84:16
OTBS
OTBS ., e
(E/Z 83 17) N H -
\:§6// —_— ©/\002H
Me
;\\ 53a
Er

Scheme 11. Ireland—Claisen rearrangement of cyclohex-2-enyl propionate by the Ireland group.
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Burke (1999)
OPMB LHMDS OPMB
' /L; TMSCI, EtsN ' /ﬂ: -100 —> 120 °C
RO “0” 0 U (¢ “0” ~OTMS
THF, =100 °C
otBs ., OTBS
55
R = m-methoxybenzyl
r * OPMB
H OH
LiAIH,
—_—
RO
TBSO
OTBS
- - 56

89% (2 steps)

Scheme 12. Ireland—Claisen rearrangement of cyclohex-2-enyl glycolate by the Burke group.
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Mulzer (2007)
OPMB OPMB
PMBO OBn LHMDS H B H
;\ TMSCI, THF HO,C OBn HO,C OBn
o OMe ——M W » + )
o~ o
78 - 60 °C OMe OMe
OTES
57 94%, 58a:58b = 3:1 OTES OTES
o, I0ADEH = S 58a 58b
Kiindig (2012)
OPMB

THF, =78 °C > rt

LHMDS Me
PMBO TMSCI, pyridine HO,C
;
O\
’Pr

ipr

0,
95% 60

single diastereomer
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Yamamoto (1994)

@ 1. LTMP, TMSCI
OTBDPS

O

:m)()TBDPS
o}

61

O

THF

-100 °C - rt

1. LHMDS

TMSCI

THF/HMPA
-100 °C > 1t

: OTBDPS

O~
OTMS
(E)-62

OY\OTBDPS

OTMS
(2)-62

OTMS

H

H [ oTBDPS
VS
H

2. TMSCHN, CO,Me
————
3. BuyNF OH
63a

75%, dr = 78:22

Bk

2. TMSCHN, Q\/COZMe

- g
OH

3. Bu,;NF
63b

81%, dr=87:13

Scheme 13. Ireland—Claisen rearrangement of cyclohex-2-enyl glycolate by the Yamamoto group.
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Zakarian (2010)
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Et TMSCI, THF Et
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Et Me

-§
)
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70a
major product

85%, dr = 85:15

Me Et

-Z
)
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)
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Et Me

-i
)
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Scheme 14. Ireland—Claisen rearrangement of cyclohex-2-enyl a-methylbutyrate by the Zakarian group.
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o) e | . .

© N Me ORR
4 OR" Me o\ AN Me '\I/\lﬂee
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Scheme 15. Plan for stereoselective construction of common motifs.

14



o oL UL VAR AT LD Ireland—Claisen 507

1 E Tl AR B A FEATIC T -9, Ireland—Claisen (7D REE & 70 b= 25 )L
DEFRIZHET L7-, Sharpless KT RF AL 2N LY 95% ee TH 5 a5 SCIREEZML,
B 140D R % R A K E-BFIRE 3D L A ESEIRAICBZ L T 1,2- A4 — /L 75
157", WIZ, PPTS #filiflt s L TRV F o7 #— it %{F-7-1%. DIBALH
AWM ERBIRICT B X —VERE L CE kT ra— 1oy P)Lo—T )L
77 ~Li#Ex U E—HT L a—/L% Dess-Martin fiz{t P2k 75Tk R 781
LT, Bk, HUHFMMRL P2IT OB LR R 79 & LTk, BIRHEM LT
YT L=a—1 80" & EDCl W THAKMEA T2 2 & TIMISORE L b X
T8l EZAMK LT, 728, 95% ee OHFHME = H W= OEMMED T AT LA~
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OTBDPS MeAl OTBDPS PhCH(OMe), Me
pentane Me,,, PPTS (cat.) DIBALH, CH,Cl,
(0] B ——
0°C OH CH,Cl, o—Z? ~78 - —20 °C
OH o OH o _ i Ph

74 86% 75 93%, dr = 1.6:1 7s 88%

95% ee
OTBDPS Dess—Martin OTBDPS NaClO,, NaH,PO, OTBDPS
Me,, periodinane Me,, 2-methyl-2-butene Me,,
HO f
OBn CHCl OHC” Y0Bn aq. BuOH HO,C”~ YOBn
77 94% 78 79

Me

@ Me OTBDPS Me OTBDPS
“OH 80 Me,,, Me
+
EDCI, DMAP “10 OBn “10 "/OBn
CH,Cl, > >
81 81"
0,

72% (2 steps) (trace)

Scheme 16. Preparation of ester 81.
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Me 1. Novozym 435® Me 1. Novozym 435® Me
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OH 2. NaOH o4  2.NaOH “oH
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BRI DKFEIR A EAEH EOKF ISRV DB SN 2 &b, IvRy
e 82a 1X VAR =/Lofir A S BLiE ., T 7ebbalisfi A ch D ERE LT, £z,

OTBDPS QTBDPS
|2, NaHCO3
—_—_—
ag. MeCN, 0 °C
77%
Me OTBDPS 82a (major) ° I g3a
Me,,, 48% (a-type)
. +
0 OBn OTBDPS
TBDP
o LDA, THF, —78 °C " QTBDPS “,(',Ieé
81 then TMSCI e l,, NaHCO; OBn
+ OBn e RN—o
—78° ag. MeCN, 0 °C
Me OTBDPS then =78 °C —> rt, 18 h CO,H q ) 0
Me 82a:82b:82c = 94:5:1 82b I 83b
(B-type)
0 “OBn +
o) OTBDPS
81" Me
(trace) Me | .0Bn
CO,H
82c

Scheme 17. Ireland—Claisen rearrangement of ester 81.
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0 2
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84 85 86
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Figure 4. NOE correlations of iodolactones 83a and 83b.
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"/O OBn "’O Va (:)Bn
© o—Li
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i aE:
Me OTBDPS H Me OTBDPS
Me.,. Me Y OTBDPS
OBn >
10 // ~O0Bn H ,o N\
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84 ~ chailikeTSL 82a (major)
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Scheme 18. Plausible reaction pathway for the Ireland—Claisen rearrangement.
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Foxz AT Va2 ELLT Figure 5. Structure of scillascilloside E-1.
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Scheme 19. Preparation of ester 97.
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Scheme 20. Ireland—Claisen rearrangement of ester 97.
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Figure 6. Stereochemical correlations of the iodolactones 100a and 100b.

Figure 7. ORTEP drawing of iodolactone 100b.
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94 o)
95 72% (3 steps) 106
TBDPSO
LDA, TMSCI Me,,,
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107

single diastereomer

Scheme 21. Preparation of cyclohexyl silyl ketene acetal 107.

WIZ@2)- VNI T T2 —L101 64 U5 2 0DBBIREED i 21T - 7= (A

*—L5A 22),

Z DR,

BRAEIE 2 A L7z Z & TRED IR S iz 7z

W ER

REENIZBWTC THREF B EOXATF VAL 7 ot UBROBIISEARKFENE LT

D2 ENDINoT,

Z DONARHIR AR AAEH % [AlkE9~ 5 72

(ZAE RV — Zﬁ$l

IR ER KRR O 2k THRNL RSN EETT L, BRI — 7 2 F5D 98b 8 EAERMIC

SletEZBND,
TBDPSO
OTBDPS
=\
Me TBDPSO Me TBDPSO OTMS
Me,,. LDA Me,,. chairlike TS N (n?lrsw?)r)
' o) - > ] 0 —_— (disfavored)
(¢ TMSCI o
o OTMS TMSO oteopPs |* TBDPSO
97 101 : Me/
(2)-silyl ketene acetal
-0
S{Ix COZH
boatlike TS O (major)
(favored)

Scheme 22. Plausible reaction pathway for the rearrangement of tetrahydrofuran-2-carboxylate.
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Scheme 23. Ring opening of tetrahydrofurfuryl alcohol 108.
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Table 2. Base-induced double eliminative ring opening.

OH Cl
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5 NaNH, 3:1 NH3/THF -40 2 96
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Figure 8. Structure of labdane and labdane terpenoids.
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% CH,Cl, % en Ac
117 98% 124 92%
125
Pd(OAc), (10 mol %) M CO,Me M CO,Me 0s0, (15 mol %)
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Scheme 24. Conversion of alkyne 117 to trans-decalone 130.
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IHIC, LV EEICERMEENT RO AR DREFIC AL, NET V7 v & ik

BLIEE 7 7 B ST 5 kO % Hig L/to Heck ARz %t L CTHRE~

DS B SE2FE R, m-CPBA F{L a2 1T o 2B ® Y AF LU MBS LT
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FHTRF Y REREHE L TR —T /L 134 AR T DRI 7277,
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Me \OT'{\/I/IS m-CPBA Me ‘OTI{\/IAS aq. NaOH ‘\Me
Me 000 o “Me 0 o
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o H
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Scheme 25. Attempt at epoxide opening.
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H D
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Scheme 26. Synthesis of silyl acetal 144.
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H<MBARE LTEAHSINTE 722 BLofE® > v 78 Scilla Scilloides D ZEf#3E 025
1985 4TI 512 K » THEE - BEERESh = R=0Th 5 (38 3)1%, 2002 4EiC
Kho 513> 7 v RE-L(D) B X OWERLAY 148, 149 72 E2HEE L, o —ED
{EEWEED B S ARHEPIIE R >l HT-1080 FMAQKECRINZ IR DS A HI 2K PC-3 ik 72 & 55l
DA AABEN 6 UREAITEME 2R 2 & 2 LTV 5 10 i T8 B b sl e 205
9T v m v R E-1(7, EDsy = 1.53-3.06 nM) {2, invivo {IZB W T H L a—~ 180
fli~ 7 24 D RN (7: TIC = 239.4%, A7 F L TIC = 154.3%) il Hi
TW5D, AAEEMREL 5 DO IURLA A H.0 (C4, C10, C13, C14, C17) Z £5> 15-7 4 %
VAATRTa—)VEKOT 7V a C3ALE Ru U2l Uiz 4 U IEH AR
AL EZ LB, 77V ay COERTIZHET—T7 D 1-FF VA1 [4.4]/
T UREEEE ATV D,

Table 3. Structure of Scillascillosides, scillanosides and scillasaponin.

HO

R’ RZ R RY RS RO EDso.

HT1080 PC-3
Scillascilloside E-1 (7) COEt H OH H Rhaa  Glcp 1.66 1.53
Scillascilloside E-2 (145) COEt H H OH Araa Glcp 2.30 3.95
Scillascilloside E-3 (146) COEt H OAc H Rhaoa  Glcp 1.69 2.33
Scillascilloside G-1 (147) COEt H H H Rhaa Glcp—>3GalB1—->3Glcp 2.28 1.73
Scillanoside L-2 (148) /();/’/O OH H Rhaa  Glcp 2.34 4.82
Scillasaponin B (149) “, OH OH Rhaa Glcp — —
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HO HO
Howmo
OH o O
oL L7 o
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Figure 9. Structures of eucosterol and scillasaponin E.
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FIRFEH SERRINEITHEE L T D, 7 b 163 % 2 TFECa vk 154 & Lizt%,
tert-7 F LY F U LAEEHSETE =V F LA L, HEER LT VT e R
155y 7TEXFEHZ LTI, Ta— 156 2T AT LAY —1:1T
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BICIZ K DWEEA LT 4 L OBANZITV. T ) AT ) —/L(189) DA Z ZERK L TV
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1. TMSCI, Lil , R 1.H,NNH,
HMDS aq. NaOH EtOH, A
—_— —_—
2. CHaly, EtpZn EtOH, A 2. 1y, EtzN
THF

68% (3 steps)
83%

153

fBuLi, Et,0, -78 °C 1. SOCl,, pyridine

then Me
E;L/CHO
M
OMe . 155

MgBr,, -78 — -33 °C
76%, dr = 1:1

2. LiCu(CN)SiMe,Ph
-78 > -30°C

79%

1. MeAICl, 1. SeO,, wet AcOH
CH,Cl,, -78 °C 2. DIBALH
2. AcCl, DMAP 3. Li (excess)
pyridine EtOH/PrNH,/EtNH,
-78 °C
55%
49% lanostenol (159)

Scheme 27. Total synthesis of lanostenol by the Corey group.
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Z 4 X T UEE 160-163 13, B 51Tk o TH Table 4. Structure of fomitellic acids.
Vv av R A A AV A X r & Fomitella
fraxinea 7 & I > HH A & 1998 41 BB - K g Me
BWRESNTZ VR T A4 FTHY, AB :
BRSNS CEE R B RE AL SN R A FR o (F R?
D[, b b RAERA Y AT, I FEE
ERTZERBRESATVWS O S R" R? R
Cp.TiCl (2 X Dl 7 ¥ I VBRI 2 #E TF2  fomitellic acid A (160) H  OH OH
& LT, Corey HOHIRZREFTIZFIH L7235 7 fomitelicacid B (161) H OH H

+ X T LVEE B(161) DS A ER L T\ 5, fomitellic acid C (162) H OH OMe
fomitellic acid D (163) OH H H

Me/,,

F IR OIZABRBICAHY T 57 LT R169 DA AT T D (A F—L428),
UNTTUNO-TEX—/L164 LTV T B R165 D E =1 A[HILT /v R— Lt
X, VA AL LT TiCly Z WV, il & 0K EILfFIE 5 & BAFRINE (76%) Tit
fTLTT /v a—)L 166 # MRIRINIIC G- 272, EU7c B RSk U is TBS A CREL
Toth. KFEART NI =LY F UL ARAFMPELRET D LTI La—L
167 % 95% ee TiH7-, = D%, Sharpless TRF At EETe 4 TIROEMBRAZITWNT LT
b K169 ~EE TV 5D,

, OH
Me
2.1
o &M . 1 Ticl, | OTBDPS
| OHC._Me H20 (10 mol %) 0 S 1. TBSCI
O)]\N OTBS + UTBDPS )L
\J 7 toluene (0.5 M) o N O 2. LiAIH,
pr 165 -50 °C .,
1 76% Pr 85%
64 o 166
QTBS Ti(O'Pr),, TBHP qTBS 1. NaH, BnBr QTBS
2~ Meorapps  (+)-DET, 3-AMS 2 MorBDPS 2 BUNF 2 Me
N | 7 | 7 | 7eHo
Me CH,Cl,, =30 °C 0 Me 3. Dess—Martin 0 Me
periodinane
HO 167 90%, dr = 95:5 HO 168 BnO
95% ee 88% 169

Scheme 28. Synthesis of aldehyde 169 by the Kobayashi group.
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Cp.TiCl Z T bV U THF IRETREEF, 100 °C THIZEAT 2 & IR 58% CL A DI
BRMALA 1713 NELNDH 2R LT, U Pk % Bz JETHR#EL,
BRI AL 7 4 ORI EFE —# TBS =—TF7 VOBR AT CT/La—)L
174 L U7=1%. 4 TR THIVR VR 175 ~E B /-, CT7 Mrdfe{kix. Salvador 5
DIFEDZ WD = L THEIT L, BRI 0%) 235 b7 b 176 214 T\ 5, Ikt
(ZANEEER DR R DR EZITH> T 7 4+ L T AEE B(161) &8 E 5% T LT\ 5,

OTBS
oTBS Me.,,
M
Me O 1. BuLi, Et,0, -78 °C BsO e
7 16 steps g then aldehyde 169 Me »
e = g + C7 isomer
= 2. Ac,0 Me
Me 21% ’ ’ 30%
0 L I OAc
170 dr=1:1
BnO

OTBS

Cp,TiCl (3 equiv) 1. BzCl

_—

2. HCI, THF
48%

toluene/THF (2:1)
100 °C
58%

N-hydroxyphthalimide
NaClO,

MeCN/AcOEt/H,0
50 °C
40%

47% HO”
HOLC e 1
fomitellic acid B (161)

Scheme 29. Synthesis of fomitellic acid B by the Kobayashi group.
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5 Td %, HEEDFES L TWAT 7 U 2 CINEAFEHSTEE L CA (75 VU A7 R 35
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. BTIPUNE 177 20 v ) T EEDHZ LI LT (RAF—2A 30), HFSERRAE YA,
TV ar1801%7 ) AT a— bR T AEIE CTh o 7oy, WEHCE R LT
WA LTz, T2 CTT 7Y 2180 I3t e ko CillET 22 L. ¥
ERA R SHEICB W TN R 2 ARV — N eER L, 77V arvaAkT 5 ET
1% 52 5§ ML SZAR T 0 (C4, C10, C13, C14, C17{i7) & C8-CO I {EHa —HitA 2 )
BT 20 E 72D, EH TSN Heck BUMNMZ LY B BRI 41T 21X C8-C9
PUiE iR —HERE A & CLO AL MURL AR B D — 2 ITHEEE A BE & 5 2 BRILATBRIAR X A BR
T A RNI8LECDERTZ I/ AL MNI8E I v T ) T SHTHLIZ L E LT,

Scillascilloside E-1(T)

Heck
reaction
OPMB
BzO 0
— "Bz0 Lo+ Me @
BzO @ Y
179 HO E

Scheme 30. Retrosynthetic analysis of scillascilloside E-1.
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TEBRIRAE P 2 TP 2 BROOSLARFEE 23 KIS IS S 41, € O RFE A D FMEK 185
&

Bfroi S ETFHILTZ,
Me 5 TBDPSO MeRSO TBDPSO RSO H ¥ TBDPSO
20 3 i 20 A\
@ E @ 7t Me_ 2 OTBDPS
1—Q  cmmmmmm--- 1 - Rt --
80 © - 80 7 ° HX o0 .
8 .
0 OSiR; OSiRg
183 184
chairlike TS P

Scheme 31. Plan for construction of contiguous quaternary stereocenters.

PLEDEZRIZESS COEBR T T 7 A FOWiE Rl 2 2 % — 4 32 1 L7-,Cl4
NEAFIVET, Bk L2 Bl mrERL & LRI % Simmons—Smith it & 4 U= =
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i 1,3-dipolar
HO 186 cycloaddition
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Me OTBDPS
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., 17, OH f— + Y\Hﬂ
80 N 8O H OTES
@]
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Scheme 32. Retrosynthetic analysis of CDE ring fragment 182.
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Scheme 33. Synthesis of branched tetrasaccharide fragment 198.
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.2 DRY 207 Ho-Y 7 R 220 °C THZEVT 5 & 451 Diels—Alder
FOSMEST U CE A DOAINBRAL AR 208 Z SEAREIRICE S Z N TE 2, &6
208 7 2 THETE 7k 209 ~ &\ ot%, 77 N UEROETHIRS & 3 TRO
THAERTART T I AL N18l DA EET Lz,

1. EtO,C__Me
1 1

PPh; 204
2. DIBALH, -78 °C ~ | " idi ~ | "
OHCWE\OTBS : - 5 oTBS 1. HF-pyridine, 0 °C s oTBS
6 a~Me)s
Me
oTes  3:-MnO,, CH.Cl, 25y >

203 4. Ph3PCH,Br 0TBS CO,H 206 0~ 0
'BuOK, THF 205 DCC, DMAP 207
7% 72%

! Me 1 Me

0-CgH4Cly H 1. BuyNF, THF H 1. Zn, AcOH

- . J_\OTBS NN

220°C,6h Me' [+ © 2.1y, PPhg Me" ® 2. LiAIH,, THF

sealed tube (0] (6] imidazole o~ O 3. BzCl, pyridine BzO

78%, dr = 8:1 208 toluene, reflux 209 65% 181

76%

Scheme 34. Synthesis of A ring fragment 181.

FIT, BHIIVTr Y R EL OREKRICHET TAF—2A 32 IR LI G R iz
WricS< CDEBRTZ T 7 A b 182 OERICETF L,
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FAF B N AT IVEIE L5 Ireland-Claisen 850712 X 2 A
DU AN T L OHEEE

O-HIEAKIEDE L AT T /La—1L 189 DERKICETF L (A¥—L4 35),
FPF. TIUATILa—L80 FTHr T (210) &S SETT & MR 2T L 211 &
L% AVAT Y REHNT CL7 LIy 7Y A8 A L, Bon-AElky 212
W2 L KER{E Y F o L2 /E S8 TCL ba Clasen fi&x1T19 2 & TV 7 VT A
F L 213 ~ENTE L BT, Wenkert 5O 51E it T FA L LT= VT YRR
2TV 213 % C20-C24 [k#FEa =y N TH D LD T LT b R 19082/ & &5
ZEIZEY, BINETHRY 214 2552 LN TE-, ZZTHELEE T va—
Tk LT IBX fl B4 4T o7& 2 A, RUSHER OfGHE & 2 TES b2 = » T
FIGHEHAL LT LE -7, CoORIKIGIZS BEO LY DU 2iRINT % 2 & T
ARECTH Y, T a— L 214 ZILR A% CTa-P T V' -B-7 = AT )L 215 ICAHTE 5
TLEARHLET, BBICAZ ) — LA TF L REBEET, 0°C TR 74 n
WEBRALFE 24T\, B LRTERIR L 22 B 7 7 a—)1 189 &Rk L=,

Me

@ <O> 210 @ ﬁ Mo EGN @ f LiOH
8"’OH DMAP, Et,0, 0 °C MeCN “ aq. THF
80
n 84% (2 steps) 212 86%
TBDPSO
Me OHC/\)M Me TBDPSO Me ZIBDPSO
17.N2 OTES 190 HO-.20 24 IBX, pyridine S
. L . 17 OTES - . 17 OTES
80" X0 LHMDS, THF 80 N2 DMSO/THF 80 N2
213 -78 °C o} 949 O
0
88%, dr=1:1 214 215
TBDPSO
TFA Me 020
MeOH/CH,Cl, @
. 178, OH
0°C 80 N>
o]
88% 189
Scheme 35. Preparation of diazoalcohol 189.
T AT ALIEY ) BTN BT ENRT BT, T OB TORRILEET D Z iz LT,

" Dess—Martin (b, H 37223, FOGABTTEIELTLE S ZPIF TRl T a— L OBk EE
A LTT VAL 216 BEIAE LT,

TBDP TBDP
Me 0.2 SO Dess—Martin Me 0.20 S0 OTBDPS
H 0 24 periodinane
_ wuk. OTES —————————> . N, OTES OTES
8’0 N2 NaHCO3, CH,Cl, 8’0
e}
214 215 216
34% 8%
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2 AH

e T o3 O-H i ABUGRIZ K % E BRIEE A3k A 7o, AU IE 1985 4F1Z Rapoport
SICEVBERINTZLOTHLN O, Z0% Moody b BFEMAREHERA#H LTV
5, WHOHBENL, O YT LD HEERIT O-H A ICHESCHICIFAT S
e, vruaTa AL C-HIAR N EORIIG EFA LsnZ & @4ERkT 5
3-F I Ra 7T ) 2- ARV AT NI Y AL ETCHRLRST N & D
2 RISTRE T, EERIZ Moody & 23 Feifb L7 T TV 7 Y 7 v=—)L 189 D5y
FHNO-HFEAZITHT=E 2 A, BUNIBIFIZFEE L=, YV XV T L7~ b
7T 7 4 —TORRAI AR 183 I3 —HB i L= 7=, HABEICR T PR () 60%)
Lo (H6),

Me TBDPSO Me TBDPSO Me TBDPSO
@ j’ﬁ\H Rh,(OAc), (2 mol %) @ ‘Oi\) @ i?)
. OH . OH , o (6)
"0 N, benzene, reflux, 5 min “0 Rh "0
o e o
189 217 183

ca. 60%, dr = 4:1~3:1
(unstable on SiO5)

ZZ T, B-7 b= ATV 183 ZREHETICHW I\ 2 A5 Z LI L= (F 5),
£, BREID LDA Z M2 7214123 U kA 2 N 2 3 F95 L T Carroll #5(7 D237 7=
INL LD O FEITE T SRIELL E CRE N DT DRI - 7= (entry 1), IRIZ,
—78°C TLDA & TBSCIIC LW EATBS = —F /L&l L C 0 "CICHiIET 5 & Ireland—
Claisen #2077 34T L . RISIAIR A2 B IER U CARRZER Y U L 2T V% KSR
THZ LTI NT ) — VT —T UREF SN BADSAREMAR 218(R = TBS) 28
fRUVER (25%) 72 B b6 D Z Ebho 7= (entry 2), ZDOFS, C17 fiir%E LT

Table 5. Rearrangement of 3-ketoester 183.

1';"'3 ° ZIBDPSO Rhy(OAc), Me TBDPSO 256, silyl chloride TBDPSO
@ (2 mol %) 13 0% ; THF, temp., 3 h
. 17 OH — = 17—0
870 N> benzene 80 then aq. HCI
@) reflux o}
189 183

entry  base (equiv) silyl chloride (equiv) temp., °C vyield, % (2 steps)

1 LDA (5) none -78 > rt decomposed
2 LDA (2.5) TBSCI (2.5) -78 >0 25

3 KHMDS (2.5) TBSCI (2.5) -78 >0 32

4 KHMDS (5) TBSCI (5) -78 -0 52

5 KHMDS (5) TMSCI (5) -78 >0 0

6 KHMDS (5) TESCI (5) -78 >0 507

7 KHMDS (5) TBSCI (5) —78 > rt 60

8 KHMDS (5) TBSCI (5) -78 - 40 30

aSilyl enol ether was hydrolyzed under acidic work up to give ketone 185.

39



R N ]

VLR HEIT LT E DN DEIAERM B EONTE 2 L BIEEORET 21T 72,
KHMDS THi~7' & koAb IT>Co— RV v A ) T7— N4 5 L5k 183
IN—HBERAE L 7= b D DULER (32%) IX D¢ cek#ZwE S 7= (entry 3), AW HREEAE 5 Y4
BIZHOT &R 183 1 I5EAICiHR L, IR 52% £ Tml L L7z (entry 4), RIZ, &~
UIALHID A7 ) == 7 %4T 572, TMSCl & W T2 3B A 3B IR E W & 7
o7z (entry 5), TESCI 2 W\ =55 I ZIX LA DI RS 23T L7 (entry 6), 7272
L. TES = AT A ZMKRSMET BN VT ) — =T LG R LT 4 N
JUAR R 185 M BT, SEAREDIRE ZRE Lz & 2 A, B E THIR LIZEAR
BREBOFERA5H 2 IR 60% CTHIY 218 5 oHN 5 Z & & FH L7= (entries 7, 8) , A&
FOGIEAF—31L(P.35) I Zn L7ZFtEE D WIT EBIREP 2R TH#EIT L EE XD
NHZ NG, C20 NMLDOFEERRERDSRIBIRMEIZ R E R B2 KT LTV D Z &2
BN o T,

A 218 & VT D BRGNS 7o B 2 57~ 72, 218 % TMSCHN, 4LEE L TH5
HILD AT N AT L 219 260 °C TDIBALHIEILT 5 & 7L 2—)1 220 £ TR
HEATZT20, 572 220 % Dess—Martin ig{b9°5 Z & TTV /LT & R 221 [ZE W72 (A
F—LA 36), HWTRIBEROBHT= ha A X2 BEFPF TR =TT I U &1E
MEREN, BO=Fra 7L R—AKE PR eI ) T ) —Lo—F LD4y
RNIE Z > C—HARLZERB-7 N TITE R23WELDHZ ENDND, TV R—L
R 222 DILRIZEHBMEN G SN0 -T2, B-7 b T AT b K 223 1 IBUGEM T C
L hu Claisen fig & &2 Z L THMEL TWD EEZBRD,

TBDPSO
TBDPSO TBDPSO Dess—Martin
TMSCHN, DIBALH periodinane
-~ - >
MeOH/benzene CH,Cl,, —60 °C CH,Cl,
93% 82% 91%
TBDPSO
o TBDPSO
Me\ E 0
EtsN 010 Me\ E
R —— 010
MeNO, 169 OH D=0
low yield & 8 NO, .
irreproducible 222 223

Scheme 36. Attempt at introduction of C15 one-carbon unit by a nitroaldol reaction.

TR 18 BEBND I — RTF Y h 224 H W TE AR DO SR A B E L T-, CL3 4T
AFILEN D C22 1B L O C23 (D AKEBIE NSRS 7= 2 & s B A Bk &by
T&7,

TBDPSO TBDPSO NOESY
020 m
VR I, NaHCO; o Ve h
10 = Ig% oH~,,
17 & ;
CO,H ag. MeCN, 0 °C ﬂ\(H {_HoTteDPS
1770723
8 185 65% " (o]
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2 AH

2T, BEOEREEZEZ NS C20 (i VAR VA I BT D2 525,
NIV R 185 N AR B D A TF L AT )L 225 ZHUE & LT Wittig SO 7R D
LT gAMb ERE LTy 226 OARRITEL R TEX o7z (A¥— 24 37),
HRN St D E BRlZafihs 'Bu B4 5 CBRIC, £ A h¥ T DILR =14
& TBDPS A F v A F NVHIT L » Tl SN T 5 (X10), 2 s OE#ELISHIN 9
HNARE 72 R )N B C20 AL A /LR = )V 3D TROSHEICZ LW E B 2 bl

TBDPSO TBDPSO TBDPSO

TMSCHN, olefination

benzene/MeOH
94%

a-face

Figure 10. Conformation of ketoester 225.

PLED#ERIT Ireland—Claisen #5072 1T 9 BilZ C2L N IRBEEANT HMLENHDH Z &
R L CWA,
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Paraxy

55 2 B 5 i
F5H o, AAFI= AT LA HE &35 Ireland-Claisen #5007 & D BR AL

AEi T LN RAEHE X, B-7 P AT /L 183 D C20 \iDA L 7 ¢ AL E
52 &L LT, ITUDIT, —RIRERMERAET TR LEZY VAU FEEHSH
Tﬁt@ﬁ%%ﬂﬁ@émi%uf%f FOSIREE D E&-& &SI 183 23 43R

DFERICK Do T2 (AF—1438), ZDOB-7 F AT /L 183 1% 'H-NMR » 5 7 MM T
FELTWDZ ERbhos TR, HEMESFHE TR, — /L TLE I =D
Wittig SOIGAEFT L7227 o 72 & E 2 b s, Petasis i3k Pod & 9 72 Lewis BEHED A L
7 4 AMEREEE VD L BRICXT L TR E R IE 183 (TR L T L E - 7,
F 72, Grignard IR EDOT VX LA RREEZEH G5 L EMERIEAYE 5 272,
FZ T, 183 D™ F— b & McMurry 53K DL RS SHETE =1 MU 75— b 228 ~

LEML, 7aAR T ) RIS LD AFAEOEAERST, KT TN T,

=N ﬁm%%ﬁkﬁé*#Tfiﬁ ﬂ“%#é%%&@otﬂ ﬁ%%ﬁ
HRAA L7 BT HRIN R 22 23 5 & B9 229 233 5N 7= 80, LanL, BokEmy
230 OF %%ﬁﬂ%ﬂ?é ZLENTERPST,

TBDPSO
Me om0 Rh,(OAc)s Me TBDPSO KHMDS Me TBDPSO
(2 mol %) 0 ; PhsPMeBr 2 ;
” OH — > . o : o)
‘0 N2 benzene 0 or 0
o reflux (o) Petasis reagent (o)
189 183 202
MeMgBr KHMDS, PhNTf,
THF, -78 °C
73%
Me TBDPSO
Meﬁ@) Me TBDPSO Me TBDPSO
HO17 0] TfO. 20 cross coupling Me 20
WO—Q{ \ E \ E
. 1
o) o 7—0 (Pd, Ni, Fe) o 7—0
227 o o
228 229
E dehydration LICU(CN)Me
v Et,0, 78 °C
52%
Me TBDPSO
%) Me TBDPSO Me TBDPSO
) 173—0 Me . 20 H .20
'Mﬂ E E
© o ] 17\ 1) + ' 17\ o
“0 “0
202 o) 229:230 = 1:1.1 0
229 (inseparable) 230

Scheme 38. Attempts at introduction of C21 one-carbon unit.
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o 2 T 5 Hi

Z ZCEFT, Lebel SV L7= Wilkinson fEAFAE R CTTMSCHN, & R Y 7 ==
IWRAT 4 inb Y A ) RERT % Wittig SOS O BIEICER L8, KBTI
FHEE T TA Y RERRTE D720, =/ — B LT W IR = EAH THIL
RILLA VT 4 UMb TELZERMLNTND, O-HIFAKSIZ LV ESNDB-7 b
= 27 )L 183 DAY % 5 mol %@ Wilkinson fillfi: & N U 7 = = L7k 2 7 ¢ L INESR
L7z 1L4-UA XV URRICINZ, 512 2-7 a8 —LZFIMLT60 “Clahzh L7
%12 TMSCHN, Zi@ F L= & 2 A, Wittig SR EAEUT-m Y A F L o DB —
ZE1CHETT L C 2 TREINER 60% Co, B-REFIT 2T L 229 Mg b b Z & &2 RH L= (%
F— A 39), T, Ireland—Claisen #0712 K 5 385t 55 PURR A F5 H D OS2 5 A 72,
—78°C TLDA & TMSCI ZEH SH-RICHE LT Z A, ZHE TORE L i L
TR X RIE IS 2 X4, 0°C LA T 30 43 LAPNICHRNT SR A 5ERE LTc, B
7o VAR W 231 % TMSCHN, T2 = & C, 2 THRIER 62%, MR TEWVAZAR
BRIV TR DSLREE 2RO 226 2155 2 LN T&E 1, a,p-REaFi= %
TV 229 HHE L LGS A SUNI W T TEERIRREQ 2R CEIT L= Z &R T
BMENDZ Lnh, RIEY C20 fLDOFEAHERIT K o THRISOSEEIRVENEA ST
WhHEWR D, ok, NI T LA — /L THRERAITAD Z LR INTE
D, 3gDYT YT I)Na—/1189 76 1.3 g (I 44%, 1 TR 81%) D A F /L= A

TBDPSO
Mo o Rhy(OAc),  Me TBDPSO  Rh(PPhy)sCl (5 mol %) Me TBDPSO
(2 mol %) 0 PPh;, TMSCHN, 13 Me. 20
—_ > E E
OH 0] . . 17\ )
o] N benzene 0 'PrOH, dioxane 80
0 reflux 5 60 °C, 30 min o

60% (2 steps)

LDA, TMSCI H i TBDPSO TBDPSO
THF Me, .27 N OTBDPS TMSCHN,

HX o\ © N y
-78 > 0°C 8 benzene/MeOH

30 min OTMS
8 226
chairlike TS Q
62% (2 steps)
dr =>100:1

Scheme 39. Wittig—Lebel olefination of 183 and Ireland—Claisen rearrangement of 229.

