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Ac : acetyl

AIBN : 2,2'-azobisisobutyronitrile

atm : atmosphere

BHT : 3,5-di-t-butyl-4-hydroxytoluene
BMDA : bimolecular Diels-Alder

Bn : benzyl

Bu : butyl

cat. : catalytic amount

CBS : Corey-Bakshi-Shibata

conv : conversion

Cp : cyclopentadienyl

Cy : cyclohexyl

dba : dibenzylideneacetone

dr : diastereomeric ratio

DBU : 1,8-diazabicyclo[5.4.0]Jundec-7-ene
DDQ : 2,3-dichloro-5,6-dicyano-p-benzoquinone
DEAD : diethyl azodicarboxylate

DIAD : diisopropyl azodicarboxylate
DIBAL : diisobutylaluminum hydride
DIPEA : diisopropylethylamine

DMAP : 4-N,N-dimethylaminopyridine
DMF : N,N-dimethylformamide

DMP : Dess-Martin periodinane

DMSO : dimethyl sulfoxide

dppe : 1,1-bis(diphenylphosphino)ethene
ee : enantiomeric excess

Et : ethyl

equiv : equivalent

FAB : fast atom bombardment

HOMO : highest occupied molecular orbital
HSPT : 1-phenyl-1H-tetrazole-5-thiol
IMDA : intramolecular Diels-Alder

IR : infrared spectroscopy

KHMDS : potassium bis(trimathylsilyl)amide

KPB : potassium phosphate buffer
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Figure 2-1-1. Structures of Bucidarasins A-D, Clerodane and Tricyclic Clerodane Diterpenes
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baker’s yeast# W7 X J LB AT 4 7 T a w7 OEKE%EScheme 2-3-11C
N N %ﬁ%%“(“7"mﬂ??ﬂ/ﬁ5~8§\“/7 o7V Y A D baker’s yeasti® ¢ &
T2 2 & TrRmILENDHE 4%1;?)‘&‘!3’3 M RAFEHOLOMELEIDLTWDT
baker’s yeast & i\ 728 ¢ TIX — & I Prelog HIPICHE » T, AU D% %EMELT
w:~wﬁsE%%@Zéi5@%%%ﬁ%%hé:&ﬁﬂ%hfnéo:@é
WEFA T =T v 7RAEThHD, AFN26-YE FonxrNryx—§F &
BREEELSIETHLAD T XTI NR vy I a~nt S OF 721080 R 7 —
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Scheme 2-3-1. Preparation of Chiral Bunldmg Block 6

~ BN ¢ Jcroce, baker's yeast

| a. o .= stextract, Triton X-100

PR - - C’ ¢ —--
HO™ 7 WH / H,O/EtOH, 30 °C, 2 d
CON - BnO 94% (94% conv), >99% ee
commercially 7
available

Reagents and conditions
{(a) BF3-OEt;, MeOH, 3 d, 93%; (b) Na, t-BuOH, lig.NH3, -78 °C, 20 min; Mel, 91%; (¢) LiAlH,, Et,0,
0 °C, 30 min, 96%; (d) BnBr, NaH, TBAI, THF/DMF, 10 h, 92%; (e) 2M-HCI/THF, rt, 30 min, 95%.

Table 2-3-1. Baker's Yeast Reduction of Prochiral Diketones

_ ) . r | [ ‘ . LN
0% 1 l C R T ¢ /\ V/ ) R(S) .
/w / ., o” OH o
/ N
RO RO RO
entry substrate yield (%) ee (%)
n=1,R=Bn 90 (85% conv) >9
‘ ._.L-J i.l
IIHI -] » |
n=3R=Bn
4 n =3, R=Piv 95 >99
5 n=4,R=Piv 93 (86% conv) >09

ZOXOSRLTRLAEFINVENLT 477y 76l THaEKEZED D Z
L, Wittighl)SiZ v b 7 bV F—= A RIEEF < TEOICERE TIT>7=Z, KO
Crabtreefit #8£ % B\ 72 K R0 SO V1. K BB 2E @ directing effect & & D & 37 {f &
REIWZC8 I T DR A RFBAMETE L, M AKKISIT YN, KEEEKE A
N~ b W crude THE RS T WK RIS & 1T 7% » 7= 23 (Table 2-3-2, entry
D, KERHPESEERHERIELZVWI L, FERERZELRZNVI ED LD
S comFEITI L E L, BMEREOE WY 77— NTRICEITR > &
CAHAREBETKRICHEIT LA G TEN, NI TS NEKDBPARLETH D=
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DEIAERY b EEHBRE SN REIEIFRRETH o7~ Entry 3l T4 F kY
vaeHunlE A RBITHEALBAKRYORRB LR O o (IR IT50%
BRETH--=, THNIEFPMAEATCKEREIEL, BLABETHE I ELNL TV S
HEHWT L, entry 4R T XA LEZEZ A, BRKRTHBERELS A 2 5

ZEeEmTELLE, BBV EDATIAMOBILITHRFOME., FBEBEEH O
ERIGEEEYORE R W E R bhol-, KEEALZPDCREILT 2 2L Tx 7 12
. rhroafiEa Rl PdEH W - BBAERFERAKIGC L DDA

iRk Ch DY) 7 0 vdk Gk LTz,
Scheme 2-3-2. Synthesis of the Dienophile of the Diels-Alder Reaction

h 3 J t o ; d
P — N - — —_—
o R '/OH - = < OH 4 | \\\“w Cil \\\
BnO BnO BnO
BnO
6 8 9 10
OH O
_COMe

P &* - &

BnO BnO

1 12
Reagents and conditions
(a) PPh3CH3Br, n-Bull, -30 °C, 18 h, 91% (90% conv); (b) H,, Crabtree's reagent, (CH,Cl),, 80 °C, 14 h,
92%; (c) POCI,, pyridine, 80 °C, 21 h, 98%; (d) SeO,, dioxane/HCOOH, 80 °C, 3 d; then NH,OH, 65%;
(e) PDC, MS4A, CH,Cly, rt, 3 h, 86%; (f) I, DMAP, CCly/pyridine, 50 °C, 1 d, 98%:; (g) CO, Pd(PPh;),,
TEA, THF/MeOH, 55 °C, 8 h, 98%.

Table 2-3-2. Dehydratlon of 9

? ” j E E ; | oy solvent temp (°C) time (h) yield (%)
1 IoM3C (2, TEA (3. ), DMAP (cat.) THF rt 0.5

2)DBU (3.0) toluene reflux 72 77-96
2 Tf,0 (1.5), pyridine (10.0) CH,Cl, 0 1.5 65
3 POCI; (3.5) pyridine rt 11 52

HJ.WJ.I.IJ-;J..:.-I-II

L1
/; 'o’\’; — /\; ’; or HO/\' ;
> \
BnO

presumed lntermedrate
RIS TH 54 VW TFEBMDAR S TIHE.ARMAZO TR TEHBRLLT I ARSD
ro, EF o257 Er G+ 5y r5aE /Kt L7z, Table 2-3-3, entry 1,21
ATEMETIEMEBA L T AT HGELAT ., AICFEET 20 P KFER N
1,5-e FU N7 ML, BIELTEEkGEMOE AW EL THELIERE R T2,
B TORIGARD SN0 TY T ®HOMOD = )L ¥ — M7 8 L 0 & 5D
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EHWDH Z &L L7, Entry 3~8IZ " T L 5 CH A2 DLewisBE X BFT LT &2 A,
SnCly. -60CEWVWIHIEFHTHRBERETIEL DN ICPEITT DI ENL Loz,
Table 2-3-3. BMDA Reaction of 4 with 5

( ] o COR%Me o
)ig: “Cad- . l\ Lewlfs_ac:i ”U\ I __come
B :;J\OTBS R oTBS «/E;%}jz;\[i:j
Bna. 5a (R=CO,Me) BnO : , (R=CO,Me} 4
5b (R=CH,OTBS) ) (R=CH,0TBS)
entry Lewis acid (equiv) diene (equiv) solvent temp °C)  time (h) yieid (%)
1 ZnCl, (1.5) 5a (1.5) toluene 60 10 4 73
2 SnCl, (1.5} 5a (1.5) toluene 50 24 4' 40
3 mCL(0) SO H o 20 NR
4 BF3-Et,0 (1.0) 5b (3.0) Et,0 rt 24 N.R.
5 TiCl, (1.0) 5b (5.0) Et,O -50 24 N.R.
6 EtAICI, (1.0) 5b (5.6) Et,O -40 48 3b 14 (77% conv)
7 FeCl; (1.0} 5b (8.6) Et,O 3b 64 (29% Conv)

(. i)

WA SnClyZ H W7 BMDAK IS @ ik fb 217 9 2 & & L 7= (Table 2-3-4), 0°C T
JGEAT 9 EHRONIWCHETT 200, ZONMEBRBRMEFIERVED TH - -,
60C THRIGZEZITH) EPBREOEBETITH 5N BIRME L/ B I 2 & R M
THWMHEREZ, ZOFKMFETAFr— L E BT CKRISEITR > =T, IFEOFIRN
WMATFEINE#HEVE LT Wekentry 2L RIRBRBEOIFIZT RO, T
(ZSnCly "E,O& KIS L T LFE WLewisfiE & L THELRS s TWDLD I ENKE
NeEEZEZOND, 2 Tk 21T o> MR entry 412 /89 X 9 12 NI Bl O ¥
A 2 Ed 528 TSnCly 0.1 F®ICHRL THORMMITHBEMER S EITLEBNY
AEHBA LN TELE . 22 THLLALE2OOY T AT LA —RGWIE5S MR
HolmORDODTITRTHET D ELTE,
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Table 2-3-4. Optimization of the BMDA Reaction of 4 with 5b

COgMe
- : Or ] ‘; 'I SV ﬁ ‘ ’/OTBS
- [ SnCly ~l
L el
Et,O R ‘018S
o Z>otBs <)H
n
4 5b BnO 3y
entry 4 5b (equiv) SnCl, (equiv) solvent temp (°C) time (h) yield (%)
1 50 mg 20 1.0 Et,0O (0.05 M) 0 0.3 85 (dr = 3/2)©
2 50 mg 2.0 1.0 Et,0O (0.05 M) -60 1 82 (71% conv) (dr = 9/1) 9
23 500 mg 2.0 1.0 Et,0O (0.05 M) -60 1 85 (82% conv) (dr = 91) ©

(0 R i BEbNe H ¢ AENEENEY

a) The same operation was repeated three times after w-orlz-up_.
b) The same operation was repeated once more after work-up.
¢) Dr was determined by 'H NMR.
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HAE 4y F B Diels-Alder X i @ & 1 M fif 47

BMDAR & T b L7 BRALIK O NL KW & 2 ff M - 5 72D IS C6f 77 b D& %
1T 7% - 7= (Table 2-4-1), Entry4,5{Z 179 & 9 ICDIBAL-HZ H W7 & o2&k b EMW
Tholen, S WERMEEZE ETE R W Dentry 69T TNV I =t NV
REaMWTHHE2ITR >, LIAIHSRAIHIRIGHERN G T 5 2 DI K% KN 8
Mt L7z, DIBAL-HO K5 7 A= Ahilda@mVWiEiaksa 35 5B oh %2 v
NIE X DBEIRMENH ETE D & E X2, Red-AIRLiAI(Or-Bu);sHZ Hl W HF L 7= 2 X
G EEIT Lo, TALOENSE Y E LA IIDIBAL-HA i b 2 H
W ThHodI &P bhhroi, DIBALE niZ XV HE LAY T AT VI v —
A 4B UACE F N TNV IV BNV T hra~w N7 57 40— X0 p8ET5C
ENTEE, O TENOESYHl Bl XV ERELZR ALY L= ) — L
— TN DD 14AE 4BITHIE P oM L7l ir 72132672007,
L2722 L7272 514CIHEINOESYHI E O R £ O HBE 2 & Figure 2-4-112 /8 T 37 (K Bl (&
EETOMETHLI I ENRBEINTE, FITCTIDOU4CE R H L 14A,14BD V2 (K %
WETHEELE,

Table 2-4-1. Reduction of C6 Ketone

O I CO;Me
) -0 T HO OTBsS
| Reducing | ’/
/[6\ o reagent IR
[ - - ) I
) H O1BS S H o18Ss
BnO BnQO
3b(d.r.=9:1) 14 (A,B,C)
entry reege Bt 7 solvent  temp (°C)  in :(h) < 1l 5 (14A/14B/14C)
1 NaBH, (exce s3) EtOH rt 96 4.5/4.5/1
LiBH,4 (excess) THF 0 9 4.5/4.5/1

DIBAL-H (3.0) {oluene - 0.1 6/3/1

LiAlH, (excess) Et,O 78 0.1 multi spots 2
LiAlH,4 (10), AICI5 (10) Et,O -20 1 decomposition
Red-Al (5.0) THF rt 24 almost N.R. P

9  LIAOt-Bu);H (excess)  THF 60 24 N.R.

a) There were several spots including 14.
b) Some high polar components appeared on the TLC.
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Figure 2-4-1. NOE Correlations in the NOESY Spectrum of 14C

DDQ&# MW TI4CH  — J VKB LE, Z0EWMITI4AL L RIEIC L THE
T/l —HLEZLEPD14AL M4CIHCANE D R—RMER TH D Z ERHL M E 72 o
7o WICI4BD KB I 2Bk LHEDIBALE L L7 & ZA14AL 4B H N T- 2
EMNMBHI4A L UBITZCOr D BEKR TH D Z ENXH LM E R D 14A L 14BII Figure
A2 R TV RBEEEAFTLIERRBINE, INLOREE D D L
BMDA i X exolendo» 9/ 1Dt THEAT L7 Z &0V & Omajorfkd 7 ~ v D
WL L 4/1D W T, minorff DB LT H ~ DO VT AT LA~ — & L TR DHEFT L
=2 MMM S s, Z 2L id Table 2-3-412 -k L 72 BMDA X Jis Tbucidarasin® ‘g ¥ &
BB L T BBIREERBE ST OMERTIRW ERA RSN, . F0oMmo
RKEMAERICEHAT 52222 m R BEBRMICERMEELITOMME XL D
EEZTWD,

Scheme 2-4-1. Structure Elucidation of 14A and 14B

. COQMe
i —otBs

DDQ, 2,6-lutidine DDQ, 2,6-lutidine

14A 14A and 14C are

\ oTBS MeCN, tt, 1d, 73% MeCN, rt, 4 h, 85% C4-isomers
BnO 14c
1) D.M.P, pyridine
CH,Cl,, 1, 2 h, 98% 14A and 14B are
14B 14A + 14B C6-isomers
2) DIBAL-H, CH,Cl, 24 199
78 °C, 15 min y-74% y-19%
o CQQMG CO,Me
HO | y-OTBS HO | —OTBS
T kT
):'s\f L4 el 4
______ | LB
K - "01BS ) 3 AN~ "018S
) H S H
BnO  14a BnO 14B

Figure 2-4-2. Proposed Structures of 14A and 14B

BMDA X i~ Bf @ 4 0 37 K Bl % 1% Figure 2-4-312 78 923 9 @ half-chair-like 72 37 £
BLJE N 2 L ALD N, 220 A F )L A pseudo equatorialiZ i & 3 5 Bl J# 23 = % /L
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—WICZEELEEZ LN D, = L CBMDAK I i 748 1@
\ZRelli T L AERBGICHEST L., fi B8R

NI XA REEELBIT D XD

T@Ttﬁ@ﬁﬁiﬁﬂﬁééﬂﬁﬁ‘éﬂ:’*\%@&%i—?ik&%2E?(L%Bo FF i

INKEROBREEWEEEIT)> D

BMDA&E} BWTETHEEY .,

EHRICKD LIEEFE LD,

BnO

BnO
= Me\f/ \ C e
TBSO

exo
favored

\

CO,Me

‘01B8S

BnO

A BnO B

desired
minor product

desired
msjor product

Figure 2-4-3. Proposed Mechanism of the BMDA Reaction

C6(ii 7 b v di&ELTIL.

U'BDO 2T OB JE R ER N B 2 60D A,
sz,
e
WAL ET AN EEIEATKIENEITL TV D D

DBIREP RESSBHLTWDS Z
Figure 2-4-112 /R T NOED Bl & 711 T W
N VA F A F K T axialfi
EMTRINDS,
W5 & convexd L concavelt @ W 5 7 6
- 7= (Figure 2-4-4), — 5 . DIBAL-H® X 9

WEORBLDFAF o MEE DL B,
L ONCT7fr axial/K F#F @ 1 (&

14

favored

S DY IR VARZ N A
Tl WHRWZREGHR TH OO E TR TCSLaRFNFEASF T LEE

BnO

3bmajorff ® & 5& TIEZNaBH,® X
BT NMEITLI/IOY T AT LA HTH
72 Lewisfig t: D & % 18
IR M BT B D toluene™ THRIS 24T H L BRMEBIKTT 5 2
sp” A B T AL
P S & B 1 7= concavel 2> B @ axial BB B E L L

T e AR D B
rROLERMERLZ ENT

disfavored

COzMe
B OTBS

|
‘O1BS

BnO

undes:red

3bD B MR & L T Figure 2-4-412 R 3 & 9
C4fr & ¥ F (-CH,OTBS %) 7 K [
3bminor{k @& 5t TH H ¥ 72 14CH

BRI AL o = A

ANRVARY NI D N

&
b U K2 C5HL

N NN F R AT

A B L
Tk X7 L9
IWAH4L5bpD

(A=

OzMe
g — BmAf:§§;
Ve 2Me

endo
disfavor |

d

COzMe
0 ¢ —omss

|
i 01B8S

undes:red

ﬁAki

T E B I W,

VR o Al &2
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VITATFT VAR THEOIKEELIFT AR LEKEGS ZEEHB L TWVDE, E
3bminor{k @ & 5& T 1L C4{7 & # L (-CH,OTBSIE )DL K EE L Mb Y . B — o 4Rk
W& G5 272 & #F %2 6 L5 (Figure 2-4-5),

BnO CO,Me
\ )
Me H H
B
TBSO oTBS

3b minor Conformer B

BnO

BnO BnO BnO
14A 14B 14C

major product minor product major product

Figure 2-4-5. Proposed Mechanism of Reduction of Ketone 3b using DIBAL-H
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FSE COfE(E)-3-A F L-2,4-_ 22 Vx = )LMl#EHEK

T 15D 1,28 gt (T convexfl 7 B OB BN EIT L1662 LA BINICH 27272
.7 oo FEE s W CC2L KEE R & Y E K 5T 5 Z & Thbucidarasin® cis-7 & K
m%ﬁuVﬁ%i’ff#éxﬁﬁﬁ%éfﬁﬁﬁé:&Kﬁ%btmmme
2-5-1), ZTOKRCOM DO KBEERITIIAEHFEICLIIRIGLEPo T EEZX LMD, 18
anoaUM%%%Tww%f%£L49%wto

Scheme 2-5-1. Construction of cis-Dehydrodecalin Core

Reagents and conditions

(@) NaBHj,4, CeCl3 -7H,0, MeOH/CHJCl,, 0 °C, 30 min, 97%; (b) DIAD, PPhs,
a-chloroacetic acid, toluene, rt, 15 min; (c) K.CO3, MeOH, 0 °C, 30 min, 92%
(2 steps); (d) TIPSOTH, 2,6-lutidine, CH,Cly, 0 °C, 12 h, 90%

KFEWMEMHIC L 5Bk O W% % 17 72 » 7= (Table 2-5-1), Mercktlt ® Pd/C %
WD EMeOHIEE TIEIR IS R DN E M 72 > 7 D EOACEBE TIZ B MM 2 T4 KD
ELTHE, L2rL,BIAEKMELTT 7 M rR200h B o, 2TEF XTI
v bFPexrAFrERI3-diaxial D EICGHFEL, BRARLTWDLIAEEE 2L
N5, OCTIEEHETZNLEHEINENRN ELAED TT 27 bbbz g it <,
BOGHIWZHET L TWD 2R rm@Inz, KEBRMEISIZHEH T 2Pd/CliEH 77
A —DFEOTpHRA R R DI EN MO T W B, Pd/CiLE D JFE ©TH 5 PICLD
BirglcEZEW LT, AP EKN TS 2 F‘/ﬁizowi‘ﬁ%hf-’érfb\é&%i
Aldrich#: D PAd/CICE R L CTAHh L EZAWRER M ELE, L2ALERDLTERICT Z
Mo R200 Ml iz H Ko7, #Z CTPerlmannfib I ERH L2 2 AT 7 b v
200D Ak 2 KEIZMm$l L, bR hic7vIreRms sk 727 b
VIR200 D R A E RISl TS 2 &N T E T,
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Table 2-5-1. Deprotection of Benzyl Group

C CO,Me 0
e S TIPSO OTBS
I ' B TIPSO V| —OTBS
~ H2 ‘ /E
7 3 “O1IPS R 01 ‘
\\\\ H \\\ﬁ\/ Ol |PS ” \\\@\/ VOTIPS
BnO HO ) 0
19 20 20
entry reagent solvent temp (°C) time (min) results
1 Pd/C [Merck] MeOH rt 15 multi spots
2 Pd/C [Merck] EtOAc rt 15 20 51% 20" 39%
3 Pd/C [Merck] EtOAc 0 30 20 80% 20" 30%
4 Pd/C [Aldrich] EtOAc 0 30 20 75% 20" 22%
5 Pd(OH),/C [Aldrich] EtOAc 0 20 95% 20' trace
mein- Im | | InED
Gl B
9 5 ATz K e L A AR SIS E W X2y = v EoB NE2R A

twmmmma)m%%%hJ79~Fk?é&ﬁm@@ﬁ?é%@@$%ﬁé
EFT ML T LESE, AVAKR2MFTHBEEH CE 0o CXMBEMNTH L3 — K
VEZ U EDRIEET TN, MEBEOREWVWR AN FAAIBIT D KIED T
DPREBEEBBRIKIEK O 7V I RINIEELSEIT LR 2,

Scheme 2-5-2. 52 Alkylation with lododiene

( ) [
_TBS

Tf50O, pyndine, DMAP ‘ ' |
20 >~ —— decomposition

CH,Ch, 0°C,2h &+ “OIPS
44% <\ H

TfO

unstable —>j|
= t-BulLi

—-— NR.
Et,0, -78 °¢., i . min

COZMe
TIPSO roTBs
MsCl, EtsN ,‘

CH,Cly, 1t, 15 min - ﬂlv ‘O1IPS
74% _t
MsO :>_/ , t-BuLi, CuCN
21

THF, reflux, 20 h
WIZ20% 7T V7T & R22~ BB URBMAMKIEERAL, a— Y= HEkD
AR FULEFERSHPIERIEL, 232 /22 N TEREN, 23840 KBENR
“%W@iX?w&ﬁmbk“&FVM&@“%ﬁmﬁf%ottw\n&u@
BEEWMICEREEIEFRH I Y7 Mo R242 572, 2077 F K240 PdE H W2 &
mﬁmm%ﬁ@ot&:%nwmzym\ﬁ%@ﬁ@%%h#:Viy#W%:
B L2 HEONOM B LR o . ZEEMAT LT 0 VO EREEELSE ZL NI,

20

N.R.
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B Em2ICWmE L, 252550 XREE KL, U EOFERTIZITD
AR R P

Scheme 2-5-3. Nucleophilic Addition with lododiene

\

A ’ I CO,Me
N [EXH e TN 7 tBul TIPS(‘)
D.MP | r o |
20 pyridine ‘ ' . Et,0, -78 > I min
CHClz 1, 1.5h  » “O1IPS 2) KoCO3, MeOH, tt,1h 7 3
96% <MH N
O 2 -

Table 2-5-2. Reduction of C11 Allylic Position

N TIPso o2
OTBS OTBS
1 | N INER
Pd
24 —_—
O11IPS ‘O11PS
25'
entry reagent (equiv) solvent temp (°C) time (h) yield (%)
1 Pdy(dba); (0.2), dppe (0.4), HCOONH, (10.0)  1,4-dioxane 70 3 25" 80 (E/Z mixture)
2 Pd(PPhz)4 (0.2), LiBH,4 (10.0) MeOH/THF(1/1) 0 05 25" 100 (E/Z mixture)

TATE R2~OREMMEIS T ERPICETT LI LB oled TRIZ,
TEFLryra#8BALYT Uy ~DOEBRERSL L, TMSTY ©F U F&22~fFN S & 4E
Cle7naxy Faers7uaaXBAFLTHIRT LI TOIALRR— F26% 57,
F 7 b UR2QIREI A & L CHE LN Fidll rJ Table 2-5-3, entry 20D 5
N Z DA &b I L,

Table 2-5-3. Nucleophilic Addition with TMS Acetylene

CO,Me (0]
IS0 FOTBS Tipso |\ —oTBs
M — = AN | J:
L CICO,Me | S
- i 2
22 n-Bul.i R + P
THF,-7  o-60°C 60 ¢ - °C o
in h
T™S
entry reagent {(equiv) results

TMS acetylene (3.0), n-BulLi (2.0), CICOzMe (5.0) 26 39% 27 60%

lLIHI\ SERELIERT AR B O J

TMS acetylene (8.0), n-Buli (6.0), CICO,Me (15.0) 26 57% 27 32%
4 TMS acetylene (10.0), n-BulLi (8.0), CICO,Me (20.0) 26 49% 27 47%

fr < X EEE L' IE Table 2-5-4, entryliC R+ & TEINETHMM28% 5 2 7=,
T RNUE2TIbRIRICFBECAERAEZDBEN E T 5203 /E Lo 72,
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Table 2-5-4, Pd-Catalyzed Reduction of 26 and 27 with Formic Acid

CO,Me
Cy 150 OTBS
V| T

Pd ‘
orps T T 7 32 *OTIPS 7
o _sybstrate reag | w& solv t temp (°C ~me (h) asults
.L]\n I T ol N T S
27 Pd(QAC), (0.2), n-BusP (0.4), HCOONH, (10.0)  THF 80 24 N.R.
3 27 Pd(QAC), (0.2), n-BusP (0.4), HCOONH, (10.0)  DMF 80 24 N.R.

BiTMS#% . A LKW 7 A &2 AF b L., & Fr X &% L{k%1T > 7= (Table
2-5-5, entry 1)75§}iﬁ|§¢iﬂi&/u&“@??bfoﬁi)ﬁof:oEntry2@7%kﬁ:“@¢i}iﬁl‘?\7ﬁ§#ﬁﬁl
B AXE R R2LALCREKRKBIZCXDIEIEKR GO, £ 2 Tentry 3TIX
%ﬁ:%ﬁbtx%tﬁuF%VUyy$y7%ﬁmEﬁ%#HTﬁTLto%

’ﬁa‘? b T 2 EHE R ZL B2 BENICHEO EE b 26 H B IEE &

BEaWme L Thloniz, L2AL, THWENMREYD 707 NN 3 U RS L
f:%@“@%é:&75>ﬂ<ﬂ§é?ﬂf:(80hem62—5—5)o:@ﬁ%%ﬁ*%?/v%‘/@t K %
ZNACIE M EZBREICHEN N H D 2 &N mr o,

Scheme 2-5-4. Synthesis of 31

CO;Me
COsMe 2 CO,Me
s 2r ¢ B TIPSO [-omes TIPSO ?'OTBS
AN LiHMSD ol A -
KQCOg Mel MH
28 . 7 v "OTIPS ~— v
MeC [(5/1) OTIPS THF OTIPS
5 . ,1d N -78°Ctort, 11 h
y.84% // y.quant //
30 31
Table 2-5-5, Hydrometalatlon of 31
nr : ; EoL solvent  temp (°C) time (h) results
\ + d(PPh3),Cly (0.4), 1-BusSnH (2.0) THF 50 24 N.R.
9 Pd(OAc), (0.1), PCy3 (0.2), --BusSnH (4.0)  hexane rt 24 31+ many spots
3 Pd(OAc), (0.1), PCy3 (0.2), n-BuzSnH (4.0) hexane rt a) 17 31 + 2 spots
4 AIBN (0.1), n-BusSnH (10.0) toluene 100 12 N.R.
5 Bus(Bu)SnCuLi-LiCN (3.0) THF rt 24 N.R.
8 ZrCp,HCI (5.0 eq.) THF 70 24 N.R.

a) n-BuSnH was added dropwise over 3 h via syringe pomp at rt.
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Scheme 2-5-5. Estimated Structure of Hydrometalated Compound
N o

I

THF,0° ,10min 7 > *OTIPS y. 40%

Table 2-5-4, entry 3

1 : X 33
H NMR : quartet H I v. 7%

TLXxU30D0TBSEEZREL., 3 L., AFNVZRXATF L ERELTLTYA —
WIS~ BB LU, B VAL OREIF22- VA N T o R BB ET D
CETRIGHDEBINETHEITLE, KWMT7T AU 2T ELLT AT E R ERIES
TN F AT A a— LK3T~EBm L, COKBEELERENR»D & L, MeMgCl,
CulZ HW 7R MF'OTHLRRA XN EIT S 2 L TMe DN EASI N (E)-T VL
T v @t — )L K % Scheme 2-5-61C R T e M TR ZBEIRMICEHIN R THR D Z &M
ke 7=, e < BB fb . Wittighd bty @2 L 212 X Y bucidarasin 2 3 5 CONL Al 8 T H
H(E)-3-AFN24-_ 20 VEEKRETLZ LKL,

Scheme 2-5-6. Introduction of C9 Diene Side-Chain via Carbometalation

P
M8 -0

P

TIPs0Q 7
b c !
"OTIPS *OTIPS
Yo
TIPSOQ
e. MeMgCl, Cul ! N
- L.
benzene, 70 °C, 1.5h OTIPS
100%
Reagents and conditions
(a) PPTS, EtOH/CH,Cl,, rt, 3 d, 87%
g (b) LiBHy4, THF, 90 °C, 2 d, 74%

{c) PPTS, 2,2-dimethoxypropane, rf, 3 d, 97%
(d) (CH,O)y, n-Buli, THF, -78°Ctort, 1 h, 92%
(e) MeMgCl, Cul, benzene, 70 °C, 1.5 h, 100%
(g) D.M.P, pyridine, CH,Cl,, rt, 1 h, 96%

(h) PPh3CH41Br, n-BuLi, THF, 0 °C, 15 min, 96%.

H 1H NMR:dd
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F 68 (-)-bucidarasin AD R F & H K

COMTMISH DIERICHK I LD T, 40067 B T A FOBRE, i T A —
N O SwernfEilb #1795 2 & TCUTATE RKRREEGKL., AT M VEEFR
57 M7 a7 I URBEORF 21T » 7=, Table 2-6-1, entry 1D 5§ {f T X
TLCETHEMEZBORBIMEEbN DI AR v NP HE TE 7 ®, entry 27T filh 4L
BOBRB'YZ2HRMLEEAMES AR WrRA N, BELNRT &5 70 0I5 E
Mo fiE LT LE-E, Entry 20 FZ{FIZAcONaZ®E MM 2 5 E RIS EITLEZ &0 D
entry 3WC R T iR B L 2K THREERSE -—OAKME L THMBERD Z &
N T &=, Entry 42 R T AOZ WML 2WERETEHEL ISR EITL R WD &2
HAF Y =P E TlE2 <. Scheme 2-6-1IZ R T L HA~IT X — 11
APRHE S L TRHRBTOIRIEEBELN S 2 00D, EL2ORIIE. BV PR T
EITL, EEP O X VX - ZEHICE > TYERBREDZRBE L TV EE
2 bId,

Scheme 2-6-1. Synthesis of the THF Ring Bearing cis-Acetoxy Groups

|

VI )(\’ I
') TFA
s ’l\j‘OTlps

1 =~
' v

(COCl),, DMSO
TEA
OTIPS I

B
— 40

TEPS? C':}C;{o
|

acetal
‘ formation
i “ /‘\ .
<\ H OTIPS
42

HO
TIPSO O wOAC

j X
LA~ SoTIPS

|
S Y:
¥

@
TIPSO ?IOAC
" ~
1 ~ Y
o A~ oTiPs

21

I o :
MeO | HyCl v o H ‘
-10°C h, 82% N -fo ¥ r, on
A y.95%
41

AcO O oAc

TIPSC‘) ]:
XN
~ Y

—>:) H OTIPS

43



Table 2-6-1. Formation of the THF Ring Bearing cis-Acetoxy Groups

entry reagent (equiv) solvent temp (°C) time (h) results
1 none AcOH/ACO(3/2) 70 72 frace
2 ¢.H,S04 (cat.) AcOH/AC,0 (4/1) rt 0.5 decomposition
il ‘
4 NaOAc (5.0), ¢.H,S0O4 (3.0) AcOH rt 48 N.R.

=
L

>

—

D 1 5
SEEW S AT

BB/ BN 7430 TIPS H % i 1%
L Tbucidarasin A% & L 7=,

Scheme 2-6-2. Total Synthesis of (-)-Bucidarasin A

L

:‘) UIO/ C
TBAF =

—_—
7 A~ S0oH
r 1 ~)H
89% —
44

isobutyryl chloride

LT UM AKBEEZIRNIZT > ribT
GRibEMORERNSE R E LEZE ZAKRKY
W ThH o 2 b KRR T Scheme 2-6-21C R T M A & 2 FH > 2 &

CHJ.Cl,
35 °C, 30 min
96%

45
ent-bucidarasin A
[P -33.6 (¢ 0.25, MeOH)

Natura. Compound
(+)-bucidarasin A
[alp +37.7 (¢ 1.4, MeOH)
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% 3 F  (+)-bucidarasin A B X R C DOARHFEAH K

KKK D bucidarasin Ot ZAHREE LA L L E R oD TH®H TRAEAM
bucidarasin A B X P CDOEHFHKICE T L7, (+)-bucidarasin C /& (+)-bucidarasin A
D CofrkgEErT A X bT HETHEKTELEEZXL, F2EHETUHHLE
(-)-bucidarasin A D R F 2GR IT T 7 o ~F % U4 % baker’s yeast @ L /=
XTIV EeNT 4T Ty r 6 AL TS, KKK TH D (+)-bucidarasin A
AWM T AT DICLER B OB EMER LS TE D baker’s yeast (I FFTE L 7220
e M L THERFIANELT 4 770y 28GR T20PHEERD,
ZZTHMAEETHEINZ CBS B AHWTAHARTEDLIRF I VLELT 0 V7
Ty 7 4ATBXRA8EIERH T A L E LT,

Scheme 3-1-1. Retrosynthetic Analysis toward Total Synthesis of (+)-Bucidarasins A and C

re2C AR
/ J ker's yeast

N O o) le("x"".lon
- 8 0 i WAy O OH O
Vg g i
—>:/ —>:/ BnO BnO

(+)-bucidarasin C (+)-bucidarasin A

/f
s )

|
% (R)-Me-CBS
& reduction
HO™ >~ Ot o
/

BnO BnO

47 7
(S)-Me-CBS
w reduction
HO" 7 ~OF o 0
/

BnO BnO

48 7
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# 2fi (R)-Me-CBS filt it # Hl Wi F v F 4~ —F (kDA Rk

(R)-Me-CBS fibftff "2 WX I L EALF v 7y O&ES Scheme
3-12 R T, YMEET T XTI AR S~8DOD 7T a T I YA O CBS E T
EATHD 2L TEREPOGLRBROGICUBLAFPILEEGLS I LE LT 0 7
Ty 7 OREEICK L TWD 'Y, CBS B L O ISR T, Corey HIZ & o T
Mlicmatan@an s ™ CoAREFAERDE RBICHBAETH .
AFN-26-YVERFndFor_Xryz—-M2HEREELSILETHELAD 2 X T
Nl rzm~dFYh o UAF L TE 10gDAT— AL THLENETHERTSH I ENTE
AR

Scheme 3-2-1. Preparation of Chiral Building Block

“ . o ' -Me-CBS (15 mol %)
[ J e /L . | Hy-SMe, (2.4 equiv) 5
- : ~ HO” >~ “OH

) — » D7 > —
HO o1~ /x> CH,Cl, 30 °C, 1d )
CO,N BnO 91%, >99% ee BnO
commercially
available 7 4

Reagents and conditions
(a) BF5-OEty, MeOH, 3 d, 93%; (b) Na, t-BuOH, lig.NHs, -78 °C, 20 min; Mel, 91%; (c) LiAlH,, Et,0,
0 °C, 30 min, 96%; (d) BnBr, NaH, TBAI, THF/DMF, 10 h, 92%; (e) 2M-HCI/THF, rt, 30 min, 95%.

