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Ac acetyl

Anal. elemental analysis
AZADO 2-Azaadamantane N-oxyl
Bn benzyl

Bu butyl

conc. concentration

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DIBAL diisobutylaluminum hydride
DMAP dimethylaminopyridine
DMF N,N-dimethylformamide
DMP Dess-Martin periodinane
DMSO dimethyl sulfoxide

dr diastereomeric ratio

ee enantiomeric excess

EI electron ionization

equiv equivalent

Et ethyl

FAB fast atom bombardment
HMPA hexamethylphosphoramide
HR high resolution

i- iso-

IBX 2-iodoxybenzoic acid

IR infrared spectroscopy



KHMDS

LDA

LHMDS

MOM

MEM

Ms

MS

MS

m/z

NMR

NOE

NOESY

0X.

PCC

PDC

Ph

PMB

PMP

PPTS

Pr

rt

SEM

potassium bis(trimethylsilyl)amide
lithium diisopropylamide
lithium bis(trimethylsilyl)amide
methyl

methoxymethyl
2-methoxyethoxymethyl
methanesulfonyl

mass spectrum

molecular sieves
mass-to-charge ratio

nuclear magnetic resonance
nuclear Overhauser effect
NOE correlated spectroscopy
oxidation

para-

pyridinium chlorochromate
pyridinium dichromate

phenyl

p-methoxybenzyl
p-methoxyphenyl

pyridinium p-toluenesulfonate
propyl

pyridine

room temparature

2-(trimethylsilyl)ethoxymethyl



SM

TBAB

TBAF

TBS

temp.

TEMPO

TFA

THF

THP

TLC

TMS

Ts

starting material

tertiary

tetra-n-butylammonium bromide
tetra-n-butylammonium fluoride
t-butyldimethylsilyl
temperature
2,2,6,6-tetramethylpiperidine 1-oxyl
trifluoroacetic acid
tetrahydrofuran

tetrahydropyran

thin layer chromatography
trimethylsilyl

toluenesulfonyl



M HENLVELD—DThHDH YL U ¥ (gibberellins, GAs) %, fi 1O
IRBR AT, 76 3Ee e, BATEMRE, R RAE RIE e 72e & 2% Zefi i £ R IS 1%
b2EERAEDHELE L TEL MO TS, T LLEMEEOR A L
ERPIZIZAARARZERRESHBKL TV D, 18984, JHIE K& 1A
FEMER, MEISEL2EESEHORRN, SEEHWE LI Z L E2H b0
L72D 19265, BRE-LIIHEBRE RN Z OO THRNEREZIALL LY
19354F, B HIREL 51X B E T % Gibberella fujikuroi OE:FEIR» S H
BEHRORKNERETHLI2/IbEM AP EEL, ZoMiEmicrLry v
(gibberellin, [ NI XXV U > LRI TWE) s L. F 7219384,
BHLIL, PNV Y CADOR ML EZHE L TWD. 19544, Curtis b (3
Gibberella fujikuroi O;HEIE PO, Fichry XL V2 HEEL, XL U
VP& (gibberellin acid) &4 L7=. 19554, AT =B X VX1V U Y AD
fmrBRitL, ZNODR3HOEEMTHLIZ LA AMHL, 2 Ent Y
NV U VA, A, BEUA, (GA,, GA,, BLUGA,) tm4THEEHIT,
CRLUUVAETRLY UBAR-OLDOTHDH I EEHRE L- (Figure
). GA, DAL FHEEIZT DV TIE, 19594, Cross 512 L Y GA, D W 1h ## 1 73
FPMRIH S ,Y 19624E, McCaprad O XM EMEITIC L 0 SLIEEE 2 & 0
EARBENRHHLTNDY Z0Hb UL Y U OREIILE OB
FIZEVITO, BUEE TICHAEE, MERESNTZYNLV Y 3130/

Figure 1
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CDIED. 2B, 2008F ZIFREFELICE T, VNV IY UZREKTH D
GIDIDHENRH L NEN TS .Y