MR OSRALEIE S — KT 2 by 232 0 NOESY FEBRIC L U ¥ U7, C21 i AKSEJE -7
5 CL3AL A T NVEIS L C1ANVIKFBIR NN RISz Z &, BAO MR & W T

x5,
TBDPSO NOESY
e " ;BDPSO 1. LDA, TMSCI, THF 2 22 N @
e -78 - 0 °C, 30 min me )
D = Nasl /42 H
80 2. I, NaHCO3 ﬂ\(H 2 _oTBDPS
(e} aqg. MeCN, 0 °C 14 Y 17770
229 58% (2 steps) I 232 o
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* kK%

TIV226 5L EMNTERET,

5 DAV AR A VT D BRIEZE AT D BINZ, C20 = Y A F L DS
K OSETEONAMGERIRVEICBET 2R 255720, KBIRNMEITo72, PRI L
TIEHDHD, AF—L37(P.41) TRULTZS F Y 225 & RIERICSIARBER 2 & C20 fif—
XY AT U UARROEICZ L, DS RT DT A IRBEDOGEIIT YIS L
Mo l= (7)., Adams fillita VWS Z & TEITARE TH - 723, AR T TIZ CEBRD

*kk

FVT 4 DN RIE TSN, FTETONMRERMES 13LITHE 72,

TBDPSO

TBDPSO TBDPSO

233 234
mixture of diastereomers

T B-REAFITE ATV 229 1%, YU BA AN T AT a~ b T T 4 —IZ K DRI AR LT
LE D Z NI TND, Wittig-Lebel SUNEDUPLIHR AT 0 VA F v RERET L2710 L
EO, MORIEMPNRE o 7o £ FEAIEEITH & 4 TRBEEOIRILMN L35,

TOREAR = VERTII LT O RIER &5 2 S A A 226°, 235 SRR (<1%) 4R L Tz,

TBDPSO TBDPSO
Me
Me'\ E Me\ E
(0] el
7°co,Me 7co,Me
226" 235
(C17-isomer)

*

T OT AT LA — AR O TH-NMR 12 L0 RE LT, BAYEER O EER L O B R DT
HALFDOPEEIIIT > TR,
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2 EE 5 Hi

ZDOFERMNE, XY ATF LU OBRICIE D BEERZIZIT) 2 L & L, RIT D R
2T TN L3- MR INER LSS DB D AR EZRB L, £, AF LT AT
JL 226 % DIBALH (Z X V&L L7z 2 A, -78°C TH T /L3 —)b 236 £ TG EST
L7=Z &5, Dess—Martin a3 L 0 fiRfb L CRAFRUVER (2 TR 80%) TT /LT & K
237 ~ENZ (AF—2440), = ha 7L R—RINC LD T /VT b R 237 O R
ZREA KRG LTERER, = ha A X Ui Ot & D 1,1,33-7 N T ATF LT T =2
(238) HMEHSHED LERWZ EbhoTo, 7272 L, ARRISITEE 237 2354 9 HIVHE
SN BTSN BN E L, IR 89% CEALD LM 239 2155 L & BT, 10%
OT VT R237T %L, DX 5T, C20MEHNR =V IEAE T 5 L
T, = b7V R= IS O3 Z SERICIHI TE 5 Z & Nbho Tz,

TBDPSO TBDPSO TBDPSO
DIBALH Dess—Martin NMez
MY E CH,Cl, MY E periodinane M E HN” “NMe, 238
10 E—— 10 —_— o)
i CO,Me -78 °C 16~—O0OH CH,Cl, 169 —0 MeNO,, 10 h
H
226 85% 236 94% 237
TBDPSO TBDPSO
Me\ E Me\ E
10 + ule)
16 OH 16 (@)
8 5 H
NO,
239 237
89%, dr=1.7:1 SM recovery 10%

Scheme 40. Introduction of C15 one-carbon unit.

VT, TV R—/VAERM 239 OIiKSGEEEZRET L2 (F 6), 1ZLHIC, BT
TR CHOKERR 2 EF SH 72 & 2 A, IUEE 50% T LEAD AR 241 1315 572
moiz(entry 1), CL7 (ZPUEHAIR FIZEEEES 5 CL6 (AIZEHL L 7o /KR D T & F 1k
ITIERICELS . L b ka7 R— G b 7 b v OKICE DAL A=
NU TR ROLGFN 13- BB IBRILEIGE A BEA LTI VT B R 237 04 Y 4%
B0 242 REIAE L TV, K0 RISHEREWIEIL A DvE2 AW TRIR TG S8
Ha., Lhe= a7 r R=ARISOFIEIHMET L2y, 401 1,3- Bt b
SOSIZ K5 242 OEVAEZMHIT IR ST, HEOY 241 OULER (66%) IXHFEE D F

THELLTRIZFAT IVEAWD EREENE L KT L, £72, 2Bk b T
% &I TWDEM FCiE, MBI X Y Cope BERAZAMHETT L C 240 235 Bz,

TBDPSO

TBDPSO o TBDPSO
21 8
E
MeX E NH4OAc, Na,SO,4 170 Me E‘
X0 o
° 16,
o MeNO,, 80 °C Me \ %
H
8 NO, 8 NO,
27 240 241
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FiEo7-(entry 2), & Z TGS Z AN E T LTS T o7 v bz
T RESR. IERREE A il & U CHOKERRE P RS S/ 5 Z LI W AT EF b
HDMEITT D 2 ENpnodz (entry 3), ERRITHEIAE T 5 = & TR BB )G
ZHRZ L apB-ReEfi= h afbB# 2413 2 TR UM% THLND Z 2 A LT,

Table 6. Dehydration of B-nitroalcohol 239.

TBDPSO TBDPSO byproducts
TBDPSO
Me\ E conditions Me\ E
10 10
16 0OH 16/
8 NO, 8 NO,
239 241
entry conditions yield, %
1 Ac,0, pyridine, 50 °C 50
2 MsCl, Et3N, CH,ClI,, 0 °C 66
3 (1) conc. H,SOy4, Ac,0; (2) EtsN, CH,Cl, 94

PO 241 )6 S B 58 %Kl 7o, a,p-Aafi= hafb&w 241 125
FNLIET NV KB ETFRT R UL E AW TESFEIRAIZE T L CERIER]
BRAK 243 Z AR LT (AF—L4 41), BB TT7 2= VU7 — NI K
D=RU AR K244 Z2REIFELHMLODOFEMT THTW 1,3- VAR INERIC S
BT L A, MRD TE WL (97%) TUBRMELEY) 245 HASLAREIRICHE D
82), ZERRM 245 13 NOE EBRICE W U AR L TV Z L 2R LTV (1K 11),

TBDPSO TBDPSO TBDPSO TBDPSO
Me\ E NaBH, PhNCO, Et3N Me\ E
ule) 10
15 / EtOH/ benzene, reflux
. //15
8 1,4-dioxane 8 +
NO2 97% N
241 90% 243 6]
- 244

Scheme 41. Construction of CDE ring moiety.

Lk, Ireland—Claisen #&(71Z X 2 —i#fE
FVARRASF 0 D — BB & 1,3- WA
INEBRIZ X % D BAEEE A8 TFE L LT, CDE
BRERZREE LT,

Figure 11. NOE correlations of isoxazoline 245.
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HO6HI CDEBRT T 7 AL MIANTT-ZH

CDE R 7 7 7 A > N OERIZANT 725% 25 i X Dlreland—Claisen #i5i7 DERIRHE &
925 HRGTEA L7 C20 7% V) X F L o ONREINA) 22k FE b & @CLA N A F
JVIEDSIRFRAGEAD 2 i TH 5, #IHOIZ, C20NimF Y AF L DOKRFICET
L7z,

PUER AL A 245 %220 °C TDIBALHIETE L CA VAFH Y U 246 E L, 2D
246 HHE L LT CNMTF Y AF Lo DOAFELEZRF LE"" (X% —L4 42), FOhE
B, OKFEFHE T, Hilit—F /L4 Adams filfit &4 EA X5 & N-O f5a DMk
SRR T C20 L3V A F L U R4 IKEILEND Z L nbho 72",
THDOLT I ) TINaA—L248 DT AT LA~—Ld7 2 /K% Bocfb L7-ITIRE
L. 431 CYULOBIEERNREERY CTH 7" RSO ARFPEL, C13 {if A

TBDPSO TBDPSO TBDPSO TBDPSO
DIBALH Me E.o H,, PtO,
- T
toluene 5 AcOEt
-20°C S HZ
\ O—NH
97% 246 B

TBDPSO

Dess—Martin
periodinane

CH,Cl,

250a
52% (3 steps)

Scheme 42. Hydrogenation of exomethylene.

T A VARV 245 OHMIBETCIC LV B-E Ru X bR B SN & L2 ¥ i A
AR IRA MG BN DR RICK D5 T2,

T AVFIY Y D246 HIE L LT Le Bel = U ARBIS O A MET LT A, IRINER |
ot 8

*kk

IRFACD SIS A 52 7 =0 THR IZEE 5 & SAREFEME T L7z,

*kkK

IR FACAE A O SR E T RAERIR G400 NOESY FEBRIZ X 0 g Lz, A0 RIER 249 T
[ C20 iz A F /L JE & C2B RI/RFRIF T INT, #iF DRI & LR\ IR 249°C i C20 iz A F vtk &
C16 fKFITFRHICZENEN T B A e —7 Ml & T,

NOESY NOESY
Me MQ Me H Me
20, H 20,
- 05 OTBDPS 0 ZTBDPS
HO 18) HO 15) H

BocHN H BocHN H

desired isomer 249 undesired isomer 249’
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H2EEO6H

FNFAZ TV EHRE L2V Re @NHD Re-face H Si-face
ISR b2 & TRE L& OTBDPS

265 (X 12), 5oz B ERIEEY -— P
249 X Dess-Martin F&{LIZ LD 7 F o~ (major path)
EHA D Z L TRDITHBETRETH V|
LHOEMAK 250a & 3 TRRIE 52%C
BAHZENTET,

Figure 12. Newman projection of aminoalcohol 247.

BT, Boc SE&EBRETHHMTHY b 250a b A F Lo, TFA TULE L 72
EZ A, UTOBBREWESAEHN S G8),
O KGR & [FIRFIZEENL (CL4 1) O BMEAL LT LTz, 1 RFH IR Rk B 12z
LB TH DY AMEERIL250a DIF & A EN + T o AfEBR K 250b (2 Ak L7,
@) ‘%ﬁk?‘éﬂﬁé Boc {LiTiE< . 2 I TG EEIET D LT 2 /7 b 251 DR
X 10%LL FCTHH- 7=,
@ RBIEMME LTz ) v 252 IR 3% TH LIz, ZDx ) 252 (%3 AfEERIA
250a N < AFET D IS AR L, 42 b7 > AfEER 1K 250b (2 B b L7z
BTIXIFE A SN L 2o T,
HEEL7=B-7 2 /7 b 251 & TFA LR L7278, =/ > 252 OAERRITMER X7
ol (X9, @LBbEDE., =/ 252 1% AHEERIA 250a 7> 5 DR LT
EHEERTE D,

®

TBDPSO TBDPSO TBDPSO TBDPSO TBDPSO

T AMEBRIK 250a & R T o AMEER(K 250b DR T R L —E 8T A —%& & LT OPSL 2005 % ]
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Scheme 43. Synthesis of enone 252.
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- e
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Scheme 44. Attempts at introduction of angular methyl group at C14 from silyl enol ether 256.
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Scheme 45. Stereoselective introduction of one carbon unit at C14.
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Scheme 46. Completion of synthesis of the CDE ring system.
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Scheme 47. Construction of contiguous quaternary stereocenters by an Ireland—Claisen rearrangement.
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Scheme 48. Stereoselective synthesis of tricyclic ketone 258a.
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General Information

Melting points were determined on an AS ONE ATM-02 digital melting point apparatus and were
uncorrected. Optical rotations were recorded on a JASCO P-2100 digital polarimeter. Infrared (IR)
spectra were recorded on a SHIMAZDU IR Affinity-1 fourier transform infrared spectrophotometer
and absorbance bands are reported in wavenumber (cm'). Proton nuclear magnetic resonance ('H
NMR) spectra were recorded on a Varian VNMRS 500 (500 MHz) spectrometer with
tetramethylsilane (8y 0.00) or CeéHes (On 7.16) as an internal standard. Coupling constants (J) are
reported in hertz (Hz). Abbreviations of multiplicity are as follows: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br. broad. Data are presented as follows: chemical shift, multiplicity, coupling
constants, integration and assignment. Triterpenoid numbering is used for proton assignments. Carbon
nuclear magnetic resonance (?C NMR) spectra were recorded on Varian VNMRS 500 (125.7 MHz)
spectrometers with CDCI; (8¢ 77.0) or CéDs (dc 127.0) as an internal standard. High resolution mass
spectra (HRMS) were obtained on a JEOL JMS-SX 102A spectrometer in electron ionization (EI)
method or in fast atom bombardment (FAB) method or on a JEOL JMS-T 100LP AccuTOF LC-plus in
electrospray ionization (ESI) method or in direct analysis in real time (DART) ionization method.

Column chromatography was carried out on Kanto silica gel 60 N (40-50 um or 63-210 pum) or
Wakogel® C-200 (75-150 mesh). Analytical thin layer chromatography (TLC) was carried out on
Merck Kieselgel 60 Fpsy plates. Visualization was accomplished with ultraviolet light and
anisaldehyde or phosphomolybdic acid stain, followed by heating.

Analytical high performance liquid chromatography (HPLC) was performed on a HITACHI Pump
L-2130 with a HITACHI UV Detector L.-2400 or a JASCO PU-980 Intelligent HPLC Pump with a
JASCO UV-970 Intelligent UV/VIS Detector. Detection was performed at 254 nm. Chiralpak IC-3
(0.46 cm x 25 cm) from Daicel and Zorbax® Sil (0.46 cm x 25 ¢cm) from Agilent Technologies were
used. Retention times (#z) and peak ratio were determined with Run Time Instruments Chromato-PRO.
Hexane and 2-propanol which was HPLC grade, was filtered prior to use.

Reagents and solvents were purified by standard means or used as received unless otherwise noted.
Dehydrated dichloromethane (CH,Cl,) and tetrahydrofuran (THF, stabilizer free) were purchased from
Kanto Chemical Co., Inc. Trifluoroborane etherate (BF;-OEt,), chlorotrimethylsilane (TMSCI),
diisopropylamine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) and 2,6-lutidine were distilled from
calcium hydride. All reactions were conducted under an argon atmosphere unless otherwise noted.

Dess—Martin periodinane®”, trimethylsilyldiazomethane (TMSCHN,)’”, tert-butyldimethylsilyl
trifluoromethanesulfonate (TBSOTY)*”, methanesulfonyl azide (MsN3)*” and 2-iodoxybezoic acid

(IBX)® were prepared by according to literature procedures.
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(2R,3R)-4-(tert-Butyldiphenylsilyl)oxy-3-methylbutane-1,2-diol (75).

Trimethylaluminum in n-heptane (2.0 M, 8.15 mL, 16.3 mmol) was added to a
OTBDPS

21 solution of epoxy alcohol 74 (1.87 g, 5.44 mmol) in n-pentane (60 mL) at 0 °C.
Me. 50 22 After stirring for 3 h, the reaction was quenched with MeOH (2 mL), and 10%
6 P OH aqueous potassium sodium tartrate (100 mL) was added to the solution. The mixture

OH was vigorously stirred at room temperature for 29 h, and extracted with AcOEt

(3%x300 mL). The combined organic extracts were washed with brine (100 mL) and
dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product (2.19 g),
which was purified by flash column chromatography (silica gel 100 g, 10:1 CH,Cl,/Et,0) to give diol
75 (1.67 g, 86%) as a colorless oil: R, 0.40 (1:1 n-hexane/AcOEt); [alp'” =11.0 (¢ 1.06, CHCIL); IR
(neat) 3401, 2960, 2931, 2859, 1472, 1427, 1123, 1113 cm'; 'H NMR (500 MHz, CDCl;) & 0.80 (d, J
=17.0 Hz, 3H, C21-H;), 1.06 (s, 9H, ‘Bu), 1.94 (m, 1H, C20-H), 2.33 (t,J = 5.9 Hz, 1H, C16-OH), 3.60
(m, 1H, one of C16-H,), 3.66 (dd, J = 8.4, 10.3 Hz, 1H, one of C22-H,), 3.68-3.74 (m, 2H, one of
C16-H, and C17-H), 3.74 (dd, J = 4.0, 10.3 Hz, 1H, one of C22-H,), 4.00 (d, /= 2.5 Hz, 1H, C17-OH),
7.40-7.47 (m, 6H, aromatic-H), 7.66—7.69 (m, 4H, aromatic-H); °C NMR (125.7 MHz, CDCl;)  13.1
(CH3), 19.0 (C), 26.8 (CH3), 37.0 (CH), 64.9 (CH,), 68.8 (CH,), 76.5 (CH), 127.8 (CH), 127.9 (CH),
129.9 (CH), 130.0 (CH), 132.5 (C), 132.6 (C), 135.52 (CH), 135.54 (CH); HRMS (FAB) m/z: [M +
H]" Calcd for C,;H;,05Si 359.3043; Found 359.3047. (YA10085)

[4R,4(1R)]-4-{|2-(tert-Butyldiphenylsilyl)oxy-1-methyl]ethyl}-2-phenyl-1,3-dioxolane (76).
Pyridinium p-toluenesulfonate (116 mg, 0.461 mmol) was added to a mixture of
21 OTBDPS  jol 75 (1.66 g, 4.63 mmol) and benzaldehyde dimethyl acetal (1.55 mL, 10.4

Me... 50 22 mmol) in CH,Cl, (46 mL), and the mixture was stirred for 48 h. Triethylamine (1.0
1w mL) was added to the mixture, and the solvent was removed in vacuo. The residual
o ‘{O pale-yellow oil (2.95 g) was purified by flash column chromatography (silica gel
Ph 120 g, 30:1 n-hexane/AcOEt) to give benzylidene acetal 76 (1.92 g, 93%, dr =

1.6:1) as a colorless oil: R, 0.42 (10:1 n-hexane/AcOEt); [alp'” —3.6 (c 0.95,
CHCL,); IR (neat) 2961, 2932, 2859, 1427, 1113 cm '; "H NMR (500 MHz, CDCl5) & 1.01 (d, J= 6.9
Hz, 1.2H, C21-H; of minor isomer), 1.03 (d, /= 6.9 Hz, 1.8H, C21-H; of major isomer), 1.06 (s, 3.5H,
‘Bu of minor isomer), 1.07 (s, 5.5H, ‘Bu of major isomer), 1.97 (m, 0.38H, C20-H of minor isomer),
2.03 (m, 0.62H, C20-H of major isomer), 3.73 (dd, J = 4.3, 10.0 Hz, 0.62H, one of C22-H, of major
isomer), 3.76 (dd, J = 3.8, 9.9 Hz, 0.38H, C22-H, of minor isomer), 3.75-3.82 (m, 1.38H, one of
C22-H, of major isomer, one of C22-H, of minor isomer and one of C16-H, of minor isomer), 3.84 (t,
J=17.6 Hz, 0.62H, one of C16-H, of major isomer), 4.07 (dd, J= 7.1, 7.6 Hz, 0.62H, one of C16-H, of
major isomer), 4.20—4.27 (m, 1.38H, C17-H of major isomer, C17-H of minor isomer and one of
C16-H, of minor isomer), 5.78 (s, 0.62H, CHPh of major isomer), 5.86 (s, 0.38Hz, CHPh of minor
isomer), 7.32-7.47 (m, 11H, aromatic-H), 7.66—7.70 (m, 4H, aromatic-H); BC NMR (125.7 MHz,
CDCly) 6 12.6 (CH3), 12.7 (CH3), 19.31 (C), 19.32 (C), 26.8 (CH3), 26.9 (CH;), 38.89 (CH), 38.94
(CH), 65.6 (CH,), 65.7 (CH,), 68.0 (CH,), 69.1 (CH,), 77.4 (CH), 78.4 (CH), 103.4 (CH), 103.6 (CH),
126.3 (CH), 126.56 (CH), 127.57 (CH), 127.59 (CH), 127.61 (CH), 127.62 (CH), 128.25 (CH), 128.26
(CH), 128.9 (CH), 129.1 (CH), 129.52 (CH), 129.55 (CH), 129.57 (CH), 129.58 (CH), 133.59 (C),
133.65 (C), 133.67 (C), 133.71 (C), 135.59 (CH), 135.60 (CH), 137.8 (C), 138.6 (C); HRMS (ESI)
m/z: [M + Na]" Calcd for C3sH3,05SiNa 469.2175; Found 469.2152. (YA10097)

(2R,3R)-2-Benzyloxy-4-(tert-butyldiphenylsilyl)oxy-3-methylbutan-1-ol (77).

DIBALH in n-hexane (1.0 M, 15.0 mL, 15.0 mmol) was added to a solution of benzylidene acetal
76 (1.92 g, 4.30 mmol) in CH,Cl, (43 mL) at —78 °C. After stirring at —20 °C for 9 h, the reaction was
quenched with MeOH (2 mL), and 20% aqueous potassium sodium tartrate (50 mL) was added to the
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OTBDPS solution. The mixture was vigorously stirred for 16 h, and extracted with AcOEt

2 o (2x200 mL). The combined organic extracts were washed with brine (50 mL) and
"0 dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the

16 OBn crude product (2.20 g), which was purified by flash column chromatography (silica
OH gel 60 g, 5:1 n-hexane/AcOEt) to give alcohol 77 (1.70 g, 88%) as a colorless oil:

R;0.42 (3:1 n-hexane/AcOEt); [alp'’ —2.4 (¢ 1.05, CHCLy); IR (neat) 3435, 2959,
2857, 1427, 1113 ecm™'; "H NMR (500 MHz, CDCl5) § 0.96 (d, J = 6.9 Hz, 3H, C21-H;), 1.07 (s, 9H,
‘Bu), 2.06 (m, 1H, C20-H), 2.16 (t, J = 5.3 Hz, 1H, C16-OH), 3.61-3.66 (m, 2H, one of C16-H, and
one of C22-H,), 3.68-3.74 (m, 2H, C17-H and one of C22-H,), 3.80 (m, 1H, one of C16-H>), 4.54 (d,
J = 11.6 Hz, 1H, one of CH,Ph), 4.57 (d, J = 11.6 Hz, 1H, one of CH,Ph), 7.27-7.43 (m, 11H,
aromatic-H), 7.65-7.67 (m, 4H, aromatic-H); *C NMR (125.7 MHz, CDCl3) & 13.2 (CH,), 19.3 (CH),
26.9 (CHj), 37.1 (CH), 61.6 (CH,), 65.5 (CH,), 72.1 (CH,), 80.9 (CH), 127.65 (CH), 127.66 (CH),
127.70 (CH), 128.4 (CH), 129.6 (CH), 129.7 (CH), 133.4 (C), 133.5 (C), 135.6 (CH), 135.7 (CH),
138.4 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C,sH305SiNa 471.2331; Found 471.2311.
(YA10104)

(2R,3R)-2-Benzyloxy-4-(tert-butyldiphenylsilyl)oxy-3-methyl-1-butanal (78).
Dess—Martin periodinane (136 mg, 0.321 mmol) was added to a solution of
21 OTBDPS  1cohol 77 (120 mg, 0.267 mmol) in CH,Cl, (2.7 mL) at 0 °C. After stirring at
Me... 50 22 room temperature for 1 h, the reaction was quenched with a mixture of 1 M
1617 aqueous Na,S,0; (1 mL) and saturated aqueous NaHCO; (1 mL), and the resulting
OHC OBn . . . . . ..
mixture was vigorously stirred for 30 min. The mixture was partitioned between
AcOEt (30 mL) and H,O (5 mL), and the aqueous layer was extracted with AcOEt (30 mL). The
combined organic extracts were washed with brine (10 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (245 mg), which was purified by
column chromatography (silica gel 15 g, 10:1 n-hexane/ AcOEt) to give aldehyde 78 (112 mg, 94%)
as a colorless oil: R,0.57 (5:1 n-hexane/AcOEt); [alp"® +33.3 (¢ 0.99, CHCLy); IR (neat) 3071, 2961,
2930, 2856, 1732, 1472, 1427, 1389, 1113, 1074 cm™'; "H NMR (500 MHz, CDCl3) § 0.93 (d, J=7.0
Hz, 3H, C21-H3), 1.02 (s, 9H, 'Bu), 2.30 (dddq, J = 4.3, 4.9, 8.4, 7.0 Hz, 1H, C20-H), 3.54 (dd, J = 4.9,
10.0 Hz, 1H, one of C22-H,), 3.73 (dd, /= 8.4, 10.0 Hz, 1H, one of C22-H,), 3.78 (dd, J=2.2, 4.3 Hz,
1H, C17-H), 4.54 (d, J = 11.6 Hz, 1H, one of CH,Ph), 4.75 (d, J = 11.6 Hz, 1H, one of CH,Ph),
7.32-7.42 (m, 11H, aromatic-H), 7.62—7.67 (m, 4H, aromatic-H), 9.83 (d, J=2.2 Hz, 1H, C16-H); °C
NMR (125.7 MHz, CDCl;) & 13.4 (CHj3), 19.1 (CH), 26.7 (CHj3), 39.2 (CH), 64.3 (CH,), 73.2 (CH),
85.5 (CHp), 127.6 (CH), 127.7 (CH), 127.88 (CH), 127.92 (CH), 128.4 (CH), 129.6 (CH), 129.7 (CH),
133.3 (C), 135.59 (CH), 135.60 (CH), 137.58 (C), 204.5 (CH); HRMS (ESI) m/z: [M + Na]" Calcd for
Cy3H3405S1Na 469.2174; Found 469.2160. (HY 1037)

(R)-3-Methylcyclohex-2-en-1-0l (80).

A mixture of racemic 3-methylcyclohex-2-en-1-0l (50.0 g, 444 mmol), vinyl butyrate
18Me (112 mL, 881 mmol) and Novozym® 435 (1.11 g, 2.2 wt %) in n-heptane (450 mL) was
13 stirred for 3 h. The resulting yellow suspension was filtered, and the filtrate was
@ concentrated in vacuo. The residual oil (127 g) was passed through silica gel (800 g,
" 804 CH,Cl,) to give a mixture of the butyrate of 80 and vinyl butyrate (34.7 g), along with
ent-80 (26.7 g). The mixture of the butyrate and vinyl butyrate was dissolved in MeOH
(300 mL), and 4 M aqueous NaOH (110 mL, 440 mmol) was added at 0 °C. After stirring at room
temperature for 1 h, the mixture was partitioned between CH,Cl, (200 mL) and H,O (250 mL), and the
aqueous layer was extracted with CH,Cl, (175 mL and 150 mL). The combined organic extracts were
washed with brine (200 mL) and dried over anhydrous Na,SQO,. Filtration and evaporation in vacuo

furnished the crude product (22.9 g), which was used without further purification.
This sequence was repeated, employing vinyl butyrate (52.0 mL, 409 mmol), Novozym® 435 (504
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mg, 2.2 wt %), n-heptane (200 mL), 4 M aqueous NaOH (83 mL, 332 mmol) and MeOH (230 mL).
The crude product (17.5 g) was purified by column chromatography (silica gel 200 g, CH,Cl,) to give
(R)-alcohol 80 (17.3 g, 76%, >99% ee) as a colorless oil: R, 0.49 (2:1 n-hexane/AcOEt); [a]p* +95.1
(c 2.88, CHCly), [lit. [a]p +96.0 (¢ 0.423, CHCI)];** "H NMR (500 MHz, CDCl;) 8 1.37 (d, J= 6.5 Hz,
1H, C8-0OH), 1.54-1.61 (m, 2H, C11-H,), 1.69 (s, 3H, C18-H;), 1.69-1.81 (m, 2H, C9-H,), 1.85-1.96
(m, 2H, C12-H,), 4.17 (m, 1H, C8-H), 5.49 (m, 1H, C14-H). (YA10139)

(R)-3-Methylcyclohex-2-en-1-yl Benzoate.
s Benzoyl chloride (0.07 mL, 0.57 mmol) was added to a mixture of (R)-alcohol 80
Me (18.2 mg, 0.16 mmol) and DMAP (99.1 mg, 0.81 mmol) in CH,Cl, (1.6 mL) at 0 °C.
2 After stirring at room temperature for 2 h, the mixture was partitioned between CH,Cl,
(10 mL) and saturated aqueous NaHCO; (2 mL), and the aqueous layer was extracted
with CH,Cl, (8 mL). The combined organic extracts were washed with brine (4 mL)
and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product
(31.0 mg), which was purified by column chromatography (silica gel 15 g, 20:1 n-hexane/AcOEt) to
give the corresponding benzoate (26.3 mg, 75%) as a colorless oil. The enantiomeric excess was
determined to be >99% ee by HPLC analysis [column, Chiralpak IC-3; eluent, 200:1
n-hexane/2-propanol; flow rate, 0.5 mL/min; #x = 26.4 min for (R)-enantiomer, fgr = 29.2 min for
(8)-enantiomer]: R, 0.72 (5:1 n-hexane/AcOEt); [a]p> +211.8 (¢ 1.09, CHCI;); IR (neat) 3061, 2936,
1713, 1450, 1271 cm '; "H NMR (500 MHz, CDCl;) & 1.70 (m, 1H, one of C11-H,), 1.84-1.89 (m, 3H,
C9-H, and one of C11-H,), 1.94-2.06 (m, 2H, C12-H,), 1.74 (s, 3H, C18-H;), 5.49 (m, 1H, C8-H),
5.60 (m, 1H, C14-H), 7.41-7.44 (m, 2H, aromatic-H), 7.54 (m, 1H, aromatic-H), 8.05-8.06 (m, 2H,
aromatic-H); °C NMR (125.7 MHz, CDCl;) & 19.1 (CH,), 23.8 (CH3), 28.1 (CH,), 29.9 (CH,), 69.3
(CH), 120.0 (CH), 128.2 (CH), 129.5 (CH), 130.9 (C), 132.6 (CH), 141.2 (C), 166.3 (C); HRMS (EI)
m/z: [M]" Caled for C4H;60, 216.1150; Found 216.1145. (YS2072)

1 o
8“0OBz

(R)-3-Methylcyclohex-2-en-1-yl (2R,3R)-2-Benzyloxy-4-(tert-butyldiphenylsilyl)oxy-3-methyl-
butanoate (81).
To a mixture of aldehyde 78 (1.67 g, 3.74 mmol) and 2-methyl-2-butene

Me OTBDPS (8.0 mL, 75.5 mmol) in -BuOH/H,0 (4:1, 35 mL) was added NaH,PO,

g Me.2 (672 mg, 5.60 mmol), followed by addition of NaClO, (507 mg, 5.61

. ., 17 OB mmol). After stirring for 3 h, the mixture was partitioned between AcOEt

o (100 mL) and 10% aqueous NaHSO, (40 mL), and the aqueous layer was

° extracted with AcOEt (3x100 mL). The combined organic extracts were

washed with brine (40 mL) and dried over anhydrous Na,SQO,. Filtration and evaporation in vacuo
furnished the crude product (1.94 g), which was used without further purification.