Tan | . S b S ¢ [ .
. — ‘
I
= % DIERNEEIN (N (&/&n (s)
(7T v ot v 1 e 1077 OH S
/« 7 ’/// O ,//// /OH
RO RO RO
entry substrate yield (¢ ee (%)
n=1,R=Bn
n=3,R=Piv
4 n=4,R=Piv 73 88
DX oI Lfﬁﬂfahtﬂe7/vt/v74/&7my&47@200)7}< g R

DHEETCE PR, TBSCl ZH0Wa EMBEMHFTFTHKISIETELS, TLC
TE/ TBSHfbE N2 o0 ARy My Sav, H o3& 508N 2R ZE -
oL E & D~ TBSOTf # H W TG EZR AL Z i L7, TBSOTf # H
WA EFEFICKIGNELS, VIBSIEENZ S0 EAEME L TCHLNLTEEOD
T, RIBFCTHEBEICHN LA TBSOTfF 2 vV U VR U7 E2HWERM T T T
Lz ZA, /7 TBSHbENT 49 #E4AkMEL THEDSZ & TE&7, Figure
3-2-1 1R T 47 & 49 @ NOESY I EBIZ LD RV A F A F ML cis @R
Wdh D axial (&2 H O A KEBEEN TBSILX N Z ENRRB I, LENICE S
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WIEBE D axial A2 HODIOEARLEE PRI, T O KIS IE®EE @A
EFE 2 b i equatorial fll KB TR U A F v A FAREICIDEHRINALTEYD .,
axial ] KEEE N EHL L CTKIN L7 EE 2 b ivb (Figure 3-2-2), B H vz 49 @K
Bk 2 Fefb . Wittig RJIGE D 2 TRICE D AL 7 4 v 52~ FELKBZBHRME GO
Wi &2 AT o T,

Scheme 3-2-2. Synthesis of 52

LEI T2 0wl b , 5
4i — == —~ d4u” r “OTBS + TBSO” )~ “OTBS + 47
CHyCly, 60°C, 7 h 2 : y.15%

/ /
BnO BnO
49 50
v.72% v.13%
D.M.P h PPthH:;BI’
49 - » 077 0TBS KHMDS - ~0TBS
CH,Cly, rt, 30 min = THF, 60°C, 1.5 h F
94% BnO 97% BnO
51 52

H/ Me H Me
PR qt H PR qt H
n H /l\l% on{ OB yH /\V% ‘on{ ~OB"
\ﬁ OH H TLSO H
H H‘\_J H H‘\_)
a7 49

OBn

OH -
\ Me / 50
fast slow
0 Oan
OTB '
49

Figure 3-2-2. TBS Protection of | 'droxyl Group by Kinetic Control

Wilkinson filt B 2 v 7= K FHEIN KIS % Table 3-2-1 127 ¢, | TIEIEF I
B 5 B @ Tentry 1), 60C TRISZITR o7& T AHEKH TEB X% 5.5/11 ®Y
TAT VA TEILHEIT Lz (entry 2), SRR M L A2 L entry 312737
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EIOWW4HMM»IT T3SCTCRINEIITR>TEDNMNERBREOR LR LR -T2,
fih 5 2 Rh/ALO; ICEE T 2 ERIGIFTESHICEIT TS0, BLF 3/10OYT
ATF LA ERY VAR BRED FTRLIERTCH -7, Entry 2 D528 AL E
AED TN 2L, TOEBTOYT AT LAY —0ONMIZNEE TH - 7~
W, BV b+ 22 L TENEFRLOIT AT LAY —DOFHICKDY L.
(+)-bucidarasin ® C8 L ICH Y T O ARARFELAMECTCE L, A FTHEY LIT XD
BRI T, ERBEKERICEMALEZI0 LD F v FF~—Th5D10% B kT
ZENTE I,

Table 3-2-1. Reduction of 52

)\ . reduction >
/ ‘OTBS S —— 1 OTBS
/ /

/
BnO
52 53
entry reagent (equiv) solvent tenp (¢ f) time (h) results
H,, Wilkinson reagent (0.4) benzene almost N.R.
A !-I. -
.lelim il 1 1M
3 H,, Wilkinson reagent (0.4) benzene 96 97% (dr =5.5/1)®
4 Wilkinson reagent (0.4), Et;SiH (excess) THF 50 24 N.R.
6 H,, Rh/AIL O3 (cat.) benzene rt 1 quant (dr =3/1) 2
7 H,, Rh/ALO; (cat.) benzene/hexane (3/1) 0 1 quant (dr=3/1)®
a) Dr was determined by "H NMR.
S:hir 1300 i erie 1 the Enantiomer of 10
TBAF | . j”OH /;j
, —_—— = W - i + A7
w3 o — /; i OH
re-l d BnO BnO
54 P
84% ve 3%
baker's yeast
POCI; i derivative
B4 — e oY . - 7
p - B -—
80 °C 93% /
| ° BnO BnO
'1 10
[0]%%p +3: 2 .0, CHCl3) [4]°7p -33.7 (¢ 2.03, CHCl3)
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# 3f (S)-Me-CBS filt it # HH Wi = F v F 4~ — KD E Rk

F2EI O A B E RARIZ(S)-Me-CBS filt Bt 2 W C @& IS 2 0 & 30 (KGR R K
FNENT 4T Ty s 484Gk L7, TBS{k. MOM k. it TBS{b ® 3 T &
TS8&xG L. KEEEOMMA., Wittig Ic D 2 TRICKD A VT 4 60 ~ L3k
WL, 60 i MOM{L3 52 & C, ERARKEGHRICEN LEZ8DF v FF~
—ThHDLEERRT DI LB TEIE,

Scheme 3-3-1. Synthesis of the Enantiomer of 8

, : E l E l
;7 —2 % HO OH —» TBSO" OH + TBSO" OTBS + 48
7 y.16%

BnO
55 56
48 y.61% y-20%
55 — > TBSO" ; NOMOM —% e HO™ ;‘OMOM L. o7 ; ~NOMOM ——»
BnO/ BnO
57 58 59
baker's yeast
9 derivative
~ "OMOM —— -~ "OH -7
/ /
BnO BnO
60 8
[2]¥p=-13 (¢ 1.1, CHCl3) []?®p= +10.6 (¢ 1.09, CHCl)

Reagents and conditions

(a) (S)-Me-CBS, BH3'SMe,, CH.Cly, 30 °C, 1 d, 94%, >99% ee, (b) TBSOTHT, 2,6-lutidine, CH.Cl,, -60 °C, 7 h;
(c) MOMCI ,DIPEA, Nal, CHxCly, 35 °C, rt, 99%, (d) TBAF, THF, 50 °C, 5 h, 93%, (e) (COClI),, DMSO, TEA,
CHCly, rt, 30 min, 100%, (f) PPh3CH3Br, KHMDS, THF, rt, 1 h, 97%, (g) 5M-HCI, EtOH, 50 °C, 12 h, 94%.

PLE#&aF &EDEAEREE Scheme 3-3-2 12 /R 97,

FB2EFEIHMICAR LEAKIETIZ 72 5 baker’s yeasti2 w2 & 0 4 TR TILER 77%
TI0EZAKLTVD . ZnCH L THEIFEHF2HMICARLEAKETIE TS CBS
Bouu Al 7T LECTIINE 52%T 102G/ L7, RHEHIERARLEAGKRIETIE T 26
CBSEILAZEZT 9 TR TILHE 52%T 1002 H5 /K L7 (8—=10°13%F 2 FH 3 i oL E
THELTWS)), Ubkokskvrso~xHd o oF 2B ELMRERLI

(5)-Me-CBS filt i # HH W CE £+ 52 &L TRANMNEL»P D E LA BRMWIZEF T LE L
F 4Ty 7 EAK L., (+)-bucidarasin A & B IZ W EE A2 B RAK 1000 & Bk Bk
L=,
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Scheme 3-3-2. Synthesis of the Enantiomer of 10 via CBS Reduction

PN

o Lti o 4 steps
0" 0 —2 L 0T P o — 77%
from7
BnO BnO BnO
7 6
3ceps 7 steps
Tl 49%
from7
7
(R)>-Me- . 3 derivative
L 4 steps g ;;/GPS
— HO" " YOH -: . O 0
>;,/\ from7
BnO
48

(S)-Me-CBS derivative
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% 4 i (+)-bucidarasin A ® KK & & K

R 1000 & Rk Bh L 7= @ T (-)-bucidarasin A D A Rk & R B O H{E T
(+)-bucidarasin A D HKRICE I LT, G ERABAYWDOT XTDARXT FLTF —
il —H L=, Z O (+)-bucidarasin A ® KK & & k1L = 8 A clerodane !
TNARUIEE AT O RKRADOPOAFTE2EEGXTH L,

Scheme 3-4-1. Total Synthesis of (+)-Bucidarasin A

O O = —~OTBS
COsMe :
a-d

100 —

O

Bn

x-bb
—_—

OTIPS

(+)-bucidarasin A
[]p? +34 (c 0.85, MeOH)

Natural Compound
(+)-bucidarasin A
[e]p +37.7 (¢ 1.4, MeOH)

Reagents and conditions

(a) SeOy, dioxane/HCOOH, 80 °C, 3 d; then NH,OH, 56%; (b) PDC, MS4A, CH,Cly, rt, 3 h, 81%; (c) |, DMAP,
CCly/pyridine, 50 °C, 1 d, 94%; (d) CO, Pd(PPh3)4, TEA, THF/MeOH, 55 °C, 8 h, 92%; (e) 5b, SnCls, Et>0, -60
°C, 17 h, 95%; (f) DIBAL-H, CHxCl,, -78 °C, 30 min, 79% (separate diastereomers); (g) DDQ, 2,6-lutidine, MeCN,
rt, 1 h, 78%, (h) NaBH4, CeCls-7H>0, MeOH/CH.Cl,, 0 °C, 30 min, 92%; (i) DIAD, PPhs, a-chloroacetic acid,
toluene, rt, 15 min; (j) K2CO3, MeOH, 0 °C, 30 min, 86% (2 steps); (k) TIPSOTf, 2,6-lutidine, CH»Cl,, 0 °C, 12 h,
82%; (l) Ha, Pd(OH)2/C, AloO3, AcOEt, 0 °C, 30 min; (m) D.M.P., pyridine, CHxCly, rt, 1.5 h, 96% (2 steps); (n)
TMS acetylene, n-BuLi, THF, -60 °C; then methyl chloroformate, -10 °C, 76%, (0) Pd(OAc),, "BusP, HCOONH,,
THF, 60 °C, 2 d, 89%; (p) KoCO3, MeOH/THF, 50 °C, 1 d, quant; (q) PPTS, EtOH/CHCly, rt, 3 d, 87%; (r) LiBHy4,
THF, 90 °C, 2 d, 91%; (s) PPTS, 2,2-dimethoxypropane, rt, 3 d, 89%; (t) (CH20),,, n-BuLi, THF, -78 °C tort, 1 h,
88%; (u) MeMgCl, Cul, benzene, 70 °C, 1.5 h, 100%; (v) D.M.P, pyridine, CH2Cly, rt, 1 h, 96%; (w) PPh3CH3Br, n-
BuLi, THF, 0 °C, 15 min, 100%; (x) TFA, MeOH/CHCl,, -10 °C, 18 h, 73%; (y) (COCl),, DMSO, TEA, CH.Cly, rt,
8 h, 95%; (z) NaOAc, ¢.H2SO4, AcOH/AC,0, rt, 2 d, 71%,; (aa) TBAF, THF, rt, 1.5 h, 85%; (bb) isobutyryl chloride,
TEA, CH.Cl,, 35 °C, 30 min, 98%.
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Table 3-4-1. Comparison of NMR Data for Natural and Synthetic (+)-Bucidarasin A

Aol i
[, ‘ / ]
7 8 5[ . NG )
[ »1.01 w3
17\\‘ RN 01 ~
2d - A
13\ 11
w=/
14
Natural Compound Synthetic Compound
H § (multi, J [HZ)) Bcs *H & (multi, J [HZ]) Bcs

1 I G vt (1 SR
2 S« (..,lrs e | 5« (L,1) 6d )
3 5.4 (IH, U, v <.OHZ) 1Z..0 504 (IH, ud, « + 4.7, 1.4 Hz) 12.0
4 145.3 145.2
5 53.6 3.80 (1H, ddd, J = 12.4, 9.6, 3.7 Hz) 53.5
6 3.80 (1H, d, J=9.2 Hz) mistake 72.8 1.688 (3H, my} 72.8
7 1.62, 1.75 (2H, m) 376 1.77 (1H, m) 37.5
8 1.77 (1H, m) 36.7 38.7
9 37.4 2.36 (1H, dd, J = 114, 55 Hz) 37.3
10 2.36 (1H, dd, J=12.5, 5.2 Hz) 36.8 1.68 (1H, m), 2.24 (1H, dd, J = 16.5, 7.8 Hz) 38.8
1 1.66 (1H, m), 2.23 (1H, dd, J=16.5, 8.2 Hz) 30.3 537 (1H, m) 30.3
12 5.38 (1H, br d) 129.0 129.0
13 135.7 8.27 (1H, dd, J = 17.4, 10.5 Hz) 135.7
14 6.27 (1H, dd, J=17.3, 10.5 Hz) 141.2 493 (1H, d, J = 10.5 Hz), 5.10 (1H, d, J = 17.4 Hz) 141.2
15 4.93 (1H, d, J=10.5 Hz), 5.09 (1H, d, J=17.3 Hz) 1111 1.66 (3H, s) 111.1
16 1.67 (1H, 8} 120 093 (3H, d, J=6.9Hz) 12.0
17 0.93 (1H, s) 15.8 8.73 (1H, dd, J = 1.4, 1.4 Hz) 15.6
18 8.73 (1H, t, J=1.5 Hz) 95.6 8.51 (1H, s) 95.6
19 6.52 (1H, s) 97.0 0.81 (3H, s) 96.9
20 0.81 (1H, s) 25.0 25.0
1 1765 2.64 (1H, g9, J = 6.9, 6.9 Hz) 1765
2 2.64 (1H, m) 34.1 1.20 (3H, d, J = 8.9 Hz), 1.22 (3H, d, J = 6.9 Hz) 34.0
3 1.21(3H, d, J=7.0 Hz), 1.22 (3H, d, J=7.0 Hz} 18.7, 19.1 1.94 (3H, s) 18.7,19.2
18-Acetyl Me 1.95 (3H, s) 218 21.6
18-CO 169.4 210 (3H, s) 169.4
19-Acetyl Me 2.10 (3H, s) 21.2 21.2
19-CO 170.2 170.2
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% 5 i (+)-bucidarasin C O R F & G K

(+)-bucidarasin A ® C6 i D KK A ¥+ 7 — F 61 ~& & Tﬁf%ﬁ AIBN # H
VT Barton-McCombie F F & ¥ {b 2 % 17 5 & 34% ® UL = i H D n
(+)-bucidarasin C @ & B (2 B 2 L 7= (Scheme 3-5-1), Scheme 3-5-2 {2/~ K 9 12 Hl
AR E LT COMICELRT AN COMMEB Yy #he KinLk 620 %
bivie, IVERE TR 2T A TRIAERD ZME T& 2852 TT Y0 VKA
ELT VI EHWELEZARETCHLIPMEOLERR N, A&
KAMDO T XTDOARAXXT MLF — 2 FE2IC—%L7E,

Scheme 3-5-1. Total Synthesis of (+)-Bucidarasin C

. l
C o CAC ' DAc
HO = ™

- desi  © a) AIBN, n-BusSnH, toluene
N NaH, CSp e 1S Q) ) :
Y

AN
0O = DA o 100 °C, 20 min, 34%

I THF, it, 14 h L | (e -
RO - N [ o P 7y 9} o 12 r R 1~} i
e n_0° Lﬁ// 85% RPRERERY 4C T aud

o7 o

{+)-bt sidaras.n A

61
5.0 OAC
“f J\ AcO /O OAc
6> O :
~ ~N O

WO AN ’/()/I ‘
" B (g

(+)-bu idarasi.. C 62
[op?® +17 (¢ 0.20, MeOH) a) 53%
b) 38%

Natural Compound
(+)-bucidarasin C
[a]p +14.6 (¢ 2.9, MeOH)

Scheme 3-5-2. Proposed Machanism of the Formation of Byproduct

s AcOO_ OAc
A ]\
O
oy
D

.&%/m o
Bu;»,Sn\_o>\%\’/

2L 3 A clerodane WY TN R UEEATLORAMOYDORFR2AK %

EHR L, COZEPbMEORRLIBEZLS FETLIRAMO LG L AIETH D

EEBEZTEBY, 2ot rfAEEORTE. /2. AIEHFE~ORIBIZL DRD D

EFZEZTWVWD, 5H%ITHE 2% TAHBK L 7= (-)-bucidarasin A X RKARIWCIIFEL 22 3

B A clerodane WU F A XU EAL2F T2 E G UESEIEEMBE 25 L
WwWeEEZTW5H,

2
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Table 3-5-1. Comparison of NMR Data for Natural and Synthetic (+)-Bucidarasin C

AcQ O 0Ac
0
. , 3
173 ‘07r
16
15 —
14
Natural Compound Synthetic Compound

"H & (multi, J [Hz]) 8Cs TH & (multi, J [Hz]) BCs
1 1.90 (2H, m) 26.1 1.90 (2H, m) 26.1
2 5.40 (1H, br s) 66.3 5.42 (1H, br s) 66.3
3 5.89 (1H, dd, J=4.5, 1.6) 120.4 5.89 (1H, dd, J=4.6 1.5) 120.3
4 147.0 147.0
5 491 491
6 1.73 (2H, m) 29.1 1.74 (2H, m) 29.1
7 1.45 (1H, m), 1.50 (1H, m) 27.4 1.47 (2H, m) 27.4
8 1.63 (1H, m) 36.5 1.61 (1H, m) 36.5
9 37.4 37.4
10 2.23 (1H, brt J=8.4) 34.7 2.22 (1H, brt) 34.7
11 1.75 (1H, m), 2.23 (1H, dd, J=16.2, 8.1) 30.4 1.75 (1H, m), 2.23 (1H, dd, J=16.1, 8.2) 30.4
12 5.38 (1H, br d) 129.3 5.38 (1H, br d) 129.3
13 135.6 135.6
14 6.28 (1H, dd, J=17.1,10.7) 141.3 6.28 (1H, dd, J=17.2, 10.8) 141.3
15 4.92 (1H, d, J=10.7), 5.08 (1H, d, J=17.1)  110.8 4.92 (1H,d, J=10.8), 5.08 (1H,d, J=17.2) 110.8
16 1.66 (3H, s) 12.0 1.67 (3H, s) 12.0
17 0.88 (3H, d, J=7.0) 15.7 0.89 (3H, d, J=6.9) 15.6
18 6.73 (1H, t, J=1.5) mistake 94.5 6.67 (1H, dd, J=1.5, 1.5) 94.5
19 6.36 (1H, s) 98.8 6.36 (1H, s) 98.8
20 0.83 (3H, s) 25.7 0.83 (3H, s) 25.7
1 176.5 176.4
2' 2.63 (1H, m) 34.1 2.63 (1H,qq, J = 6.9, 6.9) 34.1
3 1.20 (3H, d, J=7.0) 18.7,19.1 1.20 (3H, d, J=6.9) 18.7,19.2
18-Acetyl Me 1.22 (3H, d, J=7.0) 214 1.22 (3H, d, J=6.9) 214
18-CO 1.94 (3H, s) 169.7 1.94 (3H, s) 169.7
19-Acetyl Me 21.2 21.2
19-CO 2.10 (3H, s) 170.3 210 (3H, s) 170.3
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Yivan =

%5 4 % (-)-bruceantin @ A~ F &G B 58

#1H Fam
(-)-bruceantin % 1973 4= {Z Kupchan H 2 XV = F AT E = X BHEWY Brucea

antidysenterica F 7213 1 — T HENY) Brucea guineensis G 7> 5 HEE, &R E I
el Ty A REHBEEIND NI TAXU D Thd, T OMENFHRE LTAD

S5 EFTORAFEOSBABKRAEL, 2 O RFMBARF H L (C8. CL10 {if)
Ao 0 EBEARFPLEAT LI e BTN ABA KR EIEFICHEKENE
MThbH, TOEMIEEE L THRBEEEEPZT N8, IFICR > THILKA

AE U SR e i A R I LS e 9T D R W T 4 (HL-60 1Cso=12.2 nM, RPMI
8226 ICs5o=12.8 nM)A i & ), FHREBEERAYE E L CHE, EH X
LTV B (Figure 4-1-1), ¥ Z WH &K O F T4 (-)-bruceantin (i & 15 M 2% 78\,

FLTT AV BOENSEDAMIERITICB T, Pt Al E LT Phasell T O K ik
Bk CEMINTEILAEW THD, BEET2o00MFEIT V—TI2 L0 2GRN
HEEINTLaR Y EHL0bLREABELS, TOOSBL1HMEIARAEEGHR TIEH 5B
JL—HGlKThorid, FHEETIVOAE G LB L., MREICEF L,

-

Bruceantin )—< Bruceine B COCH3
OH CO
HOG11. 2 (CO,M I
‘IC a2 ®|  Bruceantarin . 2CgHs Bruceolide H
0 B ’ 14l oo
5 10 72 s ‘ R i o
o L Bruceine C +\OH  Dihydrobruceantin
HO~ \4|§] °’4 (0 (Bruceantinol) CO— co—
Bruceine A ‘>* Brucatol )’
cO CO
i - - _

H . WCOMe .
© i Oz Dehydrobruceantin )—< Dehydrobruceine B COCH3
HO _' l\ o Co
= ‘ R
H

z -
I{‘\ ,EH/\ Dehydrobruceantarin . )CgH5 Dehydrobruceantol CcoO— ;
i
H —OH

OH OH
C | \\ C i \\\ O2Me

s

Isobruceine B

C, fﬁ&W w;f

Semalikalactone D Bruceine D
Figure 4-1-1. Quassinoid Triterpenes, Bruce d its Congeners

33



# 2 AR

T

(-)-bruceantin X3 TWARF v 7 o 7o NG P2 k0 CBRAEMBEL., v
TDRIZT64NPLDHGTFNT 7 b i i@%%?%é&%itoitﬁﬁ

7 B @5y F- N Michael ff IS IZ &0 EBR2ME L. (U805 A K OE eIk L#
24T 9 Z &2 £ Y (-)-bruceantin ® &G K & ZE K 3 5 FF ] & 37 T 7 (Scheme 4-2-1),

Scheme 4-2-1. Retrosynthetic Analysis toward Total Synthesis of (-)-Bruceantin

- ¢ J\ h
(-)-bruceantin —— " A oH /‘\ /CN —
RO A0 H4\H
SHOF RO"™ Y
63 64
N
R1JO ” SO,Ph ROl 2s0,Ph
ey H Ifl N N
RO ’d\ {\ RO" 7=
TR R, A H OR,
66
Scheme 4-2-2, Retrosynthetlc Analysis of AB-ring Moisty
BT T .0 « ?
,' OR I e ctic he.
N N 5 1 T/
A BH, - RO 1(>/\| )
RO™> 7 =
L7 69
66
H
y © OR. o MDA ~CHO
L (ﬁ 1 Reaction
= AT oF ——— RO Sojﬁo&
RO o OF RN
A 70
Kocienski-
s Julia
69 oleflnatlon
70 > RO 3ojﬁ Ry /w/\/ S0PT T z 7 ToH
SR - 4-pentyne-1-ol
Ty fragment A

+
OHC™ Y 1 b2

OR4 OH

fragment B 2-butyn-1,4-diol
F 71X (-)-bruceantin ® AB R DB ICH Y T 2 trans-7 7 U 67 35 LT 68 %
EHRHEE L THREL, TOoOAKIC W THRHFNTLIZEICLE, ZZ2TiEH22D
AR F VAR R D (C8, CLO () Z I IC T 2 0 N & 70 5, £ 2 T TADA
BEWIMDA Kb Z#H W TERBWHEARAEF T L E2ET trans-7 B ) VB EEE %
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EZT6TE L6 D L 5 i (KB E & D trans-7 7 ) U EHE EGKT HI00L.
VL ORMEENEETHILIEE(E)-Y2 ) T 4L EHLTWVLILENHD
endo WOBBIREAKRD LWLV YT AT LI BEBRICEAR O S IKELE % 15
HIENTEDLLEEZT, TADA B X 8 IMDA K& @ ATEA (KX fragment A &
fragment B |2 X % Kocienski-Julia olefination®lc L W o2& E 2, 6%
KAHDUEANFUARR TNV A=A DPLENENLGK TEL SO E LT (Scheme 4-2-2),
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A3 3BT ALY EAT S Diels-Alder Kt & V7= AB BR RS 4

fragment A ® & i % Scheme 4-3-1 /"7, 4-pentyne-l-0l 705 2 T THK L
- XEREEAIb AWM TH BT T & K T7229L (D)-valine H KO R F MBI E 73 2 AW
72 Evans D ARF TN F— LG N2 XY 1,2-syn DT V2 —)L{k 74 57, 74
DARF MBI A Weinreb 7 I N 75 ~ L A Hath KB 4 TIPS A CIRi#E L 76 & L
72, 76 # DIBAL B LIZ LD 75T e FeEL, BRI D52 L7 LIC NaBH I LD
THha—nTT~&E L, T LTHEEFFT, 772 A7 1 K178 & L Mo fil
gAEHWEELT 52 £ LD fragment A % 5 5% L 72 (Scheme 4-3-1),

Scheme 4-3-1. Synthesis of Fragment A, the Substrate of the Kocienski-Julia Olefination
< Cly P . 0 i .
I ’\r . —— Y\ iy JO R NG \_/“\N’OMe _c o
* e
72 74

75

LI TIPSO
T "vll\N,OMe _d_> : _©
/\r T | E/Y - \_/\OH
= Me :
76 77
T O
I/Y T YTSOPT
fragment A

Reagents and conditions

(a) 73, n-Bu,BOTf, TEA, CH,Cl, -78 °C to rt, 30 min, 85%; (b) Me3AICI, MeONHMe-HCI, C ,Cl,, 0°C, 1t, 1 h,

93%; (c) TIPSOTf, TEA, CH,Cly, rt, 1 h, 90%:; (d) DIBAL-H, THF -78 °C, 2 h ;then NaBH,, MeOH, t, 1 h, 93%; (e)

HSPT, PPhg, DEAD, THF, 1t, 1 h, 95%; (f) (NH4)gM07024-4H20, H,O,, EXOH/THF, 1t, 1 d, 88%.

K2 fragment B; ® & % % Scheme 4-3-2 {2759, 2-butyn-1,4-diol 2> LA K L 7=
TERBEHmIb A THATa A XL T a— 1 790 kR A FH L 7= Red-Al
LA ERBIRRETLEZITWV., I — KT 47 80 ~& Z# L kig k%2 TBS i
THRi#EL 81 25 7~, PdEHWE—BbRFHAKISIZED 81 2 X7 L 82 ~
AW L7, 82 % DIBAL-H 2KV 7 V72— b 83 ~&imop L. KEERK%E
MOM iz L b f# L 7=, HoSiFe?V % Vv TBS DO MR #E A 1TV, 7 U A7k
g J 2 3G MnO, T35 Z W2 & D fragment B, # A L 7=,
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Scheme 4-3-2. Synthesis of Fragment B;

OTIPS
TBSO
r////J \//\T/\OTPS b \//\T/\OTPS _c .
OH 79 81
TBSO TBSO
TBSO oTIPS —2» OTIPS —° » N OOTIPS
COMe OH OMOM
82 83 84
L v\Coﬂps 9, OHCYOTIPS
OMOM OMOM

fragment B,

Reagents and conditions

(a) Red-Al, Et,0, 0°C to rt, 10 min ;then I5, -78 °C to 0 °C, 30 min, 88 %; (b) TBSCI, imidazole,
CHCly, rt, 30 min, 96%; (c) CO, Pd(OAc),, PPhs, TEA, DMF/MeOH (3/2), 50 °C, 1 d, 68%; (d)
DIBAL-H, CH,Cl,, -78 °C, 30 min, 100%; (e) MOMCI, DIPEA, Nal, CH,Cl,, 35°C, 1 d, 96%; (f)
H.SiFg, CH3CN/t-BuOH (1/1), 0°C, 5 h, 93%,; (g) MnO,, CH,Cly, rt, 1 h, 92%.

A L 7= fragment A & fragment B, & @ Kocienski-Julia olefination {2 & ¥ 3t %%
ey 86 AH—DAEKME L THDL I LN TE I, HSiFe & VW I#RAYIC TIPS
KoREEEZITV, V2 T4 VeI VE BN EBR LT, 2 TR~ 0
7 bofbiFE AR OER T, REEFGFETHREONRTELIN I 0T s
MR8 #8252 L2k E L7 (Scheme 4-3-3),

Scheme 4-3-3. Synthesis of Macrolactone, the Substrate of the TADA Reaction

St l/ .
‘ - - /\Lcus—-a - v\(bH
fragment B OMOM 87 OMOM

OTIPS \|\O

C
- HOOC/\T/\J‘ e Gl —= 8o F%O/\|)
OMOM

3 \VJ 89 (Ry=MOM)

Reagents and conditions

(@) LDA, THF, -78 °C, 2 h, 63%; _ ) H,SiFg, CHaUN/t-BUOH (9/1), 0 °C, 5 h, 74%; (¢) | () Pc ' iy, PPhs,

1M-KOH aq., 1,4-dioxane, 50 °C, 2 h, 85%; (d) DEAD, PPhs, THF (0.002 M), -100 °C to -78 °C, 1 I, 49%.

T o 89 F HWE KL TH D TADA KIHIE KD AB IR OMERE 2R 4
oo BMC X %D TADA G 2L HEAT L2 o o=, Lewis BE ., B & E FEBR O
LORICOBF 2T 27, WTFNLOHA BERE 90 25 CIFELRho
(Table 4-3-1), £7-, MOM M2 i ff#E L 7= E K N TBS I CHREL-ZEEICB W

BALIZEAT Lo Te, 2THEARL V0D scis DNVLEEEEL &5 2 &
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MNMTEFT, strans ICEHE S TWATED EEZEZ2ZDDNS, FORPEY ) 7 400 ¢
ODWUEPERLTHNICNEIT Lo EEZ 2N D,
Table 4-3-1. TADA Reaction

| o  TADA %o
( L Reaction
TIPSO = TPSO-<:::£::/? : OMOM
3 \) i L 1PSO” N
89 (R,=MOM) 89 (R4=MOM) R 90
s-cis s-trans
enfry  reagent solvent temp (°C) time (h) results
1 BHT (sealed tube) toluene 500 48 decomposition
2 Me3Al (sealed tube)  toluene 300 48 decomposition
3 LiCIO4 toluene 110 24 decomposition
4 SnCly CH,Cl, -78t0 0 1 decomposition
5 BF3Et,O toluene 50 05 decomposition
6 Me,AlICI (sealed tube) toluene 300 5 decomposition
7 *UTINH,, Me,AICH toluene rt 24 decomposition
8 none (10000 atm) CH,Cl, 40 2 N.R.
9 none (10000 atm) toluene 60 2 N.R.

Z 2T s-cis DMMEELIEZ & VLT < T 5701 IMDA R £ 5 AB B D A ik
R A Tm, IMDA KIG COBKEEIL TADA KGOV — k4T 5 &, w7 n
727 hfbE TADARIGHED 7 7 P M OBRBEO LEMEMIND & Vo 2 F
BWRFTF o5, L. IMDA i CTlid TADA Kt & BB, endo/exo ERE F
VT AT UABIREDERLS R E Vo HlEICRDBEL N, 22 CH-ERY
PRRLNAVTLTEREOEMICORND, £2 T, RNICEREZED 572D,
VI )T ANV O LUMO O XX N A TP KIS ERE ST S 2 Lcm
2. BERGEOERELB ATV TS T2 74 VO EBEET L
FTeERERTELE, ZOGEKICKE fragment B, #FH 722 HaK L 7=, LG
LT ba— ik 83 %A 75— FEICED MPM X T L . f\C TBS & % i
%7 L. 151 MnO, THE{L L T fragment B, % & ik L 7= (Scheme 4-3-4),

Scheme 4-3-4. Synthesis of Fragment B,

Bl o N
gL ‘ L SRR v\Conps c OHC“COTIPS

OMPM OMPM OMPM
9 fragment B,

Reagents and conditions
(a) anisyl trichloroacetimi | ate, PPTS, CH,Cly, rt, 1d, 76% ) HoSiFg, CHCN/E-BuC A ( /1), (¢ ., 4 h,
74%; (c) MnO,, CH,Clb, 1t, 30 min, 86%.

fragment A & fragment B, & ® Kocienski-Julia olefination {Z & ¥ > = 93
%%*@éﬁ%&bfﬁé;&#f%toVi/74w%&%7w%tpmkg
L. IMDA G Z ik Aiz, B XD RIS IT#EIT Lo /272 Lewis BEIC X
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LHREt 2T o7, LewisBEE H W B EBRILIE IS T BT, KBRTF2 1,5- F
U R 7 b LEIEEAEMEL THLIMRE7Z > T L E -~ (Table 4-3-2), =
TR S HHE P LUMO & MPM B O 7 U VLR D ocy i & HOMO

& DA EAEM M

Yx ) 7 4@ LUMO & 4>~ HOMO & O BHAEM &

DEEBELTEETVWD EFZ 26005, [1,5]-shift #2572y 0 3 #
WAL T 0 VA 2ERAEZEET VTR DETT L EE 2T,
Scheme 4-3-5. Synthesis of 95, the Substrate of the IMDA Reaction

fragment A
—+
fragment B,

94 (R;=MPM)
IMDA CHO
Reaction (CH—D< OTIPS  Reagents and conditions
- (a) LDA, THF, -78°C, 2 h, 62%;
TIPSO” ~Y ) OMPM (b) t-BuLi, Et,0, -78 °C, 5 min ;then DMF, -78 °C,
T 95 10 min, 60%.
Table 4-3-2. IMDA Reaction
entry reagent solvent temp (°C) time (h) results
1 BHT (sealed tube) toluene 500 10 N.R.
2 SnCl, CHJCl, -78 0.5 decomposition
3  EtAICI, toluene Otort 2 decomposition
4 Me,AICI toluene -20 24 95' 43%
5  MeyAlCI CH,Cl, 10 24 decomposition 95’ (Rg=MPM)
6 MesAl toluene -10 2 95' 46%
7  ZnBr, toluene Otort 0.5 decomposition
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FAf 2@EMT LA EHT S Diels-Alder X5 & H V7= AB B2 42

B 7212 Schemed-4-1 (/R L5 i G 2% 272, 96 (X 97 b D4+ N
Michael fI IS IC X W AR L. DERIZISHHLDOSFNT 7 bfbic L WL T
EHLEEZTE, VT CRIZ100 25 DORIKKISICEVHELL, 101 1L o-P 7
VB N ANE 102006 D5y N a8 b RO fe < B BR RO IS
HERTEALDELTE, FLTABRIYZ O3B HBA LY 0% 2 & Tﬁ?ﬁ‘l/
74 & LT 105005 O TADA K. F721E 106 7> & @ IMDA KOs 12 K 0 H kS
ENTELLDEEZE T2,

Scheme 4-4-1. New Retrosynthetic Analysis of (-)-Bruceantin

0
O " COsMe COMe
(-)-bruceantin —— I Ej\ — 2 | —
/QH H . ’C \H
RO v -~ N7 \‘O RO V)
H
96
O OMe
R,Ql [
C TN
J SO,Mes : gl SOMes
RO” 2> 7: RO RO” >~ 70
:H OF, © IR OR, i H
98 99 100
”\” SO,Mes
p— Z
RO” > 7OR 7
iH 2 RO T OR,
101 102

Scheme 4-4-2. Nav ' strosynthetic Analysis of Al -ri1  ioiety

Rc: “on
s

IMDA

; /\OR3 Reactlon
= Li o
RO

'1 ¥4 $ 106
fragment A & SCHRBE &0 (b & % fragment B;*? & @ Kocienski-Julia olefination {Z X
DT 107 B(E/IZ)=T/1 DRAEWE L T, TBSHEOBIMREL TV, V=T
DT ANEMNEINR AN EB L, SRR ORKRETFT., KELME T T

102
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7 h K110 % A % L 7= (Scheme 4-4-3),

Scheme 4-4-3. Synthesis of Macrolactone, the Substrate of the TADA Reaction

OTIPS
“iy3rvn A R AN
+ —a—> ~ : N ™ T 4
I Yv  gY"0TBS ~
OHC” ™ X""0TBS |
107 107" 0oTBS
fragment B; y.58% (85% conv.) y.8.6% (85% conv.)