VRLY VEVTARNCRIEAEMTHY, TOBKEERKT D RHEHLT
Coo XL U EC, VXL U RIS DD, B L T6,5, 688D
H8—k Rr 74 L U BRICSEENEME L2 R0 22 oAl 18 2 EAR B
L L TWnd. AAKRIICIE, IEANNT VEBERKIZED, A YRy TF =L
U W (IPP) BWEAIN, I =TT =1 nrl B (GGPP) |[ZZ&# I
nictE, BIZEXVHARL, BElkanicr v v ®ayFar o n
Wagner-Meerwein#z/iz Z 4 = L T, 6,6,6 SEREZIFK Lent- 7 L 7

Scheme 1
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. 0%, BBt Shent-7-8 RuXxo Wy Ly iroltk, 7V IVEY
RAEBRIET, DRNUVEBREZ DUV Y VAL,-TIATE RIZEHBENS.
ZOEMIC,, VXL Y DD THDHMN, CoV XL U 220 TIE20
NDOAFIVENBRILEINT VT RIZRD, Z20%, RBERE2EZ L T4E
Al END. ZDOEIIC, VRV U VAL,-TATE Kb, BILBEENZE D
28T, 2 oYL Y I L TV (Scheme 1).Y 723, 4 H
T, GAAEERBHEEBE FORENZIEHL NI TND.
ZHOVRXVY CEHOTTY, RAICHEBEES A ZREXN R LT &
GAIZHEY O ARG TR < AL E T T, 10212 ZHE G, 30 & 1307
KB EE, v-F 7 NUREAT HRYE, BILEBEOE WS FTHD. 2D X
INTAEYERE ST OBEKRN D, K2 RFER I, 2EKIC

DNWTIETZINETITAPOHENDH 5.



1, Coreyb O H pk ¥

AN GA, DGR % ZK L7 DX Corey 5 TH D (Scheme 2). 5
DERDEEAT v 7 1L VIIL 2> 5 (2)-IX ~D 5 1N Diels-Alder Kt~ & #i
SMEBBIRWBRATFALEDOHEATHY, 202 TRTARBERMLT D &
EHIT, AMOFENRZIRFE, BELOSNMO AB EMOREFHR L, yv-F7 7 b
EROREY LD 1 -10D “HEHESE ART U AT Va3 — LK
R 23O —EHFEGEHEELTND. HonT7EIKO IX %
HFEIL T, REAMEFRCHESEELZAT D (H)-IX Z2/HTWn5. 20
(+)-IXIEGA, L VFETE, T2+ IXNDLGA, ~DODEHREL TEX 5720,

CORRT, BT ERLIZZLIZRD.

Scheme 2 (Corey's Route)
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2) LiN(i—PI’)CGH11 4: =
then Mel /Z H :

3) ZnBr, o o

optical resolution



ZOEKTIE, BCD BEDO5ER L7z T & VII Z Diels-Alder i (I
I, s R Fa— iy 7Y 7 (IV=V), 6 BEND 5 BE~OED
AKX (VoVI-VID XDV ER LTS, L, RWLIEEE LE
ET DD, BT, WHIEkA REERIEEZRBELTCVND. 20— #il%
Scheme 3 IZ/ R L7, 7R ZV2 X E2-TEFAT 7Y T —Fh
L2 X % Diels-Alder ISIZ#HE< >~ U ML T XTI & L, oxy-Cope Ba/iL & 17
DS ZETBCRAEER T 2= bDThHD. 7D BERMEELEL LT

Bu,CuLi I X2 ECHIBRILZEHAIEL TV 5.

Scheme 3
CO,Me
=< CO,Me
Br 1) COMe ; BF3Et,0 A, benezene
>
2) Me;SiOS0,CF4 1,2-epoxypropane Br OTMS
X XII
l 3 steps
H
Bu,CulLi
wQH E—————
[o} [0}
XIII




725, Corey DA A A XIV IZBI L TIX, Stork b & RIEZBI R L T
W25 (Scheme 4).'"Y X3 HOERIELZHRE L TWVWDLID, ZAbiTW0T
NH CRICHYT IV 7~ UFEERE2HEME LT HHDT, 8L

FMREZBOREIC T RZZH5 LTS,

Scheme 4

H

TR O OJ
XVII XVIII \

o
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\> 2) LDA; o \> EtOH \> </
OMe
| XIX