To an ice-cooled mixture (0 °C) of crude carboxylic acid 79 (1.94 g) and alcohol 80 (461 mg, 4.11
mmol) in CH,Cl, (37 mL) was added 1-ethyl-3-(dimethylamino)propylcarbodiimide (1.00 g, 5.22
mmol), followed by addition of DMAP (639 mg, 5.23 mmol). After stirring at room temperature for
18 h, the reaction was quenched with H,O (40 mL), and the resulting mixture was extracted with
AcOEt (2x200 mL). The combined organic extracts were washed with brine (40 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product (3.20 g), which
was purified by column chromatography (silica gel 200 g, 20:1 n-hexane/AcOEt) to give ester 81
(1.49 g, 72% for 2 steps) as a colorless oil: R, 0.61 (5:1 n-hexane/AcOEt); [a]p +79.1 (c 1.48,
CHCL); IR (neat) 3069, 2932, 2859, 1738, 1454, 1427, 1255, 1188, 1111 cm™'; "H NMR (500 MHz,
CDCls) 8 0.93 (d, J = 7.0 Hz, 3H, C21-H3), 1.04 (s, 9H, 'Bu), 1.59-1.79 (m, 4H, C9-H, and C11-H,),
1.69 (s, 3H, C18-H;), 1.87-1.99 (m, 2H, C12-H,), 2.17 (dddq, J = 4.7, 5.6, 7.1, 7.0 Hz, 1H, C20-H),
3.68 (dd, J=4.7, 9.9 Hz, 1H, one of C22-H,), 3.75 (dd, /= 5.6, 9.9 Hz, 1H, C22-H,), 3.97 (d,J=7.1
Hz, 1H, C17-H), 4.39 (d, J = 11.6 Hz, 1H, one of CH,Ph), 4.63 (d, J = 11.6 Hz, 1H, one of CH,Ph),
5.30 (m, 1H, C8-H), 5.43 (m, 1H, C14-H), 7.28-7.42 (m, 11H, aromatic-H), 7.63-7.65 (m, 4H,
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aromatic-H); C NMR (125.7 MHz, CDCl;) & 13.3 (CH;), 19.0 (CH,), 19.3 (C), 23.7 (CH;), 26.8
(CHs3), 28.0 (CH,), 29.9 (CH,), 39.1 (CH), 64.7 (CH,), 69.4 (CH), 72.4 (CH,), 80.1 (CH), 119.7 (CH),
127.56 (CH), 127.57 (CH), 127.7 (CH), 128.0 (CH), 128.3 (CH), 129.49 (CH), 129.51 (CH), 133.7 (C),
133.8 (C), 135.57 (CH), 135.62 (CH), 137.7 (C), 141.3 (C), 172.0 (C); HRMS (ESI) m/z: [M + Na]"
Calcd for C;35H440,4SiNa 579.2907; Found 579.2892; Anal. Calced for C;5Hy404Si1: C, 75.50; H, 7.97.
Found: C, 75.30; H, 8.02. (YA10143)

[2R,2(1S),3R]-2-Benzyloxy-4-(tert-butyldiphenylsilyl) oxy-3-methyl-2-(1-methylcyclohex-2-en-1-
yl)-butanoic acid (82a).
To a cooled solution (=78 °C) of ester 81 (245 mg, 0.440 mmol) in THF (6
OTBDPS mL) was added a solution of LDA [prepared from diisopropylamine (0.10 mL,
0.70 mmol) and BuLi in n-hexane (1.56 M, 0.43 mL, 0.67 mmol)] in THF (3 mL),
followed by addition of chlorotrimethylsilane (85 pL, 0.67 mmol). After stirring
at =78 °C for 5 min, the mixture was allowed to warm to room temperature and
stirred for 18 h. The reaction was quenched with saturated aqueous NH,4Cl (10
mL), and the resulting mixture was extracted with AcOEt (3x40 mL). The
combined organic extracts were washed with brine (10 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (297 mg), which was flash
chromatographed (silica gel 70 g, 5:1 n-hexane/ AcOEt with 0.2% TFA) to provide a mixture of
rearranged products. Separation by column chromatography (silica gel 30 g, 9:1 n-hexane/AcOEt)
yielded carboxylic acid 82a (117 mg, 48%) as a colorless form, along with a mixture of other products
(6.0 mg) as a colorless oil: R;0.47 (3:1 n-hexane/AcOEt); [a]lp” +14.2 (¢ 1.21, CHCl,); IR (neat) 3088,
2932, 2859, 1703, 1427, 1113 cm™'; '"H NMR (500 MHz, CDCl3) & 1.05 (s, 9H, ‘Bu), 1.13 (s, 3H,
C18-H3), 1.22 (d, J= 6.8 Hz, 3H, C21-H;), 1.54 (m, 1H, one of C12-H,), 1.57-1.62 (m, 2H, C11-H,),
1.72-1.81 (m, 2H, C9-H,), 1.89 (m, 1H, one of C12-H,), 2.62 (m, 1H, C20-H,), 3.86-3.87 (m, 2H,
C22-H,), 4.71 (s, 2H, CH,Ph), 5.54 (m, 1H, C8-H), 5.78 (d, J = 10.5 Hz, 1H, C14-H), 7.28-7.41 (m,
11H, aromatic-H), 7.65—7.67 (m, 4H, aromatic-H); BC NMR (125.7 MHz, CDCls) 6 13.3 (CHs3), 19.2
(C), 19.3 (CH,), 24.3 (CHy), 25.1 (CH3), 26.9 (CHs3), 31.3 (CH,), 40.3 (CH), 42.9 (C), 66.3 (CH,), 67.7
(CH,), 88.8 (C), 126.4 (CH), 127.2 (CH), 127.5 (CH), 127.6 (CH), 127.7 (CH), 128.4 (CH), 129.64
(CH), 129.647 (C), 129.653 (CH), 133.2 (CH), 133.4 (C), 135.62 (CH), 135.63 (CH), 138.5 (C), 174.2
(C); HRMS (ESI) m/z: [M + Na]" Calcd for C35sH440,4SiNa 579.2907; Found 579.2893. (YA111076)

Methyl (3R)-2-Benzyloxy-4-(fert-butyldiphenylsilyl)oxy-3-methyl-2-[3-methylcyclohex-2-
en-1-yl]-butanoate. (methyl ester of 86, dr = 2.7:1, stereochemistry was not determined)
This compound was partially isolated from a mixture of byproducts for the
OTBDPS  rearrangement. R;0.59 (5:1 n-hexane/AcOE); [a]p®' +20.2 (¢ 0.27, CHCl3); IR
Me.,20 (neat) 3069, 3049, 2931, 2886, 2857, 1960, 1890, 1819, 1738, 1728, 1454, 1427,
1 8 OBn 1391, 1377, 1221, 1204, 1111, 1072, 823 cm™'; '"H NMR (600 MHz, CDCl;) &
COyMe 1.05 (s, 9H, ‘Bu), 1.11 (d, J = 6.8 Hz, 2.2H, C21-H; of major isomer), 1.20 (d, J
13 = 6.9 Hz, 0.8H, C21-H; of minor isomer), 1.41-1.55 (m, 2H, CH, of
Me cyclohexene), 1.61 (s, 2.2H, , C18-H; of major isomer), 1.63 (m, 1H, CH, of
cyclohexene), 1.65 (s, 0.8H, C18-H; of minor isomer), 1.73—1.87 (m, 3H, CH, of cyclohexene), 2.56
(ddq, J=3.9, 8.9, 6.8 Hz, 0.3H, C20-H of minor isomer), 2.61 (ddq, J=4.2, 9.0, 6.9 Hz, 0.7H, C20-H
of major isomer), 2.72 (m, 0.7H, C8-H of major isomer), 2.81 (m, 0.3H, C8-H of minor isomer), 3.49
(dd, J = 8.9, 10.0 Hz, 0.3H, one of C22-H, of minor isomer), 3.57 (s, 2.2H, OMe of major isomer),
3.60 (s, 0.8H, OMe of minor isomer), 3.66 (dd, J = 9.0, 10.0 Hz, 0.7H, one of C22-H, of major
isomer), 3.83 (dd, J = 4.2, 10.0 Hz, 0.7H, one of C22-H, of major isomer), 3.98 (dd, J = 3.9, 10.0 Hz,
0.3H, one of C22-H, of minor isomer), 4.49 (d, J = 11.0 Hz, 0.3H, one of CH,Ph of minor isomer),
4.58 (d, J=11.0 Hz, 0.7H, one of CH,Ph of major isomer), 4.61 (d, /= 11.0 Hz, 0.3H, one of CH,Ph
of minor isomer), 4.62 (d, /= 11.0 Hz, 0.7H, one of CH,Ph of major isomer), 5.52 (m, 0.7H, C14-H of
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major isomer), 5.53 (m, 0.3H, C14-H of minor isomer), 7.08-7.44 (m, 11H, aromatic-H), 7.63—7.69
(m, 4H, aromatic-H); *C NMR (150.9 MHz, CDCl;) & 12.5 (CHs), 13.6 (CH3), 19.2 (C), 19.3 (C),
22.8 (CH,), 22.9 (CH,), 24.1 (CH3), 24.2 (CHs), 24.5 (CH,), 24.7 (CH,), 26.8 (CH3), 26.9 (CH3), 30.0
(CH,), 30.1 (CHy,), 39.3 (CH), 40.0 (CH), 41.0 (CH), 41.5 (CH), 51.28 (CH3), 51.31 (CHy), 64.9 (CH,),
66.0 (CH,), 66.7 (CH,), 66.9 (CH,), 86.2 (C), 86.3 (C), 121.0 (CH), 121.0 (CH), 126.98 (CH), 127.02
(CH), 127.07 (CH), 127.59 (CH), 127.60 (CH), 127.63 (CH), 128.09 (CH), 128.14 (CH), 129.5 (CH),
129.6 (CH), 133.7 (C), 133.8 (C), 133.9 (C), 135.57 (C), 135.60 (C), 135.61 (CH), 135.64 (CH), 135.7
(C), 139.3 (C), 139.4 (C), 172.7 (C), 173.0 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C3sH,04SiNa
593.3063; Found 593.3071.

[15,55,65,95,9(1R)]-9-Benzyloxy-9-[2-(fert-butyldiphenylsilyl)oxy-1-methyl]ethyl-5-iodo-1-
methyl-7-oxabicyclo[4.3.0]nonan-8-one (83a).

Iodine (14.3 mg, 0.056 mmol) was added to an ice-cooled solution (0 °C) of
carboxylic acid 82a (26.1 mg, 0.047 mmol) in MeCN/saturated aqueous NaHCO;
(1:1, 1 mL). After stirring at 0 “C for 1 h, the reaction was quenched with 1 M
aqueous Na,S,0; (4 mL), and the mixture was extracted with AcOEt (2x30 mL).
The combined organic extracts were washed with brine (4 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude
product (41.1 mg), which was purified by flash column chromatography (silica
gel 10 g, 15:1 n-hexane/ AcOEt) to give iodolactone 83a (24.7 mg, 77%) as a colorless oil: R 0.52
(5:1 n-hexane/AcOEt); [a]p'” +15.2 (¢ 1.24, CHCL3); IR (neat) 3069, 2932, 2857, 1778, 1472, 1458,
1427, 1113, 613 cm '; 'H NMR (500 MHz, C¢Dg) & 1.03 (s, 3H, C18-H3), 1.14 (d, J = 7.0 Hz, 3H,
C21-H;), 1.21 (s, 9H, ‘Bu), 1.13-1.63 (m, 6H, C9-H,, C11-H,, and C12-H,), 2.31 (ddq, J = 5.1, 6.7,
7.0 Hz, 1H, C20-H), 3.79 (dd, J = 6.7, 10.3 Hz, 1H, one of C22-H,), 4.03 (dd, J= 5.1, 10.3 Hz, 1H,
one of C22-H,), 4.15 (d, J = 5.1 Hz, 1H, C14-H), 4.24 (dd, J = 5.1, 10.0 Hz, 1H, C8-H), 4.57 (d, J =
11.2 Hz, 1H, one of CH,Ph), 5.17 (d, J = 11.2 Hz, 1H, one of CH,Ph), 7.08 (m, 1H, aromatic-H),
7.14-7.20 (m, 4H, aromatic-H), 7.23-7.26 (m, 6H, aromatic-H), 7.79-7.82 (m, 4H, aromatic-H); °C
NMR (125.7 MHz, C¢Dg) & 13.0 (CH3), 19.1 (C), 19.8 (CH,), 21.9 (CH,), 25.9 (CH3;), 26.7 (CH3), 30.5
(CH,), 32.4 (CH,), 38.1 (CH), 47.6 (C), 65.3 (CH,), 67.0 (CH,), 84.2 (CH), 85.6 (C), 1274
(CH),127.6 (CH), 127.8 (CH), 127.9 (CH), 128.2 (CH), 129.78 (CH), 129.83 (CH), 133.3 (C), 133.4
(C), 135.7 (CH), 135.8 (CH), 138.3 (C), 173.1 (C); HRMS (ESI) m/z: [M + Na] Calcd for
C;sH43104SiNa 705.1873; Found 705.1858. (YA11173)

OTBDPS

Methyl [25,2(15),3R]-2-Benzyloxy-4-(tert-butyldiphenylsilyl)oxy-3-methyl-2-[1-methylcyclo-
hex-2-en-1-yl|butanoate (88).
Potassium carbonate (87.1 mg, 0.63 mmol) was added to an ice-cooled mixture
OTBDPS (0 °C) of carboxylic acid 82a (117 mg, 0.21 mmol) and iodomethane (40 uL,
0.64 mmol) in DMF (2 mL). After stirring for 1 h, H,O (40 mL) was added to the
yellow mixture, and the resulting mixture was extracted with n-hexane/AcOEt
(3:1, 2x50 mL). The combined organic extracts were washed with brine (40 mL)
and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished
the crude product (143 mg), which was purified by column chromatography
(silica gel 15 g, 9:1 n-hexane/AcOEt) to give methyl ester 88 (103 mg, 85%) as a colorless oil: R, 0.64
(5:1 n-hexane/AcOEY); [a]p’’ —12.1 (¢ 1.05, C¢Hy); IR (neat) 3071, 2932, 2856, 1738, 1429, 1219,
1113, 1028 cm™; 'H NMR (500 MHz, CDCl;) & 1.05 (s, 9H, ‘Bu), 1.14 (s, 3H, C18-H3), 1.22 (d, J =
7.0 Hz, 3H, C21-H;), 1.63—1.72 (m, 3H, one of C12-H, and C11-H,), 1.85 (dt, J = 5.1, 12.7 Hz, 1H,
one of C12-H,), 1.92-1.98 (m, 2H, C9-H,), 2.63 (ddq, J = 3.1, 9.6, 7.0 Hz, 1H, C20-H,), 3.49 (s, 3H,
OMe), 3.59 (dd, J = 3.1, 9.6 Hz, 1H, one of C22-H,), 3.69 (t, J = 9.6 Hz, 1H, one of C22-H,), 4.68 (s,
2H, CH,Ph), 5.55 (ddd, J=2.9, 4.4, 10.3 Hz, 1H, C8-H), 5.83 (d, J = 10.3 Hz, 1H, C14-H), 7.22 (m,
1H, aromatic-H), 7.28-7.29 (m, 4H, aromatic-H), 7.35-7.44 (m, 6H, aromatic-H), 7.64-7.66 (m, 4H,
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aromatic-H); °C NMR (125.7 MHz, CDCl;) & 13.0 (CH;), 19.2 (C), 19.3 (CH,), 24.6 (CH,), 25.5
(CH3), 26.9 (CH3), 31.4 (CH,), 42.0 (CH), 43.1 (C), 51.0 (CH3), 67.5 (CH,), 67.9 (CH,), 89.0 (C),
125.3 (CH), 126.8 (CH), 127.58 (CH), 127.62 (CH), 128.0 (CH), 129.5 (CH), 129.6 (CH), 133.6 (C),
133.8 (C), 134.7 (CH), 135.58 (CH), 135.60 (CH), 139.9 (C), 173.5 (C); HRMS (ESI) m/z: [M + Na]"
Calcd for Cs36Hy04SiNa 593.3063; Found 593.3050. (YA11085)

Methyl [25,3R]-2-Benzyloxy-4-(tert-butyldiphenylsilyl)oxy-3-methyl-2-(1-methylcyclohexyl)buta-
noate (87a).
Platinum oxide (3.0 mg, 0.013 mmol) was added to a solution of ester 88 (27.7
OTBDPS mg, 0.049 mmol) in EtOH (1.5 mL), and the mixture was vigorously stirred under
1 atm of hydrogen for 29 h. The catalyst was filtered through a Celite pad, and the
filtrate was evaporated in vacuo. Purification of the crude product (42.2 mg) by
preparative thin layer chromatography (200x200%0.25 mm preparative silica gel
8 plate and elution with 20:1 n-hexane/AcOEt twice) gave hydrogenated compound
87a (21.2 mg, 77%) as a colorless oil: R;0.59 (5:1 n-hexane/AcOEt); [a]p® -10.3
(c 1.02, CHCLy); IR (neat) 2930, 2859, 1736, 1427, 1240, 1217, 1113, 1028 cm™'; '"H NMR (500 MHz,
CDCls) & 1.05 (s, 9H, ‘Bu), 1.14 (s, 3H, CMe), 1.25-1.31 (m, 2H, CH, of cyclohexane), 1.28 (d, J =
6.7 Hz, 3H, CHMe), 1.40-1.61 (m, 6H, CH, of cyclohexane), 1.68 (m, 1H, CH, of cyclohexane), 1.78
(dt, J=4.3, 13.1 Hz, 1H, CH, of cyclohexane), 2.61 (m, 1H, CHMe), 3.47 (s, 3H, OMe), 3.56 (dd, J =
2.1,9.4 Hz, 1H, one of CHCH,0Si), 3.70 (t, J = 9.4 Hz, 1H, one of CHCH,0Si), 4.64 (s, 2H, CH,Ph),
7.22 (m, 1H, aromatic-H), 7.28-7.29 (m, 4H, aromatic-H), 7.37-7.42 (m, 6H, aromatic-H), 7.64—7.66
(m, 4H, aromatic-H); °C NMR (125.7 MHz, CDCl;) § 14.0 (CH;), 18.8 (CHs), 19.3 (C), 22.1 (CH,),
22.4 (CHp), 25.8 (CH,), 26.8 (CHj3), 32.6 (CH,), 33.8 (CH,), 41.8 (CH), 42.6 (C), 50.8 (CH3), 67.9
(CH,), 68.3 (CH,), 89.7 (CH,), 126.8 (CH), 127.58 (CH), 127.64 (CH), 128.0 (CH), 129.5 (CH), 129.6
(CH), 133.6 (C), 133.8 (C), 135.59 (CH), 135.61 (CH), 140.0 (C), 173.9 (C); HRMS (ESI) m/z: [M +
Na]" Caled for C3sH,504SiNa 595.3220; Found 595.3231.

Methyl (2R*,3R*)-2-Benzyloxy-4-(tert-butyldiphenylsilyl)oxy-3-methyl-2-(1-methylcyclohexyl)
butanoate (87b).
Trimethylsilyldiazomethane in n-hexane (1.7 M, 35 pL,

OTBDPS otBDPS 0.06 mmol) was added to a 1.6:1 mixture of minor isomers
Me,,20 Me (20 82b and 82¢ (15.1 mg) in benzene/MeOH (1:1, 1.5 mL) at
Me OBn Me .OBn 0 °C. After stirring for 5 min, the mixture was concentrated
Cco,Me CO,Me in vacuo, and the residual pale yellow oil (16.0 mg) was

used without further purification.

Platinum oxide (3.0 mg, 0.013 mmol) was added to a
solution of the crude ester (16.0 mg) in EtOH (1.5 mL), and the mixture was vigorously stirred under 1
atm of hydrogen for 26 h. The catalyst was filtered through a Celite pad, and the filtrate was
evaporated in vacuo. Purification of the crude product (15.5 mg) by preparative thin layer
chromatography (200x100%x0.25 mm preparative silica gel plate and elution with 20:1
n-hexane/AcOEt twice) gave hydrogenated compound 87b (4.8 mg) as a colorless oil: R, 0.59 (5:1
n-hexane/AcOEt); "H NMR (500 MHz, CDCl;) 8 0.97 (s, 3H, C18-H3), 1.05 (s, 9H, ‘Bu), 1.13 (m, 1H,
CH, of cyclohexane), 1.20 (d, J = 7.0 Hz, 3H, C20-H;), 1.25-1.43 (m, 6H, CH, of cyclohexane),
1.50-1.64 (m, 3H, CH, of cyclohexane), 2.55 (m, 1H, C20-H), 3.58 (t, J=9.9 Hz, 1H, one of C22-H,),
3.71 (s, 3H, OMe), 4.13 (dd, J = 3.9, 9.9 Hz, 1H, one of C22-H,), 4.79 (d, J = 11.3 Hz, 1H, one of
CH,Ph), 4.83 (d, J = 11.3 Hz, 1H, one of CH,Ph), 7.24 (m, 1H, aromatic-H), 7.29-7.30 (m, 4H,
aromatic-H), 7.35-7.42 (m, 6H, aromatic-H), 7.65-7.69 (m, 4H, aromatic-H); HRMS (ESI) m/z: [M +
Na]" Calcd for C3H,30,4SiNa 595.3220; Found 595.3195.
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(28,3R,55)-5-|(tert-Butyldiphenylsilyl)oxymethyl]-3-methyl-2-(phenylthiomethyl)tetrahydro-
furan (92).
BuLi in n-hexane (2.2 M, 12.0 mL, 26.4 mmol) was added to an

OTBDPS
Me, 20 ice-cooled mixture (0 °C) of thioanisole (3.10 mL, 26.5 mmol) and DABCO
; 23 (2.97 g, 26.5 mmol) in THF (160 mL). After stirring for 1 h, the mixture was
Phs—l‘z © cooled to —78 °C, and a solution of lactone 90 (7.50 g, 20.4 mmol) in THF
16

(40 mL) was added dropwise. After stirring for 20 min, the reaction was
quenched with saturated aqueous NH,4Cl (170 mL), and the resulting mixture was extracted with
AcOEt (350 mL and 250 mL). The combined organic extracts were washed with brine (200 mL) and
dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product (12.1 g),
which was chromatographed (silica gel 250 g, 4:1 n-hexane/AcOEt) to give a mixture containing
hemiketal 31 (8.70 g) as a colorless oil.

To a cooled solution (=78 °C) of hemiketal 91 (8.70 g) in CH,Cl, (180 mL) was added
triethylsilane (4.2 mL, 26.5 mmol), followed by addition of BF3;-OEt, (3.3 mL, 26.5 mmol). After
stirring for 1 h, the reaction was quenched with saturated aqueous NaHCO; (120 mL), and the
resulting mixture was extracted with AcOEt (300 and 200 mL). The combined organic extracts were
washed with brine (80 mL) and dried over anhydrous Na,SQ,. Filtration and evaporation in vacuo
furnished the crude product (9.20 g), which was purified by column chromatography (silica gel 250 g,
19:1 n-hexane/AcOEt) to give sulfide 92 (7.28 g, 86% for 2 steps) as a colorless oil: R, 0.36 (10:1
n-hexane/AcOEt); [a]p>® —21.3 (¢ 1.36, CHCl5); IR (neat) 3071, 3049, 2959, 2930, 2857, 1427, 1113
cm'; "H NMR (500 MHz, CDCl3) § 1.05 (d, J = 4.2 Hz, 3H, C21-H3), 1.06 (s, 9H, ‘Bu), 1.64 (dt, J =
11.7, 7.0 Hz, 1H, one of C22-H,), 2.07-2.16 (m, 2H, C20-H and one of C22-H,), 3.05 (dd, J = 6.4,
13.3 Hz, 1H, one of C16-H,), 3.08 (dd, J = 5.1, 13.3 Hz, 1H, one of C16-H,), 3.62-3.66 (m, 3H,
C17-H and C24-H,), 4.13 (dt, J=12.3, 4.7 Hz, 1H, C23-H), 7.15 (m, 1H, aromatic-H), 7.23-7.25 (m,
2H, aromatic-H), 7.33—7.43 (m, 8H, aromatic-H), 7.66—7.70 (m, 4H, aromatic-H); BC NMR (125.7
MHz, CDCl;) 6 17.6 (CH;), 19.3 (C), 26.9 (CH3), 36.3 (CHy), 37.9 (CH), 38.1 (CH,), 66.3 (CH,), 78.6
(CH), 84.7 (CH), 125.7 (CH), 127.64 (CH), 127.65 (CH), 128.8 (CH), 128.9 (CH), 129.59 (CH),
129.62 (CH), 133.6 (C), 135.64 (CH), 135.65 (CH), 136.9 (C); HRMS (ESI) m/z: [M + Na]" Calcd for
C,oH360,SSiNa 499.2103; Found 499.2087; Anal. Calcd for C,0H;350,SSi: C, 73.06; H, 7.61. Found: C,
72.89; H, 7.68. (HY 1064)

(2R,3R,55)-5-[(tert-Butyldiphenylsilyl)oxymethyl]-3-methyltetrahydrofuran-2-carbaldehyde (94).
m-CPBA (ca. 70%, 21.1 g, ca. 85.6 mmol) was added to an ice-cooled (0 °C)

Ve, 20 OTBDPS  solution of sulfide 92 (40.0 g, 83.9 mmol) in CH,Cl, (420 mL). After stirring
B! o for 1 h, the reaction mixture was quenched with solid Na,S,05-5H,0 (20.0 g),
o A‘é? o followed by addition of saturated aqueous NaHCOs (500 mL), and the resulting

mixture was extracted with AcOEt (3x500 mL). The combined organic extracts
were washed with brine (400 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in
vacuo furnished the crude product (43.8 g), which was used without further purification.
TFAA (35.0 mL, 249 mmol) was added to an ice-cooled mixture (0 °C) of crude sulfoxide 93 (43.8
g) and 2,6-lutidine (29 mL, 249 mmol) in CH,Cl, (400 mL). After stirring for 1 h, the reaction was
quenched with saturated aqueous NaHCO; (400 mL) and the resulting mixture was extracted with
AcOEt (3x600 mL). The combined organic extracts were successively washed with saturated aqueous
NaHCO; (400 mL) and brine (400 mL), and dried over anhydrous Na,SO,. Filtration and evaporation
in vacuo furnished the crude product (69.1 g), which was used without further purification.
NaHCOs; (70.5 g, 839 mmol) was added to a solution of crude trifluoroacetate (69.1 g) in acetone/
H,O (1:1, 400 mL). After stirring for 24 h, the mixture was diluted with AcOEt (200 mL), and acetone
was removed in vacuo. The residue was passed through a Celite pad, and the filtrate was partitioned
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between AcOEt (600 mL) and H,O (200 mL). The aqueous layer was extracted with AcOEt (3x600
mL), and the combined organic extracts were washed with brine (200 mL) and dried over anhydrous
Na,S0O;,. Filtration and evaporation in vacuo furnished the crude product (65.2 g), which was purified
by column chromatography (silica gel 500 g, 5:1 n-hexane/AcOEt) to give aldehyde 94 (26.3 g, 82%
for 3 steps) as a colorless oil: R, 0.45 (3:1 n-hexane/AcOEt); [a]p'® +39.4 (¢ 1.03, CHCL,); IR (neat)
3071, 2961, 2930, 2859, 1734, 1472, 1460, 1427, 1112 cm™'; "H NMR (500 MHz, CDCl3) & 1.06 (s,
9H, 'Bu), 1.14 (d, J = 6.8 Hz, 3H, C21-H,), 1.70 (dt, J = 12.4, 7.8 Hz, 1H, one of C22-H,), 2.12 (ddd, J
=5.0,7.8, 12.4 Hz, 1H, one of C22-H,), 2.40 (dtq, J=7.3, 7.8, 6.8 Hz, 1H, C20-H>), 3.67 (dd, J=4.2,
10.9 Hz, 1H, one of C24-H,), 3.74 (dd, J=4.7, 10.9 Hz, 1H, one of C24-H,), 3.76 (dd, J=2.5, 7.3 Hz,
1H, C17-H), 4.32 (dddd, J = 4.2, 4.7, 5.0, 7.8 Hz, 1H, C23-H), 7.38-7.45 (m, 6H, aromatic-H),
7.67-7.71 (m, 4H, aromatic-H), 9.63 (d, J = 2.5 Hz, 1H, C16-H); BC NMR (125.7 MHz, CDCl;) &
17.2 (CH3;), 19.2 (C), 26.8 (CH3;), 35.9 (CH,), 36.0 (CH), 66.1 (CH,), 80.5 (CH), 89.6 (CH), 127.70
(CH), 127.72 (CH), 129.7 (CH), 129.8 (CH), 133.26 (C), 133.28 (C), 135.58 (CH), 135.61 (CH),
203.0 (CH); HRMS (ESI) m/z: [M + Na]" Caled for C,3H300;SiNa 405.1862; Found 405.1871.
(YA11022)

(R)-3-Methylcyclohex-2-en-1-yl (2R,3R,55)-5-|(ter+-Butyldiphenylsilyl)oxymethyl]-3-methyltetra-
hydrofuran-2-carboxylate (97).
To an ice-cooled solution (0 °C) of aldehyde 94 (3.00 g, 7.84 mmol)
Me OTBDPS  in EtOH (10 mL) was added a solution of AgNO; (5.30 g, 31.2 mmol)
L Me.z o in H,O (5 mL), followed by addition of a solution of KOH (3.50 g, 62.4
» 0 17)—0 mmol) in H,O (5 mL). After stirring for 1 h, resulting black suspension
S was diluted with H,O (40 mL) and passed through a Celite pad. The
yellow filtrate was extracted with AcOEt (4x120 mL), and the
combined organic extracts were washed with brine (40 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (3.19 g), which was chromatographed
(silica gel 100 g, 3:1 CH,Cl,/MeOH) to give potassium carboxylate 95 (3.19 g) as a pale yellow solid.
To an ice-cooled solution (0 °C) of crude potassium carboxylate 95 (3.19 g) in CH,Cl, (40 mL)
was added oxalyl chloride (1.0 mL, 11.8 mmol), followed by addition of DMF (60 pL, 0.77 mmol).
After stirring at room temperature for 1 h, the mixture was concentrated in vacuo, and the residue was
dissolved in CH,Cl, (40 mL). A mixture of alcohol 80 (1.06 g, 9.45 mmol), Et;N (5.5 mL, 39.5 mmol)
and DMAP (87.0 mg, 0.712 mmol) in CH,Cl, (10 mL) was added to the solution of crude acyl
chloride at 0 “C. After stirring for 2 h, the reaction mixture was partitioned between AcOEt (200 mL)
and H,O (40 mL), and the aqueous layer was extracted with AcOEt (200 mL). The combined organic
extracts were washed with brine (40 mL) and dried over anhydrous Na,SQ,. Filtration and evaporation
in vacuo furnished the crude product (4.15 g), which was purified by column chromatography (silica
gel 200 g, 20:1 n-hexane/AcOEt) to give ester 97 (2.52 g, 65% for 3 steps) as a colorless oil: R, 0.52
(5:1 n-hexane/ AcOEt); [a]p” +77.0 (¢ 1.49, CHCLy); IR (neat) 3071, 3049, 2932, 2859, 1748, 1458,
1427, 1275, 1198, 1113 cm'; "H NMR (500 MHz, CDCls) & 1.05 (s, 9H, ‘Bu), 1.16 (d, J = 6.8 Hz, 3H,
C21-H;), 1.56-1.76 (m, SH, C9-H, and one of C22-H,), 1.67 (s, 3H, C18-H;), 1.84-1.96 (m, 2H,
C12-H,), 2.07 (m, 1H, one of C22-H,), 2.35 (m, 1H, C20-H), 3.64 (dd, J = 6.8, 10.3 Hz, 1H, one of
C24-H,), 3.83 (dd, J=4.9, 10.3 Hz, 1H, one of C22-H,), 3.96 (d, /= 6.6 Hz, 1H, C17-H), 4.25 (m, 1H,
C23-H), 5.24 (m, 1H, C8-H), 5.41 (m, 1H, C14-H), 7.35-7.43 (m, 6H, aromatic-H), 7.66—7.69 (m, 4H,
aromatic-H); °C NMR (125.7 MHz, CDCl;) § 18.2 (CH;), 19.0 (CH,), 19.2 (C), 23.7 (CH3), 26.8
(CH,), 27.9 (CH,), 29.9 (CHs;), 36.3 (CH), 38.0 (CH,), 66.1 (CH,), 69.3 (CH), 80.1 (CH), 84.1 (CH),
119.8 (CH), 127.617 (CH), 127.625 (CH), 129.57 (CH), 129.58 (CH), 133.61 (C), 133.64 (C), 135.61
(CH), 135.63 (CH), 141.1 (C), 172.4 (C); HRMS (ESI) m/z: [M + Na]" Caled for C3H40,4SiNa
515.2594; Found 515.2593; Anal. Calcd for C30H404Si: C, 73.13; H, 8.18. Found: C, 73.10; H, 8.02.
(YA10146)
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Methyl [2R,2(1S),3R,5S5]-5-[(tert-Butyldiphenylsilyl)oxymethyl]-3-methyl-2-[1-methylcyclohex-
2-en-1-yl]tetrahydrofuran-2-carboxylate (99b).

To a cooled solution (=78 °C) of ester 97 (1.25 g, 2.54 mmol) in THF (40

OTBDPS  mL) was added a solution of LDA [prepared from diisopropylamine (0.55

mL, 3.92 mmol) and BuLi in n#-hexane (1.56 M, 2.50 mL, 3.90 mmol)] in

THF (10 mL), followed by addition of chlorotrimethylsilane (0.48 mL, 0.38

CO,Me mmol). After stirring at —78 °C for 5 min, the mixture was allowed to warm

8 to room temperature and stirred for 10 h. The reaction was quenched with
saturated aqueous NH4CI (40 mL), and the resulting mixture was extracted with AcOEt (3x100 mL).
The combined organic extracts were washed with brine (40 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (1.75 g), which was chromatographed
(silica gel 150 g, 7:1 n-hexane/AcOEt) to give an inseparable mixture of carboxylic acids 98a and 98b
(921 mg, 74%) as a colorless oil.

Potassium carbonate (775 mg, 5.61 mmol) was added to an ice-cooled mixture (0 °C) of carboxylic
acids 98a and 98b (921 mg, 1.87 mmol) and iodomethane (0.35 mL, 5.62 mmol) in DMF (19 mL).
After stirring for 4 h, the resulting yellow mixture was partitioned between n-hexane/AcOEt (3:1, 50
mL) and H,O (40 mL), and the aqueous layer was extracted with n-hexane/AcOEt (3:1, 2x50 mL).
The combined organic extracts were washed with brine (40 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (1.41 g), which was flash
chromatographed (silica gel 30 g, 9:1 n-hexane/AcOEt) to give a mixture of methyl esters 99a and 99b
(938 mg, 99%) as a colorless oil. The diastereomeric ratio (99a and 99b) was determined to be 6:94 by
HPLC analysis [column, Zorbax® Sil, 4.6x250 mm; eluent, 50:1 n-hexane/THF; flow rate, 1.5
mL/min; detection, 254 nm; #zr = 10.0 min for major isomer 99b, tx = 11.4 min for minor isomer 99a].
Separation of diastereomers 99a and 99b by flash column chromatography (silica gel 100 g, 50:1
n-hexane/AcOE}t) yielded isomer 99a (61.0 mg, 5%) and isomer 99b (877 mg, 94%) as colorless oils:
R;0.31 (10:1 n-hexane/AcOE); [a]p™® +7.1 (c 1.08, CHCLy); IR (neat) 3071, 2932, 2859, 1732, 1456,
1427, 1227, 1113 em '; '"H NMR (500 MHz, CDCl3) & 1.04 (d, J = 7.1 Hz, 3H, C21-Hj), 1.05 (s, 9H,
‘Bu), 1.08 (s, 3H, C18-H5), 1.49-1.62 (m, 4H, C11-H,, one of C12-H, and one of C22-H,), 1.80-1.89
(m, 3H, C9-H, and one of C12-H,), 2.16 (ddd, J = 5.0, 8.6, 13.5 Hz, 1H, one of C22-H,), 2.46 (m, 1H,
C20-H), 3.66 (dd, J = 4.3, 10.6 Hz, 1H, one of C24-H,), 3.69 (dd, J = 5.2, 10.6 Hz, 1H, one of
C24-H,), 3.71 (s, 3H, OMe), 4.29 (m, 1H, C23-H), 5.65 (m, 1H, C8-H), 595 (m, 1H, Cl4-H),
7.36-7.43 (m, 6H, aromatic-H), 7.67 (m, 4H, aromatic-H); °C NMR (125.7 MHz, CDCl;) § 18.0
(CH3), 19.49 (C), 19.51 (CH,), 23.6 (CHj3), 25.1 (CH,), 27.1 (CH3), 30.8 (CH,), 36.9 (CH), 37.3 (CH,),
42.1 (C), 51.4 (CH;), 66.0 (CH,), 78.3 (CH), 94.2 (C), 127.3 (CH), 127.87 (CH), 127.89 (CH), 129.8
(CH), 129.9 (CH), 133.0 (CH), 133.7 (C), 133.9 (C), 135.85 (CH), 135.90 (CH), 173.9 (C); HRMS
(ESI) m/z: [M + Na]" Calcd for C3;H4,0,4SiNa 529.2750; Found 529.2769.