Reagents and conditic r
(@) LDA, THF, -78 °C, 11 ; (b) H,SiFg, CH3CN/t-BuOH (1/1) 1 °C, 2 h, 93%; {c) CO, Pd(OAc),, PPh.,
1M-KOH aq., 1,4-dioxane, 50 °C, 2 h, 81%; (d) DEAD, PPhs, 1HF, -100 °C to -78 °C, 1 h, 60%.

T, BLNE 110 b EIE TH D TADA KISIZ £ % AB B O 4 & i A
oo B\, WA RAMBICXDIRICOBFZ1T o7, WTFhoEa bRbE 111 25
HAIEE L2 o 7= (Table 4-4-1), 2 H N OFERIT 3 EHR A L 7 4 O L IR LB
H. 7 72bb V2N scis DVMERBEELZRVICS WEDEEZIDLNDH,E I T,
KAZ IMDA K2 X 5 AB R O EICE - -,

Table 4-4-1. TADA Reaction

| o  TADA oo
NN L Reaction
- — \O :
TIPSOQ =TRSO (CLH/ H
X 3 TIPSO T
110 s-cis 110 s-trans 111
entry  reagent solvent temp (°C)  time (h) results

1 BHT (sealed tube)  1,2-CzH,Cl, 400 24 N.R.
2 LiCIO, toluene 110 24 N.R.
3 SnCly CH-Cl> -781t0 0 1 decomposition
4 Me,AICI toluene 110 24 N.R.
5 TfNH,, MeoAlCH toluene Otort 1 N.R.
6 ZnBr, toluene 50 24 decomposition
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BT 10T DO ) T 4N DT VT e R~ BT, BlIAKRY E LT
Bond 113 % n-BuLiz HWS Z & CRIFEICMZ 52 &2 T& 72,112 D IMDA
RISIFEBIC L ORISITEIT T 2000, HERXHEEAETL2AMICERDE 7ML TL
T o, I T Lewis lBBO BT 217 » 7=, Lewis B 28 5 WV iR 38 13 55 E # 12 8
BER 3R L CLESHBMICH »720 T, Lewis B O X D K\ Me,AICL & H W 7=
ECARIGIFEIT L3/ O T AT VAL TRILIK 114 % 15 72 (Table 4-4-2, entry
6),

Scheme 4-4-4. Synthesis of 112, the Substrate of the IMDA Reaction

a) t-BuLi (2.0 q.), EL,0, -78 °C, 15 min S
;then DMF (5.0 eq.), 15 min +
107 (5.0eq.) _ TIPSO (otes * TIPSO OTBS
b) n-BuLi (2.0 eq.), Et,0, -78 °C, 40 min ST
;then DMF (5.0 eq.), 30 min s 112 N 13
a)42% a)51%
b) 93% b} trace
Table 4-4-2. IMDA Reaction of 112
CHO
-y .CHO L_<f\OTBS
‘ —_ = H
TIPSO .
~<i_\\/[/\OTBS ﬂPSO’[¥:i:’
s 112 114
entry reagent solvent temp (°C) time (h) results

1 BHT 1,2-CgH4Ch reflux 24 decomposition

2 SnCly CH,Cl, -78 0.2 decomposition

3 BF5-OEt, CH.Cl, -10 2 decomposition

4 TiCly toluene -50 0.5 decomposition

5 EtAICI, toluene 0 24 multi spots

6 Me,AlICI toluene rt 1 64% (dr=3:1)@

a) Dr was determined by *H NMR.

Lewis 8 % Me,AICI (2 [H & LIES B X R E O Kt % 1772 » 72 (Table 4-4-3),
CH,CLL I T EE NS L CTLFE - 7= Et,O B Tl toluene ¥ 4 & [A] B 12 B
bR ELNZ, L2rL, VT 27 L ALWiE 3/1 Th o, EEE% toluene (& [ i
L, 0OCTHRIEES®HEZEZARBEIHELIN YT AT AL 33/1 EBMMCmEL
oo S b ickkufbd 52 & T entry 6127 XK 9HI2-10C T Me,AlICI (0.4 equiv) % 3
Bl CTIlRML 72 BRI IE S8 2 & TH oAl eE L TCBRILEEZ 74%IY
RBTRLIZ LKL =,
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Table 4-4-3. Optimization of the IMDA Reaction

IMDA GHO
Reaction OTBS
H
TIPSO

i H
114
entry MesAICI (equiv)  solvent  temp (°C)  time (h) yield (%)
1 1.0 toluene rt 3 64 (dr = 3/1) 9
2 1.0 CH.Cl, -10 3 decomposition
3 1.0 Et,O 0 24 64 (dr = 3/1) 9
4 1.0 toluene 0 24 63 (81% conv.) (d.r.= 33/1) 9
5 312 toluene -10 48 60 (dr = 1/0) ©
6 b)1.2 toluene -10 72 74 (dr = 1/0) ©

a) MeAICI (0.6 equiv) was added at intervals of 24 h.
b) Me,AICI (0.4 equiv) was added at intervals of 24 h.
c) Dr was determined by 'H NMR.

B 114 2 NOESY Ml E L 7= & 2 A Figure 4-4-1 I~ THBEANE S N
oo T TCTEHMEREH K2 2TOMBEEIEAN IR 27T C8A CIfLD T 1

Foldcis ODBERBRICH D Z ENRTRBI N,

Figure 4-4-1. NOE Correlations in the NOESY Spectrum of 114

BALIK 114 O E 2 TR ETHZD, TBAFIC L OB U ik L.
— )L 115 % 1% T Fetizon RIFE 2 H WS 7 F — L H 2 BIRWICEEIL T %

7

-
—

7 b
e

XvZ 27 b 116 %A% L 7= (Scheme 4-4-5), 116 @ NOESY |l @& {2 £ v #a 5 B &
Z#E L 7= (Figure 4-4-2), Bl E MR, EADO T HKEEEZHF T HRILETH D Z

ERHCTIB AN, Mg S L ik, AF s I, OTIPS XM

% (Figure 4-4-3),
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Scheme 4-4-5. Synthesis of 116 for Structure Determination

Fetzol reagent

114 a Eﬁ
THF, J/\/(\ benzene, reflux, 30 min

98%

Figure 4-4-2. NOE Correlations in the NOESY Spectrum of 116

IMDA i Kf @ minor A B ¥ O 4 & & & % 1T 72 > 7=, Table 4-4-3, entry 1 {2 /R §
FHET3IOYT AT VAT minor KR FLATVWINRI T LI~ T T 7

— WX DR CHECE o, FITCVINKERELGBECTE S
Mkl ZA NS P —DEEMWE L THELILE, 20O &id TBAF I XD
TATFTERD o Oz A VB EETWVWD E&EE XL, IMDA KL IE Figure
4-4-3 T exo TIEHBEITL TWVWRWI &R RE I LT, Table 4-4-3, entry 6 IZ 7
THRUETHLNEHE ~OLAYWEHE Me,AICI TR T 2 EEBR M LE, Z
ZTNaOMe THRF LA EZAHcal/TOVT AT LALICELEZ & D IMDA
® minor K IX Figure 4-4-3 2R T 114 TH D T LB REI LT,

Scheme 4-4-6. Experiments for Structure Determination of the IMDA Reaction

TBAF ,
P— = k]

Tabe 4, entry 1 o , ,
(3/1 diastereo mixture) THF, o ¢, 1h (single diastereomer)

Me,AICI
1.0 equiv
114 _(1-0equiv) decomposition
Table 4-4-3, entry 6 toluene
(single diastereomer)  4)0°C,2h
b)-10°C,15h
114 M)NJL, (.0 &quiv) 114
Table 4-4-3, entry 6 MeOH, rt, 48 h (1/7 diastereo mixture)
(single diastereomer) 86%
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H | + I /~0TBS
AT O Al | — N
—> TIPSO e G TIPSO™ 3™ favored
endo tOE _
114
sHO

!

TIPSO” ™ -

i H disfavored

CHO

TIPSO” ™ -

:H disfavored

endo
- 11
OTIPS CHC
e e &
CHC TIPSO” ™"
L B disfavored
exo
\E/ CHO C':HO
Me,AICI - /T0TBS
TIPSO otBs — T I
TIPSO 7R -
112 T 114
I i
MeAICI ' 11 Me,AICI
. o
2 ¢.10
\ -
HO Me,AlCI - /0TBS
TIPSO | SOTBS I .
(SN TIPSO Y
' : H
112 114’

Figure 4-4-3. Proposed Mechanism of the IMDA Reaction

PLEAF LB E 112 © IMDA Bt iE Lewis iB & L T Me,AIC1 # H W 5 & Rl
TIE 114/114°=ca.3/1 OV T AT LV A TRILEKE2 5 272, 8% 5 < MeAlCl ©
EH T 112 O x ) 7 4 VEA DN Z K 112202 B9E{b U endo BB IMDA X s
MEAT L, T3 AEAEY M43 A VL 1B B LN TE TS & HER
b, —FH., -10CTEHENLLDORICEZ MG L 112 @ endo WA 72 IMDA KX I
METLH —-OAKME L TCRBNY 114 255 2 &P H K=,

IMDA )i T ClO i m b 2RFMHELAFF L &2 & T trans-7 ) VHIE %
BRI EREHETE, TADA KIS TOAKR IV E TR TAKR TE
el b, TOWVTE RO af PEESFHETCoEAILLT W ENDM
SN, REBFHFETFTTCEICIEEZRFEL TCMEELIEB TS EE 2 TS,
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114 # &k T X 7= Z & T bruceantin LL4 (2 & Figured-4-4 I x T EWIEML 2 FH T
LREMAEKBARIE R T BZEZTWVD,

%} ren ingilone © hy¢ oxybetunuilic acid 31\ ¢str.emioiam L

Figure4-4-4. t .1 " Remang | ! I oot olindlic i ar o emioidin L
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K L 2L T OLSICRIET 5,

# 2 B (-)-bucidarasin A @ R K & A K

LMFREIC WV TR X L7z baker's yeast # HUW 2 1,3-v 7wk v U g v
PDEBETICEIVBELNDIF I NE LT 77 ay 7 H5KEEH La-T LX) 57 &
B-7r h— XA F v EHR LE, LewisiE & LT SnCly, Z HW/ZEX U L4 F o~
v x b ® BMDA I IZ XV exolendo DILFE T 9/1 ThHho7=b 0D, GEILEMN
ODEERYT AT UVAIEBERE TEADONEEE LA T D C5 L 2R FE MR K
FLEELEBERICKD L, COMMM D E)-3-2F 240 &z =L 5
DHFEIZOWVWTEH 2 20HBELMIRLIKDIICE>TZ, 1 DRI VEREZFEO K ET W
FF N FAICBIT AN ERIGEOBE T VT e REFH LT V%2 &40,
MCFBELCICIVBERTEREZRTHD, 2 DPBE 7 XX L7 L a— LEIC
3t L MeMgCl/CuI AAEH S EAFALENE A SN (E)-T Y AT L3 — LK%
FEBRMICEEZZETHDL, T LTCOMMEETH D(E)-3-AFN-24- 2 F T
:/D%@%J\LZEEIJJ L7, EAT7® %Y THF BiX. P77 & FE»DL
AcONa/AcOH/Ac,0/conc.H SOy DG TN FH I IV H -0 RMAKE LT

TEBRTERE,INLDOKHIZE D (-)-bucidarasin A D R F 2 AR &2 ERK L =,
EFlo. RAWOMISLEEEEZHL Lz,

% 3 #  (+)-bucidarasin AB LT CDORKF2AH K

M RAEECBOWTHBEINTZCBSRELH WA 13- a~FHh o IF DR

LW EVBLNDIXFTINLVENLNT 0T 7y 7 &4 L.(-)-bucidarasin A @ & k%
FHEOz S FA -~ FETCEE, ZTOAFKPTHEN S (-)-bucidarasin A
DOEAEKERBEOEGKTIEKC LD (+)-bucidarasin A DP O R F E2EH K & ZEK L 7=,
¥ 72 . Barton-McCombie @ F{E {2 & ¥ (+)-bucidarasin A @ C6 iz K I & =R By |2
RET 252 LW L., (+)-bucidarasin C O gl O R F 2GS #ERK L 72,

% 4 F (-)-bruceantin @ R FF & & K WF 5L

(-)-bruceantin ®H T 5 2 DO R FWHFK AR F P .0 (C8, Cl10 L)% & 1o AB IR H
I YT D trans-7 8 Fua 70 UEKEE 3BEBRT VY 3 H(EEEE)MY ©
YO TADA B L R IMDA RS X 2R R AT DL EEEOEFKICX VR
MCThott, TV )T 4N E 2 BEBRT AV ~EEET L, TADA B L O
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IMDA it &2 1T » 7o, TADA Bi i34 < BRI A HEAT L 722 2> o 72 28 . IMDA B T X
Lewis 8 & L C Me;AICI # v, IR TS 2T o7& ZAMEONVKEELY A
THRAACKEZSIE, @EBRWICED Z WY L7E, (-)-bruceantin @ £ f& 5% MU
AR F R L(CL10 )& & T AB BR'E I O W\ S (R BINEY & A IE & e Sz L 7z,
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1 General Information and Materials

General Information.

'H and 'C NMR spectra were recorded on a JEOL JNM-ECS400 spectrometer, a
BRUKER AVANCE 500 spectrometer and a BRUKER AVANCE 600 spectrometer. 'H
and '’C chemical shifts are reported in ppm downfield from tetramethylsilane (TMS,
& scale) with the solvent resonances as internal standards. The following
abbreviations were used to explain the multiplicities: s, singlet; d, doublet; t, triplet;
q, quartet; m, multiplet; band, several overlapping signals; br, broad. IR spectra were
recorded on a JASCO FT/IR-8300. Melting points (mp) are uncorrected, recorded on
a Yamato capillary melting point apparatus. Optical rotations were measured using a
2 mL cell with a 1 dm path length on a JASCO DIP-1000. Mass spectra and elemental
analyses were provided at the Materials Characterization Central Laboratory, Waseda
University. All reactions were carried out under an argon atmosphere with dry,
freshly distilled solvents under anhydrous conditions, unless otherwise noted. All
reactions were monitored by thin-layer chromatography carried out on 0.25 mm E.
Merck silica gel plates (60F-254) using UV light as visualizing agent and
phosphomolybdic acid and heat as developing agents. E. Merck silica gel (60,
particle size 0.040-0.063 mm) was used for flash column chromatography. Preparative
thin-layer chromatography (PTLC) separations were carried out on self-made 0.3 mm

E. Merck silica gel plates (60F-254).

Materials.

THF, Et,0, diglyme and 1,4-dioxane were distilled from sodium/benzophenone ketyl,
and methylene chloride (CH,Cl,), MeCN, benzene, hexane and heptane from calcium
hydride. DMF and DMSO were distilled from CaH, under reduced pressure. Toluene
and EtOH were distilled from sodium. MeOH was distilled from magnesium and I,.

All reagents were purchased from Aldrich, TCI, Merck, or Kanto Chemical Co. Ltd.
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% 2 fi (-)-bucidarasin A ® K F £ G K

(1S,2R)-2-[(benzyloxy)methyl]-2-methyl-3-methylidenecyclohexan-1-o0l (8)

To a stirred solution of PPh;CH;Br (39.5 g, 111 mmol) in THF (352 mL) was added
n-BuLi (1.65 M solution in hexane, 55.9 mL, 92.2 mmol) dropwise at 0 °C, and the
reaction mixture was stirred for 30 min. Then, to the reaction mixture was added a
solution of 6 (9.16 g, 36.9 mmol) in THF (15.0 mL) via a cannula at -30 °C. After the
addition, the mixture was stirred at the same temperature for 16 h, and then was
quenched by saturated aqueous NH,Cl solution (222 mL). The aqueous layer was
extracted with Et,O (100 mL x 2). The combined organic layer was washed with brine
(50 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 4/1) to afford 8
(7.42 g, 82%) as a colorless oil and starting material 6 (920 mg, 10%).

Ry = 0.39 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) & 7.39-7.27 (5H,
m), 4.75 (1H, s), 4.60 (1H, d, J = 11.9 Hz), 4.56, (1H, d, J = 11.9 Hz), 4.50 (1H, s),
3.73 (1H, d, J = 8.7 Hz), 3.69 (1H, ddd, J = 6.0, 4.6, 1.4 Hz), 3.65 (1H, d, J = 8.7
Hz), 3.61 (1H, d, J = 1.4 Hz), 2.22 (1H, ddd, J = 13.7, 13.7, 4.6 Hz), 2.06 (1H, ddd,
J=13.7,3.2,3.2 Hz), 1.85-1.70 (2H, m), 1.63-1.48 (1H, m), 1.37-1.23 (1H, m), 1.18
(3H, s); '’C NMR (100 MHz, CDCl;) & 151.7, 137.7, 128.5, 127.8, 127.5, 107.7, 79.2,
76.3, 73.8, 44.6, 32.6, 29.7, 24.2, 16.2; IR (neat) vna.x 3448, 2934, 2860, 1637, 1453,
1358, 1070, 888, 734, 696 cm™'; HRMS (ESI) [M+Na]" calculated for C,;4H,,0,Na:
269.1512, found: 269.1511; [a]*°, +10.6 (¢ 1.09, CHCI3).

(1S5,2R,35)-2-[(benzyloxy)methyl]-2,3-dimethylcyclohexan-1-0l (9)

“'OH

BnO
9

To a stirred solution of Crabtree's catalyst (45.6 mg, 0.0566 mmol) in (CH,Cl), (43.0
mL) was added a solution of 8 (2.79 g, 11.3 mmol) in (CH,Cl), (13.0 mL) via a

cannula at room temperature. After the addition, the mixture was stirred at §0 °C for

50



24 h, and then was quenched by saturated aqueous NH4Cl solution (50 mL). The
aqueous layer was extracted with CH,Cl, (30 mL x 2). The combined organic layer
was washed with brine (30 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 25/1) to afford 9 (2.69 g, 92%) as a colorless oil.

Rf = 0.63 (dichloromethane/methanol = 50/1); '"H NMR (400MHz, CDCl;) 67.37-7.25
(5H, m), 4.55 (1H, d, J = 12.4 Hz), 4.49 (1H, d, J = 12.4 Hz), 3.89 (1H, dd, J = 8.2,
4.6 Hz), 3.65 (1H, d, J = 8.7 Hz), 3.31 (1H, d, J = 8.7 Hz), 2.89 (1H, br s), 1.77-1.61
(3H, m), 1.61-1.38 (3H, m), 1.27-1.17 (1H, m), 1.11 (3H, s), 0.86 (3H, d, J = 7.3
Hz); '*C NMR (100 MHz, CDCl;) & 138.1, 128.4, 127.6, 127.4, 78.9, 73.6, 72.6, 40.9,
36.2, 29.7, 28.8, 19.2, 17.3, 14.8; IR (neat) vy, 3435, 2932, 2862, 1453, 1360, 1065,
733, 696 ¢cm™'; HRMS (ESI) [M+Na]" calculated for C,¢H,40,Na: 271.1669, found:
271.1668; [a]*’p +5.4 (¢ 1.15, CHCI;).

({[(15,6S5)-1,6-dimethylcyclohex-2-en-1-ylJmethoxy}methyl)benzene (10)

BnO
10

To a stirred solution of 9 (6.21 g, 25.0 mmol) in pyridine (46.5 mL) was added POCl;
(5.67 mL, 62.5 mmol) at 0 °C, the mixture was stirred at 80 °C for 16 h. The reaction
mixture was quenched by H,O (50 mL), the aqueous layer was extracted with Et,0
(100 mL x 2). The combined organic layer was washed with brine (50 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 100/1) to afford 10 (5.63 g, 98%) as
a colorless oil.

Ry = 0.77 (hexane/ethyl acetate = 8/1); '"H NMR (400MHz, CDCl;) §7.38-7.23 (5H,
m), 5.68 (1H, ddd, J = 10.0, 3.6, 3.6 Hz), 5.42 (1H, ddd, J = 10.0, 2.3, 2.3 Hz), 4.49
(2H, s), 3.27 (2H, s), 2.08-1.91 (2H, m), 1.65-1.48 (3H, m), 1.05 (3H, s), 0.93 (3H, d,
J = 6.8 Hz); '’C NMR (100 MHz, CDCl;) & 139.0, 134.2, 128.2, 127.3, 127.2, 126.4,
76.1, 73.3, 38.5, 36.8, 27.2, 25.0, 24.3, 15.8; IR (neat) vmax 2957, 2921, 2859, 1453,
1365, 1095, 733, 695 cm™'; HRMS (ESI) [M+Na]" calculated for C,;4H,,ONa:
253.1563, found: 253.1563; [a]*’p -33.7 (¢ 2.03, CHCI;).

(45,55)-4-[(benzyloxy)methyl]-4,5-dimethylcyclohex-2-en-1-0l (11)
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BnO
11
To a stirred solution of 10 (5.63 g, 24.4 mmol) in 1,4-dioxane/HCOOH (50/1, 290

mL) was added SeO,; (3.53 mg, 31.8 mmol) at room temperature, the mixture was
stirred at 80 °C for 3 d. The reaction mixture was added H,O (50 mL) and Et,O (50
mL), filtered through a Celite pad, and the filtrate was evaporated. To a stirred
solution of the residue in MeOH (50 mL) was added ca.30% NH,OH (50 mL) at 0 °C,
the mixture was stirred at room temperature for 1 h. The mixture was extracted with
Et;O (100 mL x 2). The combined organic layer was washed with brine (50 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 5/1) to afford 11 (3.91
g, 65%) as a pale yellow oil.

Ry = 0.22 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) §7.39-7.24 (5H,
m), 5.82 (1H, ddd, J = 10.1, 4.6, 0.92 Hz), 5.63 (1H, dd, J =10.1, 0.92 Hz), 4.46 (2H,
s), 4.18 (1H, dd, J = 8.2, 4.6 Hz), 3.31 (1H, d, J =9.2 Hz), 3.22 (1H, d, J =9. 2 Hz),
1.91 (1H, ddd, J = 15.6, 11.0, 4.6 Hz), 1.86-1.76 (1H, m), 1.70-1.58 (1H, m), 1.07
(3H, s), 0.96 (3H, d, J = 6.9 Hz); '’C NMR (100 MHz, CDCl;) & 138.7, 138.4, 128.2,
127.8, 127.3, 127.3, 75.0, 73.3, 64.4, 39.0, 36.8, 32.9, 24.4, 15.7; IR (neat) vy,.x 3346,
2959, 2927, 2873, 1454, 1366, 1098, 1041, 734, 697 cm™'; HRMS (ESI) [M+Na]"
calculated for C¢H,,0,Na: 269.1512, found: 269.1513; [a]*’p -67.7 (¢ 1.01, CHCl;).

(45,55)-4-[(benzyloxy)methyl]-4,5-dimethylcyclohex-2-en-1-one (12)

@)

BnO
12

To a stirred solution of 11 (3.91 g, 15.9 mmol) in CH,Cl, (53.0 mL) was added MS4A
(7.31 g, 0.46 g/mmol) and PDC (9.13 g, 23.8 mmol) successively at room temperature.
The reaction mixture was stirred at the same temperature for 5 h, diluted with CH,ClI,
(30 mL), the mixture was filtered through a short pad of Florisil. The filtrate was
concentrated under reduced pressure. The residue was purified by flash

chromatography (hexane/ethyl acetate = 8/1) to afford 12 (3.34 g, 86%) as a pale
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yellow oil.

Ry = 0.37 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCIl;) ¢7.40-7.22 (5H,
m), 6.64 (1H, d, J = 10.0 Hz), 6.00 (1H, d, J = 10.0 Hz), 4.47 (2H, s), 3.54 (1H, d, J
=9.1 Hz), 3.32 (1H, d, J =9.1 Hz), 2.58 (1H, dd, J = 17.2, 11.8 Hz), 2.36 (1H, dd, J
=17.2, 5.0 Hz), 2.15-2.00 (1H, m), 1.15 (3H, s), 1.01 (3H, d, J = 6.8 Hz); '°C NMR
(100 MHz, CDCl;) 6 200.5, 156.5, 138.0, 128.5, 128.3, 127.6, 127.3, 74.1, 73.4, 42.9,
40.1, 37.3, 23.4, 15.6; IR (neat) vy, 2963, 2875, 1673, 1454, 1372, 1095, 735, 697
cm™'; HRMS (ESI) [M+Na]" calculated for C,;4H,,0,Na: 267.1356, found: 267.1355;
[a]*®p -48.1 (¢ 1.10, CHCI;).

(45,55)-4-[(benzyloxy)methyl]-2-iodo-4,5-dimethylcyclohex-2-en-1-one (13)

@)

BnO
13

To a stirred solution of 12 (3.33 g, 13.6 mmol) in CCls/pyridine (1/1, 130 mL) was
added DMAP (167 mg, 1.36 mmol) and I, (10.4 g, 40.9 mmol) successively at room
temperature. The reaction mixture was stirred at 50 °C for 24 h, quenched by
saturated aqueous NaHCOj; solution (50 mL) and saturated aqueous Na,S,0; solution
(50 mL) successively, the aqueous layer was extracted with AcOEt (100 mL x 2). The
combined organic layer was washed with brine (50 mL), dried over Na,SOy, filtered,
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 20/1) to afford 13 (4.94 g, 98%) as a pale
yellow oil.

Ry = 0.51 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCls) 67.43 (1H, s),
7.38-7.23 (5H, m), 4.47 (2H, s), 3.54 (1H, d, J = 9.2 Hz), 3.29 (1H, d, J = 9.2 Hz),
2.80 (1H, dd, J = 16.9, 11.9 Hz), 2.59 (1H, dd, J = 16.9, 4.6 Hz), 2.19-2.07 (1H, m),
1.14 (3H, s), 1.00 (3H, d, J = 7.3 Hz); '*C NMR (100 MHz, CDCl;) § 193.0, 164.7,
137.7, 128.4, 127.7, 127.5, 103.4, 73.5, 73.4, 45.0, 42.0, 37.4, 23.1, 15.4; IR (neat)
Vmax 2964, 2873, 1683, 1594, 1453, 1097, 737, 698 cm™'; HRMS (ESI) [M+Na]"
calculated for C,cH,90,INa: 393.0322, found: 393.0322; [a]ng -24.3 (¢ 1.54, CHCl3).

methyl
(35,45)-3-[(benzyloxy)methyl]-3,4-dimethyl-6-oxocyclohex-1-ene-1-carboxylate
(4)
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BnO

4

To a stirred solution of 13 (5.78 g, 15.6 mmol) in MeOH/THF (1/1, 180 mL) was
added Et;N (6.53 mL, 46.8 mmol) and Pd(PPh;), (541 mg, 0.468 mmol) successively
at room temperature under an atmosphere of Ar. The reaction mixture was stirred at
55 °C for 8 h under an atmosphere of CO, quenched by saturated aqueous NH.ClI
solution (100 mL). After evapotation of the volatile solvent, the residue was
extracted with Et,O (50 mL x 2). The combined organic layer was washed with brine
(50 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 8/1) to afford 4
(4.62 g, 98%) as a pale yellow oil.

Ry = 0.40 (hexane/ethyl acetate = 2/1); '"H NMR (400MHz, CDCl;) §7.35 (1H, s),
7.34-7.24 (5H, m), 4.47 (2H, s), 3.81 (3H, s), 3.59 (1H, d, J = 9.2 Hz), 3.35 (1H, d, J
9.2 Hz), 2.70 (lH, dd, J = 16.5, 11.4 Hz), 2.43 (1H, dd, J = 16.5, 4.6 Hz),
2.17-2.04 (1H, m), 1.19 (3H, s), 1.01 (3H, d, J = 6.9 Hz); ’C NMR (100 MHz,
CDClIl3) o 195.3, 165.1, 161.7, 137.7, 131.5, 128.4, 127.7, 127.4, 73.6, 73.5, 52.2,
43.8,40.8, 36.9, 22.9, 15.3; IR (neat) vy,x 2964, 2876, 1740, 1683, 1454, 1368, 1265,
1097, 738, 698 cm™'; HRMS (ESI) [M+Na]® calculated for C,3H,,0,Na: 325.1410,
found: 325.1410; [a]*®p -9.9 (¢ 0.74, CHCl3).

methyl
(15,25,4aR,8aR)-1-[(benzyloxy)methyl]-7-[(tert-butyldimethylsilyl)oxy]-5-{[(tert-b
utyldimethylsilyl)oxy]methyl}-1,2-dimethyl-4-0x0-1,2,3,4,4a,5,8,8a-octahydronaph
thalene-4a-carboxylate (3b)

To a solution of 4 (3.61 g, 11.9 mmol) and S5b (5.89 g, 17.9 mmol) in Et,O (120 mL)
at -60 °C was added SnCl; (0.140 mL, 1.19 mmol) dropwise over 5 min maintaining

the temperature at =55 to —60 °C. The reaction mixture was stirred at -60 °C for 17 h,
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quenched by saturated aqueous NaHCOj; solution (50 mL). The precipitate was
filtered through a Celite pad, and the filtrate was extracted with Et,O (100 mL x 2).
The combined organic layer was washed with brine (50 mL), dried over Na,;SOy,
filtered, and concentrated under reduced pressure. To a solution of crude residue in
Et,O (120 mL) at -60 °C was added SnCl; (0.14 mL, 1.19 mmol) dropwise over 5 min
maintaining the temperature at =55 to —60 °C. The reaction mixture was stirred at -60
°C for 17 h, quenched by saturated aqueous NaHCO; solution (50 mL). The
precipitate was filtered through a Celite pad, and the filtrate was extracted with Et,0
(100 mL x 2). The combined organic layer was washed with brine (50 mL), dried over
Na,S0y,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate/TEA = 20/1/2) to afford diastereo
mixture 3b (dr = 9/1) (7.16 g, 95%) as a pale yellow oil and starting material 4 (177
mg, 5%).

major product

Ry = 0.63 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) §7.40-7.25 (5H,
m), 4.97 (1H, d, J = 1.8 Hz), 4.53 (1H, d, J = 11.9 Hz), 4.39 (1H, d, J = 11.9 Hz),
4.00 (IH, dd, J = 9.6, 9.6 Hz), 3.61 (3H, s), 3.44 (1H, d, J = 9.6 Hz), 3.44-3.40 (1H,
m), 3.40 (1H, d, J = 9.6 Hz), 3.08 (1H, dd, J =11.0, 7.3 Hz), 2.86 (1H, dd, J = 15.1,
15.1 Hz), 2.78-2.70 (1H, m), 2.17 (2H, dt, J = 10.5, 4.6 Hz), 2.18-2.09 (1H, m),
1.92-1.80 (1H, m), 1.07 (3H, s), 0.94 (3H, d, J = 6.4 Hz), 0.90 (9H, s), 0.86 (9H, s),
0.13 (3H, s), 0.11 (3H, s), 0.019 (3H, s), -0.008 (3H, s)

minor product

Ry = 0.63 (hexane/ethyl acetate = 4/1); 'H NMR (400MHz, CDCl;) §7.38-7.24 (5H,
m), 4.97 (1H, br s), 4.52 (1H, d, J = 11.9 Hz), 4.44 (1H, d, J = 11.9 Hz), 3.90-3.79
(2H, m), 3.64 (3H, s), 3.35 (1H, d, J = 9.2 Hz), 3.26 (1H, d, J = 9.2 Hz), 3.17 (1H,
dd, J = 7.3, 2.7 Hz), 2.92-2.84 (1H, m), 2.64-2.58 (2H, m), 2.24-2.11 (1H, m),
2.04-1.83 (2H, m), 1.11 (3H, s), 1.03 (3H, d, J = 6.9 Hz), 0.90 (9H, s), 0.87 (9H, s),
0.12 (3H, s), 0.10 (3H, s), 0.035 (3H, s), 0.011 (3H, s); HRMS (ESI) [M+Na]"
calculated for C;5H5504NaSi;: 653.3664, found: 653.3661

(5R,6S)-methyl
5,6-dimethyl-8-0x0-2-phenyl-3-oxa-bicyclo[3.3.1]nonane-1-carboxylate (4’)
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To a solution of 4 (70.6 mg, 0.233 mmol) and S5a (153 mg, 0.467 mmol) in toluene
(1.5 mL) was added ZnCl, (47.7 mg, 0.350 mmol), and the mixture was stirred at
60 °C for 10 h. The reaction mixture was quenched with H,O (5.0 mL), the aqueous
layer was extracted with Et,O (10 mL x 2). The combined organic layer was washed
with brine (5.0 mL), dried over Na,SO4, filtered, and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ethyl acetate =
15/1) to afford 4 (51.8 mg, 73%) as a pale yellow powder.