3) H30+ 1) K, NH,

(NH,4)2S04
H 2) AcOH

H,0

0
1) NaOMe
— -

o 2)Nacl o o

9 OEt wet DMSO /JA_
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2, Mander b ® & gk 'Y

Mander 1%, AN 2 AWz D EOMEE (XXVI->XXVID), Wolff #5
WIZ XD BEROMEE (XXVIII-XXIX), 77 7N Michael KKJHIZ K 5y-T7 7
R O (XXX—=XXXI), BLOG FNT L R— VUG L D A B S
(XXXII>XXXIID) =/ F & T2 FBEMEIT> TS (Scheme 5). 1% 5
Nz XXXIII % (£)-XXXIV &L, FE0HICELY GA, "o#FETZX 5
(#)-XXXIV £ LTWD. 20 (4)-XXXIV)rH 9 TR TGA, 2828 LT
W5,

Scheme 5 (Mander's Route)

1) Na,CO; aq

2) (CH,0H),, H*
nQCOCCI; -

3) K-Selectride
4) i-Pr3PhSOZN3

OMe o (o}
[ o o)
N2 xxvI XXVII XXVIII
hv;
CH,N,
/(_) H EtOCO
/Y KH, DMF 6 steps
|oc - | - |3
nnQH N unQH

H (o] E/I o

COZMe COZMe o COZMe
XXXI XXX XXIX

1) disiamylborane;
HzOz, NazHP04
2) CrO3°2Py
o}
€
OC/
Z OH 1)PhSOZCI Py
(o}
2) DBU, DMF
Bu;N*Br- COZ

optical resolution
(*)-XXXIV
I—_> (+)-XXXIV

¢9 steps

(+)-GA;



3, R, LA b DA 'Y

FEi, WHOIX, CBRLARLAZ T =Y —ILVEREAATIVT UL HEL, A
R, BE, DERODIEICHEE L TWW5 (Scheme 6). 7725, Diels-Alder X
JEIZ XD A BREE(XXXV—=XXXVII), 45 7N Friedel-Crafts i (2 & 5 B
RS (XXXVIII->XXXXI), 7 L& AWt b IS X5 8 fir
RF Uk R O R(XL—XLI) , 8XOETHERIL TEREGREZITV,

P XLIL ZRFREA L THRID GA, DT IEKEEMEEZHRLTWVD.

Scheme 6 (Nagaoka's Route)

CN
EtO,C CN
| N XXXVI 1) KOH
—_— CN 2200 ,
OMe 2 N\en ome 2)Acz =0 OMe
XXXV TO,Et /0
XXXVII ° XXXVIII
l AICI;
SEMO
H H SEMO
: H
—.= 14 steps ‘
- .
hv
X+h o OMe
MOMH,C CH,OMOM HO,C
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1) 05, NaHCO3, MeOH then Me,S
2) K, NH3, (NH,4),S0,
SEMO
H H Qi
15 steps X 6 steps gc/ 3
OH > nOMOM 3 : wnOH
X i HO )
HO,C CoOH N\ CoOH N\
XLIII (*)-GA;3




4, De Clercq b D &K 'V

De Clercq DI, 77 VBB ZHARIZIEH LIEAKEZHRE L TWD
(Scheme 7). ¥, ap-FRfAMT ATV XLIVIZCI Vb~ T XL T LT T
=)V % Michael ML, AL/ F—FrE23- U770 %Mk
S XLV #45K L, Corey D FIETDERAZME L CTWW5 (Scheme 7). —
A7 v XLVI Z XLVIL ICZ#: L 7=1%, 57 W Diels-Alder iz CT7 7 VB
ETNAX U ERILSYE, BoN XLVIIL O —T VEROBEZIEH L
TEREDODEANEZIT>TEY, £/ B BRIEAIZIE Wolff EIRALZ EH L T
5. ODERTIEZEIERDO LI 25K LIEHEIC, GA; PO FEETE S

(#)-LI 2256 5 TR TGA, DEAMEERL TWVD.
Scheme 7 ( De Clercq's Route)

S
.
MeO,C OMe then

BrCHZCBr=CH2
XLIV HMPA

H,0, 65°C
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COMe  xTVIII

hv;
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H H
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5 steps
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EC, ZEHENIBE LIZHRETIEY v, = ATV, (2)-0,p-Ffafi—T A
T b o8 E®m 1IZ Sml, Z/EM S5 &, BB L, Dieckmann
MEe,7 7 hoALREHMICEZD, v-7 7 PV REZET C, XL U v
D AB RE 2 BN EpOoEmLAEBERRMICHE T LR ERBLE
(Scheme 8).'”