Data for [25,2(1S5),3R,5S]-isomer 99a: R, 0.28 (10:1 n-hexane/AcOEt);
[a]p>® —14.2 (¢ 0.16, CHCLy); IR (neat) 3028, 2932, 2856, 1732, 1460, 1427,
1227, 1113 em'; "H NMR (500 MHz, CDCl5) & 1.056 (s, 9H, ‘Bu), 1.063 (d,
J = 6.7 Hz, 3H, C21-H;), 1.10 (s, 3H, C18-H;), 1.51-1.66 (m, 3H, one of
C11-H,, one of C12-H, and one of C22-H,), 1.72 (dt, J = 3.4, 13.1 Hz, 1H,
one of C12-H,), 1.86 (m, 1H, one of C11-H;), 1.90-1.93 (m, 2H, C9-H,),
2.20 (ddd, J=17.0, 9.1, 12.2 Hz, 1H, one of C22-H,), 2.48 (m, 1H, C20-H,), 3.69 (dd, /= 3.8, 10.7 Hz,
1H, one of C24-H,), 3.71 (s, 3H, OMe), 3.80 (dd, J = 4.9, 10.7 Hz, 1H, one of C24-H,), 4.29 (m, 1H,
C23-H), 5.68 (dt, J=10.0, 3.3 Hz, 1H, C8-H), 5.76 (dd, J = 1.6, 10.0 Hz, 1H, C14-H), 7.36-7.43 (m,
6H, aromatic-H), 7.66-7.70 (m, 4H, aromatic-H); °C NMR (125.7 MHz, CDCl;) & 18.6 (CH;), 19.1
(CH,), 19.3 (CH), 23.3 (CH3), 24.9 (CH,), 26.8 (CH3;), 31.3 (CH,), 36.8 (C), 37.4 (CH,), 42.5 (C), 51.2
(CH,), 65.2 (CH,), 78.4 (CH), 94.8 (C), 127.63 (CH), 127.65 (CH), 129.56 (CH), 129.61 (CH), 132.6
(CH), 133.5 (C), 133.6 (C), 135.6 (CH), 135.7 (CH), 173.4 (C); HRMS (ESI) m/z: [M + Na]" Calcd
for C3H4,04SiNa 529.2750, Found 529.2730. (YA11088)
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Methyl (2R,3R,5S)-5-[(tert-Butyldiphenylsilyl)oxymethyl]-3-methyltetrahydrofuran-2-carboxyl-
ate. (methyl ester of 103)
This compound was partially isolated from a mixture of byproducts for the

Me,,20 QTBDPS  carrangement: [o]p2! +8.1 (¢ 2.43, CHCLy); IR (neat) 3071, 3049, 2959, 2932,

% 2857, 1757, 1427, 1285, 1206, 1113 cm™'; '"H NMR (500 MHz, CDCl;) &

MeO (;7 0 1.06 (s, 9H, ‘Bu), 1.18 (d, J= 6.7 Hz, 3H, C21-Hs), 1.70 (dt, J = 7.4, 12.5 Hz,
2

1H, one of C22-H,), 2.10 (ddd, J = 5.4, 7.7, 12.5 Hz, 1H, one of C22-H,),
2.41 (dddq, J=6.9, 7.4, 7.7, 6.7 Hz, 1H, C20-H), 3.67 (dd, J= 6.3, 10.5 Hz, 1H, one of C24-H,), 3.70
(s, 3H, OMe), 3.80 (dd, J= 4.7, 10.5 Hz, 1H, one of C24-H,), 4.01 (d, J= 6.9 Hz, 1H, C17-H), 4.26
(dddd, J = 4.7, 5.4, 6.3, 7.4 Hz, 1H, C23-H), 7.36-7.44 (m, 6H, aromatic-H), 7.67-7.71 (m, 4H,
aromatic-H); “C NMR (125.7 MHz, CDCly) & 18.0 (CHs), 19.2 (C), 26.8 (CH3), 36.2 (CH,), 37.9
(CH), 51.9 (CHa), 66.1 (CH,), 80.1 (CH), 84.0 (CH), 127.61 (CH), 127.62 (CH), 127.63 (CH), 129.59
(CH), 129.62 (CH), 133.53 (C), 133.54 (C), 135.61 (CH), 135.62 (CH), 172.9 (C); HRMS (ESI) m/z:
[M + Na]" Calcd for C,4H3,0,SiNa 435.1968, Found 435.1947.

Methyl (3R,55)-5-[(tert-Butyldiphenylsilyl)oxymethyl]-3-methyl-2-[3-methylcyclohex-2-en-yl]
tetra-hydrofuran-2-carboxylate. (methyl ester of 105)

This compound was partially isolated from a mixture of byproducts for the
rearrangement. The stereochemistry was not determined: [o]p>* —4.7 (¢ 1.01,
CHCI;); IR (neat) 3071, 3049, 2932, 2859, 1744, 1726, 1462, 1429, 1231,
1113 ecm™'; "H NMR (500 MHz, CDCl5) & 1.04 (s, 9H, ‘Bu), 1.13 (d, J = 7.0
Hz, 1.7H, C21-H; of major isomer), 1.14 (d, J = 6.9 Hz, 1.3H, C21-H; of
minor isomer), 1.17-1.54 (m, 2H, CH, of cyclohexene), 1.58 (s, 1.3H,
C18-H; of minor isomer), 1.64 (s, 1.7H, C18-H; of major isomer), 1.75—1.88
(m, 6H, CH, of cyclohexene and C22-H,), 2.54 (m, 1H, C8-H), 2.66 (m, 0.43H, C20-H of minor
isomer), 2.72 (m, 0.57H, C20-H of major isomer), 3.50 (s, 1.3H, OMe of minor isomer), 3.52 (s, 1.7H,
OMe of major isomer), 3.54-3.57 (m, 1H, one of C24-H,), 3.82 (dd, J = 4.9, 10.1, 0.43H, one of
C24-H, of minor isomer), 3.87 (dd, J = 5.1, 10.3 Hz, 0.57H, one of C24-H, of major isomer),
4.26-4.33 (m, 1H, C23-H), 5.19 (s, 0.57H, C14-H of major isomer), 5.48 (s, 0.43H, C14-H of minor
isomer), 7.35-7.42 (m, 6H, aromatic-H), 7.65-7.69 (m, 4H, aromatic-H); BC NMR (125.7 MHz,
CDCl;) 6 14.50 (CH3), 14.54 (CH3), 19.2 (C), 22.26 (CH,), 22.31 (CH,), 24.10 (CH;), 24.14 (CH3),
24.3 (CH,), 24.7 (CH,), 26.83 (CH3;), 26.84 (CHj;), 29.8 (CH,), 29.9 (CH,), 36.7 (CH,), 37.0 (CH,),
39.0 (CH), 39.1 (CH), 40.4 (CH), 40.8 (CH), 51.4 (CH3), 51.5 (CHy), 66.6 (CH,), 66.7 (CH,), 78.94
(CH), 79.02 (CH), 91.2 (C), 91.4 (C), 121.0 (CH), 121.1 (CH), 127.58 (CH), 127.59 (CH), 129.5 (CH),
133.61 (C), 133.63 (C), 133.74 (C), 133.75 (C), 135.62 (CH), 135.63 (CH), 135.7 (CH), 135.9 (CH),
136.1 (C), 175.1 (C), 175.2 (C); HRMS (ESI) m/z: [M + Na]" Calcd for CsH40,4SiNa 529.2750,
Found 529.2735.

OTBDPS

(15,3S,5R,3a'S,4'S,7a'S)-3-[ (tert-Butyldiphenylsilyl) oxymethyl]-4'-iodo-5,7a’-dimethyl-2,3'-dioxa-
spiro[cyclopentane-1,1'-hexahydroindan]-2'-one (100b).

Iodine (453 mg, 1.78 mmol) was added to a solution of carboxylic acids

OTBDPS 984 and 98b (797 mg, 1.62 mmol) in MeCN/saturated aqueous NaHCO; (1:1,

20 mL) at 0 °C. After stirring for 90 min, the reaction was quenched with 1

M aqueous Na,S,0; (30 mL), and the resulting mixture was extracted with

AcOEt (2x100 mL). The combined organic extracts were washed with brine

(30 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in

vacuo furnished the crude product (977 mg), which was purified by flash

column chromatography (silica gel 70 g, 20:1 n-hexane/AcOEt) to give isomer 100b (802 mg, 81%) as

a white solid, along with isomer 100a (35.5 mg, 4%) as a colorless oil: R;0.54 (5:1 n-hexane/AcOEt);

mp 139-140 °C (colorless prisms from n-hexane); [o]p> +53.7 (¢ 1.08, CHCly); IR (KBr) 3071, 2934,
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2857, 1780, 1460, 1233, 1113, 970, 702 cm™; '"H NMR (500 MHz, C¢D¢) & 0.79 (m, 1H, one of
C12-H,), 0.95-1.04 (m, 2H, one of C11-H, and one of C12-H,), 1.14 (d, J= 6.7 Hz, 3H, C21-H;), 1.16
(s, 9H, ‘Bu), 1.28 (s, 3H, C18-H3), 1.33 (m, 1H, one of C11-H,), 1.48-1.60 (m, 2H, C9-H,), 1.83 (m,
1H, one of C22-H,), 1.93 (m, 1H, one of C22-H,), 2.10 (m, 1H, C20-H), 3.51 (dd, J=4.8, 10.7 Hz, 1H,
one of C24-H,), 3.58 (dd, J = 4.7, 10.7 Hz, 1H, one of C24-H,), 4.19 (m, 1H, C23-H), 4.28 (m, 1H,
C8-H), 4.72 (s, 1H, Cl4-H), 7.25-7.26 (m, 6H, aromatic-H), 7.75-7.79 (m, 4H, aromatic-H); “C
NMR (125.7 MHz, C¢Dg) 6 15.9 (CH3), 17.4 (CH,), 17.8 (CH3), 19.4 (C), 23.5 (CH), 27.0 (CH3), 29.3
(CH,), 30.6 (CH,), 32.8 (CH), 36.7 (CH,), 43.9 (C), 66.0 (CH,), 77.7 (CH), 83.7 (CH), 91.4 (C),
128.11 (CH), 128.14 (CH), 128.3 (CH), 130.06 (CH), 130.10 (CH), 133.8 (C), 133.9 (C), 136.0 (CH),
172.0 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C3yH30l0,4SiNa 641.1560; Found 641.1549; Anal.
Calcd for C50H3910,4S1: C, 58.25; H, 6.35. Found: C, 58.17; H, 6.35.

Data for (1R,3S5,5R3a’'S.4'S,7a'S)-isomer 100a: R, 0.52 (5:1
OTBDPS ;;_hexane/AcOE); [a]p? +2.5 (¢ 1.19, CHCl); IR (neat) 3071, 2932, 2859,
1782, 1456, 1236, 1113, 970, 702 cm™'; 'H NMR (500 MHz, CDCl;) & 1.06
(s, 9H, ‘Bu), 1.10 (d, J = 7.1 Hz, 3H, C21-H;), 1.36 (s, 3H, C18-H5),
1.55-1.63 (m, 3H, one of Cl1-H, and C12-H,), 1.75 (m, 1H, one of
Cl1-H,), 1.88-2.00 (m, 3H, C9-H, and of one of C22-H,), 2.15 (ddd, J =
4.7, 8.1, 12.5 Hz, 1H, one of C22-H,), 2.50 (m, 1H, C20-H), 3.60 (dd, J =
4.0, 10.9 Hz, 1H, one of C24-H,), 3.70 (dd, J = 4.4, 10.9 Hz, 1H, one of C24-H,), 4.43 (m, 1H,
C23-H), 4.50 (d, J = 3.1 Hz, 1H, C8-H), 4.62 (dt, J = 3.1, 3.3 Hz, 1H, C14-H), 7.37-7.45 (m, 6H,
aromatic-H), 7.65-7.69 (m, 4H, aromatic-H); *C NMR (125.7 MHz, CDCl;) & 15.7 (CH3), 18.1 (CH,),
19.2 (C), 20.1 (CH3), 24.3 (CH), 26.8 (CH3), 30.0 (CH,), 31.2 (CH,), 35.3 (CH,), 35.5 (CH), 43.2 (C),
65.7 (CH,), 78.1 (CH), 83.5 (CH), 93.2 (C), 127.68 (CH), 127.72 (CH), 129.67 (CH), 129.74 (CH),
133.2 (C), 133.4 (C), 135.5 (CH), 135.6 (CH), 175.9 (C); HRMS (ESI) m/z: [M + Na]" Calcd for
C30H30104SiNa 641.1560; Found 651.1568.

Methyl [2R,2(1S),3R,55]-5-(Hydroxymethyl)-3-methyl-2-(1-methylcyclohex-2-en-1-yl)tetra-
hydro-furan-2-carboxylate (108).

NH4F (249 mg, 6.72 mmol) was added to a solution of TBDPS ether 99b (341
mg, 0.673 mmol) in MeOH/EtOH (5:2, 7 mL). After stirring for 24 h, the mixture
was partitioned between AcOEt (70 mL) and H,O (15 mL), and the aqueous layer
was extracted with AcOEt (70 mL). The combined organic extracts were washed
with brine (20 mL) and dried over anhydrous Na,SQO,. Filtration and evaporation
in vacuo furnished the crude product (391 mg), which was purified by column
chromatography (silica gel 10 g, 2:1 n-hexane/AcOEt) to give alcohol 108 (170 mg, 94%) as a
colorless oil: R,0.31 (3:1 n-hexane/AcOEt); [a]p* +19.5 (¢ 1.17, CHCl5); IR (neat) 3442, 2937, 1732,
1456, 1227, 1101, 1051 cm™'; "TH NMR (500 MHz, CDCl3) & 1.06 (d, J = 7.0 Hz, 3H, C21-H3), 1.20 (s,
3H, C18-H3), 1.52-1.71 (m, 4H, C11-H, and one of C12-H, and one of C22-H,), 1.81 (dt, J=3.3, 12.5
Hz, 1H, one of C12-H,), 1.92-1.94 (m, 2H, C9-H,), 2.04 (ddd, J = 5.6, 9.0, 12.5 Hz, 1H, one of
C22-H,), 2.55 (m, 1H, C20-H), 3.47 (dd, J = 5.1, 11.6 Hz, 1H, one of C24-H,), 3.73 (s, 3H, OMe),
3.74 (dd, J= 3.4, 11.6 Hz, 1H, one of C24-H,), 4.32 (m, 1H, C23-H), 5.75 (m, 1H, C8-H), 5.84 (m,
1H, C14-H); °C NMR (125.7 MHz, CDCl;) § 18.0 (CH3), 19.2 (CH,), 23.2 (CH3), 24.8 (CH,), 31.1
(CH»), 36.5 (CH,), 37.0 (CH), 42.0 (C), 51.3 (CH3;), 65.0 (CH,), 78.0 (CH), 94.1 (C), 127.8 (CH),
132.4 (CH), 173.2 (C); HRMS (ESI) m/z: [M + Na]" Caled for C;sH,4,04Na 291.1572; Found 291.1555.
(YA10105)

Methyl [2R,2(1S5),3R,55]-5-(1odomethyl)-3-methyl-2-(1-methylcyclohex-2-en-1-yl)tetrahydro-
furan- 2-carboxylate (109).
Iodine (103 mg, 0.405 mmol) was added to a mixture of alcohol 108 (72.4 mg, 0.270 mmol),

66



KEROE 1 FEH 3

| triphenylphosphine (106 mg, 0.405 mmol) and imidazole (55.1 mg, 0.809 mmol)
in toluene (2.7 mL). After stirring at 50 “C for 1 h, the reaction was quenched with
1 M aqueous Na,S,0; (5 mL), and the resulting mixture was extracted with AcOEt
(2%30 mL). The combined organic extracts were washed with brine (5 mL) and
dried over anhydrous Na,SQO,. Filtration and evaporation in vacuo furnished the
crude product (247 mg), which was purified by column chromatography (silica gel
10 g, 20:1 n-hexane/AcOEt) to give iodide 109 (96.3 mg, 94%) as a colorless oil: R, 0.42 (10:1
n-hexane/AcOEt); [a]p> —15.5 (¢ 1.20, CHCI;); IR (neat) 2936, 2876, 1732, 1454, 1433, 1229, 1061
cm'; '"H NMR (500 MHz, CDCl;) & 1.04 (d, J = 6.7 Hz, 3H, C21-H), 1.11 (s, 3H, C18-H,),
1.57-1.62 (m, 2H, one of C11-H, and one of C12-H,), 1.67 (m, 1H, one of C11-H,), 1.76 (ddd, J = 8.0,
8.8, 12.9 Hz, 1H, one of C22-H,), 1.82 (dt, J = 3.2, 12.5 Hz, 1H, one of C12-H,), 1.90-1.94 (m, 2H,
C9-H,), 2.02 (ddd, J = 4.8, 8.7, 12.9 Hz, 1H, one of C22-H,), 2.52 (ddq, J = 8.7, 8.8, 6.7 Hz, 1H,
C20-H), 3.12 (dd, J = 8.4, 9.7 Hz, 1H, one of C24-H,), 3.29 (dd, J = 4.4, 9.7 Hz, 1H, one of C24-H,),
3.72 (s, 3H, OMe), 4.35 (dddd, /=44, 4.8, 8.0, 8.4 Hz, 1H, C23-H), 5.59 (m, 1H, C8-H), 5.91 (m, 1H,
C14-H); "C NMR (125.7 MHz, CDCl;) & 9.8 (CH,), 17.6 (CH3), 19.3 (CH,), 23.4 (CH3), 24.9 (CH,),
30.8 (CHy,), 36.2 (CH,), 40.6 (CH), 41.8 (C), 51.3 (CH3), 77.5 (CH), 95.2 (C), 127.5 (CH), 132.3 (CH),
173.0 (C); HRMS (ESI) m/z: [M + Na]  Caled for C;sH,3l0sNa 401.0590; Found 401.0587.
(YA10110)

Methyl [2R,2(1S5),3R]-2-(1-Methylcyclohex-2-en-1-yl)-3-methyl-2-hydroxy-5-hexenoate (110).

Activated zinc powder (80.0 mg, 1.22 mmol) was added to a solution of iodide
109 (92.6 mg, 0.245 mmol) in AcOH (1.2 mL). After stirring at 110 °C for 1 h, the
suspension was filtered through a Celite pad and the filtrate was concentrated in
vacuo. The residue was azeotropically dried with toluene (3x5 mL) to furnish the
crude product (127 mg), which was purified by column chromatography (silica gel
5 g, 20:1 n-hexane/AcOEt) to give diene 110 (51.3 mg, 83%) as a colorless oil: R,
0.42 (10:1 n-hexane/AcOEY); [a]p> +27.4 (¢ 1.06, CHCly); IR (neat) 3510, 2938,
1720, 1639, 1437, 1229, 1153 cm™'; 'H NMR (500 MHz, CDCl;) § 0.77 (d, J = 6.7 Hz, 3H, C21-H;),
1.09 (s, 3H, C18-H;), 1.51-1.71 (m, 3H, C11-H, and one of C12-H,), 1.91-2.01 (m, 4H, C9-H,, one of
C12-H, and one of C22-H,), 2.19 (m, 1H, C20-H), 2.57 (m, 1H, one of C22-H,), 3.36 (s, 1H, C17-OH),
3.77 (s, 3H, OMe), 4.96-5.03 (m, 2H, C24-H,), 5.67 (m, 1H, C23-H), 5.70-5.79 (m, 2H, C8-H and
C14-H); "C NMR (125.7 MHz, CDCl3) & 14.8 (CH3), 19.4 (CH,), 24.0 (CH3), 24.5 (CH,), 30.7 (CH,),
35.8 (CH,), 37.8 (CH), 41.9 (C), 52.4 (CH3;), 83.9 (C), 115.9 (CH,), 126.5 (CH), 133.0 (CH), 137.5
(CH), 177.4 (C); HRMS (ESI) m/z: [M + Na]™ Calcd for C;sH,,03Na 275.1623; Found 275.1642.
(YA10112)

Methyl [2R,2(1S),3R,55]-5-(Chloromethyl)-3-methyl-2-(1-methylcyclohex-2-en-1-yl)tetrahydro-
furan-2-carboxylate (116).

A mixture of alcohol 108 (170 mg, 0.632 mmol) and triphenylphosphine (829
mg, 3.16 mmol) in CCl, (6 mL) was heated at reflux for 12 h. After cooling, the
resulting brown suspension was concentrated in vacuo. Purification of the residue
(1.12 g) by column chromatography (silica gel 50 g, 20:1 n-hexane/AcOEt) gave
chloride 116 (177 mg, 98%) as a colorless oil: R, 0.47 (5:1 n-hexane/AcOEt);
[a]p” —5.2 (¢ 1.03, CHCly); IR (neat) 2940, 2876, 1732, 1458, 1229, 1076, 739
cm'; "H NMR (500 MHz, CDCl;) § 1.05 (d, J = 6.9 Hz, 3H, C21-H3), 1.11 (s, 3H, C18-H3), 1.54 (m,
1H, one of C12-H,), 1.60 (m, 1H, one of C11-H,), 1.67 (m, 1H, one of C11-H,), 1.71 (ddd, J=8.4, 9.1,
13.0 Hz, 1H, one of C22-H,), 1.83 (dt, J = 13.3, 3.9 Hz, 1H, one of C12-H,), 1.90-1.93 (m, 2H,
C9-H,), 2.08 (ddd, J = 4.5, 8.6, 13.0 Hz, 1H, one of C22-H,), 2.50 (ddq, J = 8.4, 8.6, 6.9 Hz, 1H,
C20-H), 3.46 (dd, J = 7.0, 11.0 Hz, 1H, one of C24-H,), 3.57 (dd, J = 4.4, 11.0 Hz, 1H, one of
C24-H,), 3.72 (s, 3H, OMe), 4.42 (dddd, J = 4.4, 4.5, 7.0, 9.1 Hz, 1H, C23-H), 5.69 (m, 1H, C8-H),
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5.91 (dd, J = 1.5, 10.6 Hz, 1H, C14-H); *C NMR (125.7 MHz, CDCL3) § 17.5 (CHs), 19.3 (CH,), 23.2
(CHs), 24.8 (CHs), 30.5 (CH,), 36.3 (CH), 38.2 (CH,), 41.8 (C), 46.7 (CH,), 51.3 (CHs), 77.1 (CH),
94.5 (C), 127.4 (CH), 132.3 (CH), 173.1 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C,sH,;ClO;Na
309.1233; Found 309.1238. (YA10187)

Methyl [2R,2(1S),3R]-2-hydroxy-2-(1-methylcyclohex-2-en-1-yl)-3-methyl-5-hexynoate (117).
0 Sodium (167 mg, 7.26 mmol) was added to a yellow solution of Fe(NOj3);-9H,0
| | (10.0 mg, 0.025 mmol) in liquid ammonia (10 mL) at —40 °C. After stirring for 30
min, chloride 116 (139 mg, 0.485 mmol) in THF (5 mL) was added to the
ms"?o brown-colored suspension and the reaction mixture was stirred for 2 h. The reaction
- OH was quenched with solid NH4Cl (1.0 g) and ammonia was evaporated at room
O COzMe  temperature. The residue was partitioned between AcOEt (40 mL) and H,O (15
8 mL), and the aqueous layer was extracted with AcOEt (40 mL). The combined
organic extracts were washed with brine (15 mL) and dried over anhydrous Na,SO,. Filtration and
evaporation in vacuo furnished the crude product (150 mg), which was purified by column
chromatography (silica gel 10 g, 20:1 n-hexane/AcOEt) to give alkyne 117 (116 mg, 96%) as a
colorless oil: R;0.44 (5:1 n-hexane/AcOEt); [a]p> +45.8 (¢ 1.03, CHCl3); IR (neat) 3505, 3306, 2934,
2116, 1719, 1458, 1437, 1381, 1369, 1242, 1098, 629 cm '; "H NMR (500 MHz, CDCl;) § 0.97 (d, J =
6.7 Hz, 3H, C21-H;), 1.06 (s, 3H, C18-H3), 1.51 (m, 1H, one of C12-H,), 1.60 (m, 1H, one of C11-H,),
1.69 (m, 1H, one of C11-H,), 1.87-1.95 (m, 3H, C9-H, and one of C12-H,), 1.97 (t, J = 2.6 Hz, 1H,
C24-H), 2.18 (ddd, J = 2.6, 10.5, 16.3 Hz, 1H, one of C22-H,), 2.35 (ddq, J = 3.6, 10.5, 6.7 Hz, 1H,
C20-H), 2.64 (ddd, J = 2.6, 3.6, 16.3 Hz, 1H, one of C22-H,), 3.38 (s, 1H, C17-OH), 3.77 (s, 3H,
OMe), 5.66-5.72 (m, 2H, C8-H and C14-H); °C NMR (125.7 MHz, CDCl;) & 15.4 (CH;), 19.4 (CH,),
21.2 (CHy), 23.9 (CHa), 24.5 (CH,), 30.7 (CH,), 37.3 (CH), 41.9 (C), 52.5 (CH3;), 69.4 (CH), 83.2 (C),
83.5 (C), 126.9 (CH), 132.6 (CH), 176.8 (C); HRMS (DART) m/z: [M + H]" Calcd for C;sHy;0s5

251.1647; Found 251.1658. (YA11020)
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Methyl [2R,2(1S),3R]-3-Methyl-2-(1-methylcyclohex-2-en-1-yl)-2-(trimethylsilyl)oxy-5-hexynoate
(124).

TMSOTT (1.50 mL, 8.29 mmol) was added to a mixture of alcohol 117 (1.01 g,

ZI(\)/Ie 00(2)“4_&3 4.03 mmol) and 2,6-lutidine (1.40 mL, 12.0 mmol) in CH,CI, (40 mL) at 0 °C.

After stirring at room temperature for 14 h, the reaction was quenched with
saturated aqueous NaHCOj; (40 mL), and the resulting mixture was extracted with
AcOEt (2x200 mL). The combined organic extracts were washed with brine (40
mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo
furnished the crude product (2.91 g), which was purified by column chromatography (silica gel 100 g,
40:1 n-hexane/AcOEt) to give TMS ether 124 (1.28 g, 98%) as a colorless oil: R, 0.47 (20:1
n-hexane/AcOEt); [a]p> +36.9 (¢ 1.00, CHCLy); IR (neat) 3312, 2949, 2118, 1746, 1458, 1435, 1248,
1173 em™'; "H NMR (500 MHz, CDCl;) 8 0.17 (s, 9H, SiMe;), 0.92 (d, J = 6.6 Hz, 3H, C17-H5), 0.99
(s, 3H, C20-H3), 1.38 (m, 1H, one of C1-H,), 1.60 (m, 1H, one of C2-H,), 1.68 (m, 1H, one of C2-H>),
1.84-1.93 (m, 3H, one of C1-H, and C3-H,), 1.94 (t, /= 2.6 Hz, 1H, C6=CH), 2.06 (ddd, J= 2.6, 11.0,
16.2 Hz, 1H, one of C7-H,), 2.36 (ddq, J = 3.7, 11.0, 6.6 Hz, 1H, C8-H), 2.62 (ddd, J = 2.6, 3.7, 16.2
Hz, 1H, one of C7-H,), 3.70 (s, 3H, OMe), 5.65 (m, 1H, C4-H), 5.73 (m, 1H, C5-H); °C NMR (125.7
MHz, CDCl;) 6 2.8 (CH3;), 16.2 (CH3), 19.9 (CH,), 20.9 (CH,), 24.5 (CH,), 24.6 (CHj3), 31.1 (CH,),
38.4 (CH), 42.4 (C), 51.4 (CH3), 69.1 (CH), 83.8 (C), 88.0 (C), 126.2 (CH), 133.1 (CH), 175.0 (C);
HRMS (DART) m/z: [M + H]" Calced for C,5H3,05Si 323.2043; Found 323.2037. (YA11044)

Methyl [2R,2(1S5),3R]-5-1odo-3-methyl-2-(1-methylcyclohex-2-en-1-yl)-2-(trimethylsilyl)oxy-5-
hexenoate (125).
B-lodo-9-BBN in hexanes (1.0 M, 2.0 mL, 2.0 mmol) was added to a solution of
ZI(\)/Ie COCZME/IS alkyne 124 (435 mg, 1.35 mmol) in n-pentane (14 mL) at 0 °C. After stirring at
N iMe'?7  Toom temperature for 1 h in the dark, AcOH (230 pL, 4.0 mmol) was added at 0 °C.
1 After 10 min, 1 M aqueous Na,S,0;5 (15 mL) and saturated aqueous NaHCO3 (15
mL) were added, and the resulting mixture was extracted with AcOEt (2x60 mL).
The combined organic extracts were washed with brine (30 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product (652 mg), which
was purified by column chromatography (silica gel 20 g, 40:1 n-hexane/Et,O) to give vinyl iodide 125
(568 mg, 93%) as a colorless oil: R;0.76 (20:1 n-hexane/Et,0); [a] b +31.7 (¢ 1.17, CHCI); IR (neat)
3028, 2972, 2949, 2835, 1746, 1616, 1456, 1435, 1248, 1173 cm™'; '"H NMR (500 MHz, CDCl;) &
0.19 (s, 9H, SiMe;), 0.67 (d, J = 6.7 Hz, 3H, C17-H3), 1.04 (s, 3H, C20-H;), 1.44 (m, 1H, one of
Cl1-H,), 1.62 (m, 1H, one of C2-H,), 1.71 (m, 1H, one of C1-H,), 1.88-2.00 (m, 3H, one of C2-H, and
C3-H,), 2.05 (dd, J=11.3, 13.5 Hz, 1H, one of C7-H,), 2.44 (ddq, J = 3.4, 11.3, 6.7 Hz, 1H, C8-H),
2.87 (dd, J = 3.4, 13.5 Hz, 1H, one of C7-H,), 3.79 (s, 3H, OMe), 5.69 (m, 1H, C4-H,), 5.74 (s, 1H,
one of C6=CH,), 5.76 (m, 1H, C5-H,), 6.04 (s, 1H, one of C6=CH,); >C NMR (125.7 MHz, CDCl5) &
2.8 (CHj), 15.1 (CH3;), 19.9 (CH,), 24.5 (CH,), 24.6 (CH3;), 31.1 (CH,), 38.0 (CH), 42.6 (C), 46.5
(CH,), 51.5 (CH;), 88.4 (C), 111.9 (C), 126.3 (CH), 126.8 (CH,), 133.1 (CH), 175.2 (C); HRMS
(DART) m/z: [M + H]" Calcd for C,sH3,105Si 451.1165; Found 451.1150. (YA11045)

Methyl (15,2R,3R,6S5)-1,3-Dimethyl-5-methylene-2-(trimethylsilyl)oxybicyclo[4.4.0]dec-7-ene-2-
carboxylate (126).

A yellow mixture of vinyl iodide 125 (92.5 mg, 0.205 mmol), palladium acetate (4.6 mg, 0.021
mmol), 1,3-bis(diphenylphosphino)propane (10.1 mg, 0.025 mmol), AgNO; (69.6 mg, 0.410 mmol)
and triethylamine (0.11 mL, 0.787 mmol) in DMSO (21 mL) was degassed by bubbling a stream of
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argon for 5 min, and the mixture was heated at 60 °C for 12 h. After cooling, the
2,(\),' o C(?(Z)hﬁ:n s resulting black suspension was filtered through a Celite pad, and the filtrate was
S .Me!? partitioned between n-hexane/AcOEt (5:1, 150 mL) and H,O (40 mL). The
aqueous layer was extracted with n-hexane/AcOEt (5:1, 2x100 mL), and the
combined organic extracts were washed with brine (50 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude
product (72.3 mg), which was purified by flash column chromatography (silica gel 40 g, 40:1
n-hexane/Et,0) to give diene 126 (58.3 mg, 88%) as a colorless oil: R, 0.64 (20:1 n-hexane/Et,0);
[a]n’’ —126.2 (¢ 1.06, CHCIL); IR (neat) 3022, 2953, 2843, 1735, 1437 cm™'; 'H NMR (500 MHz,
CDCls) 6 0.09 (s, 9H, SiMes), 0.86 (s, 3H, C20-H;), 0.95 (d, J = 6.7 Hz, 3H, C17-H;), 1.31 (m, 1H,
one of C1-H,), 1.60 (dt, J= 6.0, 12.9 Hz, 1H, C1-H>), 1.91 (m, 1H, one of C2-H,), 1.96 (dd, J = 8.5,
15.0 Hz, 1H, one of C7-H,), 2.03 (dt, J= 18.3, 6.0 Hz, 1H, one of C2-H,), 2.32 (ddq, J = 8.3, 15.0, 6.7
Hz, 1H, C8-H), 2.54 (m, 1H, one of C7-H,), 2.57 (m, 1H, C5-H), 3.71 (s, 3H, OMe), 4.63 (dd,J=1.9,
4.0 Hz, 1H, one of C6=CH,), 4.76 (m, 1H, one of C6=CH,), 5.52 (dddd, J= 1.5, 2.6, 4.6, 10.0 Hz, 1H,
C3-H), 5.77 (m, 1H, C4-H); "C NMR (125.7 MHz, CDCl;) § 1.9 (CHs), 16.9 (CH3), 21.3 (CH,), 23.1
(CH,), 24.5 (CH;), 33.8 (CH,), 38.5 (CH), 42.2 (C), 46.5 (CH), 51.0 (CHs3), 85.9 (C), 109.5 (CH,),
127.11 (CH), 127.14 (CH), 147.6 (C), 174.0 (C); HRMS (EI) m/z: [M]" Caled for C;5H3,05Si
322.1964; Found 322.1966. (YA11167)

Methyl (1R,4R,5R,65)-4,6-Dimethyl-2-0x0-5-(trimethylsilyl)oxybicyclo[4.4.0]decane-5-carboxyl-
ate (129).