R; = 0.34 (hexane/ethyl acetate = 4/1); mp 105.5-107.2 °C; 'H NMR (400 MHz,
CDCl;) 6 7.30-7.21 (5H, m), 4.82 (1H, s), 4.28 (1H, dd, J = 11.9, 2.7 Hz), 3.61 (3H,
s), 3.49 (1H, dd, v =11.9, 1.4 Hz), 2.89 (1H, dd, J = 16.9, 12.4 Hz), 2.70 (1H, dd, J
=16.9, 6.4 Hz), 2.43 (1H, dd, J = 13.3, 2.7 Hz), 2.15 (1H, d, J = 13.3 Hz), 2.06-1.94
(1H, m), 1.12 (3H, d, J = 6.9 Hz), 0.93 (3H, s); '’C NMR (100 MHz, CDCl;) § 205.8
(Cq), 170.5 (Cq), 137.9 (Cq), 128.2 (CH), 128.0 (CH), 127.8 (CH), 82.8 (CH), 73.6
(CH,), 62.1 (Cq), 51.9 (CH3;), 49.4 (CH,), 46.8 (CH,), 40.1 (CH), 32.7 (Cq), 22.4
(CH3;), 16.1 (CH3;); IR (neat) vmax 2959, 2865, 1049, 1703, 1253, 1134, 1073, 753, 700
cm'; HRMS (EST) [M+Na]" calculated for C,sH,,04Na: 325.1410, found: 325.1410;
[a]p®’ +1.9 (¢ 2.05, CHCI3).

methyl
(15,25,4R,4aR,55,8aR)-1-[(benzyloxy)methyl]-7-[(fert-butyldimethylsilyl)oxy]-5-{[
(tert-butyldimethylsilyl)oxy]methyl}-4-hydroxy-1,2-dimethyl-1,2,3,4,4a,5,8,8a-oct
ahydronaphthalene-4a-carboxylate (14A)

To a solution of 3b (9.31 g, 14.8 mmol) in CH,Cl, (295 mL) at —78 °C was added
DIBAL-H (1.02 M solution in hexane, 28.9 mL, 29.5 mmol) dropwise over 30 min.
The reaction mixture was stirred at the same temperature for 30 min, and then was
quenched with MeOH (2.0 mL) and saturated Rochelle’s salt solution (200 mL). The
mixture was stirred at room temperature for 4 h, the aqueous layer was extracted with
CH,Cl, (100 mL x 2). The combined organic layer was washed with brine (100 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 50/1) to afford 14A
(6.22 g, 67%), 14B (1.51 g, 16%), and 14C (840 mg, 9%) as a colorless oil.
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Ry = 0.37 (hexane/ethyl acetate = 15/1 x 2); '"H NMR (400MHz, CDCl;) §7.37-7.24
(5H, m), 4.88 (1H, d, J = 1.8 Hz), 4.48 (1H, d, J = 12.4 Hz), 4.36 (1H, d, J = 12.4
Hz), 3.81-3.70 (2H, m), 3.60 (3H, s), 3.51 (1H,d, J =11.0 Hz), 3.50 (1H, d, J =11.0
Hz), 3.31 (1H, br d), 3.20 (1H, d, J = 9.6 Hz), 2.93-2.85 (1H, m), 2.80 (1H, dd, J
11.0, 8.2 Hz), 2.08 (1H, qdd, J = 7.8, 1.8, 1.8 Hz), 2.01-1.70 (4H, m), 0.99 (3H, s),
0.92 (9H, s), 0.89-0.84 (12H, m), 0.15 (3H, s), 0.15 (3H, s), 0.019 (3H, s), 0.003 (3H,
s); "*C NMR (100 MHz, CDCl;) & 178.7, 148.6, 138.7, 128.3, 127.4, 127.1, 102.0,
73.3, 72.8, 67.4, 64.8, 51.6, 47.3, 43.6, 43.5, 40.9, 38.5, 33.9, 29.4, 25.9, 25.7, 22.9,
18.2, 18.0, 16.1, -4.40, -5.31, -5.38; IR (neat) vpay 3538, 2953, 2929, 2884, 28560,
1698, 1252, 1196, 1084, 836, 775, 735, 697 cm™'; HRMS (ESI) [M+Na]' calculated
for C35HgoOsNaSi,: 655.3821, found: 655.3818; [a]*®p -7.0 (¢ 2.02, CHCl3).

methyl
(15,25,45,4aR,55,8aR)-1-[(benzyloxy)methyl]-7-[(tert-butyldimethylsilyl)oxy]-5-{[
(tert-butyldimethylsilyl)oxy]methyl}-4-hydroxy-1,2-dimethyl-1,2,3,4,4a,5,8,8a-oct
ahydronaphthalene-4a-carboxylate (14B)

Ry = 0.47 (hexane/ethyl acetate = 15/1 x 2); '"H NMR (400MHz, CDCl;) §7.37-7.22
(5H, m), 4.67 (1H, s), 4.46 (1H, d, J = 12.3 Hz), 4.46 (1H, br s), 4.34 (1H, d, J =
12.3 Hz), 3.75 (1H, dd, J = 10.4, 1.8 Hz), 3.71-3.65 (1H, br), 3.61 (1H, dd, J = 10.4,
4.1 Hz), 3.52 (3H, s), 3.25-3.11 (2H, m), 2.93-2.79 (2H, m), 2.48 (1H, br t),
2.25-2.11 (1H, m), 2.01 (1H, dd, J = 15.4, 6.8 Hz), 1.84 (1H, br t), 1.63 (1H, ddd, J
15.4, 3.2, 3.2 Hz), 1.05 (3H, s), 0.94-0.82 (21H, m), 0.15 (3H, s), 0.14 (3H, s),
0.094 (3H, s), 0.085 (3H, s); '*C NMR (100 MHz, CDCIl;) & 177.9, 152.2, 138.9,
128.2, 127.2, 127.0, 101.7, 73.2, 72.9, 68.7, 62.9, 51.6, 50.6, 45.7, 41.0, 39.5, 35.4,
30.7, 28.5, 25.9, 25.7, 23.8, 18.2, 17.9, 16.1, -4.08, -4.37, -5.68, -5.78; IR (neat)
Vmax 3504, 2953, 2928, 2883, 2857, 1715, 1252, 1178, 1091, 834, 778, 735, 698 cm™';
HRMS (ESI) [M+Na]" calculated for Cs;sHzO¢NaSi,: 655.3821, found: 655.3818;
[a]*®p -0.8 (¢ 1.38, CHCI;).

methyl
(15,25,4R,4aR,5R,8aR)-1-[(benzyloxy)methyl]-7-[(fert-butyldimethylsilyl)oxy]-5-{[
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(tert-butyldimethylsilyl)oxy]methyl}-4-hydroxy-1,2-dimethyl-1,2,3,4,4a,5,8,8a-oct
ahydronaphthalene-4a-carboxylate (14C)

Rs = 0.30 (hexane/ethyl acetate = 15/1 x 2); '"H NMR (400MHz, CDCIl3) ¢7.39-7.25
(5H, m), 4.80 (1H, d, J = 5.9 Hz), 4.48 (1H, d, J = 12.2 Hz), 4.37 (1H, d, J = 12.2
Hz), 4.10 (1H, d, J = 11.8 Hz), 3.64-3.47 (2H, m), 3.56 (3H, s), 3.38 (I1H, dd, J =
10.9, 5.4 Hz), 3.21 (2H, s), 3.07 (1H, dd, J = 11.8, 5.4 Hz), 2.86 (1H, dd, J = 10.4,
8.6 Hz), 2.02 (1H, dd, J = 18.1, 8.2 Hz), 1.96-1.80 (2H, m), 1.75 (1H, ddd, J = 13.1,
4.1, 4.1 Hz), 1.71-1.59 (1H, m), 1.00 (3H, s), 0.91 (9H, s), 0.89 (3H, d, J = 6.8 Hz),
0.86 (9H, s), 0.14 (3H, s), 0.13 (3H, s), 0.0033 (6H, s); '*C NMR (100 MHz, CDCl;)
§ 177.8, 148.7, 138.7, 128.3, 127.4, 127.2, 101.9, 73.7, 73.3, 70.2, 65.4, 51.0, 50.6,
42.0, 41.3, 38.7, 37.8, 34.5, 28.8, 25.9, 25.7, 22.7, 18.3, 18.0, 16.5, -4.34, -4.38,
-5.27, -5.41; IR (neat) vm.. 3504, 2952, 2929, 2883, 2857, 1701, 1254, 1197, 1091,
837, 778, 736, 697 cm’'; HRMS (ESI) [M+Na]" calculated for C;sHgO4NaSi,:
655.3821, found: 655.3818; [a]*®p +14.2 (¢ 1.39, CHCI3).

methyl
(15,25,4R,4aR,8aR)-1-[(benzyloxy)methyl]-5-{[(fert-butyldimethylsilyl)oxy]methyl
}-4-hydroxy-1,2-dimethyl-7-0x0-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carbox
ylate (15)

COsMe

BnO

15

To a stirred solution of DDQ (49.0 mg, 0.216 mmol) in CH;CN (1.0 mL) was added
2,6-lutidine (16.7 pL, 0.144 mmol) dropwise at 0 °C, and the reaction mixture was
stirred at the room temperature for 15 min. Then, to the reaction mixture was added a
solution of 14A (45.5 mg, 0.0719 mmol) in CH;CN (1.0 mL) via a cannula at 0 °C.
After the addition, the reaction mixture was stirred at room temperature for 4 h, and

then was added hexane/AcOEt (1/1, 2.0 mL), filtered through a Celite pad. The
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filtrate was added saturated aqueous NaHCOj; solution (5.0 mL), extracted with
AcOEt (10 mL x 2). The combined organic layer was washed with brine (10 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 10/1) to afford 15
(31.7 mg, 85%) as a white solid.

Ry = 0.26 (hexane/ethyl acetate = 4/1); mp 158.8-161.0 °C; 'H NMR (400MHz,
CDCl3) ¢7.38-7.24 (5H, m), 6.49 (1H, dd, J = 1.8, 1.8 Hz), 4.79 (1H, dd, J = 17.4,
1.8 Hz), 4.49 (1H, d, J = 11.9 Hz), 4.37 (1H, d, J = 11.9 Hz), 3.84 (lH, d, J =17.4
Hz), 3.90-3.75 (1H, m), 3.59 (3H, s), 3.46 (1H, d, J = 9.6 Hz), 3.37 (1H, d, J =11.0
Hz), 3.25 (1H, dd, J = 14.7, 5.0 Hz), 3.22 (1H, d, J = 9.6 Hz), 2.53 (1H, dd, J =16.9,
5.0 Hz), 2.38 (1H, dd, J = 16.9, 14.7 Hz), 2.01-1.79 (3H, m), 1.03 (3H, s), 0.96-0.82
(12H, m), 0.047 (6H, s); '*C NMR (100 MHz, CDCIl;) & 198.2, 176.0, 164.5, 138.2,
128.3, 127.5, 126.9, 123.6, 73.3, 73.1, 72.1, 63.6, 53.9, 52.1, 43.6, 40.6, 38.0, 35.2,
34.3, 25.8, 24.2, 18.3, 15.7, -5.46, -5.56; IR (neat) vna.x 3530, 2952, 2930, 2883,
2858, 1716, 1665, 1251, 1197, 1103, 835, 738, 700 cm™'; HRMS (ESI) [M+Na]"
calculated for C,9H440¢NaSi: 539.2799, found: 539.2800; [a]st +18.1 (¢ 1.32,
CHCI;).

methyl
(15,25,4R,4aR,7R,8aR)-1-[(benzyloxy)methyl]-5-{[(¢tert-butyldimethylsilyl)oxy]met
hyl}-4,7-dihydroxy-1,2-dimethyl-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carbo
xylate (16)

CO.Me

To a stirred solution of 15 (3.17 g, 6.13 mmol) in MeOH/CH,CIl, (5/1, 156 mL) was
added CeCl;-7H,0 (4.57 g, 12.3 mmol) and NaBH,4 (1.16 g, 30.6 mmol) successively
at -10 °C. The reaction mixture was stirred at the same temperature for 15 min,
quenched by saturated aqueous NH4Cl solution (100 mL), the aqueous layer was
extracted with Et,O (100 mL x 2). The combined organic layer was washed with brine
(50 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 8/1) to afford
16 (4.94 g, 98%) as a white solid.

Ry = 0.35 (hexane/ethyl acetate = 2/1); mp 157.4-159.4 °C; 'H NMR (400MHz,
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CDCl;) §7.42-7.20 (5H, m), 6.05 (1H, s), 4.61 (1H, d, J = 15.0 Hz), 4.49 (1H, d, J =
12.2 Hz), 4.45-4.37 (1H, br), 4.33 (1H, d, J = 12.2 Hz), 3.84 (1H, ddd, J = 11.8, 11.8,
5.4 Hz), 3.72 (1H, d, J = 15.0 Hz), 3.65 (1H, d, J = 11.8 Hz), 3.56 (3H, s), 3.46 (1H,
d, J =9.5Hz), 3.21 (1H, d, J = 9.5 Hz), 2.73 (1H, dd, J = 14.0, 1.8 Hz), 2.14 (1H, dd,
J=14.0,5.9 Hz), 1.94-1.68 (3H, m), 1.38 (1H, dd, J = 12.7, 10.4, 10.4 Hz), 1.07 (3H,
s), 0.90 (9H, s), 0.86 (3H, d, J = 6.8 Hz), 0.048 (3H, s), 0.042 (3H, s); '*C NMR (100
MHz, CDCl3) & 177.7, 141.4, 138.5, 128.3, 127.4, 127.0, 126.8, 73.9, 73.3, 72.4, 68.4,
63.7, 53.3, 51.8, 43.6, 40.7, 38.7, 35.0, 29.9, 26.0, 25.2, 18.4, 15.9, -5.38, -5.41; IR
(neat) vmax 3481, 3377, 2952, 2928, 2881, 2855, 1732, 1706, 1250, 1079, 835, 737,
698 cm™'; HRMS (ESI) [M+Na]" calculated for C,oH46O¢NaSi: 541.2956, found:
541.2956; [a]*®p +23.9 (¢ 0.76, CHCIl3).

methyl
(15,25,4R,4aR,75,8aR)-1-[(benzyloxy)methyl]-5-{[(fert-butyldimethylsilyl)oxy]met
hyl}-7-[(2-chloroacetyl)oxy]-4-hydroxy-1,2-dimethyl-1,2,3,4,4a,7,8,8a-octahydron
aphthalene-4a-carboxylate (17)

To a solution of 16 (3.05 g, 5.89 mmol), chloroacetic acid (2.22 g, 23.5 mmol) and
Ph;P (6.95 g, 26.5 mmol) in toluene (126 mL) was added DIAD (1.9 M solution in
toluene, 10.8 mL, 20.6 mmol) dropwise at 0 °C. The reaction mixture was stirred at
the same temperature for 15 min, quenched by saturated aqueous NaHCO; solution
(50 mL), the aqueous layer was extracted with hexane/AcOEt (1/1, 100 mL x 2). The
combined organic layer was washed with brine (50 mL), dried over Na,SOy, filtered,
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 25/1) to afford 17 (3.15 g, 90%) as a
colorless oil.

Ry = 0.73 (hexane/ethyl acetate = 2/1); 'H NMR (400MHz, CDCl;) §7.37-7.23 (5H,
m), 6.18 (1H, d, J = 5.4 Hz), 5.44 (1H, br s), 4.70 (1H, d, J = 15.4 Hz), 4.49 (1H, d,
J=12.2 Hz), 4.38 (1H, d, J = 12.2 Hz), 4.09 (2H, s), 3.71 (1H, d, J = 15.4 Hz), 3.69
(1H, ddd, J = 11.3, 11.3, 4.5 Hz), 3.56 (3H, s), 3.54 (1H, d, J =11.3 Hz), 3.46 (1H, d,
J=9.5Hz),3.25 (1H, d, J = 9.5 Hz), 2.93 (1H, dd, J = 14.0, 2.3 Hz), 1.98 (1H, d, J
= 14.0 Hz), 1.93-1.67 (4H, m), 1.04 (3H, s), 0.93-0.84 (12H, m), 0.040 (3H, s), 0.030
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(3H, s); '*C NMR (100 MHz, CDCl;) & 177.2, 167.0, 146.9, 138.6, 128.2, 127.3,
126.7, 117.8, 73.1, 72.9, 72.6, 68.3, 63.8, 53.2, 52.0, 41.2, 40.2, 39.2, 38.3, 34.8,
25.9, 25.3, 24.9, 18.4, 16.0, -5.43, -5.47; IR (neat) vmax 3535, 2952, 2929, 2881,
2856, 1751, 1706, 1254, 1097, 835, 735, 697 cm”'; HRMS (ESI) [M+Na]® calculated
for C3;H,;0,CINaSi: 617.2672, found: 617.2670; [a]*®s -1.7 (¢ 0.88, CHCl;).

methyl
(15,25,4R,4aR,7S5,8aR)-1-[(benzyloxy)methyl]-5-{[(fert-butyldimethylsilyl)oxy]met
hyl}-4,7-dihydroxy-1,2-dimethyl-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carbo
xylate (18)

To a stirred solution of 17 (3.15 g, 5.29 mmol) in MeOH (134 mL) was added K,CO;
(1.46 g, 10.6 mmol) at 0 °C, the reaction mixture was stirred at the same temperature
for 30 min. The reaction mixture was quenched by saturated aqueous NH4CI solution
(100 mL), the aqueous layer was extracted with Et,O (100 mL x 2). The combined
organic layer was washed with brine (50 mL), dried over Na,SO4, filtered, and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 9/1) to afford 18 (2.82 g, quant.) as a white
solid.

Ry = 0.55 (hexane/ethyl acetate = 2/1); mp 106.5-107.5 °C; 'H NMR (400MHz,
CDCl3) ¢7.38-7.23 (5H, m), 6.22 (1H, d, J = 5.0 Hz), 4.65 (1H, ddd, J = 15.1, 1.8,
1.8 Hz), 4.49 (1H, d, J = 12.4 Hz), 4.35 (1H, d, J = 12.4 Hz), 4.27 (1H, br s), 3.70
(1H, d, J =15.1 Hz), 3.70-3.63 (1H, m), 3.61-3.52 (1H, m), 3.56 (3H, s), 3.45 (1H, d,
J=9.6 Hz), 3.25 (1H, d, J = 9.6 Hz), 2.85 (1H, dd, J = 14.2, 2.7 Hz), 1.94 (1H, d, J
= 14.2 Hz), 1.85 (1H, dd, J = 13.7, 11.9 Hz), 1.80-1.54 (3H, m), 1.07 (3H, s), 0.90
(9H, s), 0.88 (3H, d, J = 6.9 Hz), 0.042 (3H, s), 0.038 (3H, s); '*C NMR (100 MHz,
CDCIl3;) 6 177.6, 143.4, 138.5, 128.2, 127.3, 126.9, 122.5, 73.2, 73.1, 72.7, 63.8, 63.3,
53.4, 51.8, 40.3, 38.6, 38.3, 34.9, 28.1, 25.9, 24.8, 18.3, 16.0, -5.43, -5.45; IR (neat)
Vmax 3526, 3444, 2952, 2928, 2881, 2856, 1699, 1254, 1091, 998, 833, 737, 698 cm’';
HRMS (ESI) [M+Na]® calculated for C,oH4;cO¢NaSi: 541.2956, found: 541.2957;
[a]*®h +7.9 (¢ 1.12, CHCl;).
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methyl
(15,25,4R,4aR,75,8aR)-1-[(benzyloxy)methyl]-5-{[(fert-butyldimethylsilyl)oxy]met
hyl}-1,2-dimethyl-4,7-bis({[tris(propan-2-yl)silyl]loxy})-1,2,3,4,4a,7,8,8a-0octahydr
onaphthalene-4a-carboxylate (19)

To a solution of 18 (2.79 g, 5.38 mmol) in CH,CIl, (96 mL) was added 2,6-lutidine
(3.13 mL, 26.9 mmol) and TIPSOTf (4.34 mL, 16.1 mmol) at 0 °C, the reaction
mixture was stirred at the same temperature for 12 h. The reaction mixture was
quenched by H,O (100 mL), the aqueous layer was extracted with CH,Cl, (50 mL x 2).
The combined organic layer was washed with brine (50 mL), dried over Na,;SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 100/1) to afford 19 (4.04 g, 92% (2 steps))
as a colorless oil.

Rs = 0.73 (hexane/ethyl acetate = 8/1); '"H NMR (400MHz, CDCIl;) ¢7.37-7.18 (5H,
m), 6.16 (1H, d, J = 5.0 Hz), 4.48 (1H, d, J = 15.0 Hz), 4.45 (1H, d, J = 12.2 Hz),
4.42-4.38 (1H, m), 4.38 (1H, d, J = 12.2 Hz), 4.10 (1H, dd, J = 12.2, 4.1 Hz), 3.67
(1H, d, J =15.0 Hz), 3.59 (1H, d, J = 9.1 Hz), 3.42 (3H, s), 3.25 (1H, d, J = 9.1 Hz),
3.13 (1H, dd, J = 13.6, 2.3 Hz), 2.33 (1H, dd, J = 25.0, 13.6 Hz), 1.90 (1H, d, J =
13.6 Hz), 1.74-1.56 (3H, m), 1.18-0.98 (45H, m), 0.96-0.82 (12H, m), 0.00 (6H, s);
"*C NMR (100 MHz, CDCl;) & 174.8, 142.4, 139.2, 128.0, 126.8, 126.4, 122.8, 74.5,
73.5, 72.8, 64.0, 63.4, 54.5, 50.8, 40.2, 39.2, 37.8, 35.8, 30.0, 25.8, 25.3, 18.3, 18.2,
18.2, 18.1, 18.1, 16.3, 13.6, 12.6, -5.52, -5.58; IR (neat) vy,.x 2951, 2928, 2881, 2861,
1698, 1255, 1207, 1090, 999, 835, 735, 698 cm™'; HRMS (ESI) [M+Na]' calculated
for C47HgsOsNaSis: 853.5624, found: 853.5618; [a]*®, -10.5 (¢ 2.20, CHCl3).

(15,25,4R,4aR,75,8aR)-methyl
5-((tert-butyldimethylsilyloxy)methyl)-1,2-dimethyl-1-((methylsulfonyloxy)methyl
)-4,7-bis(triisopropylsilyloxy)-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carboxy
late (21)
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To a stirred solution of 20 (18.6 mg, 0.0251 mmol) in CH,Cl, (1.0 mL) was added

TEA (11.0 puL, 0.0753 mmol), MsCI (3.9 puL, 0.0502 mmol) at room temperature. The
reaction mixture was stirred at room temperature for 15 min, quenched with saturated
aqueous NaHCOj; solution (5.0 mL), and the aqueous layer was extracted with CH,ClI,
(10 mL x 2). The combined organic layer was washed with brine (10 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 50/1) to afford 21 (15.2 mg, 74%)
as a colorless oil.
Ry = 0.60 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 6.18-6.16 (1H,
d, J = 5.1 Hz), 4.50-4.45 (1H, dt, J = 14.9, 1.7 Hz), 4.27 (1H, br), 4.13 (2H, s),
4.13-4.08 (1H, m), 3.69 (3H, s), 3.69-3.65 (1H, m), 2.98 (3H, s), 2.98-2.94 (1H, m),
2.25-2.16 (1H, m), 1.86-1.83 (1H, br d, J = 13.4 Hz), 1.79-0.95, (3H, m), 1.06-1.05
(45H, m), 0.92-0.91 (3H, d, J = 7.1 Hz), 0.88 (9H, s), 0.003 (3H, s), -0.005 (3H, s)

methyl
(15,25,4R,4aR,7S5,8aR)-5-{[(tert-butyldimethylsilyl)oxy]methyl}-1-formyl-1,2-dime
thyl-4,7-bis({[tris(propan-2-yl)silyl]loxy})-1,2,3,4,4a,7,8,8a-octahydronaphthalene
-4a-carboxylate (22)

COQMG
TIPSO OTBS
I

- 3/!1\/ ‘O1PS
/

O
22
To a stirred solution of 19 (3.86 g, 4.64 mmol) in AcOEt (231 mL) was added Al,0;
(7.31 g, 0.46 g/mmol) and Pd(OH),/C (10% Pd, 7.31 g, 0.46 g/mmol) at 0 °C under an
atmosphere of Ar. The reaction mixture was stirred at 0 °C for 30 min under an
atmosphere of H,, the reaction mixture was filtered through a Celite pad, and the
filtrate was concentrated. The crude alcohol, which due to its instability, required
use without purification. To a solution of crude alcohol in CH,Cl, (106 mL) was

added pyridine (1.88 mL, 23.2 mmol) and Dess-Martin periodinane (2.95 g, 6.96
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mmol) at 0 °C. The reaction mixture was stirred at room temperature for 1.5 h,
quenched by saturated aqueous NaHCO; solution (50 mL) and saturated aqueous
Na,S,0; solution (50 mL) successively, the aqueous layer was extracted with CH,Cl,
(100 mL x 2). The combined organic layer was washed with brine (50 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 50/1) to afford 22 (3.27 g, 96% (2
steps)) as a colorless oil.

Ry = 0.83 (hexane/ethyl acetate = 8/1); '"H NMR (400MHz, CDCl3) 69.50 (1H, s), 6.15
(1H, d, J = 4.6 Hz), 4.46 (1H, d, J = 16.0 Hz), 4.42 (1H, br s), 4.08 (1H, dd, J = 12.4,
4.6 Hz), 3.70 (1H, d, J = 16.0 Hz), 3.54 (3H, s), 3.03 (1H, dd, J = 13.3, 2.7 Hz), 2.60
(1H, dd, J = 25.6, 13.3 Hz), 1.83 (1H, d, J = 13.3 Hz), 1.77-1.61 (3H, m), 1.13-1.02
(45H, m), 1.00 (3H, s), 0.88 (9H, s), -0.001 (3H, s), -0.010 (3H, s); '*C NMR (100
MHz, CDCl;) 6 204.7, 173.5, 141.8, 123.1, 74.2, 63.5, 63.4, 54.9, 51.2, 49.9, 40.7,
37.8, 33.5, 28.6, 25.8, 20.8, 18.2, 18.1, 18.1, 18.0, 15.7, 13.6, 12.5, -5.56, -5.58; IR
(neat) vma, 2942, 2865, 1726, 1717, 1462, 1255, 1209, 1100, 881, 836, 737, 680 cm™';
HRMS (ESI) [M+Na]  calculated for C40H;304NaSi;: 761.4998, found: 761.4994;
[a]*®p -16.6 (¢ 1.08, CHCI;).

(1R,4S,6R,75,11R,13S)-2-{[(tert-butyldimethylsilyl)oxy]methyl}-7,13-dimethyl-8-[(
1E)-2-methylbuta-1,3-dien-1-yl]-4,11-bis({[tris(propan-2-yl)silyl]Joxy})-9-oxatricy
clo[5.3.3.0,° ]Jtridec-2-en-10-one (24)

OTBS

To a stirred solution of (E)-1-iodo-2-methylbuta-1,3-diene (89.2 mg, 0.460 mmol) in
Et,O (1.0 mL) was added #-BuLi (1.65 M solution in pentane, 209 uL, 0.345 mmol)
dropwise at -78 °C, and the reaction mixture was stirred for 15 min. Then, to the
reaction mixture was added a solution of 22 (34.0 mg, 0.0460 mmol) in Et,O (1.0 mL)
via a cannula at -78 °C. After the addition, the reaction mixture was stirred at the
same temperature for 30 min, quenched with saturated aqueous NH4Cl solution (5.0
mL). The aqueous layer was extracted with Et,O (5.0 mL x 2). The combined organic
layer was washed with brine (5.0 mL), dried over Na,SO,, filtered, and concentrated

under reduced pressure. The residue was diluted with MeOH (1.0 mL), added K,CO;
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(12.7 mg, 0.0920 mmol) and sttired at room temperature for 1 h. The reaction mixture
was quenched with saturated aqueous NH,;Cl solution (5.0 mL). The aqueous layer
was extracted with Et,O (5.0 mL x 2). The combined organic layer was washed with
brine (5.0 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane/ethyl acetate = 50/1) to
afford 24 (28.2 mg, 80%) and 23 (2.6 mg, 7.0%) as a colorless oil.

R; = 0.67 (hexane/ethyl acetate = 10/1); '"H NMR (400 MHz, CDCl;) § 6.31 (1H, dd, J
=17.6, 11.0 Hz), 6.23 (1H, d, J = 4.4 Hz), 5.59 (1H, d, J =10.5 Hz), 5.27 (1H, d, J
10.5 Hz), 5.23 (1H, d, J = 17.6 Hz), 5.09 (1H, d, J = 11.0 Hz), 4.81 (1H, d, J = 15.9
Hz), 4.66 (1H, d, J = 15.9 Hz), 4.38 (1H, br), 4.25 (1H, dd, J = 11.0, 4.4 Hz), 2.74
(1H, dd, J = 12.9, 3.2 Hz), 1.92-1.75 (3H, m), 1.82 (3H, s), 1.74-1.62 (2H, m),
1.13-0.95 (45H, m), 0.91 (9H, m), 0.73 (3H, s), 0.05 (6H, s).

(15,25,4R,4aR,75,8aR)-methyl
5-((tert-butyldimethylsilyloxy)methyl)-1-((R,E)-1-hydroxy-3-methylpenta-2,4-dien
yl)-1,2-dimethyl-4,7-bis(triisopropylsilyloxy)-1,2,3,4,4a,7,8,8a-octahydronaphthal

ene-4a-carboxylate (23)

Ry = 0.50 (hexane/ethyl acetate = 10/1); '"H NMR (400 MHz, CDCl3) 6 6.38 (1H, dd, J
=17.2, 10.9 Hz), 6.18 (1H, d, J = 4.5 Hz), 5.74 (1H, d, J = 9.1 Hz), 5.18 (1H, d, J =
17.2 Hz), 5.03 (1H, d, J = 10.9 Hz), 4.53 (1H, dt, J = 15.0, 1.4 Hz), 4.44-4.39 (1H,
m), 4.13 (1H, dd, J = 11.8, 4.1 Hz), 3.73 (3H, s), 3.15 (1H, dd, J = 13.1, 2.3 Hz),
2.14-2.11 (1H, m), 1.94-1.91 (1H, m), 1.77-1.55 (3H, m), 1.07-1.06 (42H, m), 0.98
(3H, s), 0.89 (9H, s), 0.82 (3H, d, J = 7.25 Hz), 0.02 (3H, s), 0.01 (3H, s)

(1R,25,4R,4aR,75,8aR)-5-{[(tert-butyldimethylsilyl)oxy]methyl}-1,2-dimethyl-1-[(

1Z)-3-methylpenta-1,3-dien-1-yl]-4,7-bis({[tris(propan-2-yl)silyl]loxy})-1,2,3,4,4a,
7,8,8a-octahydronaphthalene-4a-carboxylic acid (25)
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To a stirred solution of 24 (1.50 mg, 0.00193 mmol), HCO,NH, (1.22 mg, 0.0193
mmol), and dppe (0.617 mg, 0.0015 mmol) in 1,4-dioxane (0.5 mL) was added
Pd,(dba); (0.354 mg, 0.000387 mmol) at room temperature. The reaction mixture was
stirred at 70 °C for 3 h, diluted with Et,O (5.0 mL), and the reaction mixture was
filtered through a Celite pad. The filtrate was washed with H,O (5.0 mL), brine (5.0
mL), dried over Na,SO4, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 20/1) to afford
25 (0.9 mg, 60%) as a pale yellow oil.

R; = 0.49 (hexane/ethyl acetate = 10/1); '"H NMR (400 MHz, CDCl;) & 11.2 (1H, br),
6.21-6.13 (1H, m), 6.05 (1H, d, J = 15.9 Hz), 5.82 (1H, d, J = 15.9 Hz), 5.47 (1H, q,
J=6.6 Hz), 4.41-4.17 (2H, m), 3.96 (1H, d, J = 15.4 Hz), 2.77 (lH, dd, J = 13.7, 2.9
Hz), 2.09-1.92 (2H, m), 1.81-1.43 (3H, m), 1.77 (3H, s), 1.70 (3H, d, J = 6.6 Hz),
1.17-0.97 (45H, m), 0.86 (9H, s), 0.80 (3H, d, J = 6.6 Hz), -0.02 (6H, s).

methyl
(15,25,4R,4aR,7S,8aR)-5-{[(tert-butyldimethylsilyl)oxy]methyl}-1-{1-[(methoxycar
bonyl)oxy]-3-(trimethylsilyl)prop-2-yn-1-yl}-1,2-dimethyl-4,7-bis({[tris(propan-2-
yDsilyl]loxy})-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carboxylate (26)

CO,Me
TIPSO OTBS

26

To a stirred solution of TMS acetylene (1.55 gmL, 11.2 mmol) in THF (44.6 mL) was
added n-BuLi (1.58 M solution in hexane, 6.39 mL, 10.1 mmol) dropwise at -78 °C,
and the reaction mixture was stirred for 20 min. Then, to the reaction mixture was

added a solution of 22 (1.66 g, 2.44 mmol) in THF (58.0 mL) via a cannula
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maintaining the temperature at —65 to —78 °C. After the addition, the mixture was
stirred at —65 °C for 1.5 h, and then was added methyl chloroformate as the anion
trapping reagent. The reaction mixture was stirred at —10 °C for 12 h, quenched by
saturated aqueous NH4Cl solution (100 mL). The aqueous layer was extracted with
Et,O (100 mL x 2). The combined organic layer was washed with brine (50 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 100/1) to afford 26
(1.35 g, 69%) as a white amorphous.

R; = 0.59 (hexane/ethyl acetate = 8/1); '"H NMR (400MHz, CDCl;) §6.12 (1H, s), 5.12
(1H, br s), 4.45 (1H, ddd, J = 14.2, 1.8, 1.8 Hz), 4.40 (1H, br d), 4.24-4.02 (1H, br),
3.78 (3H, s), 3.81-3.53 (1H, m), 3.62 (3H, s), 3.18 (1H, dd, J = 11.4, 2.7 Hz),
2.35-2.13 (1H, m), 1.89 (1H, br d), 1.81-1.58 (3H, m), 1.36-0.95 (48H, m), 0.88 (9H,
s), 0.14 (9H, s), 0.004 (3H, s), -0.001 (3H, s); '’C NMR (150 MHz, CDCl;) & 174.0,
154.4, 142.1, 123.1, 102.7, 94.3, 74.1, 70.9, 63.9, 63.3, 55.1, 54.7, 51.7, 43.4, 38.9,
37.9, 36.6, 30.8, 29.7, 25.8, 22.1, 18.2, 18.2, 18.1, 18.1, 13.6, 12.5, -0.49, -5.49; IR
(neat) vmax 2943, 2865, 1756, 1737, 1463, 1440, 1250, 1087, 838, 680 cm™'; HRMS
(ESI) [M+Na]" calculated for C4;H¢oOgNaSi,: 917.5605, found: 917.5597; [a]*®p
-23.9 (¢ 1.18, CHCl;).

(1R,4S,6R,75,11R,13S5)-2-{[(tert-butyldimethylsilyl)oxy]methyl}-7,13-dimethyl-11-
[(tri-tert-butylsilyl)oxy]-8-[2-(trimethylsilyl)ethynyl]-4-{[tris(propan-2-yl)silyl]o
Xxy}-9-oxatricyclo[5.3.3.01,% ]tridec-2-en-10-one (27)

Ry = 0.93 (benzene/ethyl acetate = 50/1); '"H NMR (400 MHz, CDCl;) § 6.23 (1H, d, J
= 4.1 Hz), 5.08 (1H, s), 4.77 (1H, d, J = 15.9 Hz), 4.68 (1H, d, J = 15.9 Hz), 4.37
(1H, br), 4.22 (1H, dd, J = 11.0, 4.6 Hz), 2.89 (1H, dd, J = 13.4, 3.2 Hz), 1.93-1.78
(3H, m), 1.77-1.69 (1H, m), 1.63-1.47 (1H, m), 1.13-0.94 (45H, m), 0.93-0.84 (12H,
s), 0.13 (9H, s), 0.07 (3H, s), 0.05 (3H, s).

methyl
(15,25,4R,4aR,7S5,8aR)-5-{[(tert-butyldimethylsilyl)oxy]methyl}-1,2-dimethyl-1-[3-
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(trimethylsilyl)prop-2-yn-1-yl]-4,7-bis({[tris(propan-2-yl)silyl]Joxy})-1,2,3,4,4a,7,
8,8a-octahydronaphthalene-4a-carboxylate (28)

To a stirred solution of 26 (2.62 g, 2.92 mmol), HCO,NH, (1.84 g, 29.2 mmol), and
Pd(OAc), (65.6 mg, 0.292 mmol) in THF (59.0 mL) was added n-Bu;P (146 uL, 0.585
mmol) at room temperature. The reaction mixture was stirred at 60 °C for 24 h,
diluted with Et,O (20 mL), the reaction mixture was filtered through a Celite pad.
The filtrate was washed with H,O (50 mL) and brine (50 mL), dried over Na,SOy,,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 200/1) to afford 28 (2.38 g, 99%) as a
colorless oil.