Lindlar catalyst (51.3 mg, 100 wt %) was added to a solution of diene 126 (51.3

e 00(23“4& S mg, 0.159 mmol) in MeOH (3 mL), and the mixture was vigorously stirred for 6 h

N Me'? under 1 atm of hydrogen. The catalyst was filtered through a Celite pad, and the

, filtrate was evaporated in vacuo. The crude product (49.2 mg) was used without

further purification.

To a solution of crude alkene 127 (49.2 mg) and phenylboronic acid (58.2 mg,

0.477 mmol) in CH,Cl, (3 mL) was added a 0.16 M solution of OsO, in THF (0.15 mL, 0.024 mmol),

followed by addition of NMO (55.9 mg, 0.477 mmol). After stirring for 72 h, the reaction was

quenched with 1 M aqueous Na,S,0; (5 mL), and the resulting mixture was extracted with CH,Cl,

(3%x30 mL). The combined organic extracts were washed with brine (5 mL) and dried over anhydrous

Na,S0O,. Filtration and evaporation in vacuo furnished the crude product (190 mg), which was used
without further purification.

NalO, (170 mg, 0.795 mmol) was added to a solution of the crude phenylboronate 128 (190 mg) in
THF/pH 7 phosphate buffer (1:1, 3 mL). After stirring at 50 °C for 3 h, the reaction was quenched with
1 M aqueous Na,S,0; (15 mL), and the resulting mixture was extracted with AcOEt (2x40 mL). The
combined organic extracts were washed with brine (15 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (133 mg), which was purified by flash
column chromatography (silica gel 10 g, 10:1 n-hexane/AcOEt) to give ketone 129 (36.9 mg, 71% for
3 steps) as a pale yellow oil: R, 0.33 (5:1 n-hexane/AcOEt); [a]n’ —65.3 (¢ 0.95, CHCI,); IR (neat)
2951, 1737, 1714, 1462, 1437, 1250 cm'; '"H NMR (500 MHz, CDCl3) 8 0.11 (s, 9H, SiMes), 0.87 (d,
J = 6.7 Hz, 3H, C17-H;), 0.94 (s, 3H, C20-H;), 1.07 (ddd, J = 3.9, 7.7, 13.9 Hz, 1H, one of C1-H,),
1.28-1.36 (m, 2H, one of C2-H, and one of C3-H,), 1.41 (m, 1H, one of C4-H,), 1.53 (m, 1H, one of
C3-H,), 1.67 (m, 1H, one of C2-H,), 1.75 (ddd, J= 3.9, 8.7, 13.9 Hz, 1H, one of C1-H,), 1.94 (m, 1H,
one of C4-H,), 2.17 (dd, J = 5.5, 15.7 Hz, 1H, one of C7-H,), 2.17 (m, 1H, C5-H), 2.26 (dd, J=11.1,
15.7 Hz, 1H, one of C7-H,), 2.62 (ddq, J = 5.5, 11.1, 6.7 Hz, 1H, C8-H), 3.68 (s, 3H, OMe); °C NMR
(125.7 MHz, CDCl3) 8 2.6 (CH3), 17.7 (CH;), 21.7 (CHy), 23.1 (CH,), 24.5 (CH,), 26.3 (CHj3), 32.2
(CH,), 35.2 (CH), 43.1 (CH,), 43.4 (C), 51.5 (CH3), 55.4 (CH), 86.5 (C), 173.5 (C), 213.3 (C); HRMS
(EI) m/z: [M]" Caled for C7H3004Si 326.1913; Found 326.1909. (YA12108)

* H

)
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Methyl (15,4R,5R,65)-4,6-Dimethyl-2-oxo-5-(trimethylsilyl)oxybicyclo[4.4.0]decane-5-carboxyl-
ate (130).

A 2.0 M solution of NaOMe in MeOH (0.01 mL, 0.02 mmol) was added to a
Me ¢OzMe solution of cis-decalone 129 (30.1 mg, 92.2 pmol) in THF (1.9 mL) at 0 °C. After
.uMme'?  stirring for 30 min, the reaction was quenched with saturated aqueous NH4C1 (5
mL), and the resulting mixture was extracted with AcOEt (2x30 mL). The
combined organic extracts were washed with brine (5 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude
product (34.8 mg), which was purified by column chromatography (silica gel 10 g, 10:1
n-hexane/AcOEt) to give trans-decalone 130 (25.4 mg, 85%) as a pale yellow solid: R, 0.42 (5:1
n-hexane/AcOEt); mp 88-89 °C (colorless prisms from MeOH); [a]p®’ —25.2 (¢ 1.15, CHCL); IR
(neat) 2951, 1738, 1713, 1462, 1252 cm™'; '"H NMR (500 MHz, CDCl5) & 0.22 (s, 9H, SiMes), 0.85 (d,
J=6.5 Hz, 3H, C17-H;), 0.90 (s, 3H, C20-H;), 0.98 (m, 1H, one of C1-H,), 1.08 (tq, J =4.0, 13.3 Hz,
1H, one of C3-H,), 1.31 (tq, J = 3.9, 13.5 Hz, 1H, one of C1-H,), 1.40 (dq, J = 3.7, 13.5 Hz, 1H, one
of C4-H,), 1.53 (m, 1H, one of C2-H,), 1.67 (m, 1H, one of C4-H,), 1.72-1.78 (m, 2H, one of C2-H,
and one of C3-H,), 2.15 (dd, J = 5.3, 14.0 Hz, 1H, one of C7-H,), 2.21 (dd, J = 12.6, 14.0 Hz, 1H, one
of C7-H,), 2.72 (ddq, J = 5.3, 12.6, 6.5 Hz, 1H, C8-H), 2.76 (dd, J = 3.7, 12.6 Hz, 1H, C5-H), 3.74 (s,
3H, OMe); >C NMR (125.7 MHz, CDCl;) & 2.7 (CHs), 15.6 (CH;), 17.7 (CH3), 20.3 (CH,), 21.2
(CH,), 24.8 (CH,), 32.4 (CH,), 35.9 (CH), 45.2 (CH,), 46.6 (C), 50.0 (CH), 51.6 (CHj;), 86.0 (C),
173.0 (C), 211.8 (C); HRMS (EI) m/z: [M]" Caled for C,;H300,Si 326.1913; Found 326.1919.
(YA12108)

Methyl (1R,2R,4R,5R,6S5)-4,6-Dimethyl-5-(trimethylsilyl)oxyspiro[bicyclo[4.4.0]dec-9-ene-2,2'-
oxirane]-5-carboxylate (133).
m-CPBA (ca. 70%, 7.6 mg, ca. 31.0 umol) was added to a solution of 1,4-diene
2 006% g 126 (10.0 mg, 31.0 pmol) in CH,Cl, (1.0 mL) at 0 °C. After stirring for 3 h, the
N iMe! reaction was quenched with a mixture of 1 M aqueous Na,S,0; (3 mL) and
saturated aqueous NaHCO; (3 mL), and the resulting mixture was extracted with
0 AcOEt (2x30 mL). The combined organic extracts were washed with brine (6 mL)
and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished
the crude product (12.7 mg), which was purified by column chromatography (silica gel 5 g, 20:1
n-hexane/AcOEt) to give epoxide 133 (9.1 mg, 87%) as a white amorphous solid: R, 0.38 (10:1
n-hexane/AcOEt); [a]p’’ —119.6 (¢ 1.34, CHCl,); IR (neat) 3021, 2953, 2884, 2843, 1738, 1647, 1458,
1435, 1248 cm™'; "H NMR (500 MHz, CDCl;) § 0.11 (s, 9H, SiMes), 0.89 (s, 3H, C20-H5), 0.95 (d, J =
6.6 Hz, 3H, C17-H3), 1.29 (dd, J=9.7, 13.6 Hz, 1H, C7-H,), 1.34 (m, 1H, one of C1-H,), 1.72 (dt, J =
5.6, 12.0 Hz, 1H, one of C1-H,), 1.90 (m, 1H, one of C2-H,), 2.06 (dd, J = 7.6, 13.6 Hz, 1H, one of
C7-H,), 2.09 (m, 1H, one of C2-H,), 2.26 (m, 1H, C5-H), 2.46 (ddq, J = 7.6, 9.7, 6.6 Hz, 1H, C8-H),
2.48 (d, J=5.1 Hz, 1H, one of C6-CH,), 2.80 (d, J= 5.1 Hz, 1H, one of C6-CH,), 3.73 (s, 3H, OMe),
5.42 (dddd, J=1.3, 2.6, 4.2, 10.1 Hz, 1H, C4-H), 5.77 (m, 1H, C3-H); >*C NMR (125.7 MHz, CDCl;)
8 2.2 (CH;), 17.4 (CH3), 22.6 (CH,), 23.0 (CHj3), 25.6 (CH,), 32.4 (CH), 37.1 (CH,), 41.9 (C), 43.7
(CH), 51.1 (CH3), 54.0 (CH,), 58.6 (C), 86.1 (C), 124.4 (CH), 128.8 (CH), 173.4 (C); HRMS (EI) m/z:
[M]" Calcd for C,3H300,4Si 338.1913; Found 338.1910. (YA11051)

Methyl (1R,2S,7R,8S,10R)-8-(Hydroxymethyl)-2,10-dimethyl-11-oxatricyclo[6.2.1.0>"|undec-5-
ene-1-carboxylate (134).

A solution of epoxide 133 (14.1 mg, 41.9 umol) in DMSO/4 M aqueous NaOH (5:2, 0.7 mL) was
heated at 80 °C for 2 h. After cooling, the reaction mixture was partitioned between AcOEt (20 mL)
and H,O (20 mL), and the aqueous layer was extracted with AcOEt (20 mL). The combined organic
extracts were washed with brine (20 mL) and dried over anhydrous Na,SQ,. Filtration and evaporation
in vacuo furnished the crude product (15.1 mg), which was purified by column chromatography (silica
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20 CO,Me gel 10 g, 2:3 n-hexane/AcOEt) to give alcohol 134 (10.0 mg, 90%) as a colorless

Me 7 oil: R;0.50 (1:1 n-hexane/AcOEt); [a]p™* —54.9 (c 0.48, CHCl;); IR (neat) 3493,
"'Me 3024, 2955, 2878, 1755, 1732, 1458, 1437, 1339, 1321, 1290, 1248, 1109, 1090,
g 7 1057 cm™'; "H NMR (500 MHz, CDCl5) & 0.94 (d, J = 7.0 Hz, 3H, C17-H3), 1.20

(m, 1H, one of C1-H,), 1.25 (s, 3H, C20-H;), 1.57 (dd, J = 4.3, 11.7 Hz, 1H, one
of C7-H,), 1.64 (dt, J= 5.3, 11.8 Hz, one of C1-H,), 1.78 (br, 1H, OH), 1.84 (dd, J
= 8.4, 11.7 Hz, 1H, one of C7-H,), 1.87 (m, 1H, C5-H), 1.89-1.99 (m, 2H, C2-H,), 2.73 (ddq, J = 4.3,
8.4,7.0 Hz, 1H, C8-H), 3.72 (d, J = 12.2 Hz, 1H, one of C6-CH,), 3.78 (s, 3H, OMe), 3.95 (d, J=12.2
Hz, 1H, one of C6-CH,); >C NMR (125.7 MHz, CDCl;) & 18.7 (CH3), 20.58 (CH3), 20.60 (CH,), 28.9
(CH,), 34.8 (CH), 41.9 (CH,), 46.8 (C), 51.5 (CHs;), 52.0 (CH), 62.4 (CH,), 87.8 (C), 94.0 (C), 123.9
(CH), 129.2 (CH), 170.6 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C;sH,,0,Na 289.1416; Found
289.1434. (YA12173)

OH

Methyl (1S5,2R,3R,6S)-2-Hydroxy-1,3-dimethyl-5-methylenebicyclo[4.4.0]dec-7-ene-2-carboxyl-
ate (132).
Bu,NF in THF (1.0 M, 0.15 mL, 0.15 mmol) was added to a solution of TMS
Me Co\él\|/l_|e ether 126 (22.8 mg, 0.071 mmol) in THF (1 mL) at 0 °C. After stirring for 2 h, the
X .Me!? Mixture was partitioned between AcOEt (30 mL) and H,O (5 mL), and the
“ aqueous layer was extracted with AcOEt (30 mL). The combined organic extracts
4 H were washed with brine (5 mL) and dried over anhydrous Na,SO,. Filtration and
evaporation in vacuo furnished the crude product (23.9 mg), which was purified
by column chromatography (silica gel 5 g, 10:1 n-hexane/AcOEt) to give tertiary alcohol 132 (17.7
mg, 99%) as a colorless oil: R, 0.41 (5:1 n-hexane/AcOEt); [a]p” —164.7 (¢ 0.53, CHCILy); IR (neat)
3536, 2936, 1721, 1458, 1375, 1252, 1234 cm™'; '"H NMR (500 MHz, CDCl;) § 0.88 (d, J = 6.3 Hz,
3H, C17-Hs), 0.95 (s, 3H, C20-Hs), 1.36 (dt, J = 6.8, 13.6 Hz, 1H, one of C1-H,), 1.79 (dt, J = 6.4,
13.6 Hz, 1H, one of C1-H,), 2.02 (m, 1H, one of C2-H,), 2.11 (m, 1H, one of C7-H,), 2.27-2.36 (m,
3H, one of C2-H,, one of C7-H, and C8-H), 2.63 (m, 1H, C5-H), 3.15 (s, 1H, C9-OH), 3.79 (s, 3H,
OMe), 4.73 (s, 1H, one of C6=CH,), 4.85 (s, 1H, one of C6=CH,), 5.35 (m, 1H, C4-H), 5.83 (ddd, J =
3.2, 6.3, 9.8 Hz, 1H, C3-H); "C NMR (125.7 MHz, CDCl;) § 15.9 (CH3), 24.2 (CH,), 25.0 (CH3),
28.2 (CH,), 34.3 (CH), 36.7 (CH,), 39.8 (C), 48.8 (CH), 52.0 (CH3), 83.3 (C), 110.1 (CH,), 128.1
(CH), 128.8 (CH), 148.2 (C), 175.6 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C;sH,,0;Na
273.1467; Found 273.1452. (YA11127)

Methyl (1S5,2R,3R,65)-2-(tert-Butoxycarbonyl)oxy-1,3-dimethyl-5-methylenebicyclo[4.4.0]dec-7-
ene-2-carboxylate (138).
KHMDS in toluene (0.5 M, 1.10 mL, 0.55 mmol) was added to a solution of
2 Coé'\éic tertiary alcohol 132 (70.9 mg, 0.283 mmol) in THF (2 mL) at —78 °C. After
N stirring for 30 min, di-tert-butyl dicarbonate (185 mg, 0.85 mmol) in THF (1 mL)
was added, and the mixture was stirred at 0 °C for 30 min. The reaction was
quenched with saturated aqueous NH,C1 (15 mL), and the resulting mixture was
extracted with AcOEt (2x50 mL). The combined organic extracts were washed
with brine (15 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished
the crude product (291 mg), which was purified by column chromatography (silica gel 30 g, 15:1
n-hexane/AcOEt) to give carbonate 138 (95.5 mg, 96%) as a colorless oil: R, 0.40 (10:1
n-hexane/AcOEt); [a]p™ —98.8 (¢ 1.13, CHCI;); IR (neat) 2978, 1740, 1458, 1369, 1290, 1257, 1163
em '; '"H NMR (500 MHz, CDCl;) § 0.92 (s, 3H, C20-H), 0.99 (d, J = 7.2 Hz, 3H, C17-Hs), 1.47 (s,
9H, 'Bu), 1.66-1.75 (m, 2H, C1-H,), 1.94-2.03 (m, 2H, C2-H>), 2.08 (dd, J = 4.1, 13.8 Hz, 1H, one of
C7-H,), 2.69 (d, J = 4.0 Hz, 1H, C5-H), 3.02 (ddq, J = 4.1, 5.2, 7.2 Hz, 1H, C8-H), 3.11 (dd, J = 5.2,
13.8 Hz, 1H, one of C7-H,), 3.72 (s, 3H, OMe), 4.77 (s, 1H, one of C6=CH,), 4.89 (s, 1H, one of
C6=CH,), 5.56 (m, 1H, C4-H), 5.74 (m, 1H, C3-H); °C NMR (125.7 MHz, CDCl;) § 17.1 (CH;), 20.6
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(CHs), 23.6 (CH,), 24.4 (CH,), 27.7 (CHs), 34.1(CH), 39.2 (CH,), 41.9 (C), 46.3 (CH), 51.4 (CHs),
81.6 (C), 88.4 (C), 112.3 (CH,), 126.8 (CH), 127.0 (CH), 146.3 (C), 152.4 (C), 171.9 (C); HRMS
(ESI) m/z: [M + K] Caled for CHz00sK 389.1730; Found 389.1748. (YA12134)

Methyl (1R,2R,4R,5R,6S)-5-(tert-Butoxycarbonyl)oxy-4,6-dimethylspiro[bicyclo[4.4.0]dec-9-en-
2,2'-oxirane]-5-carboxylate (139).

m-CPBA (ca. 70%, 60.0 mg, ca. 0.243 mmol) was added to a solution of

20 COMe 4 diene 138 (84.6 mg, 0.241 mmol) in CH,CL, (12 mL) at 40 °C. After stirring

Me | ..OBoc
Me'”  at =20 °C for 40 h, the reaction was quenched with a mixture of 1 M aqueous
7 Na,S,0;3 (10 mL) and saturated aqueous NaHCO; (10 mL), and the resulting
‘*H >0 mixture was extracted with AcOEt (2x50 mL). The combined organic extracts

were washed with brine (20 mL) and dried over anhydrous Na,SO,. Filtration and
evaporation in vacuo furnished the crude product (120 mg), which was purified by column chromatog-
raphy (silica gel 15 g, 20:1—10:1—5:1 n-hexane/AcOEt) to give a mixture of epoxides 139 and 140
(44.4 mg, 50%, 139:140 = 5.4:1) as a colorless oil, along with recovered diene 138 (27.1 mg, 32%,
colorless oil) and bis-epoxide (11.1 mg, 12%, white solid).

This sequence was repeated again employing recovered 138 (27.1 mg, 77.3 umol), m-CPBA (ca.
70%, 19.1 mg, ca. 77.5 pmol) and CH,Cl, (4 mL). The crude product (35.6 mg) was purified by
column chromatography (silica gel 5 g, 20:1—10:1—5:1 n-hexane/AcOEt) to give a mixture of
epoxides 139 and 140 (16.5 mg, 58%, 139:140 = 5.4:1) as a colorless oil, along with recovered diene
138 (9.7 mg, 32%, colorless oil) and bis-epoxide (2.5 mg, 9%, white solid). Separation of epoxides
139 and 140 by flash column chromatography (silica gel 120 g, CHCl;) yielded desired epoxide 139
(51.3 mg, 58%) as a colorless oil and 140 (9.4 mg, 11%) as a white solid: R, 0.44 (5:1
n-hexane/AcOEt), 0.24 (CHCLy); [a]p> —143.6 (¢ 1.36, CHCl;); IR (neat) 2978, 2949, 1748, 1458,
1292, 1258, 1161 cm™'; 'TH NMR (500 MHz, CDCl;) & 0.96 (s, 3H, C20-H3), 1.16 (d, J = 7.0 Hz, 3H,
C17-Hs), 1.46 (s, 9H, ‘Bu), 1.47 (br, 1H, one of C7-H,), 1.67 (m, 1H, one of C1-H,), 1.99-2.00 (m, 2H,
one of C1-H, and one of C2-H,), 2.19-2.32 (br, 3H, one of C2-H,, one of C5-H and C7-H,), 2.59 (d, J
= 5.0 Hz, 1H, one of C6-CH>), 2.87 (d, J = 5.0 Hz, 1H, one of C6-CH,), 2.97 (m, 1H, C7-H,), 3.75 (s,
3H, OMe), 5.45 (m, 1H, C3-H), 5.77 (d, J = 10.0 Hz, 1H, C4-H); >C NMR (125.7 MHz, CDCl;) &
18.2 (CHy), 23.6 (CH,), 27.7 (CH3), 33.4 (CH), 36.5 (C), 51.4 (CH3;), 52.7 (C), 81.7 (C), 88.2 (C),
124.4 (CH), 129.2 (CH), 152.4 (C), 170.5 (C), other peaks too broad to detect; HRMS (ESI) m/z: [M +
Na]" Calcd for C,0H300Na 389.1940; Found 389.1938.

Data for Methyl (1S5,2R,3R,6S,7S,8R)-2-(tert-Butoxycarbonyl)oxy-7,8-
20 CO,Me epoxy-1,3-dimethyl-5-methylenebicyclo[4.4.0]decane-2-carboxylate (58): R,
0.44 (5:1 n-hexane/AcOE), 0.34 (CHCL); [a]n”> —60.8 (c 0.38, CHCI5); IR (neat)
2982, 2955, 1748, 1456, 1283, 1258, 1140 cm '; "H NMR (500 MHz, CDCl;) &
0.80 (s, 3H, C20-Hs), 1.03 (d, J= 6.7 Hz, 3H, C17-H;), 1.15 (dt, /= 6.8, 14.2 Hz,
1H, one of C1-H,), 1.45 (s, 9H, ‘Bu), 1.89 (m, 2H, one of C1-H, and one of
C2-H,), 2.12 (dd, J = 3.9, 13.9 Hz, 1H, one of C7-H,), 2.18-2.25 (m, 2H, one of C2-H, and one of
C7-H,), 2.27 (s, 1H, C5-H), 2.45 (m, 1H, C8-H), 2.99 (d, J = 4.0 Hz, 1H, C3-H), 3.26 (m, 1H, C4-H),
3.76 (s, 3H, OMe), 4.88 (s, 2H, C6=CH,); °C NMR (125.7 MHz, CDCl;) § 18.9 (CH3), 23.1 (CH,),
26.0 (CH3), 27.7 (CH3;), 30.8 (CH,), 36.0 (CH), 37.0 (CH,), 38.2 (C), 51.5 (CHj3), 52.6 (CH), 54.7
(CH), 56.8 (CH), 81.8 (C), 88.8 (C), 111.8 (CH,), 145.6 (C), 151.6 (C), 168.9 (C); HRMS (ESI) m/z:
[M + Na]" Calcd for CyH300¢Na 389.1940; Found 389.1940.

Data for methyl (15,2R,4R,5R,65,9R,10S5)-5-(tert-butoxycarbonyl)oxy-
9,10-epoxy-4,6-dimethylspiro[bicycle[4.4.0]decan-2,2'-oxirane]-5-carboxylate
(bis-epoxide): R, 0.18 (5:1 n-hexane/AcOEt); mp 140-141 °C (colorless prisms
from n-hexane); [OL]D25 —77.9 (c 0.80, CHCI;); IR (neat) 2982, 2955, 1746, 1458,
1285, 1261, 1144 cm™'; '"H NMR (500 MHz, CDCl;) & 1.00 (s, 3H, C20-H5), 1.04
(d, J=6.7 Hz, 3H, C17-H;), 1.09 (dq, J = 14.5, 1.5 Hz, 1H, C7-H,), 1.14 (m, 1H,
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one of C7-H,), 1.33 (m, 1H, C5-H), 1.46 (s, 9H, ‘Bu), 1.84 (m, 1H, one of C1-H,), 1.89 (m, 1H, one of
C2-H,), 2.10 (t, J = 14.5 Hz, 1H, one of C7-H,), 2.23 (m, 1H, one of C2-H,), 2.69 (d, J=4.5 Hz, 1H,
one of C6-CH,), 2.78 (m, 1H, C8-H), 2.82 (d, /= 4.5 Hz, 1H, one of C6-CH>), 3.09 (d,J=4.2 Hz, 1H,
C4-H), 3.28 (m, 1H, C3-H), 3.78 (s, 3H, OMe) ; *C NMR (125.7 MHz, CDCl;) & 18.8 (CH3), 22.7
(CH,), 26.2 (CHay), 27.7 (CH3), 30.7 (CH,), 33.0 (CH), 35.0 (CH,), 38.4 (C), 50.3 (CH), 50.6 (CH,),
51.6 (CH;), 54.3 (CH), 54.5 (CH), 58.5 (C), 81.9 (C), 88.6 (C), 151.5 (C), 168.6 (C); HRMS (ESI)
m/z: [M + Na]" Calcd for C»oH300;Na 405.1889; Found 405.1873.

Methyl (1R,2S,7R,8S,12R)-8-(hydroxymethyl)-2,12-dimethyl-10-0x0-9,11-dioxatricyclo[6.3.2.0>]
tridec-5-ene-1-carboxylate (141).

A 0.2 M solution of BF;-OEt; in CH,Cl, (0.20 mL, 40.0 umol) was added to a
solution of epoxide 139 (11.9 mg, 32.5 pumol) in CH,Cl, (0.7 mL) at —78 °C.
After stirring at —60 °C for 30 min, the reaction was quenched with Et;N (10 mL),
and the resulting mixture was partitioned between AcOEt (40 mL) and saturated
aqueous NaHCO; (15 mL). The aqueous layer was extracted with AcOEt (40
mL), and the combined organic extracts were washed with brine (15 mL) and
dried over anhydrous Na,SO;,. Filtration and evaporation in vacuo furnished the crude product (12.1
mg), which was purified by column chromatography (silica gel 5 g, 1:1 n-hexane/AcOEt) to give
cyclic carbonate 141 (7.5 mg, 74%) as a white solid: R, 0.45 (1:2 n-hexane/AcOEt); mp 124-125 °C
(colorless prisms from 3:1 n-hexane/CHCI5); [a]p>* —66.0 (¢ 1.20, CHCI5); IR (neat) 3462, 2926, 1738,
1458, 1250, 1113, 1090, 1049 cm™'; "H NMR (500 MHz, CDCl5) & 1.06 (s, 3H, C20-H5), 1.14 (d, J =
6.7 Hz, 3H, C17-H;), 1.62 (m, 1H, one of C1-H,), 1.69 (ddd, /= 5.4, 10.2, 13.8 Hz, 1H, one of C1-H,),
1.80 (dd, J = 8.1, 15.8 Hz, 1H, one of C7-H,), 1.98-2.04 (m, 2H, one of C2-H, and OH), 2.15 (m, 1H,
C5-H), 2.23 (m, 1H, one of C2-H,), 2.43 (dd, J = 9.8, 15.8 Hz, 1H, one of C7-H,), 2.70 (ddq, J = 8.1,
9.8, 6.7 Hz, 1H, C8-H), 3.61 (dd, J=7.0, 11.1 Hz, 1H, one of C6-CH,), 3.73 (dd, /= 3.6, 11.1 Hz, one
of C6-CH>), 3.81 (s, 3H, OMe), 5.59 (m, 1H, C4-H), 6.02 (m, 1H, C3-H); °C NMR (125.7 MHz,
CDCl;) 6 16.9 (CH3), 21.5 (CHy), 24.5 (CH3;), 26.7 (CH,), 30.5 (CH), 37.5 (CH,), 39.9 (C), 44.2 (CH),
52.5 (CHs;), 66.4 (CH,), 84.9 (C), 92.8 (C), 121.3 (CH), 130.8 (CH), 149.5 (C), 168.3 (C); HRMS (EI)
m/z: [M + Na]" Caled for C,¢H,,0¢Na 333.1314; Found 333.1328. (YA12145)

Methyl (1S5,2R,3R,55,6R)-2,5-Dihydroxy-5-(hydroxymethyl)-1,3-dimethylbicyclo[4.4.0]dec-7-
ene-2- carboxylate (142).
A 0.9 M solution of NaOMe in MeOH (0.76 mL, 0.69 mmol) was added to a
2 00(2)'\('_'e solution of cyclic carbonate 141 (43.0 mg, 139 pumol) in MeOH (1.4 mL) at 0 °C.
N\ After stirring at room temperature for 5 h, the reaction was quenched with
saturated aqueous NH4Cl1 (10 mL), and the resulting mixture was extracted with
“/OH AcOEt (2x40 mL). The combined organic extracts were washed with brine (30
OH mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo
furnished the crude product (39.0 mg), which was purified by column
chromatography (silica gel 15 g, 1:2 n-hexane/AcOEt) to give triol 142 (36.9 mg, 93%) as a white
solid: R, 0.42 (1:2 n-hexane/AcOEt); mp 139-140 °C (colorless needles from 3:1 n-hexane/CHCI,);
[a]p”” —185.8 (¢ 0.96, CHCL;); IR (neat) 3397, 3024, 2930, 1719, 1437, 1250, 1026 cm '; '"H NMR
(500 MHz, CDCl;) 6 0.90 (s, 3H, C20-H;), 0.96 (d, J = 6.4 Hz, 3H, C17-H3), 1.28 (dd, J = 5.0, 12.4
Hz, 1H, one of C1-H,), 1.47 (dd, J=10.5, 15.0 Hz, 1H, one of C7-H,), 1.84 (m, 1H, C5-H), 1.93-1.98
(m, 2H, one of C2-H, and CH,0H), 2.06 (dt, J = 12.4, 5.3 Hz, 1H, one of C1-H,), 2.13 (dd, J = 8.6,
15.0 Hz, 1H, one of C7-H,), 2.15 (m, 1H, one of C2-H,), 2.25 (ddq, J = 8.6, 10.5, 6.4 Hz, 1H, C8-H),
3.47 (dd, J= 4.4, 10.5 Hz, 1H, one of C6-CH,), 3.60 (d, J=10.5 Hz, 1H, one of C6-CH,), 3.80 (s, 3H,
OMe), 3.88 (s, 1H, COH), 4.45 (s, 1H, COH), 5.65 (m, 1H, C3-H), 5.91 (m, 1H, C4-H); *C NMR
(125.7 MHz, CDCls) & 16.3 (CHj3), 21.9 (CHy), 23.9 (CHj;), 25.3 (CHy), 29.6 (CH), 39.8 (C), 40.6
(CH,), 45.5 (CH), 52.2 (CH3), 69.3 (CH,), 73.1 (C), 82.5 (C), 124.3 (CH), 128.8 (CH), 175.1 (C);
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HRMS (ESI) m/z: [M + Na]* Caled for C;sH,,0sNa 307.1521; Found 307.1507. (YA12147)

Methyl (18,2R,5R,6R)-2-Hydroxy-1,3-dimethyl-5-oxobicyclo[4.4.0]dec-7-ene-2-carboxylate (143).
Pb(OAc), (14.8 mg, 33.4 umol) was added to a solution of triol 60 (7.9 mg,
e C(?sze 27.8 umol) in CH,Cl, (0.6 mL) at 0 °C. After stirring for 5 min, the reaction was
S .Me'?” quenched with saturated aqueous NaHCO; (10 mL), and the resulting mixture
O‘ was extracted with AcOEt (2x30 mL). The combined organic extracts were
4 H o washed with brine (10 mL) and dried over anhydrous Na,SO,. Filtration and
evaporation in vacuo furnished the crude product (11.6 mg), which was purified
by column chromatography (Wako gel 5 g, 3:1 n-hexane/AcOEt) to give ketone 61 (6.6 mg, 94%) as a
white solid: R, 0.41 (2:1 n-hexane/AcOEt); mp 144-146 °C (colorless needles from 20:1
n-hexane/CHCLy); [a]p” —268.7 (¢ 0.87, CHCI5); IR (neat) 3391, 2930, 2855, 1717, 1433, 1265, 1163,
1045 cm'; 'TH NMR (500 MHz, CDCl3) & 1.00 (d, J = 6.5 Hz, 3H, C17-H;), 1.11 (s, 3H, C20-H5),
1.25 (ddd, J = 3.1, 5.0, 12.8 Hz, 1H, one of C1-H,), 1.75 (ddd, J = 5.4, 11.5, 12.8 Hz, 1H, one of
Cl1-H,), 1.97 (m, 1H, one of C2-H,), 2.14 (m, 1H, one of C2-H,), 2.22 (dd, J=10.8, 17.4 Hz, 1H, one
of C7-H,), 2.45 (dd, J = 7.3, 17.4 Hz, 1H, one of C7-H,), 2.78 (m, 1H, C5-H), 2.83 (ddq, /= 7.3, 10.8,
6.5 Hz, 1H, C8-H), 3.09 (s, 1H, C9-OH), 3.83 (s, 3H, OMe), 5.64 (m, 1H, C4-H), 5.94 (m, 1H, C3-H);
C NMR (125.7 MHz, CDCl3) 8 15.7 (CH3), 22.1 (CH,), 24.0 (CH3), 26.0 (CH,), 32.2 (CH), 43.6 (C),
43.7 (CHy), 52.3 (CH;), 53.9 (CH), 81.4 (C), 122.6 (CH), 128.8 (CH), 174.8 (C), 210.7 (C); HRMS
(ESI) m/z: [M + Na]" Calcd for C,4H,004Na 275.1259; Found 275.1265. (YA12143)

Methyl (1R,2S,7R,8R,10R)-8(tert-Butyldimethylsilyl)oxy-2,10-dimethyl-11-oxatricyclo[6.2.1.0*7]
undec-5-ene-1-carboxylate (144).
To a cooled solution (-78 °C) of hydroxyketone 143 (3.4 mg, 13.5 pumol) in
ZI(\)/Ie CO,Me . CH,Cl, (1 mL) was added Et;N (10 uL, 72 umol), followed by addition of a 0.5 M
~Me  solution of TBSOTf in CH,Cl, (60 pL, 30 umol). After stirring at 0 °C for 15 min,
O@ the reaction was quenched with saturated aqueous NaHCO; (10 mL), and the
resulting mixture was extracted with AcOEt (2x30 mL). The combined organic
extracts were washed with brine (10 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (6.8 mg), which was purified by flash
column chromatography (silica gel 3 g, 30:1 n-hexane/AcOEt) to give lactol TBS ether 144 (4.6 mg,
94%) as a colorless oil: R0.50 (5:1 n-hexane/AcOE); [a]p” —67.7 (¢ 1.07, CHCl;); IR (neat) 3032,
2953, 2930, 2857, 1763, 1732, 1462, 1335, 1298, 1107, 1069, 920, 833 cm'; '"H NMR (500 MHz,
CDCls) 6 0.17 (s, 3H, SiMe), 0.18 (s, 3H, SiMe), 0.91 (s, 9H, 'Bu), 0.95 (d, J = 6.9 Hz, 3H, C17-H;),
1.18 (m, 1H, one of C1-H,), 1.21 (s, 3H, C20-H3), 1.28 (dd, J=4.4, 11.7 Hz, 1H, one of C7-H,), 1.59
(m, 1H, one of C1-H,), 1.81-1.88 (m, 2H, one of C2-H, and C5-H), 1.94 (m, 1H, one of C2-H,), 2.08
(dd, J=8.3, 11.7 Hz, 1H, one of C7-H,), 2.61 (ddq, J = 4.4, 8.3, 6.9 Hz, 1H, C8-H), 3.73 (s, 3H, OMe),
5.73 (d, J = 10.3 Hz, 1H, C4-H), 5.90 (m, 1H, C3-H); °C NMR (125.7 MHz, CDCl;) § —3.2 (CH3),
-3.0 (CHy), 18.1 (C), 19.0 (CH3), 20.6 (CH,), 21.2 (CHj3), 25.9 (CH3;), 29.6 (CH,), 34.7 (CH), 46.40
(CH), 46.43 (CH,), 51.2 (CH3), 52.9 (C), 88.7 (C), 107.6 (C), 125.7 (CH), 128.0 (CH), 170.6 (C);
HRMS (ESI) m/z: [M + Na]" Caled for C50H3,04SiNa 389.2124; Found 389.2117. (YA12172)
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(R)-3-Methylcyclohex-2-en-1-yl 2-Diazo-3-oxobutanoate (212).
Diketene (1.50 mL, 19.6 mmol) was added to a solution of alcohol 80 (2.00 g,
13'\"9 Me  17.8 mmol) and DMAP (215 mg, 1.79 mmol) in Et,0 (100 mL) at —10 °C. After 9
N2 o h of stirring at room temperature, the reaction was quenched with 0.15 M aqueous
"’omij KOH (50 mL), and the resulting mixture was extracted with Et,O (2 x 100 mL).
The combined organic extracts were washed with brine (40 mL) and dried over
anhydrous Na,SQO,. Filtration and evaporation in vacuo furnished the crude product (3.97 g), which
was used without further purification for the next reaction.
Methanesulfonyl azide (3.24 g, 26.8 mmol) was added to a solution of the crude acetoacetate 211
(3.97 g) and Et;N (12.0 mL, 86.1 mmol) in acetonitrile (100 mL) at 0 “C. After 2 h of stirring at room
temperature, the reaction mixture was partitioned between AcOEt (300 mL) and H,O (150 mL), and
the aqueous layer was extracted with AcOEt (300 mL). The combined organic extracts were washed
with brine (150 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished
the crude product (6.31 g), which was purified by column chromatography (silica gel 150 g, 10:1
n-hexane/AcOEt) to give a-diazo-B-ketoester 212 (3.50 g, 88% for two steps) as a yellow oil. R;0.66
(3:1 n-hexane/AcOEY); [a]p> +146.9 (¢ 1.10, CHCILy); IR (neat) 2938, 2139, 1713, 1659, 1366, 1301,
1247, 1157, 1060 cm™'; "H NMR (500 MHz, CDCl;) & 1.63—1.86 (m, 4H, C9-H, and C11-H,), 1.73 (br
s, 3H, C18-H;), 1.88-2.05 (m, 2H, C12-H,), 2.48 (s, 3H, COCHs), 5.38 (m, 1H, C8-H), 5.51 (m, 1H,
C14-H); >C NMR (125.7 MHz, CDCl;) & 18.8 (CH,), 23.7 (CH3), 28.0 (CH,), 28.3 (CH3), 29.8 (CH,),
70.3 (CH), 77.2 (C), 119.3 (CH), 142.1 (C), 161.3 (C), 190.4 (C); HRMS (FAB) m/z [M + H]" calcd
for C;1H;5sN,05 223.1083; found 223.1101. (YA8076, YA8078)

(R)-3-Methylcyclohex-2-en-1-yl Diazoacetate (213).

Lithium hydroxide (106 mg, 4.44 mmol) was added to a solution of
1;\Ae a-diazo-B-ketoester 212 (329 mg, 1.48 mmol) in THF/H,O (1:1, 18 mL) at 0 °C.
/ENz After 30 min of stirring, the reaction was partitioned between CH,Cl, (40 mL) and

'//016 o H2O (10 mL). The aqueous layer was extracted with CH,Cl, (3%20 mL), and the
combined organic extracts were washed with brine (15 mL) and dried over
anhydrous Na,SQ,. Filtration and evaporation in vacuo furnished the crude product (309 mg), which
was purified by column chromatography (silica gel 10 g, 10:1 n-hexane/AcOEt with 3% Et;N) to give
diazoacetate 213 (230 mg, 86%) as a yellow oil; R;0.66 (3:1 n-hexane/AcOEt); [a]p”’ +204.3 (¢ 1.21,
CHCl); IR (neat) 3119, 2938, 2108, 1688, 1435, 1385, 1242, 1186 cm™; '"H NMR (500 MHz, CDCl;)
6 1.60-2.02 (m, 6H, C9-H,, C11-H, and C12-H,), 1.71 (br s, 3H, C18-H;), 4.72 (s, 1H, C17-H), 5.33
(m, 1H, C8-H), 5.49 (m, 1H, C14-H); °C NMR (125.7 MHz, CDCl;) & 18.9 (CH,), 23.6 (CH3), 28.1
(CH,), 29.8 (CH,), 46.2 (CH), 69.3 (CH), 119.9 (CH), 141.2 (C), 166.6 (C); Anal. Calcd for
CoHpN,O,: C,59.99; H, 6.71; N, 15.55. Found: C, 59.87; H, 6.69; N, 15.49. (YA8070)

(R)-3-Methylcyclohex-2-en-1-yl (S5)-6-(ter-Butyldiphenylsilyl)oxy-2-diazo-5-(triethylsilyl)oxy-3-
hydroxyhexanoate (214).

A solution of LHMDS [prepared

Me OTBDPS Me OTBDPS  from 1,1,1,3,3,3-hexamethyldisilazane

2 HOS; 24 12 H (1.00 mL, 4.66 mmol) and butyllithium

,/ 17 OTES ,/ in n-hexane (1.65 M, 2.80 mL, 4.62

0=, ™ 0 mmol)] in THF (20 mL) was added to a

solution of diazoacetate 213 (839 mg,

4.66 mmol) and aldehyde 190 (1.77 g, 3.88 mmol) in THF (20 mL) at —78 °C. After 30 min of stirring,

the reaction was quenched with saturated aqueous NH,Cl (40 mL), and the resulting mixture was
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extracted with AcOEt (2x100 mL). The combined organic extracts were washed with brine (30 mL)
and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product
(2.91 g), which was subjected to chromatography (silica gel 100 g, 20:1 n-hexane/AcOEt, 5% Et;N) to
give aldol product 214 (2.17 g, 88%, dr = 1:1) as a yellow oil. Diastereomers could be separated by
flash column chromatography (silica gel 100 g, 15:1 n-hexane/AcOEt with 5% Et;N): (YA8090)

Data for the less polar isomer: R, 0.43 (5:1 n-hexane:AcOEt); [a]p”’ +48.2 (¢ 1.24, CHCL,); IR
(neat) 3466, 2953, 2092, 1687, 1377, 1288, 1113, 1078 cm™'; "H NMR (500 MHz, CDCl;) & 0.49 (q, J
= 7.8 Hz, 6H, SiCH,CH;x3), 0.87 (t, J = 7.8 Hz, 9H, SiCH,CH;x3), 1.05 (s, 9H, ‘Bu), 1.61-2.06 (m,
8H, C9-H,, C11-H,, C12-H, and C22-H,), 1.70 (br s, 3H, C18-H3), 3.42 (br s, 1H), 3.57 (dd, J = 8.1,
9.8 Hz, 1H, one of C24-H,), 3.64 (dd, J=4.7, 9.8 Hz, 1H, one of C24-H,), 4.01 (m, 1H, C23-H), 4.96
(m, 1H, C20-H), 534 (m, 1H, C8-H), 549 (m, 1H, Cl14-H), 7.34-7.46 (m, 6H, aromatic-H),
7.62-7.69 (m, 4H, aromatic-H); °C NMR (125.7 MHz, CDCl3) & 4.7 (CH,), 6.7 (CHs), 18.9 (CH,),
19.1 (C), 23.7 (CHs3), 26.8 (CH3), 28.2 (CH,), 29.9 (CH,), 38.2 (CH,), 63.4 (CH), 67.0 (CH,), 69.4
(CH), 70.2 (CH), 120.1 (CH), 127.71 (CH), 127.73 (CH), 129.7 (CH), 129.8 (CH), 133.1 (C), 133.3
(C), 135.6 (CH), 141.1 (C), 166.1 (C); HRMS (ESI) m/z: [M + Na]" Caled for C;sHs,N,05Si,Na
659.3312; Found 659.3305.

Data for more polar isomer: R, 0.38 (5:1 n-hexane:AcOEt); [a]p”’ +45.7 (¢ 1.06, CHCLy); IR (neat)
3466, 2953, 2093, 1682, 1377, 1288, 1113, 1069 cm™; 'H NMR (500 MHz, CDCl3) 8 0.49 (q, J = 7.8
Hz, 6H, SiCH,CH;3x3), 0.86 (t, J = 7.8 Hz, 9H, SiCH,CH;x3), 1.05 (s, 9H, ‘Bu), 1.61-2.00 (m, 6H,
C9-H,, C11-H, and C12-H,), 1.70 (br s, 3H, C18-H3), 1.87 (dt, J = 14.4, 8.1 Hz, 1H, one of C22-H,),
2.11 (dt,J=14.4, 4.8 Hz, 1H, one of C22-H,), 3.39 (br s, 1H, OH), 3.49 (dd, J= 7.5, 10.2 Hz, 1H, one
of C24-H,), 3.61 (dd, J = 4.3, 10.2 Hz, 1H, one of C24-H,), 3.89 (m, 1H, C23-H), 4.88 (dd, J = 4.8,
8.1 Hz, 1H, C20-H), 5.34 (m, 1H, C8-H), 5.48 (m, 1H, C14-H), 7.36-7.45 (m, 6H, aromatic-H),
7.62—7.68 (m, 4H, aromatic-H); °C NMR (125.7 MHz, CDCl;) 8 5.6 (CH,), 7.4 (CH;), 19.7 (CH,),
19.8 (C), 24.0 (CH3), 27.5 (CHj3), 28.9 (CH,), 30.3 (CH,), 40.3 (CH,), 65.1 (CH), 68.6 (CH,), 69.9
(CH), 71.8 (CH), 121.3 (CH), 128.5 (CH), 130.5 (CH), 130.5 (CH), 134.0 (C), 134.2 (C), 136.4 (CH),
141.0 (C), 166.1 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C3sHs;N,05Si;Na 659.3312; Found
659.3331.

(R)-3-Methylcyclohex-2-en-1-yl (S)-6-(tert-butyldiphenylsilyl)oxy-2-diazo-3-oxo0-5-(tri-
ethylsilyl)oxyhexanoate (215).
A solution of alcohol 214 (4.02 g, 6.31 mmol) in THF (32 mL) was
Me OTBDPS  added to a solution of 2-iodoxybenzoic acid (5.36 g, 19.1 mmol) and
13 o 5 24 pyridine (7.7 mL, 95.2 mmol) in DMSO (32 mL). After 6 h of stirring,
., 17 OTES the reaction mixture was diluted with H,O (100 mL) and passed
© o N, through a Celite pad. The filtrate was extracted with n-hexane/AcOEt
(3:1, 2x200 mL), and the combined organic extracts were washed with
brine (100 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the
crude product (5.72 g), which was purified by column chromatography (silica gel 200 g, 20:1
n-hexane/AcOEt with 5% Et;N) to give a-diazo-B-ketoester 215 (3.75 g, 94%) as a pale yellow oil: R,
0.60 (5:1 n-hexane:AcOEY); [a]p’ +52.6 (¢ 1.00, CHCls); IR (neat) 2953, 2131, 1713, 1655, 1427,
1286, 1113, 1071, 1016 cm™; "H NMR (500 MHz, CDCl5) 8 0.49 (q, J = 7.9 Hz, 6H, SiCH,CH;x3),
0.85 (t, J = 7.9 Hz, 9H, SiCH,CH;x3), 1.03 (s, 9H, ‘Bu), 1.63-1.86 (m, 4H, C9-H, and C11-H,), 1.70
(br s, 3H, C18-H;), 1.90-2.02 (m, 2H, C12-H,), 3.14 (dd, J = 7.3, 15.9 Hz, 1H, one of C22-H,), 3.25
(dd, J=5.0, 15.9 Hz, 1H, one of C22-H,), 3.54 (dd, J = 7.0, 10.0 Hz, 1H, one of C24-H,), 3.63 (dd, J
=4.9, 10.0 Hz, 1H, one of C24-H,), 4.35 (dddd, J = 4.9, 5.0, 7.0, 7.3 Hz, 1H, C23-H), 5.38 (m, 1H,
C8-H), 5.50 (m, 1H, Cl4-H), 7.36-7.45 (m, 6H, aromatic-H), 7.65—7.69 (m, 4H, aromatic-H); °C
NMR (125.7 MHz, CDCl;) 6 4.6 (CH,), 6.6 (CH3), 18.7 (CH,), 19.0 (C), 23.6 (CH3), 26.7 (CH3), 27.9
(CH»), 29.8 (CH,), 45.0 (CH,), 67.8 (CH,), 69.3 (CH), 70.0 (CH), 119.4 (CH), 127.6 (CH), 129.51
(CH), 129.54 (CH), 133.3 (C), 135.5 (CH), 141.7 (C), 160.9 (C), 191.0 (C); HRMS (ESI) m/z: [M +
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Na]" Caled for C35HsoN,05SiNa 657.3156; Found 657.3181. (YA9065)

(R)-3-Methylcyclohex-2-en-1-yl (R)-6-(tert-Butyldiphenylsilyl)oxy-2-diazo-5-hydroxy-
3-oxohexanoate (189).
Trifluoroacetic acid (0.23 mL, 3.10 mmol) was added to a solution of
Me OTBDPS  TES ether 215 (1.99 g, 3.13 mmol) in CH,Cl,/MeOH (1:1, 30 mL) at
2 © % 24 0 °C. After 30 min of stirring, the reaction was quenched by saturated
.,/o 7 NzOH aqueous NaHCO; (30 mL), and the resulting mixture was extracted with
0 AcOEt (2x100 mL). The combined organic extracts were washed with
brine (30 mL) and dried over anhydrous Na,SO,. Filtration and
evaporation in vacuo furnished the crude product (2.01 g), which was purified by column
chromatography (silica gel 100 g, 3:1 n-hexane/AcOEt with 5% Et;N) to give a-diazo-3-hydroxyester
189 (1.44 g, 88%) as a pale yellow oil: R;0.32 (5:1 n-hexane/AcOEt); [a]p'’ +69.3 (¢ 0.78, CHCL;); IR
(neat) 3512, 3071, 3049, 2931, 2856, 2135, 1713, 1645, 1427, 1290, 1113, 1018, 908 cm™; '"H NMR
(500 MHz, CDCls) & 1.07 (s, 9H, ‘Bu), 1.64-1.84 (m, 4H, C9-H, and C11-H,), 1.72 (br s, 3H, C18-H;),
1.90-2.02 (m, 2H, C12-H,), 2.99 (d, J = 5.3 Hz, 1H, OH), 3.02 (dd, J = 3.8, 16.5 Hz, 1H, one of
C22-H,), 3.17 (dd, J = 8.4, 16.5 Hz, 1H, one of C22-H,), 3.65 (dd, J = 5.5, 10.2 Hz, 1H, one of
C24-H,), 3.69 (dd, J=4.9, 10.2 Hz, 1H, one of C24-H,), 4.23 (ddddd, J=3.8,4.9,5.3, 5.5, 8.4 Hz, 1H,
C23-H), 5.37 (m, 1H, C8-H), 5.50 (m, 1H, C14-H), 7.36—7.44 (m, 6H, aromatic-H), 7.65-7.68 (m, 4H,
aromatic-H); °C NMR (125.7 MHz, CDCl;) & 18.7, (CH,), 19.1 (C), 23.6 (CH3), 26.7 (CH3), 27.9
(CH,), 29.7 (CH,), 43.3 (CH,), 67.1 (CH,), 68.6 (CH), 70.3 (CH), 119.2 (CH), 127.6 (CH), 129.6
(CH), 133.0 (C), 133.1 (C), 135.4 (CH), 135.5 (CH), 142.0 (C), 160.9 (C), 191.8 (C); HRMS (ESI)
m/z: [M + Na]" Caled for CooH3¢N,05SiNa 543.2291; Found 543.2275. (YA9044)

(R)-3-Methylcyclohexan-2-en-1-yl (5)-5-[(tert-Butyldiphenylsilyl)oxylmethyl]-3-oxotetrahydro-
furan-2-carboxylate (183).

A solution of diazoalcohol 189 (32.0 mg, 61.5 umol) in benzene (1 mL) was
added to a refluxing suspension of Rhy(OAc)4 (0.5 mg, 1.1 umol) in benzene (2
mL), and the mixture was stirred for 5 min. After cooling, the catalyst was
@) filtered through a Celite pad, and the filtrate was evaporated in vacuo.

Purification of the crude product (30.1 mg) by column chromatography (silica

gel 5 g, 5:1 n-hexane/AcOEt) to give a diastereomers mixture of -ketoester
183 (20.9 mg, 69%, dr = 3.3:1) as a colorless oil; R;0.67 (3:1 n-hexane/AcOEt); 'H NMR (500 MHz,
CDCl3) § 1.03 (s, 6.91H, ‘Bu of major isomer), 1.05 (s, 2.09H, ‘Bu of minor isomer), 1.60-2.04 (m, 6H,
C9-H,, C11-H, and C12-H,), 1.68 (s, 0.7H, C18-H; of minor isomer), 1.72 (s, 2.3H, C18-H; of major
isomer), 2.61 (dd, J = 6.7, 18.1 Hz, 0.23H, one of C22-H, of minor isomer), 2.64-2.70 (m, 1.53H,
C22-H, of major isomer), 2.69 (dd, J = 8.4, 18.1 Hz, 0.23H, one of C22-H, of minor isomer), 3.69 (dd,
J=2.6,11.3 Hz, 0.77H, one of C24-H, of major isomer), 3.92 (d, J=4.7 Hz, 0.46H, C24-H, of minor
isomer), 4.01 (dd, J=2.9, 11.3 Hz, 0.77H, one of C24-H, of major isomer), 4.43 (m, 0.23H, C23-H of
minor isomer), 4.44 (s, 0.23H, C17-H of minor isomer), 4.64 (s, 0.77H, C17-H of major isomer), 4.75
(m, 0.77H, C23-H of major isomer), 5.28-5.35 (m, 1H, C8-H), 5.44 (m, 0.23H, C14-H of minor
isomer), 5.49 (m, 0.77H, C8-H of major isomer), 7.36—7.47 (m, 6H, aromatic-H), 7.61-7.72 (m, 4H,
aromatic-H of major isomer). (YA8093)

Me TBDPSO

[2R,2(1S),55]-3-(tert-Butyldimethylsilyl)oxy-5-[(terz-butyldiphenylsilyl)oxymethyl]-2-|1-methyl-
cyclohex-2-en-1-yl]-2,5-dihydrofuran-2-carboxylic acid (218).

A solution of diazoalcohol 189 (500 mg, 0.960 mmol) in benzene (8 mL) was added to a refluxing
suspension of Rh,(OAc), (4.2 mg, 9.5 umol) in benzene (40 mL), and the mixture was stirred for 5
min. After cooling, the catalyst was filtered through a Celite pad, and the filtrate was evaporated in
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oTtepps Vacuo. The crude product (492 mg) was used next reaction without further
purification.

A solution of the crude (-ketoester 183 in THF (2 mL) was added to a
solution of KHMDS in toluene (0.5 M, 10.0 mL, 5.0 mmol) in THF (20 mL)
at —78 °C. After stirring for 30 min, a solution of tert-butyldimethylsilyl
chloride (721 mg, 4.80 mmol) in THF (2 mL) was added to the reaction
mixture, and the mixture was allowed to warm to room temperature and stirred for 3 h. The reaction
was quenched with 10% aqueous HCI (40 mL), and the resulting mixture was extracted with AcOEt
(2x100 mL). The combined organic extracts were washed with brine (2x40 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product (1.15 g), which
was purified by column chromatography (silica gel 50 g, 10:1 n-hexane/AcOEt) to give carboxylic
acid 218 (362 mg, 60% for 2 steps) as a colorless oil: '"H NMR (500 MHz, CDCl;) § 0.21 (s, 3H, Si
Me), 0.22 (s, 3H, SiMe), 0.96 (s, 9H, ‘Bu), 1.06 (s, 9H, ‘Bu), 1.21 (s, 3H, C18-Hs), 1.59-1.75 (m, 4H,
C11-H, and C12-H,), 1.92-1.96 (m, 2H, C9-H,), 3.56 (dd, J = 2.6, 11.4 Hz, 1H, one of C24-H,), 3.87
(dd, J=3.3, 11.4 Hz, one of C24-H,), 4.69 (d, J= 1.5 Hz, 1H, C22-H), 4.80 (m, 1H, C23-H), 5.70 (dt,
J=13.5,10.3 Hz, 1H, C8-H), 5.75 (m, 1H, C14-H), 7.38-7.47 (m, 6H, aromatic-H), 7.65-7.72 (m, 4H,
aromatic-H). (YA9091)

Methyl [2R,2(1S8),55]-3-(tert-Butyldimethylsilyl)oxy-5-[(zert-butyldiphenylsilyl)oxy-
methyl]-2-[1-methylcyclohex-2-en-1-yl]-2,5-dihydrofuran-2-carboxylate (219).

Trimethylsilyldiazomethane in n-hexane (2.0 M, 0.07 mL, 0.14 mmol) was
added to a solution of carboxylic acid 218 (41.2 mg, 67.9 pmol) in
benzene/MeOH (1:1, 1 mL) at 0 °C. After stirring for 5 min, the mixture was
concentrated in vacuo, and the residual pale yellow oil (49.3 mg) was purified
by column chromatography (silica gel 15 g, 20:1 n-hexane/AcOEt) to give
methyl ester 219 (39.2 mg, 93%) as a colorless oil: 'H NMR (500 MHz,
CDCls) & 0.20 (s, 3H, SiMe), 0.23 (s, 3H, SiMe), 0.97 (s, 9H, ‘Bu), 1.03 (s, 9H, 'Bu), 1.12 (s, 3H,
C18-H;), 1.48 (m, 1H, one of C12-H,), 1.59—-1.66 (m, 2H, one of C11-H, and one of C12-H,),
1.90-1.94 (m, 3H, C9-H, and one of C11-H,), 3.49 (dd, J = 7.5, 9.7 Hz, 1H, one of C24-H,), 3.54 (s,
3H, OMe), 3.84 (dd, J = 4.6, 9.7 Hz, 1H, one of C24-H,), 4.78 (ddd, J = 1.7, 4.6, 7.5 Hz, 1H, C23-H),
498 (d, J=1.7 Hz, 1H, C22-H), 5.65 (dt, J= 3.9, 10.3 Hz, 1H, C8-H), 5.82 (dd, /= 1.3, 10.3 Hz, 1H,
C14-H), 7.34-7.42 (m, 6H, aromatic-H), 7.62—7.66 (m, 4H, aromatic-H); HRMS (ESI) m/z: [M + Na]"
Calcd for C34Hs5,05S1,Na 643.3251; Found 643.3273. (YA9100)

OTBDPS

[2R,2(1S5),55]-5-[(tert-Butyldiphenylsilyl)oxymethyl]-2-[1-methylcyclohex-2-en-1-yl]-3-
oxotetrahydrofuran-2-carboxylic acid (185).

A solution of diazoalcohol 189 (500 mg, 0.960 mmol) in benzene (8 mL)
was added to a refluxing suspension of Rh,(OAc), (4.2 mg, 9.5 pmol) in
benzene (40 mL), and the mixture was stirred for 5 min. After cooling, the
catalyst was filtered through a Celite pad, and the filtrate was evaporated in
vacuo. The crude product (488 mg) was used next reaction without further
purification.

A solution of the crude B-ketoester 183 in THF (2 mL) was added to a solution of KHMDS in
toluene (0.5 M, 10.0 mL, 5.0 mmol) in THF (22 mL) at —78 °C. After stirring for 30 min, a solution of
TESCI (0.81 mL, 4.83 mmol) was added to the reaction mixture, and the mixture was allowed to warm
to 0 °C and stirred for 3 h. The reaction was quenched with 10% aqueous HCI (40 mL), and the
resulting mixture was extracted with AcOEt (2x100 mL). The combined organic extracts were washed
with brine (2x40 mL) and dried over anhydrous Na,SO;,. Filtration and evaporation in vacuo furnished
the crude product (1.21 g), which was purified by column chromatography (silica gel 50 g, 3:1
n-hexane/AcOEt) to give carboxylic acid 185 (235 mg, 50% for 2 steps) as a colorless oil: 'H NMR
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(500 MHz, CDCl;) & 1.05 (s, 9H, ‘Bu), 1.16 (s, 3H, C18-H;), 1.66-1.70 (m, 3H, one of C11-H, and
Cl12-H,), 1.92-1.96 (m, 2H, C9-H,), 2.11 (m, 1H, one of C11-H,), 2.53 (dd, J= 5.2, 18.2 Hz, 1H, one
of C22-H,), 2.63 (dd, J = 8.6, 18.2 Hz, 1H, one of C22-H,), 3.55 (dd, J = 3.9, 11.8 Hz, 1H, one of
C24-H,), 3.99 (dd, J = 2.6, 11.8 Hz, one of C24-H,), 4.54 (dddd, J = 2.6, 3.9, 5.2, 8.6 Hz, 1H, C23),
5.68 (d, J = 10.3 Hz, 1H, Cl14-H), 5.82 (dt, J = 3.6, 10.3 Hz, 1H, C8-H), 7.38-7.47 (m, 6H,
aromatic-H), 7.62—7.67 (m, 4H, aromatic-H). (YA9092)

(15,35,3a'S,4'S,7a’S)-3-[(tert-Butyldiphenylsilyl)oxymethyl]-4'-iodo-7a’-methyl-2,3'-di-
oxaspiro[cyclopentane-1,1'-hexahydroindan]-5,2'-dione (224).

Iodine (15.1 mg, 0.059 mmol) was added to an ice-cooled solution (0 °C)
OTBDPS  ,f ketoacid 185 (26.7 mg, 0.054 mmol) in MeCN/saturated aqueous NaHCOs
(1:1, 2 mL). After stirring at 0 °C for 30 min, the reaction was quenched with
1 M aqueous Na,S,0; (10 mL), and the mixture was extracted with AcOEt
(20 mL). The combined organic extracts were washed with brine (10 mL)
and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo
furnished the crude product (41.3 mg), which was purified by flash column
chromatography (silica gel 5 g, 10:1 n-hexane/ AcOEt) to give iodolactone 224 (21.8 mg, 65%) as a
colorless oil: '"H NMR (500 MHz, CDCl5) & 1.05 (s, 9H, ‘Bu), 1.43 (s, 3H, C18-Hj), 1.57-1.60 (m, 3H,
one of C11-H, and C12-H,), 1.79-1.83 (m, 2H, one of C9-H, and one of C11-H,), 2.66 (dd, J = 7.6,
18.7 Hz, 1H, one of C22-H,), 2.73 (dd, J= 6.4, 18.7 Hz, 1H, one of C22-H,), 3.84 (dd, /= 6.5, 10.9
Hz, 1H, one of C24-H,), 3.94 (dd, J = 5.0, 10.9 Hz, 1H, one of C24-H,), 4.56 (dddd, J = 5.0, 6.4, 6.5,
7.6 Hz, 1H, C23-H), 4.64 (m, 1H, one of C8-H), 5.05 (m, 1H, C14-H)7.37-7.47 (m, 6H, aromatic-H),
7.65-7.69 (m, 4H, aromatic-H); HRMS (ESI) m/z: [M + Na]" Calcd for CyH;5I05sSiNa 641.1196;
Found 641.1208. (YA9087)

{125,2(1S8),58]-3-(tert-Butyldimethylsilyl)oxy-5-[ (zert-butyldiphenylsilyl)oxymethyl]-2-[ 1-methyl-
cyclohex-2-en-1-yl]-2,5-dihydrofuran-2-yl}methanol (220).

Diisobutylaluminum hydride in hexane (1.0 M, 0.31 mL, 0.31 mmol) was
added to a solution of ester 219 (64.0 mg, 0.103 mmol) in CH,Cl, (1.0 mL)
at —60 °C. After stirring for 2 h, the reaction was quenched with methanol
(0.5 mL), and 1 M aqueous sodium potassium tartrate (5 mL) was added to
the solution. The mixture was stirred vigorously at room temperature for 1 h,
and extracted with AcOEt (20 mL). The organic extract were washed with
brine (4 mL), and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the
crude product (68.2 mg), which was purified by column chromatography (silica gel 10 g, 20:1
n-hexane/AcOEt) to give alcohol 220 (50.3 mg, 82%) as a white solid. 'H NMR (500 MHz, CDCl5) &
0.26 (s, 3H, SiMe), 0.28 (s, 3H, SiMe), 0.97 (s, 9H, 'Bu), 1.05 (s, 9H, ‘Bu), 1.07 (s, 3H, C18-Hs),
1.43-1.66 (m, 3H, C11-H, and one of C12-H,), 1.84-1.92 (m, 3H, C9-H, and one of C12-H,), 3.34
(dd, J=4.5,7.0 Hz, 1H, one of C16-H,), 3.51 (dd, J=2.1, 11.3 Hz, 1H, one of C24-H,), 3.73 (dd, J =
2.5, 7.0 Hz, 1H, one of C16-H,), 3.85 (dd, J = 2.8, 11.3 Hz, 1H, one of C24-H,), 4.66 (s, 1H, C22-H),
4.71 (m, 1H, C23-H), 5.63 (dt, J = 3.4, 10.3 Hz, 1H, C8-H), 5.68 (m, 1H, C14-H), 7.35-7.45 (m, 6H,
aromatic-H), 7.69—7.71 (m, 4H, aromatic-H). (YA9110)

OTBDPS

[2R,2(1S5),55]-3-(tert-Butyldimethylsilyl)oxy-5-[(tert-butyldiphenylsilyl)oxymethyl]-2-[1-
methylcyclohex-2-en-1-yl]-2,5-dihydrofuran-2-carboaldehyde (221).

Dess—Martin periodinane (21.6 mg, 0.0510 mmol) was added to a solution of alcohol 220 (20.1 mg,
0.0339 mmol) in CH,Cl, (I mL) at 0 °C. After stirring at room temperature for 3 h, the reaction was
quenched with a mixture of saturated aqueous NaHCO; (2.5 mL) and 1 M aqueous Na,S,0; (2.5 mL),
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otepps and the resulting mixture was vigorously stirred for 30 min. The mixture was
extracted with AcOEt (2x20 mL). The combined organic extracts were
washed with brine (5 mL), and dried over anhydrous Na,SO,. Filtration and
evaporation in vacuo furnished the crude product (22.1 mg), which was
purified by column chromatography (silica gel 5 g, 20:1 n-hexane/AcOEt) to
give aldehyde 221 (15.5 mg, 93%) as a colorless oil: 'H NMR (500 MHz,
CDCls) & 0.19 (s, 3H, SiMe), 0.24 (s, 3H, SiMe), 0.96 (s, 9H, ‘Bu), 1.04 (s, 9H, 'Bu), 1.12 (s, 3H,
C18-Hs), 1.57-1.65 (m, 3H, C11-H, and one of C12-H,), 1.87 (m, 1H, one of C12-H,), 1.90-1.94 (m,
2H, C9-H,), 3.53 (dd, J = 6.5, 10.0 Hz, 1H, one of C24-H,), 3.78 (dd, J = 4.6, 10.0 Hz, 1H, one of
C24-H,), 4.84 (m, 1H, C23-H), 4.94 (s, 1H, C22-H), 5.71 (dt, J=3.2, 10.1 Hz, 1H, C8-H), 5.90 (d, J =
10.1 Hz, 1H, C14-H), 7.35-7.43 (m, 6H, aromatic-H), 7.64—7.72 (m, 4H, aromatic-H), 9.75 (s, 1H,
C16-H). (YA9104)
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(R)-3-Methylcyclohex-2-en-1-yl (S)-5-[(fert-Butyldiphenylsilyl)oxymethyl]-4,5-dihydro-3-methyl-
furan-2-carboxylate (229).
A solution of a-diazo-6-hydroxyester 189 (159 mg, 0.305 mmol) in
Me OTBDPS  benzene (3 mL) was added to a refluxing suspension of Rh,(OAc), (2.7
g Mex i 24 mg, 6.1 umol) in benzene (12 mL), and the mixture was stirred for 5 min.
5 17\ 0 After cooling, the catalyst was filtered through a Celite pad, and the
80 filtrate was evaporated in vacuo. The crude product (149 mg) was used
° next reaction without further purification for the next reaction.
Trimethylsilyldiazomethane in n#-hexane (1.7 M, 0.45 mL, 0.765 mmol) was added to a mixture of
the crude B-ketoester 183 (149 mg), RhCI(PPh;); (14.1 mg, 15.2 pmol), triphenylphosphine (120 mg,
0.458 mmol) and 2-propanol (0.35 mL, 4.57 mmol) in 1,4-dioxane (6 mL) at 60 °C, and the mixture
was stirred for 30 min. After cooling, saturated aqueous NaHCO5 (20 mL) and Oxone® (150 mg, 0.305
mmol) was added, and the resulting mixture was vigorously stirred for 30 min. The mixure was
extracted with n-hexane/AcOEt (5:1, 2x70 mL), and the combined organic extracts were washed with
brine (20 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the
crude product (301 mg), which was purified by column chromatography (NH silica gel 30 g, 20:1
n-hexane/AcOEt) to give o,B-unsaturated ester 229 (89.6 mg, 60% for two steps) as a colorless oil: R,
0.63 (5:1 n-hexane/AcOEL); [a]p™ +111.6 (¢ 3.11, CHCLy); IR (neat) 3071, 2932, 2857, 2251, 1709,
1663, 1427, 1377, 1263, 1140, 1113, 910 cm™; '"H NMR (500 MHz, CDCl;) & 1.03 (s, 9H, ‘Bu), 1.62
(m, 1H, one of C11-H,), 1.69 (br s, 3H, C18-H;), 1.72-1.82 (m, 3H, C9-H, one of C11-H,), 1.89-2.00
(m, 2H, C12-H,), 2.03 (br s, 3H, C21-H;), 2.75 (m, 1H, one of C22-H,), 2.85 (m, 1H, one of C22-H,),
3.73 (dd, J = 4.5, 10.9 Hz, 1H, one of C24-H,), 3.76 (dd, J = 5.4, 10.9 Hz, 1H, one of C24-H,), 4.62
(dddd, J=4.5,5.4,7.0, 10.5 Hz, 1H, C23-H), 5.38 (s, 1H, C8-H), 5.51 (s, 1H, C14-H), 7.35-7.43 (m,
6H, aromatic-H), 7.66—7.68 (m, 4H, aromatic-H); "C NMR (125.7 MHz, CDCl;) § 13.0 (CH;), 19.1
(CH,), 19.3 (C), 23.7 (CH3;), 26.7 (CH3;), 28.0 (CH,), 29.9 (CH,), 39.4 (CH,), 65.6 (CH,), 69.2 (CH),
78.6 (CH), 120.0 (CH), 123.2 (C), 127.6 (CH), 127.7 (CH), 129.6 (CH), 129.7 (CH), 133.3 (C), 133.5
(C), 135.6 (CH), 135.7 (CH), 140.6 (C), 141.0 (C), 161.1 (C); HRMS (ESI) m/z: [M + Na]" Calcd for
C;30H3304SiNa 513.2437; Found 513.2446. (YA12136)

Methyl [2S5,2(1S),55]-5-[(tert-Butyldiphenylsilyl)oxymethyl]-2-[1-methylcyclohex-2-en-1-
yl]-3-methylenetetrahydrofuran-2-carboxylate (226).