Rs = 0.86 (hexane/ethyl acetate = 10/1); '"H NMR (500MHz, CDCl3) 66.14 (1H, d, J =
4.5 Hz), 4.48 (1H, d, J = 14.7 Hz), 4.38 (1H, br s), 4.03 (1H, dd, J = 11.9, 4.0 Hz),
3.68 (1H, d, J = 14.7 Hz), 3.64 (3H, s), 3.00 (1H, dd, J = 13.6, 2.8 Hz), 2.40 (1H, d,
J=17.6 Hz), 2.20 (1H, dd, J = 25.5, 13.6 Hz), 2.13 (1H, d, J = 17.6 Hz), 1.88 (1H, d,
J =13.6 Hz), 1.76-1.63 (2H, m), 1.57 (1H, ddd, J = 13.0, 3.4, 3.4 Hz), 1.16-0.97
(45H, m), 0.89 (9H, s), 0.83 (3H, d, J = 6.8 Hz), 0.11 (9H, s), 0.011 (3H, s), 0.002
(3H, s); "’C NMR (125 MHz, CDCl;) § 174.7, 142.1, 122.6, 105.3, 86.3, 74.6, 63.9,
63.4, 54.0, 51.1, 40.5, 38.9, 37.3, 36.1, 30.1, 26.3, 25.8, 24.7, 18.3, 18.2, 18.2, 18.1,
15.9, 13.6, 12.5, 0.12, -5.54, -5.58; IR (neat) vp.x 2943, 2865, 2173, 1733, 1463,
1248, 1215, 1102, 1013, 838, 739, 681 cm™'; HRMS (ESI) [M+Na]" calculated for
C,4sHggOsNaSiy: 843.5601, found: 843.5592; [a]*p -26.1 (¢ 2.31, CHCl3).

methyl
(15,25,4R,4aR,7S5,8aR)-5-{[(tert-butyldimethylsilyl)oxy]methyl}-1,2-dimethyl-1-(p
rop-2-yn-1-yl)-4,7-bis({[tris(propan-2-yl)silyl]oxy})-1,2,3,4,4a,7,8,8a-octahydrona
phthalene-4a-carboxylate (30)
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To a stirred solution of 28 (1.45 g, 1.77 mmol) in MeOH/THF (2.5/1, 52.0 mL) was
added K,CO; (978 mg, 7.08 mmol) at room temperature, the reaction mixture was
stirred at 50 °C for 24 h. The reaction mixture was poured into saturated aqueous
NH,CI solution (100 mL), the aqueous layer was extracted with Et,O (100 mL x 2).
The combined organic layer was washed with brine (50 mL), dried over Na,;SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 100/1) to afford 30 (1.31 g, 99%) as a white
solid.

R; = 0.56 (hexane/ethyl acetate = 20/1); mp 66.8-68.6 °C; '"H NMR (400MHz, CDCl;)
06.17 (1H, d, J = 4.5 Hz), 4.48 (1H, d, J = 14.7 Hz), 4.40 (1H, br s), 4.05 (1H, dd, J
=11.9, 4.5 Hz), 3.68 (1H, d, J = 14.7 Hz), 3.63 (3H, s), 3.17 (1H, dd, J = 13.6, 2.3
Hz), 2.37 (1H, d, J = 17.6 Hz), 2.23 (1H, dd, J = 25.5, 13.6 Hz), 2.02 (1H, dd, J =
17.6, 2.3 Hz), 1.91-1.83 (1H, m), 1.86 (1H, br t), 1.76-1.53 (3H, m), 1.12-1.01 (45H,
m), 0.89 (9H, s), 0.84 (3H, d, J = 6.8 Hz), 0.006 (3H, s), 0.00 (3H, s); '*C NMR (100
MHz, CDCl;) &6 174.8, 142.2, 122.8, 82.3, 74.3, 70.2, 63.9, 63.4, 54.2, 51.1, 40.1,
38.8, 37.2, 36.3, 30.1, 26.6, 25.8, 23.6, 18.2, 18.2, 18.2, 18.0, 15.8, 13.6, 12.6, -5.54,
-5.60; IR (neat) vmax 3312, 2941, 2864, 1734, 1463, 1248, 1213, 1101, 836, 680 cm™';
HRMS (ESI) [M+Na]  calculated for C4,HgoOsNaSiz;: 771.5206, found: 771.5198;
[a]*’"p -22.5 (¢ 3.48, CHCI;).

(15,25,4R,4aR,7S5,8aR)-methyl
1-(but-2-ynyl)-5-((tert-butyldimethylsilyloxy)methyl)-1,2-dimethyl-4,7-bis(triisop
ropylsilyloxy)-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carboxylate (31)
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To a solution of 30 (10.6 mg, 0.0141 mmol) in THF (1.0 mL) was added LHMDS
(1.09 M solution in THF, 19.5 uL, 0.0212 mmol) at —78 °C. The reaction mixture was
stirred at 0°C for 30 min, added Mel (2.6 pL, 0.0424 mmol) at -78 °C. After the
addition, the reaction mixture was stirred at room temperature for 11 h, quenched
with saturated aqueous NH4Cl solution (5.0 mL). The aqueous layer was extracted
with Et;0 (5.0 mL x 2). The combined organic layer was washed with brine (5.0 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 50/1) to afford 31
(11.1 mg, quant.) as a colorless oil.

Rf = 0.56 (hexane/ethyl acetate = 20/1); '"H NMR (400 MHz, CDCl;3) 6 6.16 (1H, d, J
= 4.6 Hz), 4.48 (1H, dd, J = 14.6, 2.0 Hz), 4.39 (1H, br s), 4.04 (1H, dd, J = 12.0,
4.6 Hz), 3.68 (1H, dd, J = 14.6, 1.5 Hz), 3.63 (3H, s), 3.13 (1H, dd, J = 13.7, 2.7 Hz),
2.33 (1H, d, J = 16.8 Hz), 2.24 (lH, q, J = 12.9 Hz), 1.98-1.80 (2H, m), 1.72 (1H, t,
J=2.4Hz), 1.75-1.47 (3H, m), 1.18-0.95 (45H, m), 0.89 (9H, s), 0.82 (3H, d, J = 6.8
Hz), 0.009 (3H, s), 0.003 (3H, s); ’C NMR (100 MHz, CDCl3) & 174.7, 142.4, 122.7,
74.5, 64.1, 63.4, 54.2, 50.8, 40.0, 39.0, 37.3, 36.2, 30.1, 26.8, 25.8, 23.7, 18.3, 18.2,
18.2, 18.1, 15.7, 13.6, 12.6, 3.43, -5.52, -5.60.

methyl
(15,25,4R,4aR,75,8aR)-5-(hydroxymethyl)-1,2-dimethyl-1-(prop-2-yn-1-yl)-4,7-bis
({[tris(propan-2-yl)silyl]oxy})-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carboxy
late (34)

CO,M
TIPSO

0
H
NS

To a stirred solution of 30 (76.0 mg, 0.101 mmol) in EtOH/CH,CIl, (15/1, 3.20 mL)
was added PPTS (10.2 mg, 0.0406 mmol) at room temperature, the reaction mixture
was stirred at the same temperature for 3 d. The reaction mixture was quenched by
saturated aqueous NaHCOj; solution (5.0 mL), the aqueous layer was extracted with
Et;O (5.0 mL x 2). The combined organic layer was washed with brine (5.0 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 30/1) to afford 34
(55.9 mg, 87%) and 34’ (2.0 mg, 3.3%) as a white solid.
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Ry = 0.21 (hexane/ethyl acetate = 10/1); mp 92.2-101.2 °C; 'H NMR (400MHz,
CDCIl3) ¢6.04 (1H, d, J = 5.0 Hz), 4.38 (1H, br s), 4.19 (1H, dd, J = 14.2, 8.2 Hz),
4.07 (1H, dd, J = 11.9, 4.6 Hz), 4.00 (1H, dd, J = 14.2, 4.6 Hz), 3.68 (3H, s), 3.15
(1H, dd, J = 13.7, 2.7 Hz), 2.48 (1H, dd, J = 17.4, 2.7 Hz), 2.38 (1H, dd, J = 25.2,
13.7 Hz), 2.13 (1H, dd, J = 8.2, 4.6 Hz), 2.02 (1H, dd, J = 17.4, 2.7 Hz), 1.93-1.84
(1H, m), 1.87 (1H, dd, J = 2.7, 2.7 Hz), 1.79-1.54 (3H, m), 1.17-0.96 (45H, m), 0.86
(3H, d, J = 6.9 Hz); '’C NMR (125 MHz, CDCl;) & 174.9, 144.1, 125.9, 82.0, 75.0,
70.5, 65.0, 63.8, 54.3, 51.4, 40.1, 38.8, 37.0, 36.3, 29.9, 26.6, 23.7, 18.2, 18.1, 18.0,
18.0, 15.7, 13.6, 12.5; IR (neat) vp., 3468, 3312, 2941, 2865, 1733, 1463, 1247, 1213,
1082, 881, 810, 679 cm'l; HRMS (ESI) [M-FNal]+ calculated for Ci;¢HgsOsNaSis:
657.4341, found: 657.4336; [a]*’p -33.6 (¢ 1.54, CHCls).

(55,6aR,75,85,10R,10aR)-7,8-dimethyl-7-(prop-2-yn-1-yl)-5,10-bis({[tris(propan-2
-yl)silyl]oxy})-1H,3H,5H,6H,6aH,7H,8H,9H,10H-naphtho[4,4a-c]furan-1-one (34’)

34’

Ry = 0.56 (hexane/ethyl acetate = 10/1); mp 89.7-91.0 °C; '"H NMR (400MHz, CDCl3)
§5.79 (1H, d, J = 1.8 Hz), 4.85 (1H, ddd, J = 10.5, 2.3, 2.3 Hz), 4.57 (1H, d, J = 10.5
Hz), 4.40 (1H, brs), 4.18 (1H, dd, J = 11.9, 4.1 Hz), 3.94 (1H, dd, J = 16.5, 2.3 Hz),
2.63 (1H, dd, J = 13.3, 3.2 Hz), 2.06 (1H, dd, J = 16.5, 2.3 Hz), 2.01 (1H, dd, J =
24.7, 13.3 Hz), 1.94 (1H, br d), 1.89 (1H, dd, J = 2.3, 2.3 Hz), 1.79 (1H, ddd, J =
24.7, 13.3, 4.6 Hz), 1.78-1.67 (1H, m), 1.52 (1H, ddd, J = 13.3, 3.7, 3.7 Hz),
1.15-0.96 (45H, m), 0.90 (3H, d, J = 6.9 Hz); '>C NMR (100 MHz, CDCl;3) & 175.5,
140.1, 124.2, 83.7, 75.4, 70.9, 70.8, 63.9, 53.7, 37.8, 36.9, 36.7, 36.0, 32.0, 27.1,
25.7, 18.1, 18.0, 15.7, 13.3, 12.3; IR (neat) vma, 3311, 2942, 2865, 1774, 1463, 1378,
1192, 1058, 882, 809, 680 cm™'; HRMS (ESI) [M+Na]" calculated for C35Hs,04NaSi,:
625.4079, found: 625.4075; [a]*°p -61.8 (¢ 1.24, CHCI;).

[(15,25,4R,4aS5,75,8aR)-5-(hydroxymethyl)-1,2-dimethyl-1-(prop-2-yn-1-yl)-4,7-bi

s({[tris(propan-2-yl)silyl]oxy})-1,2,3,4,4a,7,8,8a-octahydronaphthalen-4a-yl]Jmeth
anol (35)
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To a stirred solution of 34 (71.2 mg, 0.112 mmol) in THF (3.3 mL) was added LiBH;,
(3.0 M solution in THF, 112 pL, 0.336 mmol) at room temperature, the reaction
mixture was stirred at 50 °C for 24 h. The reaction mixture was quenched by
saturated aqueous NH,C1 solution (10 mL), the aqueous layer was extracted with Et,O
(5.0 mL x 2). The combined organic layer was washed with brine (5.0 mL), dried
over Na,SOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate = 20/1) to afford 35 (61.8 mg,
91%) as a white solid.

R; = 0.45 (hexane/ethyl acetate = 4/1); mp 86.8-88.1 °C; 'H NMR (400MHz, CDCl;)
66.14 (1H, d, J = 5.0 Hz), 4.58 (1H, d, J =11.8 Hz), 4.38-4.23 (2H, m), 4.14 (1H, dd,
J = 11.8, 5.0 Hz), 4.04 (1H, d, J = 13.6 Hz), 3.96 (lH, dd, J = 11.8 5.0 Hz),
3.11-2.97 (1H, m), 2.81 (1H, dd, J = 17.9 1.8 Hz), 2.74 (1H, dd, J = 13.1, 2.3 Hz),
2.26 (1H, dd, J =17.9, 2.7 Hz), 2.19 (1H, dd, J = 2.7, 2.7 Hz), 1.92 (1H, d, J = 13.1
Hz), 1.81-1.63 (2H, m), 1.59 (1H, ddd, J = 13.1, 4.1, 4.1 Hz), 1.45 (1H, dd, J = 25.4,
13.1 Hz), 1.13 (3H, s), 1.10-0.95 (42H, m), 0.85 (3H, d, J = 6.8 Hz); ’C NMR (100
MHz, CDCl;) 6 146.4, 132.5, 83.1, 75.3, 73.1, 65.3, 64.1, 62.2, 50.2, 38.8, 38.0, 35.7,
35.4, 30.7, 28.5, 27.6, 18.3, 18.2, 18.1, 18.1, 15.5, 13.4, 12.4; IR (neat) vpy.x 3315,
2939, 2864, 1463, 1255, 1060, 997, 881, 803, 680 cm™'; HRMS (ESI) [M+Na]"
calculated for Ci;sHeeO4NaSi,: 629.4392, found: 629.4388; [a]’’p -52.9 (¢ 0.80,
CHCI3).

{[(75,8aR,95,105,12R,12a5)-3,3,9,10-tetramethyl-9-(prop-2-yn-1-yl)-7-{[tris(prop

an-2-yl)silyl]oxy}-1H,3H,5H,7H,8H,8aH,9H,10H,11H,12H-naphtho[4,4a-e][1,3]dio
xepin-12-yl]Joxy}tris(propan-2-yl)silane (36)
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To a stirred solution of 35 (376 mg, 0.620 mmol) in 2,2-dimethoxypropane (10.7 mL)
was added PPTS (15.6 mg, 0.0620 mmol) at room temperature, the reaction mixture
was stirred at the same temperature for 3 d. The reaction mixture was poured into
saturated aqueous NaHCOj; solution (20 mL), the aqueous layer was extracted with
Et;O (10 mL x 2). The combined organic layer was washed with brine (10 mL), dried
over Na,SOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate = 60/1) to afford 36 (396 mg,
99%) as a colorless oil.

Rs = 0.68 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl3) 65.76 (1H, d, J =
4.6 Hz), 4.82 (1H, d, J = 12.4 Hz), 4.54 (1H, d, J = 12.4 Hz), 4.27 (1H, br s), 4.16
(1H, dd, J = 7.3, 7.3 Hz), 3.80 (2H, d, J = 12.4 Hz), 2.65-2.48 (2H, m), 2.18 (1H, dd,
J=17.4,2.3 Hz), 2.06 (1H, dd, J = 2.3, 2.3 Hz), 1.85 (1H, d, J = 13.7 Hz), 1.76-1.51
(4H, m), 1.32 (3H, s), 1.28 (3H, s), 1.15-0.98 (45H, m), 0.84 (3H, d, J = 6.9 Hz); "°C
NMR (100 MHz, CDCl;) & 145.1, 128.8, 101.2, 81.9, 75.4, 72.4, 69.5, 64.5, 63.0,
49.1, 39.2, 38.7, 37.9, 36.5, 31.3, 28.4, 28.2, 25.7, 24.4, 18.4, 18.2, 18.1, 15.6, 13.6,
12.4; IR (neat) vma, 3314, 2940, 2865, 1460, 1370, 1220, 1053, 880, 810, 676 cm™';
HRMS (ESI) [M+Na]  calculated for C;gH;004NaSi,: 669.4705, found: 669.4701;
[a]**p -46.8 (¢ 1.27, CHCI;).

4-[(75,8aR,95,105,12R,12a5)-3,3,9,10-tetramethyl-7,12-bis({[tris(propan-2-yl)silyl
loxy})-1H,3H,5H,7H,8H,8aH,9H,10H,11H,12H-naphtho[4,4a-e][1,3]dioxepin-9-yl]b
ut-2-yn-1-o0l (37)
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To a solution of 36 (29.0 mg, 0.0448 mmol) in THF (1.5 mL) was added n-BuLi (1.60
M solution in hexane, 56.0 pL, 0.0900 mmol) at —78 °C. After 30 min, the mixture
was added (CH,O)n (13.5 mg, 0.448 mmol) at —-78 °C. After the addition, the reaction
mixture was stirred at the same temperature for 1 h and at room temperature for 30
min, and then was quenched by saturated aqueous NH4Cl solution (5.0 mL). The
mixture was stirred for 1 h vigorously, the aqueous layer was extracted with Et,O (10
mL x 2). The combined organic layer was washed with brine (10 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 40/1) to afford 37 (27.9 mg, 92%)
as a white amorphous.

Rs = 0.33 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl3) 65.78 (1H, d, J =
5.0 Hz), 4.80 (1H, d, J = 11.9 Hz), 4.71 (1H, d, J = 11.9 Hz), 4.24 (1H, br s),
4.21-3.99 (4H, m), 3.84 (1H, d, J =11.9 Hz), 2.83 (IH, d, J = 12.4 Hz), 2.71 (1H, d,
J =17.9 Hz), 2.44 (1H, br s), 2.11 (1H, d, J = 17.9 Hz), 1.84 (1H, d, J = 13.3 Hz),
1.74-1.63 (1H, m), 1.63-1.51 (2H, m), 1.49-1.34 (1H, m), 1.37 (3H, s), 1.25 (3H, s),
1.18-0.98 (45H, m), 0.82 (3H, d, J = 6.4 Hz); '’C NMR (100 MHz, CDCls) § 145.2,
127.0, 101.9, 85.4, 84.2, 74.4, 71.5, 64.4, 59.4, 51.3, 50.8, 38.9, 38.2, 37.8, 35.7,
30.4, 29.1, 28.3, 26.6, 24.2, 18.2, 18.1, 18.1, 15.3, 13.8, 12.3; IR (neat) vy.x 3437,
2940, 2865, 1462, 1381, 1223, 1058, 881, 809, 678 cm™'; HRMS (ESI) [M+Na]"
calculated for Ci;oH;,0sNaSi,: 699.4810, found: 699.4805; [a]’®p, -39.8 (¢ 1.82,
CHCI3).

(2E)-4-[(75,8aR,95,10S5,12R,12a5)-3,3,9,10-tetramethyl-7,12-bis({[tris(propan-2-yl
)silyl]oxy})-1H,3H,5H,7H,8H,8aH,9H,10H,11H,12H-naphtho[4,4a-¢e][1,3]dioxepin-
9-yl]-2-methylbut-2-en-1-0l (38)

To a stirred solution of 37 (65.0 mg, 0.0960 mmol) in benzene (1.5 mL) was added
MeMgCl (3.0 M solution in THF, 320 pL, 0.960 mmol) and Cul (18.3 mg, 0.0960
mmol) successively at 0 °C. The reaction mixture was stirred at 70 °C for 1 h,
quenched by saturated aqueous aqueous NH,CIl solution (5.0 mL), the aqueous layer

was extracted with Et,O (5.0 mL x 2). The combined organic layer was washed with
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brine (5.0 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane/ethyl acetate = 30/1) to
afford 38 (66.6 mg, 100%) as a colorless oil.

Rf = 0.56 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCI1;) 65.75 (1H, d, J =
5.0 Hz), 5.52 (1H, d, J = 8.2 Hz), 4.75 (1H, d, J = 11.9 Hz), 4.57 (1H, d, J = 11.9
Hz), 4.22 (1H, br s), 4.11 (1H, dd, J = 10.5, 5.5 Hz), 4.03 (1H, d, J = 12.8 Hz),
3.98-3.85 (2H, m), 3.47 (1H, d, J = 11.9 Hz), 2.95-2.57 (1H, m), 2.51 (1H, dd, J
16.0, 9.6 Hz), 2.43 (1H, d, J = 13.3 Hz), 1.90 (1H, d, J = 16.0 Hz), 1.83 (IH, d, J
13.3 Hz), 1.69 (3H, s), 1.73-1.41 (4H, m), 1.30 (3H, s), 1.21 (3H, s), 1.14-0.98 (45H,
m), 0.88 (3H, d, J = 6.9 Hz); '*C NMR (100 MHz, CDCl;) & 145.4, 136.5, 127.6,
124.0, 101.5, 74.4, 71.2, 69.9, 64.6, 58.5, 51.1, 38.8, 38.1, 37.0, 36.5, 34.5, 30.5,
29.4, 25.9, 24.7, 18.2, 18.1, 18.1, 15.6, 14.5, 13.7, 12.3; IR (neat) vp.x 3463, 2941,
2864, 1655, 1463, 1380, 1222, 1057, 881, 810, 738, 678 cm™'; HRMS (ESI) [M+Na]"
calculated for C4oH;,OsNaSi,: 715.5123, found: 715.5118; [a]*'p -31.6 (c 1.90,
CHCI;).

(2E)-4-[(75,8aR,95,10S5,12R,12a5)-3,3,9,10-tetramethyl-7,12-bis({[tris(propan-2-yl
)silyl]oxy})-1H,3H,5H,7H,8H,8aH,9H,10H,11H,12H-naphtho[4,4a-e][1,3]dioxepin-
9-yl]-2-methylbut-2-enal (39)

To a solution of 38 (299 mg, 0.431 mmol) in CH,Cl, (8.6 mL) was added pyridine
(174 uL, 2.15 mmol) and Dess-Martin periodinane (275 mg, 0.646 mmol)
successively at 0 °C. The reaction mixture was stirred at room temperature for 1 h,
quenched by saturated aqueous NaHCO; solution (10 mL) and saturated aqueous
Na,;S,0; solution (10 mL) successively, the aqueous layer was extracted with CH,Cl,
(10 mL x 2). The combined organic layer was washed with brine (10 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 50/1) to afford 39 (286 mg, 96%) as
a colorless oil.

Ry = 0.68 (hexane/ethyl acetate = 5/1); '"H NMR (400MHz, CDCl3) 69.38 (1H, s), 6.82
(1H, br t), 5.80 (1H, d, J = 4.6 Hz), 4.74 (1H, d, J = 12.8 Hz), 4.64 (1H, d, J = 12.8
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Hz), 4.25 (1H, br, s), 4.16 (1H, dd, J = 10.1, 6.0 Hz), 3.91 (1H, d, J = 11.9 Hz), 3.67
(1H, d, J = 11.9 Hz), 2.80 (1H, dd, J = 16.0, 6.9 Hz), 2.39 (1H, br s), 2.33 (1H, dd, J
=16.0, 6.9 Hz), 1.83 (1H, d, J = 13.3 Hz), 1.76 (3H, s), 1.78-1.48 (4H, m), 1.26 (3H,
s), 1.24 (3H, s), 1.15-0.97 (45H, m), 0.94 (3H, d, J = 6.4 Hz); '*C NMR (150 MHz,
CDCl;) & 195.6, 152.1, 145.2, 140.7, 129.6, 101.1, 74.6, 70.0, 64.4, 60.2, 50.7, 40.1,
38.1, 37.2, 36.4, 30.9, 29.1, 25.9, 24.9, 18.3, 18.1, 18.1, 18.1, 15.8, 13.5, 12.4, 9.64;
IR (neat) vmax 2940, 2865, 1689, 1643, 1462, 1377, 1221, 1058, 881, 810, 677 cm';
HRMS (ESI) [M+Na]" calculated for Cs0H;4OsNaSi,: 713.4967, found: 713.4962;
[a]**p -40.6 (¢ 2.24, CHCI;).

{[(75,8aR,95,105,12R,12a5)-3,3,9,10-tetramethyl-9-[(2E)-3-methylpenta-2,4-dien-
1-yl]-7-{[tris(propan-2-yl)silyl]oxy}-1H,3H,5H,7H,8H,8aH,9H,10H,11H,12H-napht
ho[4,4a-¢e][1,3]dioxepin-12-yl]oxy}tris(propan-2-yl)silane (40)

To a stirred solution of PPh;CH;Br (426 mg, 1.19 mmol) in THF (7.4 mL) was added
n-BuLi (1.60 M solution in hexane, 621 pL, 0.994 mmol) dropwise at 0 °C, and the
reaction mixture was stirred for 30 min. Then, to the reaction mixture was added a
solution of 39 (275 mg, 0.397 mmol) in THF (3.7 mL) via a cannula at 0 °C. After the
addition, the reaction mixture was stirred at the same temperature for 15 min, and
then was quenched by saturated aqueous NH4Cl solution (10 mL). The aqueous layer
was extracted with Et,O (10 mL x 2). The combined organic layer was washed with
brine (10 mL), dried over Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane/ethyl acetate = 80/1) to
afford 40 (263 mg, 96%) as a colorless oil.

Rs = 0.81 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCIl;) 66.39 (1H, dd, J
=17.4, 11.0 Hz), 5.76 (1H, d, J = 4.1 Hz), 5.71 (1H, br t), 5.04 (1H, d, J = 17.4 Hz),
4.89 (IH, d, J =11.0 Hz), 4.78 (1H, d, J = 12.4 Hz), 4.57 (1H, d, J = 12.4 Hz), 4.25
(1H, br s), 4.14 (1H, dd, J =11.0, 4.1 Hz), 3.83 (1H, d, J = 12.4 Hz), 3.67 (1H, d, J
=12.4 Hz), 2.54 (1H, dd, J = 16.0, 6.9 Hz), 2.32 (1H, br s), 2.13 (1H, dd, J = 16.0,
6.9 Hz), 1.85-1.49 (5H, m), 1.74 (3H, s), 1.28 (3H, s), 1.26 (3H, s), 1.16-1.00 (42H,
m), 0.97 (3H, s), 0.91 (3H, d, J = 6.0 Hz); '’C NMR (100 MHz, CDCl;) & 145.4,
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142.1, 135.2, 129.7, 129.2, 109.8, 101.0, 75.2, 69.8, 64.6, 61.9, 50.0, 39.6, 38.0,
37.5, 35.1, 31.0, 28.8, 25.2, 18.4, 18.2, 18.1, 15.8, 13.6, 12.4, 12.2; IR (neat) Vmax
2941, 2865, 1606, 1463, 1368, 1221, 1059, 882, 811, 678 cm™'; HRMS (ESI) [M+Na]*
calculated for C4 H;s0,NaSi,: 711.5174, found: 711.5168; [a]*’p -42.0 (c 0.81,
CHCl,).

[(15,25,4R,4aS5,75,8aR)-5-(hydroxymethyl)-1,2-dimethyl-1-[(2E)-3-methylpenta-2,
4-dien-1-yl]-4,7-bis({[tris(propan-2-yl)silylJoxy})-1,2,3,4,4a,7,8,8a-octahydronaph
thalen-4a-yllmethanol (41)

To a stirred solution of 40 (149 mg, 0.217 mmol) in CH,Cl,/MeOH (4/1, 41.3 mL)
was added TFA (3.32 uL, 0.0433 mmol) at -10 °C, the mixture was stirred at the same
temperature for 18 h. The reaction mixture was quenched by saturated aqueous
NaHCOj; solution (10 mL), the aqueous layer was extracted with CH,Cl, (10 mL x 2).
The combined organic layer was washed with brine (5.0 mL), dried over Na,SOy,,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 30/1) to afford 41 (115 mg, 82%) as a
colorless oil.

Rs = 0.50 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCIl;3) 66.35 (1H, dd, J =
17.4, 11.0 Hz), 6.09 (1H, d, J = 5.0 Hz), 5.76 (1H, br t), 5.10 (1H, d, J = 17.4 Hz),
4.94 (1H, d, J =11.0 Hz), 4.56 (1H, d, J = 11.9 Hz), 4.33-4.27 (1H, m), 4.23 (1H, dd,
J=11.9, 3.2 Hz), 4.14 (1H, dd, J = 10.1, 5.0 Hz), 3.95 (2H, d, J = 12.4 Hz), 2.75
(1H, dd, J = 16.0, 8.2 Hz), 2.45 (1H, dd, J = 13.3, 2.3 Hz), 2.24-2.00 (2H, m), 1.90
(1H, d, J = 13.3 Hz), 1.80 (3H, s), 1.76-1.50 (4H, m), 1.15-0.96 (45H, m), 0.91 (3H,
d, J = 6.4 Hz); '’C NMR (100 MHz, CDCl;) & 146.4, 141.0, 136.3, 132.7, 129.6,
111.3, 75.6, 65.5, 64.2, 61.5, 50.3, 38.9, 37.9, 36.9, 34.9, 34.8, 30.7, 28.8, 18.3, 18.2,
18.1, 18.1, 15.8, 13.4, 12.4, 12.1; IR (neat) vy.x 3291, 2865, 1605, 1463, 1382, 1059,
994, 881, 804, 736, 678 cm™'; HRMS (ESI) [M+Na]" calculated for C;3H;,04NaSi,:
671.4861, found: 671.4858; [a]*’p -43.8 (¢ 1.42, CHCI;).

(35,4aR,55,65,8R,8aR)-5,6-dimethyl-5-[(2E)-3-methylpenta-2,4-dien-1-yl]-3,8-bis(
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{[tris(propan-2-yl)silyl]oxy})-3,4,4a,5,6,7,8,8a-octahydronaphthalene-1,8a-dicarb
aldehyde (42)

CHO
TIPSO | cHO
|

" 'OTIPS

To a solution of (COCl), (169 pL, 1.94 mmol) and DMSO (236 pL, 3.33 mmol) in
CH,Cl, (9.5 mL) was added a solution of 41 (180 mg, 0.277 mmol) in CH,CIl, (9.5
mL) via a cannula at —78 °C. After 30 min, to the reaction mixture was added TEA
(619 pL, 4.44 mmol) and the reaction mixture was stirred at the same temperature for
1 h and at room temperature for 1 h. The mixture was quenched by saturated aqueous
NH,CI solution (10 mL). The aqueous layer was extracted with CH,CIl, (10 mL x 2).
The combined organic layer was washed with brine (10 mL), dried over Na,SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 100/1) to afford 42 (170 mg, 95%) as a white
solid.

R; = 0.54 (hexane/ethyl acetate = 10/1); mp 55.2-56.5 °C; '"H NMR (400MHz, CDCl;)
610.5 (1H, s), 9.34 (1H, s), 6.87 (1H, d, J = 5.0 Hz), 6.34 (1H, dd, J =17.4, 11.0 Hz),
5.35 (IH, br t), 5.03 (1H, d, J = 17.4 Hz), 4.88 (1H, d, J = 11.0 Hz), 4.58-4.48 (1H,
m), 4.12 (1H, dd, J = 11.9, 5.0 Hz), 2.66 (1H, dd, J = 13.3, 2.3 Hz), 2.20 (1H, dd, J =
16.0, 8.7 Hz), 1.98 (1H, dd, J = 25.6, 13.3 Hz), 1.88 (1H, d, J = 13.3 Hz), 1.85-1.61
(4H, m), 1.69 (3H, s), 1.16-0.97 (42H, m), 0.95 (3H, d, J = 6.9 Hz), 0.84 (3H, s); °C
NMR (100 MHz, CDCl;) 6 203.1, 191.8, 145.9, 145.3, 141.9, 136.0, 127.5, 110.2,
74.0, 63.5, 56.0, 39.1, 38.7, 37.7, 36.2, 31.3, 29.5, 25.4, 18.1, 18.0, 18.0, 15.8, 13.2,
12.3, 12.2; IR (neat) vy.x 2941, 2865, 1713, 1702, 1635, 1463, 1383, 1061, 881, 801,
735, 678 ¢cm™'; HRMS (ESI) [M+Na]" calculated for C;3HesO4sNaSi,: 667.4548, found:
667.4545; [a]*’p -46.3 (¢ 1.08, CHCl;).

(1R,35,55,6aR,75,85,10R,10aR)-3-(acetyloxy)-7,8-dimethyl-7-[(2E)-3-methylpenta-

2,4-dien-1-yl]-5,10-bis({[tris(propan-2-yl)silyl]oxy})-1H,3H,5H,6H,6aH,7H,8H,9H,
10H-naphtho[4,4a-c]furan-1-yl acetate (43)

78



To a solution of 42 (47.8 mg, 0.0741 mmol) in AcOH/Ac,0 (3/2, 3.25 mL) was added
NaOAc (30.4 mg, 0.370 mmol) and H,SO, (1% solution in AcOH, 2.08 mL, 0.222
mmol) successively at 0 °C. The reaction mixture was stirred at room temperature for
2 d, poured into saturated aqueous NaHCOj; solution (200 mL), the aqueous layer was
extracted with Et,O (50 mL x 2). The combined organic layer was washed with brine
(50 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 60/1) to afford
43 (41.9 mg, 76%) as a colorless oil.

R; = 0.33 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl3) §6.71 (1H, s),
6.48 (1H, s), 6.24 (1H, dd, J = 17.2, 10.9 Hz), 5.94 (1H, d, J = 4.1 Hz), 5.43 (1H, br
d), 5.05 (1H, d, J = 17.2 Hz), 4.89 (1H, d, J = 10.9 Hz), 4.49 (1H, br s), 4.16-4.05
(1H, m), 2.62 (1H, dd, J = 13.6, 2.7 Hz), 2.18 (1H, dd, J = 16.8, 8.2 Hz), 2.04 (3H,
s), 1.93-1.82 (1H, m), 1.86 (3H, s), 1.79-1.58 (5H, m), 1.64 (3H, s), 1.18-0.99 (42H,
m), 0.90 (3H, d, J = 5.4 Hz), 0.81 (3H, s); ’C NMR (100 MHz, CDCl;) & 170.4,
169.9, 142.2, 141.4, 135.0, 130.0, 126.1, 110.5, 97.9, 96.3, 73.7, 64.4, 54.4, 37.5,
37.3,37.0, 36.1, 30.6, 30.2, 25.2, 21.6, 21.1, 18.1, 18.1, 18.1, 18.0, 15.8, 13.3, 12.5,
11.8; IR (neat) vim.x 2941, 2865, 1752, 1605, 1464, 1370, 1224, 1063, 883, 817, 677,
cm'; HRMS (ESI) [M+Na]® calculated for C4,H;,0,NaSi,: 769.4865, found:
769.4858; [a]*’p -21.2 (¢ 0.58, CHCl;).

(1R,35,55,6aR,75,85,10R,10aR)-3-(acetyloxy)-5,10-dihydroxy-7,8-dimethyl-7-[(2E)
-3-methylpenta-2,4-dien-1-yl]-1H,3H,5H,6H,6aH,7H,8H,9H,10H-naphtho[4,4a-c]fu
ran-1-yl acetate (44)

To a solution of 43 (111 mg, 0.149 mmol) in THF (3.0 mL) was added TBAF (1.0 M

solution in THF, 446 nL, 0.446 mmol) at 0 °C, the reaction mixture was stirred at
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room temperature for 1.5 h. The reaction mixture was quenched by saturated aqueous
NH,CI solution (10 mL), the aqueous layer was extracted with Et,O (10 mL x 2). The
combined organic layer was washed with brine (5.0 mL), dried over Na,SOy, filtered,
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 3/1) to afford 44 (57.6 mg, 89%) as a white
solid.

R; = 0.13 (hexane/ethyl acetate = 1/1); mp 96.6-99.0 °C; 'H NMR (400MHz, CDCl;)
66.73 (1H, br t), 6.52 (1H, s), 6.31 (1H, dd, J =17.4, 10.5 Hz), 6.05 (1H, dd, J = 4.1,
1.4 Hz), 5.44 (1H, dd, J = 7.8, 2.3 Hz), 5.09 (1H, d, J = 17.4 Hz), 4.93 (1H, d, J =
10.5 Hz), 4.43 (1H, br s), 3.77 (1H, br s), 2.33 (1H, dd, J = 11.9, 5.5 Hz), 2.25 (1H,
dd, J = 16.0, 7.8 Hz), 2.11 (3H, s), 1.95 (3H, s), 1.98-1.86 (2H, m), 1.86-1.68 (2H,
m), 1.66 (3H, s), 1.63-1.53 (2H, m), 0.93 (3H, d, J = 6.9 Hz), 0.86 (3H, s); '°C NMR
(100 MHz, CDCl5) & 170.3, 169.6, 143.4, 141.2, 135.6, 129.2, 125.1, 110.9, 97.1,
95.7, 73.0, 64.0, 53.5, 37.6, 37.3, 36.7, 35.8, 30.4, 29.4, 25.0, 21.7, 21.3, 15.6, 11.9;
IR (neat) vyay 3381, 2966, 2938, 1747, 1732, 1637, 1373, 1225, 1002, 890, 677 cm™';
HRMS (ESI) [M+Na]" calculated for C,4H3,0,Na: 457.2197, found: 457.2197; [a]**p
-4.3 (¢ 2.12, CHCl;).

(1R,35,55,6aR,75,85,10R,10aR)-1,3-bis(acetyloxy)-10-hydroxy-7,8-dimethyl-7-[(2E
)-3-methylpenta-2,4-dien-1-yl]-1H,3H,5H,6H,6aH,7H,8H,9H,10H-naphtho[4,4a-c]f
uran-5-yl 2-methylpropanoate (45: (-)-bucidarasin A))

(-)-bucidarasin A

To a solution of 44 (23.4 mg, 0.0539 mmol) in CH,CI, (1.5 mL) was added TEA (75.1
pL, 0.539 mmol) and isobutyryl chloride (16.9 pL, 0.162 mmol) successively at 0 °C,
the reaction mixture was stirred at 35 °C for 30 min. The reaction mixture was
quenched by saturated aqueous NH4CI solution (5.0 mL) and ca.25% NH4OH solution
(5.0 mL) successively, the aqueous layer was extracted with CH,Cl, (10 mL x 2). The
combined organic layer was washed with brine (5.0 mL), dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 3/1) to afford (-)-bucidarasin A (26.0 mg,
96%) as a colorless oil.

Rs = 0.43 (hexane/ethyl acetate = 1/1); '"H NMR (400MHz, CDCIl;3) 66.73 (1H, dd, J =
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1.4, 1.4 Hz), 6.51 (1H, s), 6.27 (1H, dd, J = 17.4, 10.5 Hz), 5.99 (1H, dd, J = 4.6, 1.4
Hz), 5.47-5.41 (1H, m), 5.41-5.33 (1H, m), 5.10 (1H, d, J = 17.4 Hz), 4.93 (1H, d, J
=10.5 Hz), 3.80 (1H, ddd, J = 12.4, 9.6, 3.7 Hz), 2.64 (1H, qq, J = 6.9, 6.9 Hz), 2.36
(1H, dd, J = 11.4, 5.5 Hz), 2.24 (1H, dd, J = 16.5, 7.8 Hz), 2.10 (3H, s), 1.94 (3H, s),
1.92-1.83 (2H, m), 1.82-1.54 (4H, m), 1.66 (3H, s), 1.22 (3H, d, J = 6.9 Hz), 1.20
(3H, d, J = 6.9 Hz), 0.93 (3H, d, J = 6.9 Hz), 0.81 (3H, s); '*C NMR (100 MHz,
CDCl;) &6 176.5, 170.2, 169.4, 145.2, 141.2, 135.7, 129.0, 121.8, 111.1, 96.9, 95.6,
72.8, 66.0, 53.5, 37.5, 37.3, 36.8, 36.7, 34.0, 30.3, 26.7, 25.0, 21.6, 21.2, 19.2, 18.7,
15.6, 12.0; IR (neat) vmax 3469, 2969, 2933, 2878, 1749, 1728, 1605, 1371, 1225,
889, 735 cm™'; HRMS (ESI) [M+Na]" calculated for C,3H40OgNa: 527.2615, found:
527.2616; [a]*’p -33.6 (¢ 0.25, MeOH).
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% 3 fi (+)-bucidarasin A B L' C O RHKF 2 A K
(1S,2R,3S5)-2-(benzyloxymethyl)-3-(tert-butyldimethylsilyloxy)-2-methylcyclohexa
nol (49)

~"OTBS

/
BnO

49

HO

To a solution of (1S,3S)-2-[(benzyloxy)methyl]-2-methylcyclohexane-1,3-diol (93.7
mg, 0.374 mmol) and 2,6-lutidine (87.2 uL, 0.749 mmol) in CH,Cl, (15 mL) was
added a solution of TBSOTf (0.129 mL, 0.561 mmol) in CH,Cl, (15 mL) at -60 °C
via a syringe pump over 5 h, the reaction mixture was stirred at the same temperature
for 2 h. The reaction mixture was quenched with H,O (20 mL), the aqueous layer was
extracted with CH,Cl, (20 mL x 2). The combined organic layer was washed with
brine (10 mL), dried over Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane/ethyl acetate = 20/1) to
afford 49 (98.4 mg, 72%) and 50 (24.7 mg, 13%) as a colorless oil and starting
material (14.0 mg, 15%)

Ry = 0.51 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.38-7.24 (5H,
m), 4.55 (1H, d, J = 11.9 Hz), 4.50, (1H, d, J = 11.9 Hz), 4.01 (1H, dd, J = 11.0, 4.1
Hz), 3.88 (1H, d, J = 8.7 Hz), 3.57 (1H, s), 3.36 (1H, s), 3.25 (1H, d, J = 8.7 Hz),
1.78-1.56 (3H, m), 1.52-1.32 (3H, m), 0.99 (3H, s), 0.83 (9H, s), -0.014 (3H, s),
-0.049 (3H, s); "*C NMR (100 MHz, CDCl;) & 137.8 (Cq), 128.4 (CH), 127.6 (CH),
127.6 (CH), 79.7 (CH,), 74.4 (CH), 73.7 (CH;), 72.8 (CH), 43.4 (Cq), 29.3 (CH,),
28.3 (CH3), 25.7 (CH3), 18.0 (Cq), 18.0 (CHy), 14.1 (CH3), -4.46 (CH3), -5.31 (CH3);
IR (neat) vna, 3448, 2928, 2856, 1471, 1360, 1252, 1074, 1026, 859, 773, 696 cm™';
HRMS (ESI) [M+Na]" calculated for C, H;40;NaSi: 387.2326, found: 387.2325;
[a]p?® +14 (¢ 0.6, CHCI;).

1-((((25,6S5)-2,6-bis(tert-butyldimethylsilyloxy)-1-methylcyclohexyl)methoxy)meth
yl)benzene (50)

Ry = 0.91 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.35-7.22 (5H,
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m), 4.57 (1H, d, J = 11.9 Hz), 4.35, (1H, d, J = 11.9 Hz), 3.94 (1H, dd, J = 5.5, 1.8
Hz), 3.82 (1H, dd, J = 8.7, 4.1 Hz) , 3.51 (1H, d, J = 8.2 Hz) , 3.38 (1H, d, J = 8.2
Hz), 1.73-1.34 (6H, m), 0.99 (3H, s), 0.89 (9H, s), 0.83 (9H, s), 0.027 (3H, s), 0.017
(3H, s), 0.0079 (3H, s), -0.022 (3H, s); '’C NMR (100 MHz, CDCl;) & 139.2 (Cq),
128.1 (CH), 127.4 (CH), 127.1 (CH), 73.8 (CH), 73.2 (CH), 72.2 (CH,), 71.2 (CH,),
44.9 (Cq), 29.9 (CH,), 28.7 (CH,), 26.0 (CH;3), 25.9 (CH;), 18.6 (CH,), 18.1 (Cq),
18.0 (Cq), 16.1 (CHj3), -4.02 (CH3), -4.31 (CHj3), -5.08 (CHs), -5.25 (CH;); IR (neat)
Vmax 2928, 2856, 1471, 1360, 1251, 1078, 1070, 831, 772, 696 cm™'; HRMS (ESI)
[M+Na]" calculated for C,7Hs003NaSi,: 501.3191, found: 501.3192; [a]p®® +18 (¢ 1.0,
CHCls).

(25,35)-2-(benzyloxymethyl)-3-(fert-butyldimethylsilyloxy)-2-methylcyclohexanon
e (51)

To a solution of 49 (189 mg, 0.518 mmol) in CH,CIl, (13 mL) was added Dess-Martin
periodinane (331 mg, 0.778 mmol) at 0 °C. The reaction mixture was stirred at room
temperature for 1 h, quenched with saturated aqueous NaHCO; solution (10 mL) and
saturated aqueous Na,S,0; solution (10 mL), and the aqueous layer was extracted
with CH,Cl, (10 mL x 2). The combined organic layer was washed with brine (10 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 20/1) to afford 51 (177
mg, 94%) as a colorless oil.

Ry = 0.56 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) & 7.36-7.23 (5H,
m), 4.55 (1H, d, J = 12.4 Hz), 4.41 (1H, d, J = 12.4 Hz), 4.00 (1H, dd, J = 6.0, 2.7
Hz), 3.68 (1H, d, J = 9.2 Hz), 3.63 (1H, d, J = 9.2 Hz), 2.47 (1H, ddd, J = 14.7, 9.6,
6.0 Hz), 2.36-2.24 (1H, m), 2.13-1.89 (2H, m), 1.86-1.75 (1H, m) , 1.74-1.62 (1H, m),
1.24 (3H, s), 0.86 (9H, s), 0.033 (3H, s), 0.024 (3H, s); '’C NMR (100 MHz, CDCl;)
6 213.5 (Cq), 138.6 (Cq), 128.2 (CH), 127.4 (CH), 127.3 (CH), 75.5 (CH), 73.2
(CH,) , 71.7 (CH,), 55.1 (Cq), 37.8 (CH,), 28.7 (CH,), 25.8 (CH3), 20.4 (CH,), 19.4
(CHj3), 18.0 (Cq), -4.43 (CH3), -5.27 (CHs); IR (neat) vipmax 2928, 2855, 1707, 1462,
1360, 1249, 1078, 830, 774, 696 cm’'; HRMS (ESI) [M+Na]® calculated for
C, H;,05NaSi: 385.2169, found: 385.2170; [a]p>® +0.56 (¢ 0.71, CHCl3).
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((15,25)-2-(benzyloxymethyl)-2-methyl-3-methylenecyclohexyloxy)(fert-butyl)dime
thylsilane (52)

/
BnO
52

To a stirred suspension of PPh;CH;Br (482 mg, 1.35 mmol) in THF (6.0 mL) was
added KHMDS (0.50 M solution in toluene, 2.25 mL, 1.12 mmol) dropwise at 0 °C,
and the reaction mixture was stirred for 30 min. Then, to the reaction mixture was
added a solution of 51 (163 mg, 0.450 mmol) in THF (6.0 mL) via a cannula at 0 °C.
After the addition, the reaction mixture was stirred at 60 °C for 1.5 h, and then was
quenched with saturated aqueous NH4Cl solution (10 mL). The aqueous layer was
extracted with Et,0O (10 mL x 2). The combined organic layer was washed with brine
(10 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 100/1) to
afford 52 (157 mg, 97%) as a colorless oil.

R; = 0.77 (hexane/ethyl acetate = 10/1); '"H NMR (400 MHz, CDCl3) § 7.35-7.22 (5H,
m), 4.85 (1H, d, J=1.8 Hz), 4.71 (1H, d, J = 1.8 Hz), 4.53 (1H, d, J = 12.4 Hz), 4.48
(1H, d, J=12.4 Hz), 3.68 (1H, d, J =9.2 Hz), 3.49 (1H, d, J = 9.2 Hz), 3.47 (1H, dd,
J = 8.7, 3.7 Hz), 2.24-2.09 (2H, m), 1.81-1.648 (2H, m), 1.63-1.49 (1H, m),
1.40-1.24 (1H, m), 1.19 (3H, s), 0.85 (9H, s) 0.00 (6H, s); '*C NMR (100 MHz,
CDCIl3) 6 151.6 (Cq), 139.0 (Cq), 128.2 (CH), 127.4 (CH), 127.2 (CH), 109.3 (CH,),
76.7 (CH), 73.2 (CH,), 72.5 (CHy), 46.7 (Cq), 32.5 (CH,), 30.6 (CHy), 25.8 (CH3),
24.0 (CH;), 20.8 (CHs3), 18.0 (Cq), -4.14 (CH3), -5.08 (CHs); IR (neat) vmax 2930,
2855, 1638, 1461, 1360, 1250, 1080, 830, 772, 696 cm™'; HRMS (ESI) [M+Na]"
calculated for C,,H3402NaSi: 383.2377, found: 383.2376; [a]p>’ +31 (¢ 0.69, CHCI;).

((15,2S5)-2-(benzyloxymethyl)-2,3-dimethylcyclohexyloxy)(fert-butyl)dimethylsilan
e (53)

/
BnO
53

To a stirred solution of 52 (151 mg, 0.418 mmol) in benzene (8.4 mL) was added

Wilkinson reagent (19.4 mg, 5 mol%). The reaction mixture was stirred at 60 °C for 2
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h under an atmosphere of hydrogen, the reaction mixture was diluted with
hexane/ethyl acetate (5/1, 10 mL), filtered through a Celite pad, and the filtrate was
concentrated. The residue was purified by flash chromatography (hexane/ethyl
acetate = 100/1) to afford 53 (150 mg, 99%) as a colorless oil.

major product

Ry = 0.76 (hexane/ethyl acetate = 10/1); '"H NMR (400 MHz, CDCls) § 7.36-7.22 (5H,
m), 4.46 (2H, s), 3.63 (1H, d, J = 9.2 Hz), 3.39 (1IH, d, J = 9.2 Hz), 3.35 (1H, dd, J =
9.6, 5.0 Hz), 1.75-1.17 (7H, m), 1.03 (3H, d, J = 6.9 Hz), 0.97 (3H, s), 0.88 (9H, s),
0.024 (6H, s).

minor product

R; = 0.76 (hexane/ethyl acetate = 10/1); '"H NMR (400 MHz, CDCls) § 7.36-7.22 (5H,
m), 4.54 (1H, d, J = 12.4 Hz), 4.36 (1H, d, J =12.4 Hz), 3.84 (1H, br s), 3.48 (1H, d,
J=28.2 Hz), 3.25 (1H, d, J = 8.2 Hz), 1.87-1.76 (1H, m), 1.75-1.17 (6H, m), 0.90 (9H,
s), 0.88 (3H, s), 0.74 (3H, d, J = 6.9 Hz), 0.0045 (6H, s); HRMS (ESI) [M+Na]"
calculated for C,,H;50,NaSi: 385.2533, found: 385.2533

(15,25,3R)-2-(benzyloxymethyl)-2,3-dimethylcyclohexanol (54)

To a solution of 53 (135 mg, 0.372 mmol) in THF (3.7 mL) was added TBAF (1.0 M
solution in THF, 745 uL, 0.745 mmol), and the reaction mixture was stirred at 75 °C
for 24 h. The reaction mixture was quenched with saturated aqueous NH4Cl solution
(10 mL), and the aqueous layer was extracted with Et,O (10 mL x 2). The combined
organic layer was washed with brine (5.0 mL), dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 50/1) to afford 54 (69.4 mg, 75%) and 54’
(12.8 mg, 14%) as a colorless oil.

Ry = 0.41 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.38-7.27 (5H,
m), 4.49 (2H, s), 3.95 (1H, d, J = 9.2 Hz), 3.99-3.70 (1H, br), 3.55 (1H, d, J = 9.2
Hz), 3.24 (1H, dd, J =11.9, 4.1 Hz), 1.90-1.80 (1H, m), 1.76-1.66 (1H, m), 1.65-1.43
(1H, m), 1.42-1.27 (3H, m), 1.26 (3H, s), 1.23-1.05 (1H, m), 0.83 (3H, d, J = 6.9
Hz); '*C NMR (100 MHz, CDCl;) & 137.7 (Cq), 128.4 (CH), 127.8 (CH), 127.5 (CH),
127.3 (CH), 79.7 (CH), 74.0 (CH,), 72.6 (CH,), 41.3 (Cq), 40.7 (CH), 31.8 (CH,),
30.3 (CHy), 24.4 (CH,), 21.7 (CH3), 15.8 (CH3;); IR (neat) vuy.x 3450, 2927, 2858,
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1453, 1074, 1015, 733, 696 cm™'; HRMS (EST) [M+Na]" calculated for C,;sH,40,Na:
271.1669, found: 271.1667; [a]p?*’ +3.7 (¢ 0.60, CHCl3).

(15,25,35)-2-(benzyloxymethyl)-2,3-dimethylcyclohexanol (54°)

/
BnO
54’

R; = 0.46 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.39-7.27 (5H,
m), 4.57 (1H, d, J = 11.9 Hz), 4.47 (1H, d, J = 11.9 Hz), 3.72 (1H, t, J = 2.7 Hz),
3.57 (1H, d, J = 11.9 Hz), 3.32 (1H, d, J = 11.9 Hz), 2.21-2.08 (1H, m), 1.83-1.68
(1H, m), 1.67-1.52 (2H, m), 1.48-1.36 (2H, m), 1.29-1.14 (1H, m), 0.76 (3H, d, J =
6.9 Hz), 0.70 (3H, s); '*C NMR (100 MHz, CDCl;) & 137.6 (Cq), 128.5 (CH), 127.8
(CH), 127.7 (CH), 78.1 (CH,), 76.1 (CH), 73.6 (CH,), 40.7 (Cq), 29.8 (CH,), 28.9
(CH), 28.8 (CH;), 20.0 (CHy), 15.4 (CHj3), 15.2 (CHj3); IR (neat) vy, 3483, 2932,
2856, 1454, 1071, 1014, 734, 696 cm'; HRMS (ESI) [M+Na]" calculated for
Ci¢H,,0,Na: 271.1669, found: 271.1667; [a]p>’ +1.0 (¢ 0.53, CHCl;).

1-((((1R,6R)-1,6-dimethylcyclohex-2-enyl)methoxy)methyl)benzene (10°)

To a stirred solution of 54 (65.0 mg, 0.262 mmol) in pyridine (2.5 mL) was added
POCI; (71.2 uL, 0.785 mmol) at 0 °C, and the mixture was stirred at 80 °C for 2 h.
The reaction mixture was quenched with H,O (5.0 mL), the aqueous layer was
extracted with Et,0 (10 mL x 2). The combined organic layer was washed with brine
(5.0 mL), dried over Na,S0Oy,, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 100/1) to
afford 10’ (56.1 mg, 93%) as a colorless oil.

Ry = 0.77 (hexane/ethyl acetate = 8/1); '"H NMR (400 MHz, CDCl;) & 7.40-7.24 (5H,
m), 5.70 (1H, ddd, J = 10.1, 3.7, 3.7 Hz), 5.44 (1H, ddd, J = 10.1, 2.3, 2.3 Hz), 4.50
(2H, s), 3.28 (2H, s), 2.09-1.94 (2H, m), 1.65-1.53 (3H, m), 1.07 (3H, s), 0.94 (3H, d,
J = 6.9 Hz); 'C NMR (100 MHz, CDCl;) & 139.0 (Cq), 134.2 (CH), 128.2 (CH),
127.3 (CH), 127.2 (CH), 126.4 (CH), 76.0 (CH,), 73.3 (CH,), 38.5 (Cq), 36.8 (CH),
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27.2 (CH,), 25.0 (CHj), 24.3 (CH,), 15.8 (CHj); IR (neat) vmax 2957, 2921, 2859,
1453, 1365, 1095, 732, 695 cm™'; HRMS (ESI) [M+Na]® calculated for C,4H,,ONa:
253.1563, found: 253.1563; [a]p>® +33 (¢ 2.0, CHCI3).

(1R,3R)-2-(benzyloxymethyl)-2-methylcyclohexane-1,3-diol (48)

HO™ ; ~OH

/
BnO

48

A solution of 2-Benzyloxymethyl-2-methylcyclohexane-1,3-dione (10.0 g, 40.6 mmol)
in CH,CI, (750 mL) was added to a mixture of (§)-Me-CBS (1.0 M solution in toluene,
6.09 mL, 6.09 mmol) and 90% BH;-SMe; (10.3 mL, 97.4 mmol) in CH,CI, (1850 mL)
at 30 °C via a syringe pump over 6 h. The reaction was quenched with MeOH (20 mL)
and 2N HCI (120 mL) was added to the reaction mixture, and stirred for 10 h at room
temperature. After dilution with CH,Cl, (100 mL), the organic layer was separated,
washed with brine (50 mL), dried over Na,SOy4, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 5/1) to afford 48 (9.55 g, 94%, >99% ece) as a white solid

Ry = 0.17 (hexane/ethyl acetate = 2/1); mp 77.2-78.3 ° C; 'H NMR (400 MHz,
CDCI;) & 7.39-7.27 (5H, m), 4.60 (1H, d, v = 11.9 Hz), 4.53 (1H, d, v = 11.9 Hz),
4.15 (1H, dd, v = 11.0, 4.6 Hz), 3.80 (1H, t, v = 3.2 Hz), 3.68 (1H, d, J = 9.2 Hz),
3.56 (1H, d, 7 = 9.2 Hz), 3.35 (1H, br s), 1.89 (1H, br), 1.90-1.70 (3H, m),
1.69-1.41 (4H, m), 0.85 (3H, s); '*C NMR (125 MHz, CDCI3) & 137.5 (Cq), 128.5
(CH), 127.9 (CH), 127.6 (CH), 77.3 (CH,), 75.8 (CH), 73.6 (CH.), 69.0 (CH), 43.0
(Cq), 29.8zR (neat) vmax 3399, 2943, 2863, 1454, 1364, 1070, 1047, 998, 741, 694
cm™'; HRMS (ESI) [M+Na]" calculated for C;5H,,0;Na: 273.1461, found: 273.1461;
[a]p®® -18 (¢ 1.0, CHCI,).

(1R,25,3R)-2-(benzyloxymethyl)-3-(fert-butyldimethylsilyloxy)-2-methylcyclohexa
nol (55)

TBSO™ ; ~OH

/
BnO

55

To a solution of 48 (16.1 g, 64.3 mmol) and 2,6-lutidine (15.0 mL, 129 mmol) in
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CH,Cl, (700 mL) was added a solution of TBSOTf (16.2 mL, 70.7 mmol) in CH,ClI,
(20 mL) at -60 °C via a syringe pump over 7 h, the reaction mixture was stirred at
the same temperature for 1 h. The reaction mixture was quenched with saturated
aqueous NaHCOj; solution (100 mL), the aqueous layer was extracted with CH,ClI,
(150 mL x 2). The combined organic layer was washed with brine (100 mL), dried
over Na,SOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate = 20/1) to afford 55 (14.2 g,
61%) and 56 (6.23 g, 20%) as a colorless oil and starting material (2.54 g, 16%).

Ry = 0.51 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.37-7.27 (5H,
m), 4.55 (1H, d, J = 11.8 Hz), 4.50, (1H, d, J = 11.8 Hz), 4.01 (1H, dd, J = 11.3, 4.5
Hz), 3.88 (1H, d, J = 8.6 Hz), 3.57 (1H, s), 3.36 (1H, s), 3.25 (1H, d, J = 8.6 Hz),
1.77-1.68 (1H, m), 1.68-1.56 (2H, m), 1.52-1.31 (3H, m), 0.99 (3H, s), 0.84 (9H, s),
-0.013 (3H, s), -0.048 (3H, s); '’C NMR (100 MHz, CDCl;) & 137.8 (Cq), 128.4 (CH),
127.7 (CH), 127.6 (CH), 79.9 (CH,), 74.5 (CH), 73.8 (CH,), 72.9 (CH), 43.4 (Cq),
29.3 (CH,), 28.4 (CH,), 25.8 (CH3), 18.0 (Cq), 18.0 (CH,), 14.2 (CH3;), -4.41 (CH;),
-5.27 (CH3;); IR (neat) vy,x 3436, 2930, 2856, 1471, 1360, 1252, 1075, 1026, 859, 773,
696 cm™'; HRMS (ESI) [M+Na]® calculated for C, H3;sO3NaSi: 387.2326, found:
387.2327; [a]p®® -13 (¢ 0.58, CHCI;).

1-((((2R,6R)-2,6-bis(tert-butyldimethylsilyloxy)-1-methylcyclohexyl)methoxy)meth
yl)benzene (56)

R; = 0.91 (hexane/ethyl acetate = 4/1); 'H NMR (400 MHz, CDCl;) & 7.33-7.22 (5H,
m), 4.56 (1H, d, J = 11.9 Hz), 4.34, (1H, d, J = 11.9 Hz), 3.93 (1H, dd, J = 6.0, 1.8
Hz), 3.80 (1H, dd, J = 8.7, 3.7 Hz) , 3.50 (1H, d, J = 8.2 Hz) , 3.37 (1H, d, J = 8.2
Hz), 1.66-1.37 (6H, m), 0.97 (3H, s), 0.88 (9H, s), 0.82 (9H, s), 0.018 (3H, s),
0.0079 (3H, s), -0.0013 (3H, s), -0.032 (3H, s); '’C NMR (100 MHz, CDCl;) & 139.1
(Cq), 128.1 (CH), 127.4 (CH), 127.1 (CH), 73.7 (CH), 73.1 (CH), 72.2 (CH,), 71.2
(CHy), 44.9 (Cq), 29.9 (CH;,), 28.7 (CH,), 25.9 (CH3;), 25.8 (CH;), 18.6 (CH,), 18.1
(Cq), 18.0 (Cq), 16.0 (CH;3), -4.02 (CH3), -4.32 (CHj3), -5.10 (CH3), -5.27 (CHj3); IR
(neat) vma. 2928, 2856, 1471, 1360, 1251, 1079, 831, 772, 696 cm™'; HRMS (ESI)
[M+Na]" calculated for C,,H;s5,03;NaSi,: 501.3191, found: 501.3192; [a]p*® -18 (¢ 0.98,
CHCl;).
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((1R,2S8,3R)-2-(benzyloxymethyl)-3-(methoxymethoxy)-2-methylcyclohexyloxy)(tert
-butyl)dimethylsilane (57)

To a solution of 55 (15.4 g, 42.2 mmol) in CH,CIl, (420 mL) was added DIPEA (29.4
mL, 169 mmol), MOMCIl (6.42 mL, 84.5 mmol) and Nal (6.33 g, 42.2 mmol)
successively at room temperature. The reaction mixture was stirred at 35 °C for 2 d,
quenched with H,O (100 mL), and the aqueous layer was extracted with CH,Cl, (100
mL x 2). The combined organic layer was washed with brine (50 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 40/1) to afford 57 (17.1 g, 99%) as
a colorless oil.

R; = 0.63 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.36-7.23 (5H,
m), 4.64 (1H, d, J = 6.9 Hz), 4.55 (1H, d, J=11.9 Hz), 4.53 (1H, d, J = 6.9 Hz), 4.38
(1H, d, J = 11.9 Hz), 3.92 (1H, dd, J = 5.5, 2.3 Hz), 3.69 (1H, dd, J = 8.7, 4.1 Hz),
3.59 (1H, d, J = 8.2 Hz), 3.44 (1H, d, J = 8.2 Hz), 3.31 (3H, s), 1.80-1.69 (1H, m),
1.69-1.39 (5H, m), 1.05 (3H, s), 0.88 (9H, s), 0.021 (3H, s), 0.0090 (3H, s); '’°C NMR
(100 MHz, CDCl;) ¢ 139.1 (Cq), 128.1 (CH), 127.3 (CH), 127.2 (CH), 96.0 (CH,),
77.5 (CH,), 73.7 (CH), 73.1 (CH,), 72.4 (CH), 55.4 (CH;), 44.3 (Cq), 28.6 (CH,),
26.6 (CH3), 25.9 (CH3), 18.5 (CHy), 18.1 (Cq), 16.3 (CH3), -4.41 (CH3), -5.16 (CHs);
IR (neat) vpax 2929, 2856, 1471, 1360, 1250, 1080, 1030, 833, 774, 696 cm™'; HRMS
(ESI) [M+Na]" calculated for C,3H4004NaSi: 431.2588, found: 431.2586; [a]p>> -17 (c
0.96, CHCl;).

(1R,2R,3R)-2-(benzyloxymethyl)-3-(methoxymethoxy)-2-methylcyclohexanol (58)

To a solution of 57 (17.1 g, 41.8 mmol) in THF (250 mL) was added TBAF (1.0 M
solution in THF, 62.8 mL, 62.8 mmol), and the reaction mixture was stirred at 60 °C

for 24 h. The reaction mixture was quenched with saturated aqueous NH4Cl solution
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(50 mL), and the aqueous layer was extracted with Et,O (100 mL x 2). The combined
organic layer was washed with brine (50 mL), dried over Na,SO4, filtered, and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 20/1) to afford 58 (11.4 g, 93%) as a
colorless oil.

Ry = 0.29 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.38-7.27 (5H,
m), 4.63 (1H, d, J = 11.9 Hz), 4.61 (1H, d, J =11.9 Hz), 4.53 (2H, s), 4.11 (1H, br s),
4.03 (1H, dd, J = 10.5, 4.6 Hz), 3.84 (1H, t, J = 2.7 Hz) , 3.75 (1H, d, J = 9.2 Hz),
3.36 (1H, d, J = 9.2 Hz), 3.34 (3H, s), 1.92-1.68 (2H, m), 1.66-1.43 (4H, m), 0.84
(3H, s); 'C NMR (100 MHz, CDCl;) & 137.3 (Cq), 128.5 (CH), 127.9 (CH), 127.7
(CH), 96.1 (CH,), 76.6 (CH,), 76.5 (CH), 74.5 (CH), 73.6 (CH;), 55.3 (CH), 42.8
(Cq), 28.2 (CH,), 27.3 (CH,), 18.8 (CH;), 15.3 (CHj3); IR (neat) vma.x 3472, 2939,
1453, 1362, 1213, 1143, 1032, 915, 735, 697 cm™'; HRMS (ESI) [M+Na]" calculated
for C,;;H,,04Na: 317.1723, found: 317.1729; [a]p?? +0.38 (¢ 1.6, CHCl;).

(25,3R)-2-(benzyloxymethyl)-3-(methoxymethoxy)-2-methylcyclohexanone (59)

To a solution of oxalyl chloride (5.07 mL, 58.15 mmol) and DMSO (5.50 mL, 77.4
mmol) in CH,Cl, (192 mL) was added a solution of 58 (11.4 g, 38.7 mmol) in CH,Cl,
(30 mL) via a cannula at -78 °C. After 15 min, to the reaction mixture was added
TEA (18.9 mL, 136 mmol) and the reaction mixture was stirred at the same
temperature for 1 h, and at room temperature for 1 h. The mixture was quenched with
saturated aqueous NH,CI solution (50 mL). The aqueous layer was extracted with
CH,Cl, (100 mL x 2). The combined organic layer was washed with brine (50 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 6/1) to afford 59 (11.3
g, 100%) as a colorless oil.

Ry = 0.36 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.36-7.24 (5H,
m), 4.63 (1H, d, J = 13.3 Hz), 4.61 (1H, d, J = 13.3 Hz), 4.55 (1H, d, J = 11.9 Hz),
4.47 (1H, d, J = 11.9 Hz), 4.05 (1lH, dd, J = 9.2, 3.7 Hz), 3.71 (1H, d, J = 8.7 Hz),
3.37 (1H, d, J = 8.7 Hz), 3.35 (3H, s), 2.45-2.27 (2H, m), 2.11-2.01 (1H, m),
1.98-1.78 (2H, m), 1.70-1.60 (1H, m), 1.06 (3H, s); '°C NMR (100 MHz, CDCl;3) 3§
211.8 (Cq), 138.3 (Cq), 128.2 (CH), 127.6 (CH), 127.5 (CH), 96.2 (CH,), 77.5 (CH),
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73.3 (CH;), 71.4 (CH,), 55.6 (CH), 55.5 (Cq), 37.9 (CHy), 26.4 (CH,), 19.7 (CH»,),
15.8 (CHj); IR (neat) vy, 2942, 2874, 1709, 1453, 1369, 1093, 1028, 916, 736, 698
cm'; HRMS (EST) [M+Na]" calculated for C,;H,404Na: 315.1567, found: 313.51569;
[a]p?® -15 (¢ 2.0, CHCl;).

1-((((1S,2R)-2-(methoxymethoxy)-1-methyl-6-methylenecyclohexyl)methoxy)methy
I)benzene (60)

To a stirred suspension of PPh;CH;Br (38.7 g, 108 mmol) in THF (127 mL) was added
KHMDS (0.5 M solution in toluene, 193 mL, 96.6 mmol) dropwise at 0 °C, and the
reaction mixture was stirred at room temperature for 30 min. Then, to the reaction
mixture was added a solution of 59 (11.3 g, 38.6 mmol) in THF (30 mL) via a
cannula at 0 °C. After the addition, the mixture was stirred at room temperature for 1
h, and then was quenched with saturated aqueous NH4Cl solution (10 mL). The
aqueous layer was extracted with Et,O (100 mL x 2). The combined organic layer was
washed with brine (50 mL), dried over Na,SOy4, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 20/1) to afford 60 (10.9 g, 97%) as a colorless oil.

Ry = 0.64 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) & 7.38-7.24 (5H,
m), 4.86 (1H, d, J =1.4 Hz), 4.82 (1H, d, J = 1.4 Hz), 4.64 (1H, d, J = 10.4 Hz), 4.62
(1H, d, J = 10.4 Hz), 4.54 (1H, d, J = 11.8 Hz), 4.48 (1H, d, J=11.8 Hz), 3.72 (1H,
dd, J =8.2, 4.1 Hz), 3.52 (1H, d, J = 9.1 Hz), 3.39 (1H, d, J = 9.1 Hz), 3.35 (3H, s),
2.27-2.09 (2H, m), 1.88-1.78 (1H, m), 1.77-1.65 (2H, m), 1.48-1.35 (1H, m), 1.09
(3H, s); '°’C NMR (100 MHz, CDCl;) & 150.4 (Cq), 138.4 (Cq), 128.3 (CH), 127.7
(CH), 127.5 (CH), 109.5 (CH3), 96.3 (CH;,), 78.5 (CH), 73.8 (CH,), 73.3 (CHy), 55.5
(CH), 46.2 (Cq), 32.4 (CH;), 27.3 (CH3), 23.2 (CH,), 18.2 (CH3); IR (neat) vy,x 2935,
2860, 1640, 1454, 1144, 1099, 1035, 892, 734, 697 cm™'; HRMS (ESI) [M+Na]"
calculated for C1sH,¢03Na: 313.1774, found: 313.1774; [a]p?® +2.2 (¢ 1.2, CHCI,).

(1R,25)-2-(benzyloxymethyl)-2-methyl-3-methylenecyclohexanol (8’)
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To a solution of 60 (10.8 g, 37.2 mmol) in MeOH (186 mL) was added 5N HCI (18.6
mL), and the reaction mixture was stirred at 50 °C for 12 h. The reaction mixture was
added H,O (200 mL), and the aqueous layer was extracted with Et,O (100 mL x 3).
The combined organic layer was washed with brine (50 mL), dried over Na,;SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 15/1) to afford 8’ (8.58 g, 94%) as a
colorless oil.