Butyllithium in n-hexane (1.55 M, 0.25 mL, 0.39 mmol) was added to a
solution of ‘Pr,NH (60 pL, 0.43 mmol) in THF (2.5 mL) at —78 °C. After 30
min of stirring at 0 °C, the solution was cooled to —78 °C, and a solution of
o,B-unsaturated ester 229 (94.1 mg, 0.192 mmol) in THF (1.5 mL) was added
dropwise. After 5 min of stirring, TMSCI (50 uL, 0.39 mL) was added, and
the resulting mixture was stirred at —78 °C for 5 min. The mixture was
allowed to warm up to 0 °C and was stirred for 30 min. The mixture was quenched with saturated
aqueous NH4CI (10 mL), and the resulting mixture was extracted with AcOEt (3x40 mL). The
combined organic extracts were washed with brine (10 mL) and dried over anhydrous Na,SOj.
Filtration and evaporation in vacuo furnished the crude product (127 mg), which was
chromatographed (silica gel 10 g, 4:1 n-hexane/AcOEt) to give slightly impure carboxylic acid 231
(88.4 mg).

Trimethylsilyldiazomethane in n-hexane (1.7 M, 0.17 mL, 0.29 mmol) was added to a solution of
carboxylic acid 231 (88.4 mg) in benzene/MeOH (1:1, 2 mL) at 0 °C. After 5 min of stirring, the
mixture was concentrated in vacuo, and the residual pale yellow oil (90.5 mg) was purified by flash
column chromatography (silica gel 10 g, 20:1 n-hexane/AcOEt) to give methyl ester 226 (60.0 mg,
62% for two steps) as a colorless oil: R;0.57 (5:1 n-hexane/AcOE); [a]p™ +61.7 (¢ 1.33, CHCly); IR
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(neat) 3071, 2932, 2859, 1734, 1430, 1242, 1113 cm™; "H NMR (500 MHz, CDCl3) & 1.03 (s, 9H, ‘Bu),
1.04 (s, 3H, C18-H;), 1.52-1.64 (m, 3H, C11-H, one of C12-H,), 1.71 (m, 1H, one of C12-H,), 1.89
(m, 2H, C9-H,), 2.69 (m, 1H, one of C22-H,), 2.83 (m, 1H, one of C22-H,), 3.42 (dd, J=8.7, 10.1 Hz,
1H, one of C24-H,), 3.53 (s, 3H, OMe), 3.74 (dd, J = 4.0, 10.1 Hz, 1H, one of C24-H,), 4.35 (m, 1H,
C23-H), 5.25 (d, J= 1.6 Hz, 1H, one of C21-H,), 5.48 (d, J = 2.8 Hz, 1H, one of C21-H,), 5.61 (dd, J
= 1.5, 10.4 Hz, 1H, C14-H), 5.70 (dt, J = 10.4, 3.6 Hz, 1H, C8-H), 7.34-7.43 (m, 6H, aromatic-H),
7.61-7.63 (m, 4H, aromatic-H); *C NMR (125.7 MHz, CDCl;) & 19.0 (CH,), 19.2 (C), 22.9 (CH3),
24.7 (CHy), 26.8 (CH3), 30.5 (CH,), 37.0 (CH,), 43.4 (C), 51.7 (CH3), 65.0 (CH,), 78.6 (CH), 91.9 (C),
112.4 (CH,), 127.2 (CH), 127.60 (CH), 127.63 (CH), 129.57 (CH), 129.63 (CH), 131.5 (CH), 133.5
(C), 135.5 (CH), 135.6 (CH), 144.9 (C), 172.3 (C); HRMS (ESI) m/z: [M + Na]" Calcd for
C31H4004SiNa 527.2594; Found 527.2566. (YA12139)

(1R,35,3a2'S,4'S,7a'S)-3-[(tert-Butyldiphenylsilyl)oxymethyl]-4’-iodo-7a’-methyl-5-
methylene-2,3’-dioxaspiro[cyclopentane-1,1'-hexahydroindan]-2"-one (232).

The rearrangement was performed according to the above procedure
employing a,B-unsaturated ester 229 (84.0 mg, 171 umol), butyllithium in
n-hexane (1.55 M, 0.23 mL, 0.34 mmol), i-Pr,NH (50 pL, 0.36 mmol) and
TMSCl (40 pL, 0.34 mmol). The crude product (124 mg) was
chromatographed (silica gel 10 g, 4:1 n-hexane/AcOEt) to give slightly
impure carboxylic acid 231 (47.8 mg).

Iodine (27.0 mg, 0.107 mmol) was added to a solution of carboxylic acid
231 (47.8 mg, 0.097 mmol) in MeCN/saturated aqueous NaHCOj; (1:1, 1 mL) at 0 °C. After 6 h of
stirring, the reaction was quenched with 1 M aqueous Na,S,0; (10 mL), and the resulting mixture was
extracted with AcOEt (2x30 mL). The combined organic extracts were washed with brine (30 mL) and
dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product (56.0
mg), which was purified by flash column chromatography (silica gel 25 g, 10:1 n-hexane/AcOEt) to
give iodolactone 232 (45.2 mg, 59% for two steps) as a colorless oil: R, 0.63 (3:1 n-hexane/AcOEt);
[a]n’ +48.3 (c 1.86, CHCl3); IR (neat) 2932, 2857, 1790, 1427, 1221, 1111, 1088, 966 cm™; '"H NMR
(500 MHz, CDCl3) § 1.06 (s, 9H, ‘Bu), 1.35 (s, 3H, C18-Hs), 1.40 (m, 1H, one of C12-H,), 1.58-1.61
(m, 2H, C11-H,), 1.76 (m, 1H, one of C12-H,), 1.85 (m, 1H, one of C9-H,), 1.99 (m, 1H, C9-H,), 2.71
(m, 1H, C22-H,), 2.76 (m, 1H, C22-H,), 3.60 (dd, J = 9.0, 10.2 Hz, 1H, C24-H,), 3.84 (dd, J = 4.9,
10.2 Hz, 1H, one of C24-H,), 4.34 (m, 1H, C23-H), 4.57 (d, J = 2.0 Hz, 1H, C14-H), 4.67 (m, 1H,
C8-H), 4.96 (s, 1H, one of C21-H,), 5.25 (s, 1H, one of C21-H,), 7.36-7.43 (m, 6H, aromatic-H),
7.64-7.66 (m, 4H, aromatic-H); °C NMR (125.7 MHz, CDCl;) & 17.6 (CH,), 19.3 (C), 19.5 (CH3),
23.4 (CH), 26.9 (CHj;), 29.3 (CH,), 30.9 (CH,), 36.2 (CH,), 44.3 (C), 65.0 (CH,), 79.0 (CH), 82.1
(CH), 92.3 (C), 110.6 (CH,), 127.6 (CH), 127.7 (CH), 129.63 (CH), 129.64 (CH), 133.5 (C), 133.6 (C),
135.55 (CH), 135.56 (CH), 144.9 (C), 174.4 (C); HRMS (ESI) m/z: [M + Na]" Calcd for
C;0H37,104SiNa 639.1404; Found 639.1390. (HY2159)

OTBDPS

[2S5,2(18),58]-[5-(tert-Butyldiphenylsilyl)oxymethyl-2-(1-methylcyclohex-2-en-1-yl)-3-methyl-
enetetrahydrofuran-2-yljmethanol (236).
DIBALH in n-hexane (1.0 M, 2.8 mL, 2.8 mmol) was added to a solution

OTBDPS
of methyl ester 226 (556 mg, 1.10 mmol) in CH,Cl, (11 mL) at —78 °C. After
Me\ E 2 3 h of stirring, the reaction was quenched with methanol (0.5 mL), followed
1;IOOH by addition of 1 M aqueous potassium sodium tartrate (15 mL). The resulting

mixture was vigorously stirred at room temperature for 30 min, and was
extracted with AcOEt (3x40 mL). The combined organic extracts were
washed with brine (15 mL) and dried over anhydrous Na,SQO,. Filtration and evaporation in vacuo
furnished the crude product (600 mg), which was purified by flash column chromatography (silica gel
20 g, 15:1 n-hexane/AcOEt) to give alcohol 236 (445 mg, 85%) as a colorless oil: R, 0.44 (5:1
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n-hexane/AcOEt); [a]p® +27.5 (¢ 1.11, CHCLy); IR (neat) 3495, 3073, 3022, 2934, 2860, 1472, 1427,
1113, 1038 cm™; "H NMR (500 MHz, CDCl;) & 1.04 (s, 3H, C18-Hs), 1.06 (s, 9H, ‘Bu), 1.47 (m, 1H,
one of C12-H,), 1.57 (m, 1H, one of C11-H,), 1.65 (m, 1H, one of C11-H,), 1.77 (dt, J=3.4, 12.9 Hz,
1H, one of C12-H,), 1.85-1.94 (m, 2H, C9-H,), 2.69 (dddd, J = 2.1, 2.4, 5.4, 16.3 Hz, 1H, one of
C22-H,), 2.71 (dd, J = 2.5, 9.0 Hz, 1H, C16-OH), 2.80 (dddd, J = 2.1, 2.4, 8.7, 16.3 Hz, 1H, one of
C22-H>), 3.52 (dd, J = 3.7, 10.9 Hz, 1H, one of C24-H>), 3.57 (dd, J = 9.0, 11.0 Hz, 1H, one of
C16-H,), 3.81 (dd, J = 4.1, 10.9 Hz, 1H, one of C24-H,), 3.88 (dd, J = 2.5, 11.0 Hz, 1H, one of
C16-H,), 4.25 (dddd, J = 3.7, 4.1, 5.4, 8.7 Hz, 1H, C23-H), 5.01 (t, J = 2.4 Hz, 1H, one of C21-H,),
5.19 (t, J= 2.1 Hz, 1H, one of C21-H,), 5.58 (dd, J = 1.2, 10.6 Hz, 1H, C14-H), 5.68 (m, 1H, one of
C8-H), 7.37-7.45 (m, 6H, aromatic-H), 7.67-7.68 (m, 4H, aromatic-H); *C NMR (125.7 MHz,
CDCl;) 8 19.21 (C), 19.24 (CH,), 23.3 (CH3), 24.8 (CH,), 26.8 (CHs), 30.5 (CH,), 36.5 (CH,), 42.4
(C), 64.8 (CH,), 66.5 (CH,), 77.8 (CH), 92.1 (C), 107.8 (CH,), 127.1 (CH), 127.70 (CH), 127.72 (CH),
129.7 (CH), 129.8 (CH), 132.1 (CH), 133.06 (C), 133.10 (C), 135.7 (CH), 135.8 (CH), 149.5 (C);
HRMS (ESI) m/z: [M + Na]" Calcd for C30H400;SiNa 499.2644; Found 499.2622. (YA11194)

[25,2(1S),5S]-5-[(tert-Butyldiphenylsilyl)oxymethyl]-2-(1-methylcyclohex-2-en-1-yl)-3-
methylenetetrahydrofuran-2-carboaldehyde (237).
Dess—Martin periodinane (199 mg, 0.469 mmol) was added to a solution of
alcohol 236 (172 mg, 361 mmol) in CH,Cl, (4 mL) at 0 °C. After 2 h of
MeX E 2 stirring at room temperature, the reaction was quenched with a mixture of 1
N M aqueous Na,S,0; (10 mL) and saturated aqueous NaHCO; (10 mL), and
the resulting mixture was vigorously stirred for 30 min. The mixture was
8 extracted with AcOEt (2x60 mL), and the combined organic extracts were
washed with brine (20 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo
furnished the crude product (198 mg), which was purified by column chromatography (silica gel 10 g,
20:1 n-hexane/AcOEt) to give aldehyde 237 (161 mg, 94%) as a colorless oil: R, 0.59 (5:1
n-hexane/AcOEt); [a]p™> +34.5 (¢ 1.11, CHCILy); IR (neat) 3071, 3024, 2932, 2859, 2712, 1732, 1653,
1589, 1464, 1427, 1362, 1111, 1047 cm™; 'H NMR (500 MHz, CDCl3) § 1.02 (s, 9H, ‘Bu), 1.05 (s, 3H,
C18-H3), 1.51-1.71 (m, 4H, C11-H, and C12-H,), 1.89-1.94 (m, 2H, C9-H,), 2.64 (m, 1H, one of
C22-H,), 2.84 (m, 1H, one of C22-H,), 3.41 (dd, J= 7.3, 10.3 Hz, 1H, one of C24-H,), 3.64 (dd, J =
4.1, 10.3 Hz, 1H, one of C24-H,), 4.37 (m, 1H, C23-H), 5.20 (d, /= 2.4 Hz, 1H, one of C21-H,), 5.27
(dd, J = 1.2, 2.6 Hz, 1H, one of C21-H,), 5.68 (d, J = 10.4 Hz, 1H, Cl14-H), 5.76 (m, 1H, C8-H),
7.35-7.43 (m, 6H, aromatic-H), 7.61-7.63 (m, 4H, aromatic-H), 9.64 (s, 1H, C16-H); BC NMR (125.7
MHz, CDCl;) & 18.7 (CHp), 19.2 (C), 22.6 (CH3), 24.7 (CH,), 26.8 (CH;), 30.4 (CH,), 37.1 (CH,),
43.0 (C), 65.7 (CHy), 78.5 (CH), 93.4 (C), 111.7 (CHp), 127.6 (CH), 127.7 (CH), 128.5 (CH), 129.6
(CH), 129.7 (CH), 130.7 (CH), 133.3 (C), 133.4 (C), 135.57 (CH), 135.61 (CH), 144.7 (C), 202.1
(CH); HRMS (ESI) m/z: [M + Na]" Calcd for C30H330;SiNa 497.2488; Found 497.2462. (YA11195)

OTBDPS

[25,2(15),5S]-1-[5-(tert-Butyldiphenylsilyloxy)methyl-2-(1-methylcyclohex-2-en-1-yl)-3-methyl-
enetetrahydrofuran-2-yl]-2-nitroethanol (239).

To a solution of aldehyde 237 (910 mg, 1.92 mmol) in nitromethane (20
mL) was added 1,1,3,3-tetramethylguanidine (24 pL, 0.19 mmol), and the
mixture was stirred for 10 h. The solvent was removed in vacuo, and the
residual yellow oil (1.09 g) was purified by column chromatography (silica
gel 100 g, 30:1 — 15:1 n-hexane/AcOEt) to give nitroalcohol 239 (915 mg,
89%, dr = 1.7:1) as a colorless amorphous, along with recovered aldehyde
237 (96.4 mg, 10%) as a colorless oil. R, 0.28 (5:1 n-hexane/AcOEt), 0.35
(10:1 n-hexane/Et,O twice); [a]p>* +17.8 (¢ 1.01, CHCl5); IR (neat) 3524, 3071, 3026, 2932, 2860,
1653, 1589, 1557, 1463, 1427, 1373, 1290, 1188, 1113, 1049, 970, 824 cm™; '"H NMR (500 MHz,
CDCI5) & 1.04 (s, 1.9H, C18-H;of major isomer), 1.05 (s, 5.7H, ‘Bu of major isomer), 1.06 (s, 3.3H,

84

OTBDPS




KEROE 5 2 T 5

‘Bu of minor isomer), 1.10 (s, 1.1H, C18-H; of minor isomer), 1.64—1.74 (m, 3H, one o f C11-H, and
Cl12-H,), 1.93-2.10 (m, 3H, C9-H, one of C11-H,), 2.68 (dd, J = 7.5, 16.7 Hz, 0.37H, one of C22-H,
of minor isomer), 2.74-2.76 (m, 1.26H, C22-H, of major isomer), 2.80 (m, 0.37H, one of C22-H, of
minor isomer), 2.89 (d, J = 3.9 Hz, 0.63H, C16-OH of major isomer), 3.03 (d, J = 4.9 Hz, 0.37H,
C16-OH of minor isomer), 3.52 (dd, J = 3.7, 11.3 Hz, 0.63H, one of C24-H, of major isomer), 3.56
(dd, J =3.3, 11.3 Hz, 0.37H, one of C24-H, of minor isomer), 3.80 (dd, J = 3.2, 11.3 Hz, 0.63H, one
of C24-H, of major isomer), 3.83 (dd, J = 3.4, 11.3 Hz, 0.37H, one of C24-H, of minor isomer),
4.23-4.27 (m, 1H, C23-H), 4.30 (dd, J=10.8, 12.0 Hz, 0.63H, one C15-H, of major isomer), 4.37 (dd,
J=9.9,12.2 Hz, 0.37H, one C15-H, of minor isomer), 4.65 (m, 0.37H, one C15-H, of minor isomer),
4.68 (m, 0.37H, C16-H of minor isomer), 4.78—4.80 (m, 1.26H, C16-H of major isomer and one
C15-H, of major isomer), 5.02 (s, 0.37H, one of C21-H, of minor isomer), 5.22 (s, 0.37H, one of
C21-H, of minor isomer), 5.27 (s, 0.63H, one of C21-H, of major isomer), 5.37 (s, 0.63H, one of
C21-H, of major isomer), 5.74-5.78 (m, 0.74H, C8-H of minor isomer and C14-H of minor isomer),
5.80 (dt, J=10.6, 3.4 Hz, 0.63H, C8-H of major isomer), 5.88 (d, /= 10.6 Hz, 0.63H, C14-H of major
isomer), 7.37-7.45 (m, 6H, aromatic-H), 7.64—7.69 (m, 4H, aromatic-H); BC NMR (125.7 MHz,
CDClL;) 6 19.17 (C), 19.18 (C), 19.4 (CH,), 19.5 (CH,), 24.76 (CH,), 24.78 (CH,), 25.2 (CH3), 25.3
(CH;), 26.8 (CH3), 30.4 (CH,), 31.1 (CH,), 36.3 (CH,), 36.8 (CH,), 43.1 (C), 43.8 (C), 65.5 (CH,),
65.6 (CH,), 72.6 (CH), 73.4 (CH), 78.9 (CH), 79.0 (CH,), 79.2 (CH,), 79.3 (CH), 89.9 (C), 91.2 (C),
108.2 (CH,), 109.8 (CH,), 127.78 (CH), 127.81 (CH), 128.0 (CH), 128.3 (CH), 129.85 (CH), 129.86
(CH), 129.90 (CH), 132.6 (CH), 132.7 (CH), 132.8 (C), 132.90 (C), 132.92 (CH), 135.5 (CH), 135.6
(CH), 135.66 (CH), 135.70 (CH), 148.0 (C), 150.1 (C); HRMS (ESI) m/z: [M + Na]" Calcd for
C31H4NOsSiNa 558.2652; Found 558.2635. (YA11198)

[28,2(15),55]-5-[(tert-Butyldiphenylsilyl)oxymethyl]-2-(1-methylcyclohex-2-en-1-yl)-3-methylene-
2-(2-nitrovinyl)tetrahydrofuran (241).

A 0.2 M solution of sulfonic acid in acetic anhydride (0.10 mL, 0.02
mmol) was added to a solution of nitroalcohol 239 (101 mg, 0.187 mmol) in
acetic anhydride (2 mL) at 0 °C. After 2 h of stirring, the reaction was
quenched with saturated aqueous NaHCO; (20 mL), and the resulting mixture
was extracted with AcOEt (2x40 mL). The combined organic extracts were
successively washed with saturated aqueous NaHCOj; (20 mL) and brine (20
mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo
furnished the crude product (142 mg), which was used without further purification.

Et;N (0.10 mL, 0.72 mmol) was added to a solution of crude acetate (142 mg) in CH,Cl, (2 mL) at
room temperature. After 30 min of stirring, the reaction mixture was concentrated in vacuo, and the
residual pale yellow oil (145 mg) was purified by column chromatography (silica gel 5 g, 20:1
n-hexane/AcOEt) to give nitroalkene 241 (92.3 mg, 94% for two steps) as a pale yellow amorphous: R,
0.66 (5:1 n-hexane/Et,0 twice); [a]p™ —12.9 (¢ 1.08, CHCLy); IR (neat) 3071, 3024, 2930, 2859, 1651,
1524, 1427, 1348, 1265, 1113, 1030, 824, 702 cm™'; '"H NMR (500 MHz, CDCl;) & 1.02 (s, 3H,
C18-H;), 1.05 (s, 9H, ‘Bu), 1.48-1.56 (m, 2H, one of C11-H, and one of C12-H,), 1.64-1.73 (m, 2H,
one of C11-H, and one of C12-H,), 1.85-1.96 (m, 2H, C9-H,), 2.51 (m, 1H, one of C22-H,), 2.86 (ddt,
J=28.8,16.0,2.7 Hz, 1H, one of C22-H,), 3.45 (dd, J= 5.8, 10.6 Hz, 1H, one of C24-H,), 3.56 (dd, J
= 5.8, 10.6 Hz, 1H, one of C24-H,), 4.31 (m, 1H, C23-H), 5.60 (d, J = 2.7 Hz, 1H, one of C21-H,),
5.24 (s, 1H, one of C21-H,), 5.63 (d, J = 10.1 Hz, 1H, C14-H), 5.80 (ddd, J = 2.7, 5.0, 10.1 Hz, 1H,
C8-H), 7.24 (d, J = 12.8 Hz, 1H, C15-H), 7.37-7.46 (m, 6H, aromatic-H), 7.42 (d, J = 12.8 Hz, 1H,
C15-H), 7.63-7.66 (m, 4H, aromatic-H); "C NMR (125.4 MHz, CDCl;) & 19.0 (C), 19.2 (CH,), 22.8
(CH), 24.8 (CH,), 26.8 (CHj;), 30.4 (CH,), 36.4 (CH,), 43.5 (C), 66.0 (CH,), 78.1 (CH), 89.2 (C),
111.2 (CH,), 127.70 (CH), 127.72 (CH), 129.0 (CH), 129.7 (CH), 129.8 (CH), 130.7 (CH), 133.2 (C),
133.3 (C), 135.55 (CH), 135.57 (CH), 138.8 (CH), 145.3 (CH), 148.2 (C); HRMS (ESI) m/z: [M +
Na]" Calcd for C3,H3NO,SiNa 540.2546; Found 540.2568. (YA13001)
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[28,2(1S5),55]-5-[(tert-Butyldiphenylsilyl)oxymethyl]-2-(1-methylcyclohex-2-en-1-yl)-3-methylene-
2-(2-nitroethyl)tetrahydrofuran (243).

A solution of nitroalkene 241 (92.0 mg, 0.178 mmol) in 1,4-dioxane (2 mL) was added to a stirred
suspension of NaBH, (20.2 mg, 0.534 mmol) in EtOH (2 mL) at 0 °C. After 7 h of stirring at room
temperature, brine (15 mL) and H,O (5 mL) were added, and the mixture was extracted with AcOEt

oTBDPS (2%30 mL). The combined organic extracts were washed with brine (15 mL)
and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo
furnished the crude product (109 mg), which was purified by column
chromatography (silica gel 10 g, 20:1 n-hexane/AcOEt) to give cycloaddition
precursor 243 (83.5 g, 90%) as a colorless oil: R, 0.61 (5:1 n-hexane/Et,0

NO, twice); [a]p>* +22.4 (¢ 0.98, CHCl;); IR (neat) 3071, 3022, 2931, 2859, 1655,
1551, 1472, 1427, 1383, 1113, 1036 cm™; "H NMR (500 MHz, CDCl;) & 1.03 (s, 3H, C18-H5), 1.06 (s,
9H, '‘Bu), 1.49 (m, 1H, one of C12-H,), 1.58 (m, 1H, one of C11-H,), 1.67-1.77 (m, 2H, one of C11-H,
and one of C12-H,), 1.85-1.95 (m, 2H, C9-H,), 2.15 (ddd, J=4.9, 10.6, 14.2 Hz, 1H, one of C16-H,),
2.53-2.59 (m, 2H, one of C16-H, and one of C22-H,), 2.84 (dddd, J=2.1, 2.3, 8.8, 17.2, Hz, 1H, one
of C22-H,), 3.59 (d, J = 4.8 Hz, 2H, C24-H,), 4.16 (ddd, J = 4.9, 10.9, 13.0 Hz, 1H, one of C15-H,),
4.24 (m, 1H, C23-H), 4.33 (ddd, J = 5.7, 10.6, 13.0 Hz, 1H, one of C15-H,), 4.94 (t, J = 2.3 Hz, 1H,
one of C21-H,), 5.18 (t, J=2.1 Hz, 1H, one of C21-H,), 5.51 (d, /= 10.3 Hz, 1H, C14-H), 5.69 (ddd,
J=2.5,5.1,10.3 Hz, 1H, C8-H), 7.36-7.43 (m, 6H, aromatic-H), 7.65-7.66 (m, 4H, aromatic-H); °C
NMR (125.7 MHz, CDCl;) & 19.1 (C), 19.3 (CH,), 23.2 (CH;), 24.7 (CHy), 26.8 (CHj3), 30.2 (CHy),
32.1 (CHp), 36.2 (CHy), 43.9 (C), 66.4 (CH,), 72.7 (CH,), 78.0 (CH), 90.2 (C), 108.3 (CH,), 127.3
(CH), 127.57 (CH), 127.60 (CH), 129.6 (CH), 129.7 (CH), 131.8 (CH), 133.1 (C), 133.2 (C), 1354
(CH), 135.5 (CH), 149.5 (C); HRMS (ESI) m/z: [M + Na]" Calced for C;;H,,0,SiNa 542.2703; Found
527.2692. (YA13003)

(15,38,3a’R,4'R,7a'S)-Perhydro-3-[(tert-butyldiphenylsilyl)oxymethyl]-7a’-methyl-5-methylene-
2-oxa-4',3'-epoxynitrilospiro[cyclopentane-1,1'-indene] (243).

A mixture of nitroalkene 243 (624 mg, 1.20 mmol), phenyl isocyanate
QTBPDS .52 mL, 4.78 mmol) and Et:N (0.67 mL, 4.80 mmol) in benzene (18 mL)
was refluxed for 6 h. After cooling, the resulting yellow suspension was
partitioned between AcOEt (60 mL) and H,O (30 mL), and the aqueous layer
was extracted with AcOEt (2x60 mL). The combined organic extracts were
washed with brine (20 mL) and dried over anhyrous Na,SO,. Filtration and
evaporation in vacuo furnished the crude product (1.30 g), which was
purified by column chromatography (silica gel 30 g, 5:1 n-hexane/AcOEt) to give isoxazoline 245
(585 mg, 97%) as a plae yellow form. R, 0.45 (3:1 n-hexane/AcOE); [a]p® +7.2 (¢ 2.32, CHCLy); IR
(neat) 3071, 2959, 2934, 2859, 1655, 1471, 1427, 1113 cm™; 'H NMR (500 MHz, CDCl;) & 1.05 (s,
9H, ‘Bu), 1.06 (s 3H, C18-H;), 1.14 (m, 1H, one of C12-H,), 1.23-1.32 (m, 2H, one of C9-H, and one
of C11-H,), 1.52—1.54 (m, 2H, one of C11-H, and one of C12-H,), 1.95 (m, 1H, one of C9-H,), 2.67
(m, 1H, one of C22-H,), 2.76 (dd, J = 0.9, 19.4 Hz, 1H, one of C16-H,), 2.80 (ddt, J = 8.3, 16.1, 2.8
Hz, 1H, one of C22-H,), 2.87 (dd, J = 2.5, 19.4 Hz, 1H, one of C22-H,), 3.34 (br d, J = 8.4 Hz, 1H,
Cl14-H), 3.52 (dd, J = 6.0, 10.4 Hz, 1H, one of C24-H,), 3.62 (dd, J = 4.5, 10.4 Hz, 1H, one of
C24-H,), 4.22 (m, 1H, C23-H), 4.63 (q, J = 8.4 Hz, 1H, C8-H), 4.76 (m, 1H, one of C21-H,), 5.09 (m,
1H, one of C21-H>), 7.36-7.44 (m, 6H, aromatic-H), 7.65-7.66 (m, 4H, aromatic-H); °C NMR (125.7
MHz, CDCL;) § 18.1 (CHy), 19.3 (C), 20.8 (CH;), 26.8 (CH3;), 28.1 (CHy), 30.1 (CH,), 36.0 (CH,),
36.5 (CHp), 45.2 (C), 60.1 (CH), 66.0 (CH,), 77.5 (CH), 77.8 (CH), 98.7 (C), 107.0 (CH,), 127.7 (CH),
129.69 (CH), 129.71 (CH), 133.41 (C), 133.44 (C), 135.58 (CH), 135.60 (CH), 154.3 (C), 167.2 (C);
HRMS (ESI) m/z: [M + Na]" Calcd for C5;H3NO;SiNa 524.2597; Found 524.2579. (YA13006)
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(18,35.,3'S,3a’R,4'R,7a’S)-Perhydro-3-|(fert-butyldiphenylsilyl)oxymethyl]-7a’-methyl-5-methyl-
ene-2-oxa-4',3’-epoxyiminospiro[cyclopentane-1,1'-indene| (246).
DIBALH in n-hexane (1.0 M, 0.31 mL, 0.31 mmol) was added to a

2 JTEPPS  Solution of isoxazoline 245 (102 mg, 0.204 mmol) in toluen (4 mL) at ~20
Me X E °C. After 15 min of stirring, the reaction was quenched with methanol (0.1
'1(2 mL), and 1 M aqueous potassium sodium tartrate (10 mL) was added to the
y solution. After 1 h of vigorous stirring, the resulting mixture was partitioned
(’)ililH between CHCI; (30 mL) and H,O (10 mL), and the aqueous layer was

extracted with CHCl; (2x30 mL). The combined organic extracts were
washed with brine (15 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo
furnished the crude product (109 mg), which was purified by column chromatography (silica gel 5 g,
10:1 CHCl3/MeCN) to give isoxazolidine 246 (101 mg, 97%) as a plae yellow form. R, 0.52 (1:1
n-hexane/AcOEt); [o]p> —14.3 (¢ 1.42, CHCly); IR (neat) 3215, 3071, 2930, 2857, 1655, 1472, 1427,
1111 em™; '"H NMR (500 MHz, CDCl5) § 0.97 (s, 3H, C18-H5), 1.04 (s, 9H, ‘Bu), 1.38 (m, 1H, one of
Cl12-H,), 1.47 (m, 1H, one of C11-H,), 1.68-1.83 (m, 3H, one of C9-H,, one of C11-H, and one of
C12-H,), 1.93 (m, 1H, one of C9-H,), 2.07 (dd, J= 7.0, 13.9 Hz, 1H, one of C16-H,), 2.10 (dd, J = 8.0,
13.9 Hz, 1H, one of C16-H,), 2.47 (t, J = 8.0 Hz, 1H, C14-H), 2.63 (m, 1H, one of C22-H,), 2.73 (m,
1H, one of C22-H,), 3.50 (dd, J = 6.4, 10.1 Hz, 1H, one of C24-H,), 3.62 (dd, J = 4.5, 10.1 Hz, 1H,
one of C24-H,), 3.91 (m, 1H, C15-H), 3.96 (m, 1H, C8-H), 4.16 (m, 1H, C23-H), 4.87 (m, 1H, one of
C21-H,), 5.04 (m, 1H, one of C21-H,), 7.36-7.43 (m, 6H, aromatic-H), 7.65-7.67 (m, 4H,
aromatic-H); °C NMR (125.7 MHz, CDCl;) & 15.1 (CH,), 19.2 (C), 21.0 (CH3), 23.9 (CH,), 26.8
(CH3), 27.1 (CHy), 37.1 (CH,), 43.4 (CH,), 43.8 (C), 55.2 (CH), 63.9 (CH), 66.1 (CH,), 76.9 (CH),
81.4 (CH), 96.8 (C), 105.8 (CH,), 127.58 (CH), 127.60 (CH), 129.56 (CH), 129.59 (CH), 133.6 (C),
135.6 (CH), 152.8 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C3;H4;NO;SiNa 526.2753; Found
526.2742. (YA13020)

Methyl (18,3S,5R,3'S,3a’R,7a'S)-3-|(tert-Butyldiphenylsilyl)oxymethyl]-5,7a’-dimethyl-4"-0x0-2-
oxaspiro[cyclopentane-1,1'-perhydroindan]-3’-ylaminoformate (254a).