R; = 0.39 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl;) § 7.38-7.27 (5H,
m), 4.74 (1H, s), 4.60 (1H, d, J = 12.4 Hz), 4.56 (1H, d, J = 12.4 Hz), 4.49 (1H, s),
3.73 (1H, d, J = 8.7 Hz), 3.68 (1H, ddd, J = 10.5, 4.1, 1.4 Hz), 3.65 (1H, d, J = 8.7
Hz), 3.61 (1H, d, J = 1.4 Hz), 2.22 (1H, ddd, J = 13.7, 13.7, 4.6 Hz), 2.06 (1H, ddd,
J=13.7,3.2,3.2 Hz), 1.85-1.70 (2H, m), 1.63-1.49 (1H, m), 1.37-1.22 (1H, m), 1.18
(3H, s); '°’C NMR (100 MHz, CDCl;) & 151.7 (Cq), 137.7 (Cq), 128.5 (CH), 127.8
(CH), 127.5 (CH), 107.7 (CH3), 79.2 (CH,), 76.3 (CH), 73.8 (CH,), 44.6 (Cq), 32.5
(CH,), 29.7 (CH,), 24.2 (CHy), 16.1 (CHj3); IR (neat) vm.x 3438, 2935, 2859, 1637,
1453, 1358, 1071, 895, 734, 696 cm’'; HRMS (ESI) [M+Na]® calculated for
Ci¢H,,0,Na: 269.1512, found: 269.1512; [a]p?’ -13 (¢ 1.1, CHCl3).

(15S,3R,5R,6aS,7R,8R,105,10aS)-1,3-bis(acetyloxy)-10-hydroxy-7,8-dimethyl-7-[(2E
)-3-methylpenta-2,4-dien-1-yl]-1H,3H,5H,6H,6aH,7H,8H,9H,10H-naphtho[4,4a-c]f
uran-5-yl 2-methylpropanoate ((+)-bucidarasin A)

AcO
j) WOAc

N
\
\
W

(+)-bucidarasin A
To a solution of (1S,3R,5R,6aS,7R,8R,10S,10aS)-3-(acetyloxy)-5,10-dihydroxy-7,8-
dimethyl-7-[(2E)-3-methylpenta-2,4-dien-1-yl]-1H,3H,5H,6H,6aH,7H,8H,9H,10H-nap
htho[4,4a-c]|furan-1-yl acetate (15.0 mg, 0.0345 mmol) in CH,Cl, (1.5 mL) was added
triethylamine (48.1 uL, 0.345 mmol) and isobutyryl chloride (10.9 uL, 0.104 mmol)
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successively at 0 °C, and the reaction mixture was stirred at 35 °C for 30 min. The
reaction mixture was quenched with saturated aqueous NH4Cl solution (5.0 mL) and
ca.25% NH4OH solution (5.0 mL) successively, and the aqueous layer was extracted
with CH,Cl, (10 mL x 2). The combined organic layer was washed with brine (5.0
mL), dried over Na,SO,, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 3/1) to afford
(+)-bucidarasin A (17.0 mg, 98%) as a white amorphous.

R; = 0.43 (hexane/ethyl acetate = 1/1); '"H NMR (400 MHz, CDCl3) 6 6.73 (1H, dd, J
= 1.4, 1.4 Hz), 6.51 (1H, s), 6.27 (1H, dd, J = 17.4, 10.5 Hz), 5.99 (1H, dd, J = 4.1,
1.4 Hz), 5.47-5.41 (1H, m), 5.41-5.32 (1H, m), 5.09 (1H, d, J = 17.4 Hz), 4.93 (1H, d,
J =10.5 Hz), 3.80 (1H, ddd, J = 12.4, 9.6, 3.7 Hz), 2.64 (1H, qq, J = 6.9, 6.9 Hz),
2.36 (1H, dd, J = 11.4, 5.5 Hz), 2.24 (1H, dd, J = 16.5, 7.8 Hz), 2.10 (3H, s), 1.94
(3H, s), 1.92-1.83 (2H, m), 1.82-1.54 (4H, m), 1.66 (3H, s), 1.22 (3H, d, J = 6.9 Hz),
1.20 (3H, d, J = 6.9 Hz), 0.93 (3H, d, J = 6.9 Hz), 0.81 (3H, s); '’C NMR (100 MHz,
CDCl;) 6 176.4 (Cq), 170.1 (Cq), 169.4 (Cq), 145.3 (Cq), 141.2 (CH), 135.7 (Cq),
129.0 (CH), 121.8 (CH), 111.0 (CH»), 97.0 (CH), 95.6 (CH), 72.8 (CH), 66.1 (CH),
53.5 (Cq), 37.6 (CH,), 37.3 (Cq), 36.8 (CH), 36.7 (CH), 34.0 (CH), 30.3 (CHy), 26.7
(CH,), 25.0 (CH3), 21.6 (CH3), 21.2 (CH3), 19.1 (CH3), 18.7 (CH3), 15.6 (CH3), 11.9
(CH3); IR (neat) vmax 3469, 2969, 2933, 2878, 1749, 1728, 1605, 1371, 1225, 889,
735 c¢m™'; HRMS (ESI) [M+Na]® calculated for C,3H40OgNa: 527.2615, found:
527.2616; [a]p®® +34 (¢ 0.85, MecOH).

(1S,3R,5R,6aS,7R,8R,10S5,10aS5)-1,3-bis(acetyloxy)-7,8-dimethyl-7-[(2E)-3-methylp
enta-2,4-dien-1-yl]-10-methylsulfanylmethanethioyloxy-1H,3H,5H,6H,6aH,7H,8H,
9H,10H-naphtho[4,4a-c]furan-5-yl 2-methylpropanoate (61)

S
%0 onc

o

To a stirred solution of (+)-bucidarasin A (14.0 mg, 0.0277 mmol) in THF (2.0 mL)
was added CS, (10.1 pL, 0.166 mmol) and NaH (60%, 3.3 mg, 0.0832 mmol)

N
N
N
W

61

successively at 0 °C. After the addition, the reaction mixture was stirred at room
temperature for 15 min, and then was added Mel (13.8 puL, 0.222 mmol). The reaction

mixture was stirred at room temperature for 14 h, quenched with quenched with
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saturated aqueous NH4Cl solution (5.0 mL), and the aqueous layer was extracted with
Et;O (10 mL x 2). The combined organic layer was washed with brine (10 mL), dried
over Na,SOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate = 20/1) to afford 61 (13.2 mg,
80%) as a colorless oil.

Ry = 0.63 (hexane/ethyl acetate = 2/1); 'H NMR (400 MHz, CDCl3) & 6.69 (1H, s),
6.53 (1H, dd, J =1.7, 1.7 Hz), 6.29 (1H, dd, J = 17.0, 10.8 Hz), 6.00 (1H, br d), 5.96
(1H, dd, J = 11.9, 4.0 Hz), 5.49-5.43 (1H, m), 5.41-5.36 (1H, m), 5.11 (1H, d, J =
17.0 Hz), 4.95 (1H, d, J = 10.8 Hz), 2.64 (1H, qq, J = 6.8, 6.8 Hz), 2.58 (3H, s), 2.47
(1H, dd, J = 13.0, 3.4 Hz), 2.28 (1H, dd, J = 17.0, 8.5 Hz), 2.08 (3H, s), 2.11-1.99
(1H, m), 1.96 (3H, s), 1.98-1.87 (3H, m), 1.81-1.64 (2H, m), 1.68 (3H, s), 1.23 (3H,
d, J =6.8 Hz), 1.21 (3H, d, J = 6.8 Hz), 0.95 (3H, d, J = 6.8 Hz), 0.85 (3H, s); '°C
NMR (100 MHz, CDCl;3) 6 215.1 (Cq), 176.3 (Cq), 170.0 (Cq), 169.4 (Cq), 143.6 (Cq),
141.1 (CH), 135.9 (Cq), 128.7 (CH), 123.4 (CH), 111.2 (CH;), 97.1 (CH), 95.1 (CH),
82.2 (CH), 65.8 (CH), 52.2 (Cq), 37.7 (CH), 37.6 (Cq), 36.2 (CH), 34.0 (CH), 32.3
(CH,), 30.3 (CH3,), 26.7 (CHy), 25.0 (CH3), 21.7 (CH3), 21.2 (CH3), 19.1 (CH3), 18.7
(CH3;), 18.5 (CH3), 15.4 (CH3), 12.0 (CH3); IR (neat) vmax 2970, 2934, 1755, 1732,
1601, 1471, 1323, 1222, 1055, 836, 737 cm™'; HRMS (ESI) [M+Na]" calculated for
C;0H4,05NaS,: 617.2213, found: 617.2212; [a]p>* +54 (¢ 0.53, CHCl3).

(1S,3R,5R,6aS,7R,8R,10aS)-1,3-bis(acetyloxy)-7,8-dimethyl-7-[(2E)-3-methylpenta
-2,4-dien-1-yl]-1H,3H,5H,6H,6aH,7H,8H,9H,10H-naphtho[4,4a-c]furan-5-yl

2-methylpropanoate ((+)-bucidarasinC)

{(+)-bucidarasin C

To a solution of 61 (10.0 mg, 0.0168 mmol) in toluene (1.0 mL) was added catalytic
amount of V-70 and n-Bu;SnH (44.1 pL, 0.168 mmol) successively at 0 °C. After
removed air, the reaction mixture was stirred at 40 °C for 1 h. The reaction mixture
was concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 30/1) to afford (+)-bucidarasin C (4.0 mg,
49%) and 62 (3.1 mg, 38%, mixture of diastereomers (dr = 10/7)) as a colorless oil.

Ry = 0.31 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCIl3) & 6.67 (1H, dd, J
=1.5, 1.5 Hz), 6.36 (1H, s), 6.28 (1H, dd, J = 17.2, 10.8 Hz), 5.89 (1H, dd, J = 4.6,
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1.5 Hz), 5.42 (1H, br s), 5.38 (1H, br d), 5.08 (1H, d, J = 17.2 Hz), 4.92 (1H, d, J =
10.8 Hz), 2.63 (1H, qq, J = 6.9, 6.9 Hz), 2.23 (1H, dd, J = 16.1, 8.2 Hz), 2.22 (1H, br
t), 2.10 (3H, s), 1.94 (3H, s), 1.92-1.87 (2H, m), 1.79-1.69 (2H, m), 1.67 (3H, s),
1.64-1.58 (1H, m), 1.53-1.41 (2H, m), 1.22 (3H, d, J = 6.9 Hz), 1.20 (3H, d, J = 6.9
Hz), 0.89 (3H, d, J = 6.9 Hz), 0.83 (3H, s); '>C NMR (100 MHz, CDCl;) § 176.4 (Cq),
170.3 (Cq), 169.7 (Cq), 147.0 (Cq), 141.3 (CH), 135.6 (Cq), 129.3 (CH), 120.3 (CH),
110.8 (CH,), 98.8 (CH), 94.5 (CH), 66.3 (CH), 49.1 (Cq), 37.4 (Cq), 36.5 (CH), 34.7
(CH), 34.1 (CH), 30.4 (CH,), 29.1 (CH;,), 27.4 (CH,), 26.1 (CH,), 25.7 (CH3;), 21.4
(CH3), 21.2 (CH3), 19.2 (CH3), 18.7 (CH3), 15.6 (CH3), 12.0 (CHj); IR (neat) vmax
2940, 1750, 1731, 1458, 1374, 1230, 1152, 1066, 935, 669 cm'; HRMS (ESI)
[M+Na]" calculated for C,gH400;Na: 511.2666, found: 511.2679; [a]p>® +17 (¢ 0.20,
MeOH).

(1R,25,35,5R,8R,10S,11R,12R)-3,5-Bis(acetyloxy)-14-(but-2-en-2-yl)-11,12-dimeth
yl-4-oxatetracyclo[9.2.2.02,° .02,'° ]pentadec-6-en-8-yl 2-methylpropanoate (62)
AcO O OAc

/ ]\
X2
"/O -~
2

T

RS

6

major product

Rs = 0.40 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl3) 6 6.58 (1H, dd, J
=1.8, 1.8 Hz), 6.33 (1H, brs), 6.02 (1H, brs), 5.65-5.56 (1H, m), 5.32-5.24 (1H, m),
2.66-2.57 (1H, m), 2.51-2.40 (1H, m), 2.28-2.20 (1H, m), 2.19 (3H, s), 2.20-2.16 (1H,
m), 2.10 (3H, s), 1.81-1.58 (7H, m), 1.61 (3H, s), 1.58-1.49 (1H, m), 1.38-1.24 (1H,
m), 1.21 (3H, d, J = 6.9 Hz), 1.21 (3H, d, J = 6.9 Hz), 0.86 (3H, s), 0.78 (3H, d, J =
6.0 Hz).

minor product

Ry = 0.40 (hexane/ethyl acetate = 4/1); '"H NMR (400 MHz, CDCl3) & 6.70 (1H, s),
6.66 (1H, dd, J = 1.8, 1.8 Hz), 6.01 (1H, br s), 5.47-5.34 (2H, m), 2.63-2.54 (1H, m),
2.39-2.29 (1H, m), 2.21-2.15 (1H, m), 2.14 (3H, s), 2.05 (3H, s), 1.88-1.81 (1H, m),
1.81-1.58 (2H, m), 1.70 (3H, s), 1.65 (3H, br d) 1.50-1.41 (1H, m), 1.38-1.24 (1H, m),
1.20 (6H, d, J = 6.9 Hz), 0.97 (3H, d, J = 6.9 Hz), 0.97 (3H, s); HRMS (ESI)
[M+Na]" calculated for C,3H400;Na: 511.2666, found: 511.2679.
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(R)-3-((2R,3S,E)-3-hydroxy-7-iodo-2,6-dimethylhept-6-enoyl)-4-isopropyloxazolid
in-2-one (74)
OH O

aadiss

To a solution of 73 (3.37 g, 18.2 mmol) and TEA (3.17 mL, 22.8 mmol) in CH,ClI,
(99 mL) was added n-Bu,BOTf (1.0 M solution in CH,Cl,, 16.7 mL, 16.7 mmol) at

lllll\
/

pd

\

/

O

-78 °C, and the reaction mixture was stirred at the same temperature for 1 h. Then, to
the reaction mixture was added 72 (3.40 g, 15.2 mmol) in CH,Cl, (13 mL) via a
cannula at -78 °C. After the addition, the reaction mixture was stirred at the same
temperature for 30 min and at room temperature for 30 min, and then was quenched
with KPB8 (33.0 mL), MeOH (33.0 ml) and 30% H,0, aq. (16.0 ml) at 0 °C. The
aqueous layer was extracted with CH,Cl, (50 mL x 2). The combined organic layer
was washed with brine (20 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 10/1) to afford 74 (5.28 g, 85%) as a colorless oil.

Ry = 0.16 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) & 5.94 (1H, s),
4.47 (1H, ddd, J=7.8, 3.6, 3.6 Hz), 4.30 (1H, dd, J=8.7, 8.7 Hz), 4.23 (1H, dd, J=8.7,
3.2 Hz), 3.88 (1H, ddd, J=6.0, 3.2, 3.2 Hz), 3.75 (1H, qd, J=6.9, 2.3 Hz), 3.01 (1H,
br s), 2.48-2.22 (3H, m), 1.84 (3H, s), 1.74-1.61 (1H, m), 1.59-1.44 (1H, m), 1.25
(3H, d, J=6.9 Hz), 0.90 (6H, dd, J=16.5, 7.3 Hz); '’C NMR (100 MHz, CDCl;) §
177.5, 153.4, 147.3, 75.1, 70.1, 63.3, 58.1, 42.1, 35.8, 31.6, 28.3, 23.8, 17.8, 14.6,
10.8; IR (neat) vimax 3504, 2963, 2876, 1772, 1686, 1383, 1200, 988, 735 cm™'; HRMS
(ESI) [M+Na]" calculated for C,sH,,O,NINa: 432.0642, found: 432.0642; [a]p?® -33
(c 1.4, CHClI3).

(2R,3S,E)-3-hydroxy-7-iodo-N-methoxy-N,2,6-trimethylhept-6-enamide (75)
QH O
(RN - N

.OMe

: Me
75

To a solution of MeNHMe-HCI1 (2.94 g, 30.1 mmol) in THF (120 mL) was added
AlMe; (1.09 M solution in hexane, 27.6 mL, 30.1 mmol) at 0 °C, and the reaction

mixture was stirred for 1 h at room temperature. Then, to the reaction mixture was
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added 74 (4.93 g, 12.0 mmol) in THF (15 mL) via a cannula at 0 °C. After the
addition, the reaction mixture was stirred at room temperature for 1 h, and then was
quenched with KPB8 (10 mL) at 0 °C. The aqueous layer was extracted with Et,0 (50
mL x 2). The combined organic layer was washed with brine (20 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 5/1) to afford 75 (3.82 g, 93%) as a
white powder.

Ry = 0.34 (hexane/ethyl acetate = 1/1); mp 46.4-47.4 °C; 'H NMR (400MHz, CDCl;) §
5.93 (1H, s), 3.87-3.78 (1H, m), 3.70 (3H, s), 3.20 (3H, s), 2.85 (1H, br s), 2.49-2.36
(1H, m), 2.34-2.21 (1H, m), 1.85 (3H, s), 1.76-1.62 (1H, m), 1.52-1.38 (1H, m), 1.17
(3H, d, J=7.3 Hz); ’C NMR (100 MHz, CDCl3) & 177.8, 147.4, 74.9, 70.6, 61.4, 38.8,
35.8, 31.9, 31.7, 23.7, 10.3; IR (neat) vy, 3432, 2938, 1632, 1420, 1386, 1266, 991,
773 c¢m’'; HRMS (ESI) [M+Na]® calculated for C,;H,,O;NINa: 364.0380, found:
364.0382; [a]p?’ -8.6 (¢ 0.99, CHCl;).

(2R,3S,E)-7-iodo-N-methoxy-N,2,6-trimethyl-3-(triisopropylsilyloxy)hept-6-enami
de (76)
TIPSO O

=
IA\( S \:/kN,OMe
: Me
76

To a solution of 75 (3.82 g, 11.2 mmol) in CH,Cl, (111 mL) was added TEA (2.34 mL,
16.8 mmol) and TIPSOTf (3.31 mL, 16.1 mmol) at 0 °C, the reaction mixture was
stirred at room temperature for 1 h. The reaction mixture was quenched with
saturated aqueous NH4Cl solution (50 mL), the aqueous layer was extracted with
CH,Cl, (50 mL x 2). The combined organic layer was washed with brine (50 mL),
dried over Na,SO4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 10/1) to afford 76
(5.00 g, 90%) as a colorless oil.

Ry = 0.45 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) & 5.86 (1H, s),
4.15 (1H, ddd, J=8.7, 5.0, 5.0 Hz), 3.69 (3H, s), 3.17 (3H, s), 2.99 (1H, br s),
2.38-2.16 (2H, m), 1.80 (3H, s), 1.75-1.55 (2H, m), 1.21 (3H, d, J=6.9 Hz), 1.11-1.03
(21H, m); *C NMR (100 MHz, CDCl;) & 176.1, 147.9, 74.5, 73.3, 61.4, 40.3, 34.0,
33.9, 32.1, 23.9, 18.2, 18.1, 14.3, 12.9; IR (neat) vnax 2941, 2865, 1659, 1460, 1380,
1270, 1106, 994, 882, 676 cm’'; HRMS (EST) [M+Na]" calculated for
C,0H40O05NINaSi: 520.1714, found: 520.1713; [a]p?’ +7.2 (¢ 1.1, CHCI,).

97



(25,3S,E)-7-i0do-2,6-dimethyl-3-(triisopropylsilyloxy)hept-6-en-1-0l (77)

OTIPS

|/ﬁ/\/ '... " “OH

77

To a solution of 76 (4.99 g, 10.0 mmol) in THF (100 mL) at —78 °C was added
DIBAL-H (1.02 M solution in hexane, 12.8 mL, 13.0 mmol) dropwise over 10 min.
The reaction mixture was stirred at the same temperature for 2 h, and then was
quenched with MeOH (2.0 mL) and saturated Rochelle’s salt solution (50 mL). The
mixture was stirred at room temperature for 30 min, and the aqueous layer was
extracted with Et,0 (100 mL x 2). The combined organic layer was washed with brine
(100 mL), dried over Na,SOy,, filtered, and concentrated under reduced pressure.
NaBH; (379 mg, 10.0 mmol) was added to the residue in MeOH (29 ml), and stirred
at the same temperature for 1 h. The reaction mixture was quenched by saturated
aqueous NH4CI solution (20 mL), and the aqueous layer was extracted with Et,O (50
mL x 2). The combined organic layer was washed with brine (50 mL), dried over
Na,S0,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 10/1) to afford 77 (4.09 g, 93%) as
a colorless oil.

Ry = 0.41 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCIl;3) 6 5.91 (1H, s),
3.93 (1H, ddd, J=6.4, 6.4, 2.7 Hz), 3.73 (1H, ddd, J=11.0, 7.8, 4.1 Hz), 3.57 (1H, ddd,
J=11.0, 5.5, 5.5 Hz), 2.35-2.24 (2H, m), 2.17 (1H, m), 2.04-1.91 (1H, m), 1.85 (3H,
s), 1.76-1.58 (2H, m), 1.17-1.02 (21H, m), 0.86 (3H, d, J=6.9 Hz); '*C NMR (100
MHz, CDCls) & 147.6, 75.2, 74.9, 65.8, 39.6, 36.3, 31.5, 24.0, 18.2, 18.2, 12.9, 11.6;
IR (neat) vuax 3399, 2942, 2865, 1460, 1378, 1264, 1044, 881, 739, 669 cm™'; HRMS
(ESI) [M+Na]" calculated for C,3H;;0,INaSi: 463.1500, found: 463.1500; [a]p>’ +4.9
(c 1.5, CHClI;3).

5-((2R,35,E)-7-i0do-2,6-dimethyl-3-(triisopropylsilyloxy)hept-6-enylthio)-1-pheny
1-1H-tetrazole (78)

oTIPS N-N
: N

To a solution of 77 (4.07 g, 9.24 mmol), 1-phenyl-1H-tetrazole-5-thiol (2.47 g, 13.9
mmol), and Ph;P (3.64 g, 13.9 mmol) in THF (92 mL) was added DEAD (diethyl
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azodicarboxylate) (2.2 M solution in toluene, 6.30 mL, 13.9 mmol) dropwise at room
temperature. The reaction mixture was stirred at the room temperature for 1 h, and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 10/1) to afford 78 (5.27 g, 95%) as a
colorless oil.

Ry = 0.60 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) § 7.66-7.48 (5H,
m), 5.88 (1H, s), 3.94 (2H, ddd, J=6.4, 6.4, 2.3 Hz), 3.54 (1H, dd, J=12.8, 6.4 Hz),
3.30 (1H, dd, J=12.8, 7.8 Hz), 2.28-2.06 (3H, m), 1.82 (3H, d, J=0.98 Hz), 1.67 (2H,
dd, J=15.1, 8.2 Hz), 1.09-1.03 (21H, m), 1.02 (3H, d, J=6.9 Hz); ’C NMR (100 MHz,
CDCIl3) & 154.5, 147.1, 133.7, 130.0, 129.7, 123.8, 75.2, 73.8, 37.1, 37.1, 35.7, 32.0,
23.9, 18.2, 18.2, 13.0, 13.0; IR (neat) vmax 2941, 2864, 1499, 1382, 1087, 1013, 881,
758, 679 cm'; HRMS (ESI) [M+Na]" calculated for C,sH,; ON4INaSSi: 623.1707,
found: 623.1706; [a]p®® +13 (¢ 3.7, CHCI3).

5-((2R,3S,E)-7-i0do-2,6-dimethyl-3-(triisopropylsilyloxy)hept-6-enylsulfonyl)-1-p
henyl-1H-tetrazole (fragment A)

oTIPS N-N
z / ,N
IWS N
B &
fragment A

To a solution of 78 (5.11 g, 8.51 mmol) in EtOH/THF (2/1, 64 mL) was added
(NH4)6M070,4-4H,0 (1.05 g, 0.851 mmol) and 30% H,0, aq. (19.3 ml, 170 mmol)
successively at room temperature. The reaction mixture was stirred at room
temperature for 24 h, quenched by saturated aqueous Na,S,0; solution (100 mL), and
the aqueous layer was extracted with AcOEt (100 mL x 2). The combined organic
layer was washed with brine (50 mL), dried over Na,SO,, filtered, and concentrated
under reduced pressure. The residue was purified by flash chromatography
(hexane/ethyl acetate = 20/1) to afford fragment A (4.74 g, 88%) as a colorless oil.
Ry = 0.60 (hexane/ethyl acetate = 4/1); 'H NMR (400MHz, CDCl;) & 7.73-7.67 (2H,
m), 7.66-7.56 (3H, m), 5.92 (1H, s), 4.08 (1H, dd, J=14.2, 3.7 Hz), 3.97 (1H, ddd,
J=6.4, 6.4, 2.7 Hz), 3.63 (1H, dd, J=14.2, 8.7 Hz), 2.61-2.46 (1H, m), 2.32-2.20 (1H,
m), 2.20-2.07 (1H, m), 1.84 (3H, s), 1.74-1.50 (2H, m), 1.13 (3H, d, J=6.9 Hz),
1.11-1.00 (21H, m); "’C NMR (100 MHz, CDCl3) & 154.0, 146.9, 133.0, 131.4, 129.6,
125.0, 75.4, 74.7, 58.9, 35.9, 33.0, 31.6, 23.9, 18.2, 18.1, 13.9, 12.9; IR (neat) Vmyax
2943, 2866, 1461, 1339, 1152, 1098, 881, 736 cm™'; HRMS (ESI) [M+Na]" calculated
for C,5sH, 1 03N4INaSSi: 655.1606, found: 655.1603; [a]p®’ +2.9 (¢ 1.5, CHCI3).
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(Z)-3-iodo-4-(triisopropylsilyloxy)but-2-en-1-0l (80)

Ho\v/§%(”\0Tms

I
80

To a stirred solution of 4-Triisopropylsilanyloxy-but-2-yn-1-o0l (1.23 g, 5.07 mmol)
in Et,O (25 mL) was added Red-Al (3.6 M solution in toluene, 2.11 mL, 7.61 mmol)
at 0 °C. The reaction mixture was stirred at room temperature for 10 min, quenched
by AcOEt (0.992 mL, 10.1 mmol) at 0 °C and stirred for 30 min. I, (1.93 g, 7.61
mmol) in THF (12.7 mL) was added to the solution at -78 °C, and stirred at 0 °C for
30 min, quenched by saturated aqueous NaHCOj; solution (10 mL) and saturated
aqueous Na,S,0; solution (10 mL) successively, the aqueous layer was extracted with
Et;0 (20 mL x 2). The combined organic layer was washed with brine (20 mL), dried
over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate = 10/1) to afford 80 (1.65g,
88%) as a colorless oil.

Ry = 0.51 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCIl3) 6 6.36 (1H, ddt,
J=5.9, 5.9, 1.7 Hz), 4.34 (1H, ddd, J=1.7, 1.7, 1.7 Hz), 4.29 (1H, dddd, J=5.9, 5.9,
1.5, 1.5 Hz), 1.50 (1H, t, J=5.9 Hz), 1.10-1.05 (21H, m).

(Z)-4-(tert-butyldimethylsilyloxy)-2-iodo-1-(triisopropylsilyloxy)but-2-ene (81)

TBSO
\v/*ﬁ/”\OTPS

I
81

To a stirred solution of 80 (1.65 g, 4.45 mmol) in CH,Cl, (45 mL) was added
imidazole (0.424 g, 6.23 mmol) and TBSCI (0.805 g, 5.34 mmol) successively at
room temperature, the reaction mixture was stirred at room temperature for 30 min.
The reaction mixture was quenched by H,O (50 mL), the aqueous layer was extracted
with CH,Cl; (30 mL x 2). The combined organic layer was washed with brine (30 mL),
dried over Na,SOy4, filtered, and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ethyl acetate = 50/1) to afford 81
(2.07 g, 96%) as a colorless oil.

Ry = 0.80 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl3) 6 6.26 (1H, dd,
J=4.4, 4.4 Hz), 4.31 (2H, s), 4.30-4.27 (2H, m), 1.17-1.03 (21H, m), 0.90 (9H, s),
0.08 (6H, s).

(Z)-methyl

100



4-(tert-butyldimethylsilyloxy)-2-((triisopropylsilyloxy)methyl)but-2-enoate (82)
TBSO

~ OTIPS
CO;Me
82

To a stirred solution of 81 (3.20 g, 6.60 mmol) in MeOH/DMF (2/3, 60 mL) was
added TEA (2.02 mL, 14.5 mmol), PPh; (346 mg, 1.32 mmol) and Pd(OAc), (148 mg,
0.660 mmol) successively at room temperature. The reaction mixture was stirred at
50 °C for 24 h under an atmosphere of CO, and quenched with saturated aqueous
NH,4Cl solution (50 mL). After evapotation of MeOH, the residue was extracted with
Et,O0 (50 mL x 2). The combined organic layer was washed with brine (50 mL), dried
over Na;SOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate = 8/1) to afford 82 (1.87 g,
68%) as a pale yellow oil.

Ry = 0.67 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl3) 6 6.56-6.51 (1H,
m), 4.70 (2H, ddd, J=4.6, 2.4, 2.4 Hz), 4.39 (2H, dd, J=4.4, 2.2 Hz), 3.73 (3H, s),
1.10-1.03 (21H, m), 0.90 (9H, s), 0.07 (6H, s).

(E)-4-(tert-butyldimethylsilyloxy)-2-((triisopropylsilyloxy)methyl)but-2-en-1-o0l
(83)

TBSO
VYOTIPS

OH
83

To a stirred solution of 82 (2.26 g, 5.42 mmol) in CH,CIl, (54 mL) at =78 °C was
added DIBAL-H (0.94 M solution in hexane, 12.7 mL, 11.9 mmol) dropwise over 30
min. The reaction mixture was stirred at the same temperature for 30 min, and then
was quenched with MeOH (2.0 mL) and saturated Rochelle’s salt solution (100 mL).
The mixture was stirred at room temperature for 1 h, and the aqueous layer was
extracted with CH,Cl, (50 mL x 2). The combined organic layer was washed with
brine (50 mL), dried over Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane/ethyl acetate = 10/1) to
afford 83 (2.10 g, 100%) as a colorless oil.

Rf = 0.23 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCIl;) 6 5.70 (1H, ddd,
J=6.1, 6.1, 0.49 Hz), 4.31 (2H, dt, J=6.1, 0.49 Hz), 4.29 (2H, d, J=6.1 Hz), 4.19 (2H,
d, J=5.9 Hz), 2.75 (1H, t, J=6.1 Hz), 1.09-1.04 (21H, m), 0.90 (9H, s), 0.08 (6H, s).

(E)-4-(tert-butyldimethylsilyloxy)-2-((methoxymethoxy)methyl)-1-(triisopropylsil
yloxy)but-2-ene (84)
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TBSO
\/Q§[i\OﬂPS
8

OMOM
4

To a stirred solution of 83 (2.11 g, 5.44 mmol) in CH,Cl, (50 mL) was added DIPEA
(1.61 mL, 9.24 mmol), MOMCI (0.619 mL, 8.15 mmol) and Nal (0.0815 g, 0.544
mmol) successively at room temperature. The reaction mixture was stirred at 35 °C
for 1 d, quenched with saturated aqueous NaHCOj3; solution (20 mL), and the aqueous
layer was extracted with CH,Cl, (20 mL x 2). The combined organic layer was
washed with brine (20 mL), dried over Na,SOy4, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 20/1) to afford 84 (2.26 g, 96%) as a colorless oil.

Ry = 0.43 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl;) & 5.85 (1H, t,
J=6.3 Hz), 4.59 (2H, s), 4.32 (2H, d, J=6.3 Hz), 4.25 (2H, s), 4.08 (2H, s), 3.36 (3H,
s), 1.12-1.02 (21H, m), 0.89 (9H, s), 0.07 (6H, s).

(E)-3-((methoxymethoxy)methyl)-4-(triisopropylsilyloxy)but-2-en-1-0l (85)

HO
\VA\TT\OHPS

MOM
85OO

To a stirred solution of 84 (2.26 g, 5.22 mmol) in CH3;CN/t-BuOH(1/1, 50 mL) was
added 20% H,SiF4 aq. (0.924 mL, 1.57 mmol) at 0 °C, and stirred at the same
temperature for 5 h, quenched with saturated aqueous NaHCOj; solution (10 mL), and
the aqueous layer was extracted with Et,O (20 mL x 2). The combined organic layer
was washed with brine (20 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl

acetate = 4/1) to afford 85 (1.55 g, 93%) as a colorless oil.

Ry = 0.17 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) § 6.04 (1H, t,
J=6.8 Hz), 4.62 (2H, s), 4.26 (2H, s), 4.24 (2H, dd, J=6.8, 6.1 Hz), 4.15 (2H, s), 3.38
(3H, s), 1.96 (1H, t, J=6.1 Hz), 1.09-1.04 (21H, m).

(E)-3-((methoxymethoxy)methyl)-4-(triisopropylsilyloxy)but-2-enal (fragment B,)

OHC/Q§[i\OﬂPS

OMOM
fragment B,

To a stirred solution of 85 (303 mg, 0.951 mmol) in CH,Cl, (9.5 mL) was added

MnO, (303 mg) at room temperature, and stirred at the same temperature for 1 h,
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diluted with CH,Cl, (10 mL), and the reaction mixture was filtered through a Celite
pad. The filtrate was concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 20/1) to afford fragment B; (278
mg, 92%) as a colorless oil.

Ry = 0.43 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl3) 6 10.1 (1H, d,
J=7.6 Hz), 6.37 (1H, d, J=7.6 Hz), 4.65 (2H, s), 4.50 (2H, s), 4.46 (2H, d, J=2.0 Hz),
3.38 (3H, s), 1.09-1.04 (21H, m).

(1E,55,6S,7E,9E)-1-i0do-10-((methoxymethoxy)methyl)-2,6-dimethyl-5,11-bis(triis
opropylsilyloxy)undeca-1,7,9-triene (86)

OTIPS
X X T0TIPS
86 OMOM

To a stirred solution of DIPA (365 puL, 2.60 mmol) in THF (17 mL) was added n-BuLi
(1.58 M solution in hexane, 1.55 mL, 2.44 mmol) at -78 °C, and the reaction mixture
was stirred at the same temperature for 15 min. Then, to the reaction mixture was
added fragment A (1.03 g, 1.63 mmol) in THF (8.4 mL) via a cannula at -78 °C.
After the addition, the reaction mixture was stirred at the same temperature for 30
min, and then was added fragment B, (0.567 g, 1.79 mmol) in THF (8.4 mL) via a
cannula at -78 °C. After the addition, the reaction mixture was stirred at the same
temperature for 2 h, quenched with saturated aqueous NH4CI solution (20 mL), and
the aqueous layer was extracted with Et,O (20 mL x 2). The combined organic layer
was washed with brine (20 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 50/1) to afford 86 (0.648 g, 63%) as a colorless oil.

Ry = 0.47 (hexane/ethyl acetate = 10/1); 'H NMR (400MHz, CDCl;) & 6.39 (lH, d,
J=11.2 Hz), 6.33 (1H, dd, J=14.4, 11.2 Hz), 5.87 (1H, d, J=0.98 Hz), 5.85 (1H, dd,
J=14.4, 7.3 Hz), 4.61 (2H, s), 4.30 (2H, s), 4.19 (2H, s), 3.75 (1H, ddd, J=5.4, 5.4,
5.4 Hz), 3.38 (3H, s), 2.43 (1H, ddq, J=7.3, 6.8, 5.4 Hz), 2.24 (2H, ddd, J=24.2, 20.3,
4.4 Hz), 1.81 (3H, d, J=0.98 Hz), 1.53-1.51 (2H, m), 1.09-1.04 (42H, m), 1.02 (6H, d,
J=6.8 Hz).

(2Z,4E,65,7S,10E)-11-i0odo-2-((methoxymethoxy)methyl)-6,10-dimethyl-7-(triisopr
opylsilyloxy)undeca-2,4,10-trien-1-0l (87)
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Iﬁ/v : \/\(\OH

OMOM
87

To a stirred solution of 86 (110 mg, 0.152 mmol) in CH;CN/¢#-BuOH(1/1, 1.4 mL) was
added 20% H,SiFs aq. (9.0 uL, 0.0152 mmol) at 0 °C, and stirred at the same
temperature for 5 h, quenched with saturated aqueous NaHCOj; solution (5.0 mL), and
the aqueous layer was extracted with Et;O (10 mL x 2). The combined organic layer
was washed with brine (5.0 mL), dried over Na,SOy, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 10/1) to afford 87 (63.6 mg, 74%) as a colorless oil.

R¢ = 0.49 (hexane/ethyl acetate = 2/1); '"H NMR (400MHz, CDCl;) & 6.31 (1H, dd,
J=14.9, 11.0 Hz), 6.21 (1H, d, J=11.0 Hz), 5.92 (1H, dd, J=14.9, 7.1 Hz), 5.87 (1H, d,
J=0.98 Hz), 4.66 (2H, s), 4.31 (2H, s), 4.20 (2H, d, J=6.1 Hz), 3.75 (1H, ddd, J=5.4,
5.4, 5.4 Hz), 3.40 (3H, s), 2.47 (1H, ddq, J=7.1, 6.8, 5.4 Hz), 2.28 (2H, ddd, J=24.2,
14.6, 6.1 Hz), 2.22 (1H, ddd, J=24.2, 13.4, 5.4 Hz), 2.02 (1H, t, J=6.1 Hz), 1.60-1.53
(2H, m), 1.11-1.04 (21H, m), 1.02 (3H, d, J=6.8 Hz).

(2E,65,7S,8E,10Z)-11-(hydroxymethyl)-12-(methoxymethoxy)-3,7-dimethyl-6-(triis
opropylsilyloxy)dodeca-2,8,10-trienoic acid (88)
OTIPS

Hozc/ﬁ/\/ 5 \/\E\OH

OMOM
88

To a stirred solution of 87 (660 mg, 1.16 mmol) in 1,4-dioxane (11 mL) was added
IM-KOH (1.16 mL, 1.16 mmol), PPh; (30.6 mg, 0.116 mmol) and Pd(OAc), (13.1 mg,
0.0582 mmol) successively at room temperature. The reaction mixture was stirred at
50 °C for 2 h under an atmosphere of CO, and quenched with saturated aqueous
NH,CI solution (10 mL). The aqueous layer was extracted with Et,O (10 mL x 2), the
combined organic layer was washed with brine (10 mL), dried over Na,SOy, filtered,
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 2/1) to afford 88 (483 mg, 85%) as a pale
yellow oil.

Ry = 0.43 (hexane/ethyl acetate = 1/1); '"H NMR (400MHz, CDCl;) & 6.33 (1H, dd,
J=15.1, 11.0 Hz), 6.21 (1H, d, J=11.0 Hz), 5.91 (1H, dd, J=15.1, 7.1 Hz), 5.67 (1H, d,
J=0.98 Hz), 4.66 (2H, s), 4.31 (2H, s), 4.20 (2H, s), 3.78 (1H, ddd, J=5.4, 5.4, 5.4
Hz), 3.40 (3H, s), 2.48 (1H, ddq, J=7.1, 7.1, 5.4 Hz), 2.27 (2H, ddd, J=11.0, 11.0,
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5.6 Hz), 2.21-2.11 (1H, m), 2.15 (3H, d, J=0.98 Hz), 1.59 (2H, dddd, J=29.8, 18.8,
11.0, 5.4 Hz), 1.09-1.06 (21H, m), 1.04 (3H, d, J=7.1 Hz).

(3E,75,85S,9E,11E)-12-[(methoxymethoxy)methyl]-4,8-dimethyl-7-{[tris(propan-2-y
I)silyl]Joxy}-1-oxacyclotrideca-3,9,11-trien-2-one

" 89 (R;=MOM)

To a stirred solution of 88 (331 mg, 0.683 mmol) and Ph;P (538 mg, 2.05 mmol) in
toluene (340 mL) was added DEAD (2.2 M solution in toluene, 929 uL, 2.05 mmol)
dropwise at -100 °C. The reaction mixture was stirred at -100°C to -78 °C for 1 h,
quenched by saturated aqueous NaHCO; solution (50 mL), and the aqueous layer was
extracted with Et,O (50 mL x 2). The combined organic layer was washed with brine
(50 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 20/1) to afford
89 (156 mg, 49%) as a colorless oil.

Ry = 0.37 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) § 6.38 (1H, d,
J=11.0 Hz), 6.33 (1H, dd, J=13.9, 11.0 Hz), 5.98 (1H, dd, J=13.9, 5.9 Hz), 5.62 (1H,
d, J=0.98 Hz), 4.71-4.59 (4H, m), 4.29 (1H, d, J=11.5 Hz), 4.21 (1H, d, J=11.5 Hz),
3.74 (1H, ddd, J=7.8, 3.2, 3.2 Hz), 3.38 (3H, s), 2.56 (1H, ddq, J=7.8, 6.8, 5.9 Hz),
2.37 (2H, ddd, J=15.9, 13.2, 4.4 Hz), 2.14-2.03 (1H, m), 1.56-1.48 (2H, m),
1.11-1.06 (21H, m), 1.04 (3H, d, J=6.8 Hz).

(E)-1-((4-(tert-butyldimethylsilyloxy)-2-((triisopropylsilyloxy)methyl)but-2-enylo
xy)methyl)-4-methoxybenzene (91)

TBSO
VYOTIPS

91 OMPM

To a stirred solution of 83 (1.48 g, 3.81 mmol) in CH,Cl, (38 mL) was added anisyl
trichloroacetimidate (5.38 g, 19.0 mmol) and PPTS (1.44 g, 5.71 mmol) successively
at room temperature. The reaction mixture was stirred at the same temperature for 1 d,
quenched with saturated aqueous NaHCO; solution (20 mL), and the aqueous layer
was extracted with CH,Cl, (20 mL x 2). The combined organic layer was washed with

brine (20 mL), dried over Na,SO,, filtered, and concentrated under reduced pressure.
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The residue was purified by flash chromatography (hexane/ethyl acetate = 20/1) to
afford 91 (1.48 g, 76%) as a colorless oil.

Ry = 0.38 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl;) § 7.24 (2H, d,
J=8.5 Hz), 6.87 (2H, d, J=8.5 Hz), 5.85 (1H, t, J=6.1 Hz), 4.38 (2H, s), 4.27 (2H, d,
J=6.1 Hz), 4.25 (2H, s), 4.01 (2H, s), 3.80 (3H, s), 1.09-1.03 (21H, m), 0.88 (9H, s),
0.05 (6H, s).

(E)-3-((4-methoxybenzyloxy)methyl)-4-(triisopropylsilyloxy)but-2-en-1-0l (92)

HO
\“A\IT\OHPS

OMPM
92

To a stirred solution of 91 (1.71 g, 3.36 mmol) in CH3;CN/t-BuOH(1/1, 35 mL) was
added 20% H,SiFs aq. (0.595 mL, 1.01 mmol) at 0 °C, and stirred at the same
temperature for 4 h, quenched with saturated aqueous NaHCO3; solution (10 mL), and
the aqueous layer was extracted with Et,O (20 mL x 2). The combined organic layer
was washed with brine (20 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 4/1) to afford 92 (0.978 g, 74%) as a colorless oil.

Ry = 0.19 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) § 7.25-7.22 (2H,
m), 6.88 (2H, d, J=8.8 Hz), 5.98 (1H, t, J=6.8 Hz), 4.43 (2H, s), 4.24 (2H, s), 4.20
(2H, d, J=6.8 Hz), 4.04 (2H, s), 3.80 (3H, s), 1.82 (1H, OH), 1.09-1.02 (21H, m).

(E)-3-((4-methoxybenzyloxy)methyl)-4-(triisopropylsilyloxy)but-2-enal (fragment
B;)

OHC/§§[f\OﬂPS

OMPM
fragment B,

To a stirred solution of 92 (611 mg, 1.55 mmol) in CH,Cl, (15 mL) was added MnO,
(6.11 g) at room temperature, and stirred at the same temperature for 30 min, diluted
with CH,Cl, (15 mL), and the reaction mixture was filtered through a Celite pad. The
filtrate was concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 10/1) to afford fragment B, (524 mg, 86%)

as a colorless oil.

Ry = 0.47 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) § 10.1 (1H, d,
J=7.6 Hz), 7.24 (2H, d, J=8.5 Hz), 6.89 (2H, d, J=8.5 Hz), 6.35 (1H, d, J=7.6 Hz),
4.48 (2H, s), 4.44 (2H, s), 4.40 (2H, s), 3.81 (3H, s), 1.09-1.02 (21H, m).
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1-(((2E,4E,65,75,10E)-11-i0do0-6,10-dimethyl-7-(triisopropylsilyloxy)-2-((triisopro
pylsilyloxy)methyl)undeca-2,4,10-trienyloxy)methyl)-4-methoxybenzene (93)

OTIPS
17X XXy COTIPS
93 OMPM

To a stirred solution of DIPA (393 pL, 2.81 mmol) in THF (18 mL) was added n-BuLi
(1.58 M solution in hexane, 1.67 mL, 2.63 mmol) at -78 °C, and the reaction mixture
was stirred at the same temperature for 15 min. Then, to the reaction mixture was
added fragment A (1.11 g, 1.75 mmol) in THF (9.0 mL) via a cannula at -78 °C.
After the addition, the reaction mixture was stirred at thesame temperature for 30
min, and then was added fragment B, (0.758 g, 1.93 mmol) in THF (9.0 mL) via a
cannula at -78 °C. After the addition, the reaction mixture was stirred at the same
temperature for 2 h, quenched with saturated aqueous NH4CI solution (20 mL), and
the aqueous layer was extracted with Et,O (20 mL x 2). The combined organic layer
was washed with brine (20 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 50/1) to afford 93 (0.769 g, 62%) as a colorless oil.

Ry = 0.61 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCIl;) & 6.87 (2H, d,
J=8.5 Hz), 6.31 (1H, dd, J=13.9, 11.2 Hz), 6.26 (1H, d, J=11.2 Hz), 5.86 (1H, d,
J=0.98 Hz), 5.83 (1H, dd, J=13.9, 7.1 Hz), 4.40 (2H, s), 4.31 (2H, s), 4.12 (2H, s),
3.80 (3H, s), 3.74 (1H, ddd, J=5.4, 5.4, 5.4 Hz), 2.39 (2H, ddq, J=7.1, 6.8, 5.4 Hz),
2.23 (2H, dddd, J=23.2, 13.7, 13.7, 5.9 Hz), 1.81 (3H, d, J=0.98 Hz), 1.61-1.51 (2H,
m), 1.10-1.04 (42H, m), 1.00 (3H, d, J=6.8 Hz).

(2E,65,7S,8E,10E)-11-((4-methoxybenzyloxy)methyl)-3,7-dimethyl-6,12-bis(triisop
ropylsilyloxy)dodeca-2,8,10-trienal (94)
OTIPS

OHC/ﬁ/\/ - V\(\OTIPS

OMPM
94

To a stirred solution of 93 (688 mg, 0.862 mmol) in Et,O (9.0 mL) was added ¢-BuLi
(1.46 M solution in hexane, 1.18 mL, 1.72 mmol) at —78 °C. After 5 min, to the
mixture was added DMF (331 pL, 4.31 mmol) at -78 °C. After the addition, the
reaction mixture was stirred at the same temperature for 10 min, quenched with

saturated aqueous NH,4Cl solution (10 mL), and the aqueous layer was extracted with
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Et,0 (20 mL x 2). The combined organic layer was washed with brine (10 mL), dried
over Na,SO,, filtered, and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ethyl acetate = 5/1) to afford 94 (364 mg,
60%) as a colorless oil.

Ry = 0.31 (hexane/ethyl acetate = 4/1); 'H NMR (400MHz, CDCIl;) § 9.97 (1H, d,
J=8.1 Hz), 7.25-7.22 (2H, m), 6.87 (2H, d, J=8.5 Hz), 6.32 (1H, dd, J=14.4, 11.0 Hz),
6.27 (1H, d, J=11.0 Hz), 5.86 (1H, dd, J=8.1, 0.98 Hz), 5.83 (1H, dd, J=14.,4, 9.0 Hz),
4.40 (2H, s), 4.30 (2H, s), 4.12 (2H, s), 3.80 (3H, s), 2.48-2.39 (1H, m), 2.25 (1H,
ddq, J=9.0, 6.8, 6.8 Hz), 2.25 (2H, dddd, J=29.5, 13.7, 13.7, 4.9 Hz), 2.13 (3H, d,
J=0.98 Hz), 1.66-1.58 (2H, m), 1.12-1.05 (42H, m), 1.02 (3H, d, /=6.8 Hz).

(2E,65,75,9Z)-12-[(4-methoxyphenyl)methoxy]-3,7-dimethyl-6-{[tris(propan-2-yl)s
ilylJoxy}-11-({[tris(propan-2-yl)silylJoxy}methyl)dodeca-2,9,11-trienal (95°)

X CHO

TIPSO~ "R, 0" 0TIPS
& F

95’ (R;=MPM)

To a stirred solution of 94 (8.2 mg, 0.0117 mmol) in toluene (1.0 mL) was added
Me,Al (1.01 M solution in hexane, 57.9 uL, 0.0585 mmol) at -10 °C. The reaction
mixture was stirred at the same temperature for 2 h, quenched with saturated aqueous
NaHCOj; solution (5.0 mL), and the aqueous layer was extracted with Et,O (10 mL x
2). The combined organic layer was washed with brine (5.0 mL), dried over Na,SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 10/1) to afford 95’ (3.8 mg, 46%) as a
colorless oil.

Ry = 0.24 (hexane/ethyl acetate = 4/1); 'H NMR (400MHz, CDCIl;) § 9.97 (1H, d,
J=8.1 Hz), 7.30-7.25 (2H, m), 6.88 (2H, d, J=8.5 Hz), 6.27 (1H, dd, J=13.9, 11.0 Hz),
6.22 (1H, d, J=11.0 Hz), 5.95 (1H, ddd, J=6.8, 6.8, 6.8 Hz), 5.85 (1H, d, J=8.1 Hz),
4.45 (2H, s), 4.22 (2H, s), 3.81 (3H, s), 3.69-3.63 (1H, m), 2.53-2.42 (1H, m), 2.29
(1H, ddd, J=11.5, 11.5, 5.6 Hz), 2.19 (1H, ddd, J=16.4, 11.5, 5.6 Hz), 1.70-1.49 (2H,
m), 2.14 (3H, s), 1.12-1.04 (42H, m), 1.02 (3H, d, J=6.8 Hz).

(1E,58,6S,7E,9E)-11-(tert-butyldimethylsilyloxy)-1-iodo-2,6-dimethyl-5-(triisopro
pylsilyloxy)undeca-1,7,9-triene (107)
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l/\(\/—' a WOTBS
1

07

To a solution of DIPA (1.03 ml, 7.37 mmol) in THF (49 mL) was added "BuLi (1.63
M solution in hexane, 4.22 mL, 6.88 mmol) at -78 °C, and the reaction mixture was
stirred at the same temperature for 15 min. Then, to the reaction mixture was added
fragment A (3.11 g, 4.92 mmol) in THF (9.8 mL) via a cannula at -78 °C. After the
addition, the reaction mixture was stirred at the same temperature for 30 min, and
then was added fragment B3 (1.18 g, 5.90 mmol) in THF (9.8 mL) via a cannula at
-78 °C. After the addition, the reaction mixture was stirred at the same temperature
for 3 h, quenched with saturated aqueous NH4CI solution (50 mL), and the aqueous
layer was extracted with Et,O (100 mL x 2). The combined organic layer was washed
with brine (50 mL), dried over Na,SO4, filtered, and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/CH,Cl, = 20/1)
to afford 107 (1.47 g, 58%) and 107’ (218 mg, 8.6%) as a colorless oil and starting
material fragment A (472 mg, 15%).

Ry = 0.61 (hexane/CH,Cl, = 4/1); '"H NMR (400MHz, CDCl3) § 6.19 (1H, dd, J=15.1,
10.5 Hz), 6.02 (1H, dd, J=15.6, 10.5 Hz), 5.86 (1H, s), 5.75 (1H, dd, J=15.6, 6.9 Hz),
5.66 (1H, ddd, J=15.1, 5.0, 5.0 Hz), 4.20 (2H, d, J=5.0 Hz), 3.73 (1H, dd, J=10.1,
5.0 Hz), 2.47-2.34 (1H, m), 2.34-2.13 (2H, m), 1.81 (3H, s), 1.62-1.47 (2H, m),
1.12-1.02 (21H, m), 1.00 (3H, d, J=6.9 Hz), 0.91 (9H, s), 0.07 (6H, s); '>C NMR (100
MHz, CDCl;) & 148.1, 136.5, 130.5, 130.4, 129.1, 76.0, 74.5, 63.6, 41.6, 35.5, 32.4,
26.0, 24.0, 18.4, 18.2, 15.1, 12.9, -5.18; IR (neat) vmax 2943, 2864, 1462, 1378,
1263, 1098, 836, 738, 675 cm™'; HRMS (ESI) [M+Na]" calculated for C,3Hs50,INaSi,:
629.2677, found: 629.2676; [a]p’> -4.7 (¢ 1.4, CHCI3).

(1E,55,6S5,7Z,9E)-11-(tert-butyldimethylsilyloxy)-1-iodo-2,6-dimethyl-5-(triisopro
pylsilyloxy)undeca-1,7,9-triene (107’)
OTIPS

I/Y\/—' v RN
; H
OTBS

107’

R; = 0.65 (hexane/CH,Cl, = 4/1); '"H NMR (400MHz, CDCls) & 6.49 (1H, dd, J=14.7,
11.4 Hz), 5.96 (1H, dd, J=11.4, 11.4 Hz), 5.85 (1H, s), 5.75 (1H, ddd, J=14.7, 4.6,
4.6 Hz), 5.35 (1H, dd, J=11.4, 11.4 Hz), 4.24 (2H, d, J=4.6 Hz), 3.72 (1H, dd, J=10.5,
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5.5 Hz), 2.79-2.66 (1H, m), 2.34-2.10 (2H, m), 1.80 (3H, s), 1.69-1.59 (2H, m),
1.14-1.03 (21H, m), 1.00 (3H, d, J=6.4 Hz), 0.92 (9H, s), 0.08 (6H, s); '*C NMR (100
MHz, CDCl;) & 148.1, 134.7, 133.0, 127.1, 124.9, 75.7, 74.5, 63.5, 36.8, 34.5, 33.5,
25.9, 23.9, 18.4, 18.3, 16.2, 13.0, -5.21; IR (neat) vmax 2928, 2864, 1462, 1377,
1252, 1103, 835, 776, 673 cm™'; HRMS (ESI) [M+Na]" calculated for C,3Hs5035INaSi,:
645.2627, found: 645.2624; [a]p>’ +27 (¢ 1.7, CHCI;).

(2E,4E,6S5,75,10E)-11-i0do-6,10-dimethyl-7-(triisopropylsilyloxy)undeca-2,4,10-tr
ien-1-0l (108)
OTIPS

I/Y\/— S . WOH
108

To a stirred solution of 107 (431 mg, 0.710 mmol) in CH;CN/¢t-BuOH(1/1, 14 mL)
was added 20% H,SiFs aq. (0.126 mL, 2.13 mmol) at 0 °C, and stirred at the same
temperature for 2 h, quenched with saturated aqueous NaHCOj; solution (10 mL), and
the aqueous layer was extracted with Et,O (20 mL x 2). The combined organic layer
was washed with brine (10 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl
acetate = 4/1) to afford 108 (0.327 g, 93%) as a colorless oil.

R; = 0.10 (hexane/ethyl acetate = 10/1); 'H NMR (400MHz, CDCl;) & 6.24 (1H, dd,
J=15.1, 10.5 Hz), 6.04 (1H, dd, J=15.4, 10.5 Hz), 5.86 (1H, s), 5.83 (1H, dd, J=15.1,
8.5 Hz), 5.76 (1H, dt, J=15.4, 5.9 Hz), 4.20 (2H, dd, J=5.9, 5.9 Hz), 3.74 (1H, ddd,
J=5.1, 5.1, 5.1 Hz), 3.74 (1H, ddq, J=8.5, 6.8, 5.1 Hz), 2.28 (1H, ddd, J=24.2, 13.9,
5.1 Hz), 2.21 (1H, ddd, J=24.2, 13.9, 5.1 Hz), 1.82 (3H, s), 1.74-1.59 (2H, m), 1.28
(1H, t, J/=5.9 Hz), 1.09-1.04 (21H, m), 1.01 (3H, d, J=6.8 Hz).

(2E,6S5,75,8E,10E)-12-hydroxy-3,7-dimethyl-6-(triisopropylsilyloxy)dodeca-2,8,10
-trienoic acid (109)

C:)TIPS
HOLC™ X Y on

109

To a stirred solution of 108 (315 mg, 0.640 mmol) in 1,4-dioxane (7.0 mL) was added
IM-KOH (0.640 mL, 0.640 mmol), PPh; (33.5 mg, 0.128 mmol) and Pd(OAc), (14.4
mg, 0.0640 mmol) successively at room temperature. The reaction mixture was stirred

at 50 °C for 2 h under an atmosphere of CO, and quenched with saturated aqueous
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NH,CI solution (5.0 mL). The aqueous layer was extracted with Et,O (10 mL x 2), the
combined organic layer was washed with brine (5.0 mL), dried over Na,SO,, filtered,
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 2/1) to afford 109 (213 mg, 81%) as a pale
yellow oil.

Ry = 0.43 (hexane/ethyl acetate = 1/1); '"H NMR (400MHz, CDCl;) & 6.24 (1H, dd,
J=15.1, 10.5 Hz), 6.06 (1H, dd, J=15.1, 10.5 Hz), 5.82 (1H, dd, J=15.1, 7.1 Hz), 5.76
(1H, dt, J=15.1, 5.9 Hz), 5.68 (1H, s), 4.18 (2H, d, J=5.9 Hz), 3.77 (1H, ddd, J=5.1,
5.1, 5.1 Hz), 2.45 (1H, ddq, J=7.1, 7.1, 5.1 Hz), 2.28 (1H, ddd, J=11.2, 11.2, 5.6 Hz),
2.22-2.09 (1H, m), 2.15 (3H, s), 1.77-1.44 (3H, m), 1.12-1.05 (21H, m), 1.03 (3H, d,
J=7.1 Hz).

(3E,75,85S,9E,11E)-4,8-dimethyl-7-{[tris(propan-2-yl)silyl]Joxy}-1-oxacyclotrideca-
3,9,11-trien-2-one (110)

110

To a stirred solution of 109 (132 mg, 0.321 mmol) and Ph;P (253 mg, 0.964 mmol) in
toluene (160 mL) was added DEAD (2.2 M solution in toluene, 438 uL, 0.964 mmol)
dropwise at -100 °C. The reaction mixture was stirred at -100°C to -78 °C for 1 h,
quenched by saturated aqueous NaHCO; solution (30 mL), and the aqueous layer was
extracted with Et,0 (30 mL x 2). The combined organic layer was washed with brine
(30 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 50/1) to afford
110 (126 mg, 60%) as a colorless oil.

Ry = 0.69 (hexane/ethyl acetate = 4/1); '"H NMR (400MHz, CDCl;) & 6.31 (1H, dd,
J=15.1,10.3 Hz), 6.04 (1H, dd, J=15.4, 10.3 Hz), 5.89 (1H, dd, J=15.1, 5.6 Hz), 5.73
(1H, ddd, J=15.4, 7.1, 7.1 Hz), 5.60 (1H, s), 4.63 (1H, dd, J=12.0, 6.3 Hz), 4.52 (1H,
dd, J=12.0, 7.8 Hz), 3.78-3.69 (1H, m), 2.58-2.46 (1H, m), 2.41-2.25 (2H, m), 2.16
(3H, s), 2.13-1.95 (2H, m), 1.11-1.05 (21H, m), 1.01 (3H, d, J=6.8 Hz).

(2E,65,7S,8E,10E)-12-(tert-butyldimethylsilyloxy)-3,7-dimethyl-6-(triisopropylsil
yloxy)dodeca-2,8,10-trienal (112)
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To a solution of 107 (741 mg, 1.22 mmol) in Et,O0 (12 mL) was added n-BuLi (1.63 M

solution in hexane, 1.50 mL, 2.44 mmol) at —78 °C. After 40 min, to the mixture was
added DMF (470 uL, 6.11 mmol) at —78 °C. After the addition, the reaction mixture
was stirred at the same temperature for 30 min, quenched with saturated aqueous
NH,ClI solution (50 mL), and the aqueous layer was extracted with Et,O (50 mL x 2).
The combined organic layer was washed with brine (50 mL), dried over Na,;SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 20/1) to afford 112 (575 mg, 93%) and trace
amount of 113 as a colorless oil.

Ry = 0.23 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl;) & 9.98 (1H, d,
J=7.8 Hz), 6.19 (1H, dd, J=15.1, 10.5 Hz), 6.04 (1H, dd, J=15.1, 10.5 Hz), 5.86 (1H,
d, J=8.2 Hz), 5.74 (1H, dd, J=15.1, 5.0 Hz), 5.67 (1H, dt, J=15.1, 5.0 Hz), 4.20 (2H,
d, /=5.0 Hz), 3.78 (1H, dd, J=10.1, 5.0 Hz), 2.49-2.37 (1H, m), 2.36-2.15 (2H, m),
2.15 (3H, s), 1.70-1.50 (2H, m), 1.16-1.03 (21H, m), 1.02 (3H, d, J=6.9 Hz), 0.91
(9H, s), 0.07 (6H, s); '’C NMR (100 MHz, CDCl;3) & 191.3, 164.4, 136.0, 130.8, 130.2,
129.3, 127.1, 75.9, 63.6, 41.7, 36.3, 31.7, 25.9, 18.4, 18.2, 17.7, 15.4, 12.9, -5.20;
IR (neat) vmax 2928, 2864, 1676, 1462, 1253, 1097, 989, 834, 775, 676 cm™'; HRMS
(ESI) [M+Na]" calculated for C,oHs403NaSi,: 531.3660, found: 531.3665; [a]p>’ -6.5
(c 2.6, CHCl;).

(55,65,7E,9E)-11-(tert-butyldimethylsilyloxy)-2,6-dimethyl-5-(triisopropylsilyloxy
Jundeca-1,7,9-triene (113)

113
Ry = 0.88 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl3) 6 6.19 (1H, dd,
J=15.1, 10.5 Hz), 6.03 (1H, dd, J=15.6, 10.5 Hz), 5.78 (1H, dd, J=15.6, 7.3 Hz), 5.65
(1H, ddd, J=15.1, 5.5, 5.5 Hz), 4.67 (2H, d, J=10.5 Hz), 4.20 (2H, d, J=5.0 Hz),
3.79-3.72 (1H, m), 2.46-2.34 (1H, m), 2.12-1.94 (2H, m), 1.71 (3H, s), 1.62-1.51 (2H,
m), 1.11-1.04 (21H, m), 1.00 (3H, d, J=6.9 Hz), 0.91 (9H, s), 0.07 (6H, s).
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(15,25,4a5,55,65,8a8)-2-((tert-butyldimethylsilyloxy)methyl)-5,8a-dimethyl-6-(trii
sopropylsilyloxy)-1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carbaldehyde (114)

' / ~OTBS

TIPSO

-t IIII

14
To a solution of 112 (200 mg, 0.393 mmol) in toluene (20 mL) was added Me,AICI

(1.00 M solution in hexane, 146 pL, 0.157 mmol) at -10 °C, the reaction mixture was
stirred at -10~-5 °C for 24 h. The reaction mixture was added Me,AICl (1.00 M
solution in hexane, 146 pL, 0.157 mmol) at -10 °C, and stirred at -10~-5 °C for 24 h.
The reaction mixture was added Me,AICI (1.00 M solution in hexane, 146 pL, 0.157
mmol) at -10 °C, and stirred at -10~-5 °C for 24 h. The reaction mixture was
quenched with saturated aqueous NaHCOj; solution (20 mL), and saturated Rochelle’s
salt solution (20 mL), the aqueous layer was extracted with Et,O (50 mL x 2). The
combined organic layer was washed with brine (50 mL), dried over Na,SOy, filtered,
and concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane/ethyl acetate = 100/1) to afford 114 (149 mg, 74%) as a
colorless oil.

Ry = 0.61 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCIl3) & 9.84 (1H, d,
J=4.6 Hz), 5.79 (lH, d, J=10.1 Hz), 5.65 (1H, d, J=10.1 Hz), 3.87 (1H, dd, J=10.1,
10.1 Hz), 3.65 (1H, dd, J=10.1, 5.5 Hz), 3.35-3.20 (1H, m), 2.83-2.70 (1H, m), 2.30
(1H, dd, J=7.8, 4.6 Hz), 1.87-1.77 (1H, m), 1.76-1.61 (2H, m), 1.53-1.40 (2H, m),
1.15 (3H, s), 1.19-0.98 (25H, m), 0.87 (9H, s), 0.03 (6H, s); ’C NMR (100 MHz,
CDCIl3) 6 204.7, 129.0, 126.9, 77.6, 63.8, 60.4, 49.9, 41.2, 37.8, 35.5, 34.2, 30.7,
25.8, 18.3, 18.2, 18.1, 15.4, 14.8, 12.9, -5.60, -5.62; IR (neat) vmax 2929, 2864,
1716, 1630, 1463, 1253, 1091, 835, 775, 676 cm™'; HRMS (ESI) [M+Na]" calculated
for C,oHs603NaSi,: 531.3660, found: 531.3662; [a]p>® +11 (¢ 1.5, CHCI3).

(1R,25,4a85,55,65,8aS)-2-((tert-butyldimethylsilyloxy)methyl)-5,8a-dimethyl-6-(tri
isopropylsilyloxy)-1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carbaldehyde (114°)

CHO
. /~OTBS

TIPSO

[
: IIII
B

113



To a solution of 114 (5.00 mg, 0.00982 mmol) in MeOH (1 mL) was added NaOMe
(0.53 mg, 0.00982 mmol) at room temperature for 48 h. The reaction mixture was
quenched with saturated aqueous NH4Cl solution (5 mL), the aqueous layer was
extracted with Et,O (5 mL x 2). The combined organic layer was washed with brine
(5 mL), dried over Na,SO,, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ethyl acetate = 100/1) to
afford 114’ as a mixture of starting material (dr = 7/1) (4.3 mg, 86%) as a colorless
oil.

major product

Ry = 0.61 (hexane/ethyl acetate = 10/1); '"H NMR (400MHz, CDCl;) & 9.78 (1H, d,
J=4.1 Hz), 5.82 (1H, ddd, J=10.1, 2.3, 2.3 Hz), 5.74 (1H, ddd, J=10.1, 2.7, 2.7 Hz),
3.65 (1H, dd, J=9.6, 6.9 Hz), 3.53 (1H, dd, J=9.6, 8.2 Hz), 3.26 (1H, ddd, J=10.5,
10.5, 5.0 Hz), 2.60-2.49 (1H, m), 2.35 (1H, dd, J=4.1, 0.9 Hz), 1.88-1.78 (1H, m),
1.78-1.68 (2H, m), 1.62 (1H, ddd, J=13.3, 3.2, 3.2 Hz), 1.52-1.37 (2H, m), 1.08 (3H,
d, J=6.4 Hz), 1.13-0.98 (21H, m), 0.94 (3H, s), 0.88 (9H, s), 0.04 (3H, s), 0.04 (3H,
s); HRMS (ESI) [M+Na]" calculated for C,9Hs403NaSi,: 531.3660, found: 531.3662.

(1R,3a5,5a8,65,75,9a8,9bR)-6,9a-dimethyl-1,3,3a,5a,6,7,8,9,9a,9b-decahydronapht
ho[2,1-c]furan-1,7-diol (115)

To a solution of 114 (190 mg, 0.373 mmol) in THF (3.7 mL) was added TBAF (1.0 M
solution in THF, 933 uL, 0.933 mmol) at room temperature, and the reaction mixture
was stirred at 60 °C for 1 h. The reaction mixture was quenched with saturated
aqueous NH,4Cl solution (5 mL), and the aqueous layer was extracted with AcOEt (10
mL x 2). The combined organic layer was washed with brine (5.0 mL), dried over
Na,S0y,, filtered, and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ethyl acetate = 1/1) to afford 115 (83.1 mg, 93%)
as a white solid.

R; = 0.27 (hexane/ethyl acetate = 1/2); mp 140.0-141.2 °C; 'H NMR (400MHz,
CDCIl3) & 5.70 (2H, s), 5.47 (1H, d, J=1.8 Hz), 4.32 (1H, dd, J=10.1, 8.2 Hz), 3.60
(1H, dd, J=8.2, 8.2 Hz), 3.26-3.04 (2H, m), 2.45 (1H, br s), 2.03 (1H, d, J=8.7 Hz),
1.91-1.76 (2H, m), 1.68-1.48 (2H, m), 1.47-1.36 (1H, m), 1.31 (1H, ddd, J=13.3, 13.3,
4.7 Hz), 1.10 (3H, d, J=6.4 Hz), 0.77 (3H, s); ’C NMR (100 MHz, CDCl;) & 127.9,
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126.8, 100.3, 76.5, 73.2, 57.2, 47.6, 37.5, 36.6, 36.2, 33.1, 30.2, 15.3, 13.8; IR
(neat) vmax 3290, 2917, 2881, 1434, 1242, 1056, 895 cm™'; HRMS (ESI) [M+Na]"
calculated for C14H,,03Na: 261.1461, found: 261.1462; [a]p>® -44 (¢ 1.3, CHCI;).

(3a$5,5a5,65,75,9aS8,9bR)-7-hydroxy-6,9a-dimethyl-3,3a,5a,6,7,8,9,9a-octahydrona
phtho[2,1-c]furan-1(9bH)-one (116)

To a stirred solution of 115 (76.0 mg, 0.319 mmol) in benzene (3.0 mL) was added
Fetizon reagent (478 mg, 0.60 g/mmol) at room temperature. After the reaction
mixture was stirred at 80 °C for 30 min, the reaction mixture was filtered through a
Celite pad, and the filtrate was concentrated. The residue was purified by flash
chromatography (hexane/ethyl acetate = 2/1) to afford 116 (73.6 mg, 98%) as a white
solid.

Ry = 0.55 (hexane/ethyl acetate = 1/2); mp 136.3-137.0 °C; 'H NMR (400MHz,
CDClIl3) & 5.84 (1H, ddd, J=10.1, 2.3, 2.3 Hz), 5.65 (1H, ddd, J=10.1, 2.7, 2.7 Hz),
4.49 (1H, dd, J=10.1, 10.1 Hz), 3.88 (1H, dd, J=10.1, 8.7 Hz), 3.28-3.12 (2H, m),
2.42 (1H, d, J=10.1 Hz), 2.33 (1H, ddd, J=13.7, 3.7, 3.7 Hz), 1.88 (1H, ddd, J=12.4,
8.2, 3.7 Hz), 1.70-1.49 (2H, m), 1.48-1.30 (2H, m), 1.12 (3H, d, J=6.4 Hz), 0.90 (3H,
s); °C NMR (100 MHz, CDCl3) & 177.7, 129.4, 123.7, 76.2, 71.4, 50.0, 47.4, 37.7,
35.5,34.9,34.7,29.9, 15.3, 14.3; IR (neat) vmax 3256, 2932, 2882, 1743, 1452, 1380,
1167, 997, 743 c¢cm'; HRMS (ESI) [M+Na]" calculated for C;4H,003;Na: 259.1305,
found: 259.1305; [a]p?? -69 (¢ 1.7, CHCl;).
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