A mixture of isoxazolidine 246 (359 mg, 0.713 mmol) and platinum oxide
(64.4 mg, 0.284 mmol) in AcOEt (7 mL) was stirred under 1 atm of
hydrogen for 16 h. Hydrochloric acid in AcOEt (4 M, 0.2 mL, 0.8 mmol)
@ was added and the mixture was vigorously stirred for 15 min. The resulting

y mixture was diluted with MeOH (30 mL), and the catalyst was filtered

0 H IEIHCOZM e through a Celite pad. The filtrate was evaporated in vacuo, and the residual

pale-yellow oil (424 mg) was used without further purification. (YA13139)

To a solution of the crude aminoalcohol 248 (424 mg) in acetone (10 mL) was added methyl

chloroformate (0.11 mL, 1.42 mmol), followed by addition of Na,COj; (302 mg, 2.85 mmol). After 30

min of stirring, the reaction mixture was partitioned between AcOEt (50 mL) and H,O (20 mL), and

the aqueous layer was extracted with AcOEt (2x40 mL). The combined organic extracts were washed

with brine (20 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished
the crude product (489 mg), which was used without further purification. (YA13143)

Dess—Martin periodinane (340 mg, 0.802 mmol) was added to a solution of the crude alcohol 253
(489 mg) in CH,CI, (10 mL) at 0 °C. After 2 h of stirring at room temperature, the reaction was
quenched with a mixture of 1 M aqueous Na,S,0; (10 mL) and saturated aqueous NaHCO; (10 mL),
and the resulting mixture was vigorously stirred for 30 min. The mixture was extracted with AcOEt
(3%40 mL), and the combined organic extracts were washed with brine (20 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product (489 mg), whose
1H NMR [integration of the angular methyl protons, desired product 254a (0.75 ppm), C20-epimer
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(0.54 ppm)] revealed a diastereomeric ratio of 4.3:1. Purification of the crude product by column
chromatography (silica gel 25 g, 4:1 n-hexane/AcOEt) afforded ketone 254a (217 mg, 54%), along
with its C20-epimer (52.3 mg, 13%) as colorless oils. (YA13145)

Data for the ketone 254a: R, 0.27 (3:1 n-hexane/AcOEt); [a]p"’ +28.0 (¢ 1.87, benzene); IR (neat)
3401, 3049, 2959, 2932, 2857, 1721, 1508, 1466, 1364, 1227, 1115, 1086, 1072 cm™'; 'H NMR (500
MHz, CsDg) 6 0.67 (d, J= 7.0 Hz, 3H, C21-Hz), 0.75 (s, 3H, C18-H;), 1.00 (dd, J=5.7, 11.6 Hz, 1H,
one of C12-H,), 1.04 (m, 1H, one of C12-H,), 1.24 (s, 9H, ‘Bu), 1.32 (m, 1H, one of C11-H,), 1.64 (m,
1H, C20-H), 1.71 (m, 1H, one of C11-H,), 1.83-1.91 (m, 3H, one of C9-H, and C22-H,), 1.89 (d, J =
7.3 Hz, 1H, C14-H), 2.11 (dd, J = 10.7, 14.5 Hz, 1H, one of C16-H,), 2.13 (m, 1H, one of C9-H,),
2.20 (dd, J=17.3, 14.5 Hz, 1H, one of C16-H,), 3.45 (dd, J = 4.4, 10.9 Hz, 1H, one of C24-H,), 3.53 (s,
3H, OMe), 3.71 (dd, J= 3.1, 10.9 Hz, 1H, one of C24-H,), 3.95 (m, 1H, C15-H), 4.60 (m, 1H, C23-H),
7.26-7.36 (m, 4H, aromatic-H), 7.41-7.44 (m, 2H, aromatic-H), 7.83-7.89 (m, 5H, NH and
aromatic-H); *C NMR (125.7 MHz, C¢Dg) & 16.7 (CH3), 19.4 (C), 22.2 (CH,), 25.3 (CH3), 27.1 (CH3),
32.1 (CHy), 35.6 (CH,), 40.5 (CH,), 41.4 (CH), 49.0 (CH,), 49.7 (CH), 51.0 (C), 51.3 (CH3), 59.4
(CH), 66.3 (CH,), 78.5 (CH), 95.2 (C), 128.1 (CH), 128.3 (CH), 129.98 (CH), 130.00 (CH), 133.7 (C),
133.8 (C), 136.1 (CH), 136.2 (CH), 157.2 (C), 213.3 (C); HRMS (ESI) m/z: [M + Na]" Calcd for
C31H4NO;SiNa 586.2965; Found 586.2951.

Data for the C20-epimer: R, 0.16 (3:1 n-hexane/AcOEt); [a]p™ +18.2 (¢
0.88, benzene); IR (neat) 3397, 3048, 2959, 2930, 2857, 1724, 1705, 1505,
1462, 1364, 1224, 1105, 1072 cm™; "H NMR (500 MHz, C¢Dg) & 0.54 (s, 3H,
C18-H3), 0.65 (d, J= 6.7 Hz, 3H, C21-H;), 0.91-1.00 (m, 2H, one of C11-H,
and one of C12-H,), 1.18 (m, 1H, one of C22-H,), 1.21 (s, 9H, 'Bu), 1.40 (m,
1H, one of C22-H,), 1.53 (m, 1H, , one of C12-H,), 1.64—1.70 (m, 2H, one of
C16-H, and C20-H), 1.84-1.94 (m, 2H, one of C9-H, and one of C11-H,),
1.94 (d, J= 7.4 Hz, 1H, C14-H), 2.17 (m, 1H, one of C9-H,), 2.36 (dd, J = 10.2, 14.5 Hz, 1H, one of
C16-H,), 3.43 (dd, /= 5.1, 10.7 Hz, 1H, one of C24-H,), 3.54 (s, 3H, OMe), 3.59-3.60 (m, 2H, C23-H
and one of C24-H,), 4.65 (m, 1H, C15-H), 7.27-7.41 (m, 6H, aromatic-H), 7.83-7.84 (m, SH, NH and
aromatic-H); "C NMR (125.7 MHz, C¢Ds) & 16.9 (CH3), 19.1 (C), 22.7 (CH,), 25.8 (CH3), 26.8 (CH3),
30.3 (CHy), 36.3 (CH), 37.9 (CH,), 40.6 (CH,), 40.8 (CH,), 50.5 (CH), 51.3 (CHj3), 52.9 (C), 58.0
(CH), 66.0 (CH,), 78.4 (CH), 95.3 (C), 127.9 (CH), 128.0 (CH), 129.7 (CH), 133.5 (C), 133.6 (C),
135.9 (CH), 136.0 (CH), 157.0 (C), 213.3 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C3;H4;sNOsSiNa
586.2965; Found 586.2982.

OTBPDS
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(18,35,5R,7a’'S)-3-|(tert-Butyldiphenylsilyl)oxymethyl]-1',4',5',6',7’,7a’-hexahydro-5,7a’-di-
methyl-2-oxaspiro[cyclopentane-1,1'-2H-inden]-4'-one (252).

A solution of ketone 254a (206 mg, 0.365 mmol) in toluene/TFA (20:1,
7.35 mL) was heated at 60 °C for 8 h. The reaction mixture was concentrated
in vacuo, and the residual brown oil (198 mg) was purified by column
chromatography (silica gel 5 g, 5:1 n-hexane/AcOEt) to give enone 252 (154
mg, 86%) as a pale yellow oil. R0.53 (3:1 n-hexane/AcOEt); [a]n'’ —86.7 (¢
1.31, CHCL); IR (neat) 3071, 2959, 2932, 2859, 1682, 1614, 1427, 1113
ecm™; "TH NMR (500 MHz, CDCl;) & 1.04 (s, 9H, ‘Bu), 1.13 (d, J = 6.9 Hz, 3H,
C21-H;), 1.15 (s, 3H, C18-Hs), 1.60—1.64 (m, 2H, one of C12-H, and one of C22-H, ), 1.89—-1.95 (m,
2H, C11-H,), 2.17-2.45 (m, 5H, C9-H,, one of C12-H,, C20-H and one of C22-H,), 2.43 (dd, J= 1.8,
17.9 Hz, 1H, one of C16-H,), 2.70 (dd, J = 3.7, 17.9 Hz, 1H, one of C16-H,), 3.64 (dd, J=4.2, 10.9
Hz, 1H, one of C24-H,), 3.74 (dd, J = 4.1, 10.9 Hz, 1H, one of C24-H,), 4.29 (m, 1H, C23-H), 6.42
(dd, J=1.8,3.7 Hz, 1H, C15-H), 7.32-7.42 (m, 6H, aromatic-H), 7.65-7.66 (m, 4H, aromatic-H); °C
NMR (125.7 MHz, CDCl;) 6 16.5 (CH3), 19.2 (C), 20.3 (CH,), 21.4 (CH3), 26.8 (CH3), 28.9 (CH,),
36.0 (CH,), 39.2 (CH), 40.0 (CH,), 44.5 (CH,), 51.1 (C), 66.7 (CH,), 77.7 (CH), 98.4 (C), 127.59
(CH), 127.60 (CH), 129.58 (CH), 129.61 (CH), 133.45 (C), 133.46 (C), 134.2 (CH), 135.6 (CH),
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135.7 (CH), 149.0 (C), 199.7 (C); HRMS (ESI) m/z: [M + Na]* Calcd for C;,Hs03SiNa 511.2644;
Found 511.2662. (YA13146)

(18,38,5R,3a’S,7a’S)-3-[(tert-Butyldiphenylsilyl)oxymethyl]-5,3a’,7a’-trimethyl-2-oxaspiro[cyclo-
pentane-1,1'-hexahydroindan]-4'-one (258b).

A mixture of enone 252 (11.6 mg, 23.7 umol) and Pd/C (2 mg) in AcOEt
(1 mL) was stirred under 5 atm of hydrogen for 4 h. The catalyst was filtered
through a Celite pad, and the filtrate was evaporated in vacuo. The residual
pale yellow oil (12.0 mg) was used without further purification.

To a mixture of the crude ketone 255 (12.0 mg) and pyridine (30 pL, 372
pmol) in MeCN (1 mL) was added Nal (24.6 mg, 164 umol), followed by
addition of TMSCI (20 pL, 158 pumol). After 12 h of stirring, to the mixture
was added n-hexane (10 mL) and a mixture of saturated NH,4Cl1 (10 mL) and 1 M Na,S,0; (5 mL), and
the resulting mixture was vigorously stirred for 10 min. The mixture was extracted with n-hexane
(2%x30 mL), and the combined organic extracts were washed with brine (15 mL). Filtration and
evaporation in vacuo furnished the crude product (12.3 mg), which was used without further
purification. (YA13145)

To an ice-cooled (0 °C) solution of the crude silyl enol ether 256 (12.3 mg) in Et,O (1.5 mL) was
added diiodomethane (8 puL, 99 umol), followed by addition of Et,Zn in n-hexane (1.05 M, 90 uL, 95
umol). After 6 h of refluxing, the reaction mixture was diluted with Et,O (10 mL), and pyridine (50
pL) was added. The resulting suspension was vigorously stirred for 1 h, and was filtered through a
Celite pad. The filtrate was partitioned between n-hexane (20 mL) and H,O (20 mL), and the aqueous
layer was extracted with n-hexane (20 mL). The combined organic extracts were washed with brine
(10 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude
product (19.3 mg), which was used without further purification. (YA13148)

A mixture of the crude cyclopropane 257 (19.3 mg) and 15% aqueous NaOH (20 uL) in EtOH (1
mL) was refluxed for 2 h. After cooling, the mixture was partitioned between AcOEt (30 mL) and H,O
(10 mL), and the aqueous layer was extracted with AcOEt (30 mL). The combined organic extracts
were washed with brine (10 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in
vacuo furnished the crude product (24.6 mg), which was used without further purification.

tert-Butylchlorodiphenylsilane (10 puL, 39 umol) was added to a solution of the crude ketone (24.6
mg) and imidazole (5.0 mg, 73.4 pmol) in DMF (1 mL). After 16 h of stirring, the reaction mixture
was partitioned between n-hexane/AcOEt (3:1, 30 mL) and H,O (10 mL), and the aqueous layer was
extracted with n-hexane/AcOEt (3:1, 30 mL). The combined organic extracts were washed with brine
(10 mL) and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude
product (25.5 mg), which was purified by column chromatography (silica gel 5 g, 15:1
n-hexane/AcOEt) to give TBDPS ether 258b (9.7 mg, 81% for 5 steps) as a colorless oil. (YA13150)

R;0.56 (5:1 n-hexane/AcOE); [a]p"” —67.9 (c 0.22, CHCl,); IR (neat) 3071, 2963, 2930, 2857, 1707,
1472, 1427, 1113 cm™'; '"H NMR (500 MHz, CDCl5) 8 0.98 (s, 3H, C18-H5), 1.04 (s, 9H, ‘Bu), 1.10 (s,
3H, C30-H3), 1.14 (m, 1H, one of C16-H,), 1.15 (d, J = 6.9 Hz, 3H, C21-H;), 1.51-1.64 (m, 3H, one
of C12-H,, one of C16-H, and one of C22-H,), 1.71 (m, 1H, one of C11-H,), 1.79 (ddd, J = 3.8, 10.3,
13.6 Hz, 1H, one of C15-H,), 2.10-2.29 (m, 5H, C9eq-H, one of C11-H,, one of C12-H,, C20-H and
one of C22-H,), 2.38 (ddd, J = 17.0, 9.9, 17.1 Hz, 1H, C9ax-H), 2.85 (ddd, J= 6.7, 10.2, 13.6 Hz, 1H,
one of C15-H,), 3.55 (dd, J=4.7, 10.7 Hz, 1H, one of C24-H,), 3.57 (dd, J=4.3, 10.7 Hz, 1H, one of
C24-H,), 4.13 (m, 1H, C23-H), 7.38-7.46 (m, 6H, aromatic-H), 7.66—7.68 (m, 4H, aromatic-H); e
NMR (125.7 MHz, CDCls) & 17.0 (CH3), 19.1 (C), 21.6 (CH3), 21.8 (CH;), 22.1 (CH,), 26.8 (CH;),
28.3 (CHy), 30.7 (CH,), 36.6 (CH,), 37.4 (CH,), 37.8 (CH,), 40.5 (CH), 50.5 (C), 58.7 (C), 66.7 (CH,),
77.2 (CH), 97.8 (C), 127.6 (CH), 127.7 (CH), 129.5 (CH), 133.5 (C), 133.6 (C), 135.7 (CH), 214.3
(C); HRMS (ESI) m/z [M + Na]" Calcd for C3,H,40;SiNa 527.2957; Found 527.2965.

OTBDPS
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(15,35,5R,4'R,7a’S)-3-|(tert-Butyldiphenylsilyl) oxymethyl]-1',4',5',6',7',7a’-hexahydro-5,7a’-di-

methyl-2-oxaspiro[cyclopentane-1,1'-2H-inden]-4'-o0l (186).

A solution of enone 252 (62.4 mg, 0.128 mmol) in MeOH (1.5 mL) was
added to a mixture of NaBH, (7.3 mg, 0.193 mmol) and CeCl;-7H,O (71.5
mg, 0.192 mmol) in MeOH (1.5 mL) at —40 °C. After 30 min of stirring, the
reaction was quenched with 1 M aqueous HCI (1 mL), and the resulting
mixture was partitioned between AcOEt (40 mL) and brine (20 mL). The
aqueous layer was extracted with AcOEt (30 mL), and the combined organic
extracts were washed with brine (20 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (89.1 mg), which was purified by
column chromatography (silica gel 5 g, 5:1 n-hexane/AcOEt) to give allyl alcohol 186 (57.3 mg, 91%)
as a colorless amorphous. R;0.44 (3:1 n-hexane/AcOEt); [oc]D19 —89.4 (¢ 0.97, CHCIy); IR (neat) 3399,
3049, 2932, 2859, 1472, 1462, 1427, 1265, 1113 cm™; "H NMR (500 MHz, CDCls) & 1.05 (s, 9H, ‘Bu),
1.07 (d, J = 7.0 Hz, 3H, C21-H;), 1.09 (s, 3H, C18-H3), 1.19 (m, 1H, one of C9-H,), 1.35 (m, 1H,
Cl2eq-H,), 1.55 (tq, J = 3.3, 13.6 Hz, 1H, Cllax-H), 1.63 (m, 1H, one of C22-H,), 1.73 (m, 1H,
Clleg-H), 2.02 (m, 1H, one of C9-H,), 2.09 (dt, J = 13.6, 4.3 Hz, 1H, Cl12ax-H,), 2.15 (m, 1H,
C23-H,), 2.28-2.33 (m, 2H, one of C16-H, and C20-H), 2.48 (ddd, J= 1.7, 3.0, 16.1 Hz, 1H, one of
C16-H,), 3.69 (dd, J = 5.7, 10.5 Hz, 1H, one of C24-H,), 3.72 (dd, J = 4.4, 10.5 Hz, 1H, one of
C24-H,), 4.14 (m, 1H, C8-H,), 4.24 (m, 1H, C23-H), 5.33 (m, 1H, C15-H), 7.35-7.43 (m, 6H,
aromatic-H), 7.66—7.70 (m, 4H, aromatic-H); “C NMR (125.7 MHz, CDCL;) & 16.6 (CH3), 19.3 (C),
20.2 (CHjy), 21.0 (CHy), 26.9 (CH;), 29.8 (CH,), 35.9 (CH,), 36.9 (CH,), 39.3 (CH), 44.2 (CH,), 51.7
(C), 67.3 (CH,), 69.0 (CH), 77.2 (CH), 97.1 (C), 115.3 (CH), 127.57 (CH), 127.58 (CH), 129.50 (CH),
129.55 (CH), 133.7 (C), 133.8 (C), 135.70 (CH), 135.72 (CH), 152.5 (C); HRMS (ESI) m/z: [M +
Na]" Caled for C;3;H4,05SiNa 513.2801; Found 513.2780. (YA13157)

OTBDPS

(18,35,5R,1a'S,3a’S,7'R,7a’ R)-3-| (tert-Butyldiphenylsilyl)oxymethyl]-5,3a’-dimethyl-2-oxaspiro
[cyclopentane-1,3’-perhydrocyclopropalc]inden]-7'-ol (259).

To an ice-cooled (0 °C) solution of allyl alcohol 186 (55.4 mg, 0.113
QTBDPS mmol) in CH,Cl, (2 mL) was added diiodomethane (36 pL, 0.45 mmol),
followed by addition of Et,Zn in n-hexane (1.05 M, 0.43 mL, 0.45 mmol).
After 9 h of stirring, the reaction mixture was diluted with Et,O (10 mL), and
pyridine (0.10 mL) was added. The resulting suspension was vigorously
stirred for 30 min, and was filtered through a Celite pad. The filtrate was
partitioned between AcOEt (20 mL) and H,O (20 mL), and the aqueous layer
was extracted with AcOEt (30 mL). The combined organic extracts were washed with brine (20 mL)
and dried over anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude product
(79.5 mg), which was purified by column chromatography (silica gel 5 g, 5:1 n-hexane/AcOEt) to give
cyclopropane 259 (52.3 mg, 92%) as a colorless amorphous. R, 0.53 (5:1 benzene/Et,0); [a]p™ —42.0
(c 1.68, CHCLy); IR (neat) 3356, 2931, 2859, 1472, 1427, 1265, 1113 cm™; 'H NMR (500 MHz,
CDCl;) 6 0.40 (dd, J=2.8, 7.0 Hz, 1H, one of C30-H,), 1.03 (d, /= 6.7 Hz, 3H, C21-H;), 1.06 (s, 9H,
‘Bu), 1.12 (s, 3H, C18-H;), 1.20 (m, 1H, one of C9-H,), 1.27-1.32 (m, 2H, C15-H and one of C30-H>),
1.42 (m, 1H, one of C12-H,), 1.51 (dd, J = 6.3, 12.0 Hz, 1H, one of C22-H,), 1.61-1.81 (m, 4H,
C11-H,, one of C12-H, and one of C16-H,), 1.89-2.01 (m, 2H, one of C9-H, and one of C22-H,), 1.95
(d, J = 13.3 Hz, 1H, one of C16-H,), 2.11 (m, 1H, C20-H), 3.68 (d, J = 4.8 Hz, 2H, C24-H,),
4.15-4.20 (m, 2H, C8-H and C23-H), 7.37-7.44 (m, 6H, aromatic-H), 7.68—7.72 (m, 4H, aromatic-H);
C NMR (125.7 MHz, CDCl5) § 7.7 (CH,), 16.7 (CH), 17.0 (CH3), 19.0 (CH3), 19.3 (C), 21.2 (CH,),
26.8 (CH3), 28.2 (CHy), 35.1 (CHy), 36.7 (CH,), 40.2 (CH,), 40.7 (C), 42.1 (CH), 48.6 (C), 67.2 (CH),
67.3 (CH,), 77.8 (CH), 94.2 (C), 127.61 (CH), 127.62 (CH), 129.6 (CH), 133.6 (C), 135.7 (CH);
HRMS (ESI) m/z: [M + Na]" Caled for C3,H4403SiNa 527.2959; Found 527.2979. (YA13159)
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(15,35,5R,1a'S,3a’S,7'R,7a’ R)-3-(Hydroxymethyl)-5,3a’-dimethyl-2-oxaspiro[cyclopentane-1,3’-
perhydrocyclopropalc]inden]-7'-ol. (261)

BuyNF in THF (1.0 M, 0.15 mL, 0.15 mmol) was added to a solution of TBDPS
ether 259 (50.1 mg, 99.2 pmol) in THF (2 mL). After 30 min of stirring at 60 °C,
the mixture was partitioned between AcOEt (30 mL) and H,O (20 mL), and the
aqueous layer was extracted with AcOEt (2x30 mL). The combined organic
extracts were washed with brine (20 mL) and dried over anhydrous Na,SO,.
Filtration and evaporation in vacuo furnished the crude product (54.3 mg), which
was purified by column chromatography (silica gel 5 g, 4:3 n-hexane/AcOEt) to
give diol 261 (26.6 mg, 96%) as a white solid. R, 0.32 (1:1 n-hexane/AcOEt); mp 159-161 °C
(colorless needles from Et,0); [a]p™* —63.4 (¢ 1.27, CHCILy); IR (neat) 3275, 2937, 2862, 1448, 1375,
1265 cm™'; "H NMR (500 MHz, CDCl5) § 0.46 (dd, J = 3.5, 8.2 Hz, 1H, one of C30-H,), 1.05 (d, J =
6.7 Hz, 3H, C21-H3), 1.11 (t, J = 3.5 Hz, 1H, one of C30-H,), 1.13 (s, 3H. C18-H3), 1.20 (m, 1H, one
of C9-H,), 1.35 (m, 1H, C15-H), 1.42 (m, 1H, one of C12-H,), 1.49 (dd, /= 6.2, 11.9 Hz, 1H, one of
C22-H,), 1.64-1.72 (m, 2H, C11-H,), 1.76—1.85 (m, 4H, one of C12-H,, C16-H, and one of C22-H,),
1.92 (m, 1H, one of C9-H,), 2.16 (m, 1H, C20-H), 3.55 (dd, J= 6.9, 11.4 Hz, 1H one of C24-H,), 3.66
(dd, J = 3.6, 11.4 Hz, 1H, one of C24-H,), 4.18 (dd, J = 3.8, 10.9 Hz, 1H, C8-H), 4.20 (m, 1H,
C23-H); "C NMR (125.7 MHz, CDCl;) & 8.1 (CH,), 16.7 (CH), 17.0 (CH3), 19.1 (CH;), 21.1 (CH,),
28.1 (CH,), 35.0 (CH,), 36.2 (CH,), 40.79 (C), 40.82 (CH,), 42.2 (CH), 48.8 (C), 67.0 (CH), 67.2
(CH,), 78.1 (CH), 94.5 (C); HRMS (ESI) m/z: [M + Na]" Calcd for C;sH,s0;Na 289.1780; Found
289.1778. (YA13160)

(18,35,5R,3a’R,4'R,7a'S)-3-(Hydroxymethyl)-5,3a’,7a’-trimethyl-2-oxaspiro[cyclopentan-1,1'-
hexahydroindan]-4'-ol. (262)

A mixture of cyclopropane 261 (15.0 mg, 56.3 umol), PtO, (3.8 mg, 16.7 umol)
and AcONa (13.8 mg, 0.163 mmol) in AcOH (0.6 mL) was heated at 40 °C under
1 atm of hydrogen. Two additional equal portions of PtO, (1.9 mg, 8.4 umol) were
added after 16 h and 32 h. After a total reaction time of 48 h, the catalyst was
filtered through a Celite pad, and the filtrate was evaporated in vacuo. The residual
gray solid was partitioned between AcOEt (30 mL) and H,O (10 mL), and the
aqueous layer was extracted with AcOEt (2x30 mL). The combined organic
extracts were washed with brine (10 mL) and dried over anhydrous Na,SO,. Filtration and evaporation
in vacuo furnished the crude product (40.1 mg), which was purified by flash column chromatography
(silica gel 10 g, 1:1 n-hexane/AcOEt) to give diol 262 (11.1 mg, 74%) as a white solid. R, 0.25 (1:1
n-hexane/AcOEt); [o]p> —29.5 (¢ 0.54, CHCl,); IR (neat) 3393, 2987, 2938, 2878, 1474, 1381, 1215,
1015 cm™; "TH NMR (500 MHz, CDCl5) 8 0.99 (s, 3H, C18-Hj), 1.06 (d, J = 6.7 Hz, 3H, C21-H;), 1.11
(s, 3H, C30-H;), 1.30 (ddd, J= 2.1, 4.7, 13.5 Hz, 1H, Cl2eq-H), 1.40 (m, 1H, C9ax-H), 1.52—1.65 (m,
5H, C11-H,, C15-H, and one of C22-H,), 1.69 (ddt, J= 2.0, 12.5, 5.0 Hz, 1H, C9eq-H), 1.73—1.81 (m,
2H, one of C16-H, and one of C22-H,), 1.92-2.04 (m, 2H, C12ax-H and one of C16-H,), 2.21 (m, 1H,
C20-H), 3.57 (dd, J = 8.1, 11.1 Hz, 1H, one of C24-H,), 3.65 (dd, J = 3.7, 11.1 Hz, 1H, one of
C24-H,), 3.96 (dd, J = 5.0, 11.3 Hz, 1H, C8-H), 4.21 (m, 1H, C23-H); "C NMR (125.7 MHz, CDCl;)
6 16.4 (CH3), 16.6 (CH3), 17.3 (CHj3), 20.2 (CH,), 26.1 (CH,), 29.6 (CH,), 33.6 (CH,), 35.8 (CH,),
40.7 (CH,), 43.5 (CH), 49.8 (C), 51.0 (C), 68.0 (CH,), 73.6 (CH), 77.6 (CH), 96.7 (C); HRMS (ESI)
m/z: [M + Na]" Calcd for C,sH,505Na 291.1936; Found 291.1923. (YA3176)

(18,35,5R,3a’R,4'R,7a’S5)-3-|(tert-Butyldiphenylsilyl)oxymethyl]-5,3a’,7a’-trimethyl-2-oxaspiro-
[eyclopentane-1,1'-hexahydroindan]-4'-ol (263).

A 0.35 M solution of tert-butylchlorodiphenylsilane in DMF (0.10 mL, 35.0 umol) was added to a
solution of diol 262 (4.9 mg, 18.3 umol) and imidazole (4.8 mg, 0.071 mmol) in DMF (0.5 mL) at
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0 °C. After 6 h of stirring at room temperature, the reaction mixture was
partitioned between n-hexane/AcOEt (3:1, 30 mL) and H,O (15 mL), and the
aqueous layer was extracted with n-hexane/AcOEt (3:1, 2x30 mL). The
combined organic extracts were washed with brine (15 mL) and dried over
anhydrous Na,SO,. Filtration and evaporation in vacuo furnished the crude
product (24.9 mg), which was purified by column chromatography (silica gel
5 g, 5:1 n-hexane/AcOEt) to give TBDPS ether 263 (8.8 mg, 95%) as a
colorless oil. R;0.40 (3:1 n-hexane/AcOEt); [OL]D23 —27.6 (¢ 0.82, CHCl;); IR (neat) 3419, 3071, 2928,
2855, 1462, 1427, 1113, 1015 cm™'; "H NMR (500 MHz, CDCl;) 8 0.91 (s, 3H, C18-H5), 0.976 (d, J =
5.8 Hz, 3H, C21-H;), 0.982 (s, 9H, ‘Bu), 1.07 (s, 3H, one of C30-H;), 1.23 (ddd, J = 2.2, 4.6, 13.3 Hz,
1H, C12eg-H), 1.34 (m, 1H, one of C9-H,), 1.43-1.64 (m, 7H, one of C9-H,, C11-H,, C15-H,, one of
C16-H, and one of C22-H,), 1.86 (dt, J = 6.2, 13.3 Hz, 1H, Cl12ax-H), 1.96 (dt, J= 5.6, 11.3 Hz, 1H,
one of C22-H,), 2.07-2.17 (m, 2H, one of C16-H, and C20-H), 3.62 (dd, J = 4.5, 10.5 Hz, 1H, one of
C24-H,), 3.66 (dd, J = 4.9, 10.5 Hz, 1H, one of C24-H,), 3.88 (dd, J = 5.0, 11.3 Hz, 1H, C8-H), 4.13
(m, 1H, C23-H), 7.30-7.37 (m, 6H, aromatic-H), 7.60-7.63 (m, 4H, aromatic-H); *C NMR (125.7
MHz, CDCl;) 8 15.9 (CH;), 16.6 (CH3), 17.3 (CH3), 19.3 (C), 20.3 (CH,), 26.1 (CH,), 26.8 (CHj3),
29.6 (CH,), 33.6 (CH,), 36.1 (CH,), 40.2 (CH,), 43.3 (CH), 49.8 (C), 50.9 (C), 67.2 (CH,), 73.8 (CH),
77.4 (CH), 96.5 (C), 127.6 (CH), 129.55 (CH), 129.57 (CH), 133.61 (C), 133.64 (C), 135.6 (CH),
135.7 (CH); HRMS (ESI) m/z [M + Na]" Calcd for C;,H;s0;SiNa 529.3114; Found 529.3123.
(YA13166)

(18,3S,5R,3a’R,7a’S)-3-|(tert-Butyldiphenylsilyl)oxymethyl]-5,3a’,7a’-trimethyl-2-oxaspiro[cyclo-
pentane-1,1'-hexahydroindan]-4'-one (258a).

Dess—Martin periodinane (9.5 mg, 22.4 umol) was added to a solution of
alcohol 263 (7.0 mg, 13.8 umol) in CH,Cl, (1 mL) at 0 °C. After 30 min of
stirring at room temperature, the reaction was quenched with a mixture of 1
M aqueous Na,S,0; (7 mL) and saturated aqueous NaHCO; (7 mL), and the
resulting mixture was vigorously stirred for 30 min. The mixture was
extracted with AcOEt (2x30 mL), and the combined organic extracts were
washed with brine (15 mL) and dried over anhydrous Na,SO;,. Filtration and
evaporation in vacuo furnished the crude product (10.1 mg), which was purified by column
chromatography (silica gel 5 g, 8:1 n-hexane/AcOEt) to give ketone 258a (6.2 mg, 88%) as a colorless
oil. R, 0.59 (3:1 n-hexane/AcOEt); [a]p” —14.6 (¢ 0.64, CHCIy); IR (neat) 2961, 2930, 2859, 1709,
1472, 1462, 1427, 1113 cm™'; "H NMR (500 MHz, CDCl;) & 0.87 (s, 3H, C18-Hj), 1.05 (s, 9H, ‘Bu),
1.07 (d, J = 7.0 Hz, 3H, C21-H;), 1.36 (m, 1H, Cl2eq-H), 1.38 (s, 3H, C30-H;), 1.53—-1.58 (m, 2H,
C15B-H and one of C22-H,), 1.68 (m, 1H, one of C11-H,), 1.85 (m, 1H, one of C16-H,), 1.93-2.06 (m,
3H, C12ax-H, one of C16-H, and one of C22-H,), 2.11-2.20 (m, 3H, C9¢eq-H, one of C11-H, and
C20-H), 2.32 (dt,J=5.8, 13.5 Hz, 1H, Cl15a-H), 2.60 (ddd, J = 8.8, 11.9, 15.7 Hz, 1H, C9ax-H), 3.68
(dd, J=4.7,10.6 Hz, 1H, one of C24-H,), 3.73 (dd, J=4.7, 10.6 Hz, 1H, one of C24-H,), 4.24 (m, 1H,
C23-H), 7.36-7.44 (m, 6H, aromatic-H), 7.66-7.69 (m, 4H, aromatic-H); °C NMR (125.7 MHz,
CDCl3) 8 17.4 (CH;), 19.0 (CH3), 19.3 (C), 20.9 (CH,), 23.5 (CHs;), 26.0 (CH,), 26.8 (CHj;), 28.9
(CH,), 35.9 (CH,), 36.0 (CH,), 39.5 (CH,), 43.2 (CH), 51.7 (C), 60.9 (C), 67.2 (CH,), 77.8 (CH), 96.5
(C), 127.63 (CH), 127.64 (CH), 129.60 (CH), 129.62 (CH), 133.5 (C), 133.6 (C), 135.61 (CH), 135.65
(CH), 216.8 (C); HRMS (ESI) m/z [M + Na]" Calcd for C3,H,0;SiNa 527.2957; Found 527.2954.
(YA13167)

OTBDPS
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