Scheme 8

o
MeO,C ot
Sml, s
_— >
Z THF ’
(o}
CO,Me H
1 2
l reductive cyclization T lactonization
OoSml,
MeO Dieckmann
condensation
> (o}
S\ H
oA\
1,Sm—0 OR

S, ZoEBGRILKICEREKIGE T D(x2)-GA, DEARITH KT L
TWA.'Y9ZDHER/NV— K% Scheme 9 IZ/ 8 L7, #K)IS1E 10—11 @O Sml,
OFETIEGRICGETHD. CZTHEALEZYIEZ, = /3407
W=V, =) 5D F Ui A~D T XL EOEAN T L E AN
TR M IS IZ LD 8 (e Uk R F DOAESL, SmI,~-HMPA ZfEf L 7=

EIUUHBELIZE D GRS TN D.
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Scheme 9

T b

Q\ 1) LDA, 4
o oOMe 2) TBSCI

Sml,
niOH HMPA
¢ 9 steps
Sml,
i OMOM THE

(o]

>

then PPTS, H,0

Z

OMe

(o]

(0]

1) O3, MeOH </0

P
2) TBAF

TBSO

7 |I\\
TMS

EZHIIZDOTFEOREBICE D NFIEEKRT GA, DGR EZ B L 7-.

GA, T GA, D ABEWIC_EFAEN DLW IETolkemTchHrbon, =

D HAEE DFEL, A BREZHGERILLSLTLS T2 L, GA, DEKE

GA, DFNICHRTIELEZNICHEEIC L TWD. £72, GA, 7 b FFE A E /R

aB-REAFIT /> 12 O 3 ML ALK = VE O IRBRIRE T L NETH 5

(Scheme 10).
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= N
GA, —— > 3] 0¢
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L)L, 1D WIE 2 WIS BE R 2 2 72L& 13 £7213 14 A%
TEHIE, gk Sm, 12 X 2RO EH TR AR EEEZA T 51

EMND GA, ~EZHICHFETEZHLEE X H5H (Figure 2).

Figure 2

TOLTEELEOL T, FHIT Scheme 11 IZ7R9/4— FTI13 (/YT
LG 25 OERERF L, 2 ETOWNFETINMAHK A, XL, CD B
HMPABEINTZ 24 ORI L. 7205, GA, ERICBWTETO
AERBHEEDORHY ERDIMNAFREL, D-Z7 IV EBALT LT E T & L
=K1s5tv7ua~xHh /16 Lt0L-7u ) rEMELTHT L R—LK
JETTHESE Lo, KBREDOIRE & =R -FER(b 21T > TR/ » 18 (T4
LT, Fffigr=y bDEAL PDC L Z1T->T20 & L7k, 8 L NA KN
WMikFEET L EDORBALMAINMKISTHEEL21 L L. 22T VEEZ T L
XUNCER, vrn T TVl B VB VBEREL, VU VAR

ELTT77 &%, Sml, # T CD BRE# ek S ¥ 7.

12



Scheme 11

' oy o3
2.0 equiv, (0]
o% (o) ( ) 0 1) TBSCI, imidazole
H H
>
S
(o)

16 DMF, 0°C tort,16 h
o >
R L-proline (30 mol%)
CHO H,0 (5.0 equiv)
DMSO, rt, 72 h 75% (3 steps) o
b (3 steps
15 63% dr.10:1 17 18

2) LDA, TMSCI, THF, -78°C TBSO

3) Pd(OAc),, Oy, DMSO, rt, 48 h

CeCl,, THF, -78°C
90%

L
(0}
H

t-BuOAc, LHMDS l

PDC (2.0 epuiv)

hv (Pyrex®
<D o < VS TBSO
MeOH . CHCl, t-Bu0,C
-70°C, 6 h t-Buo,C o rt, 20 h HERN gH
80% 40%
20 19

1) LiAlH,, THF, reflux, 3 h
2) DMP, CH,Clj, rt, 30 min

3) PPh;, CBry, NEt;, CH,Cl,, 0°C, 10 min
4) BuLi, THF, -78°C, 1 h

44% (4 steps)

1) 03, NaHCO;

MeOH, -78°C o Sml,, HMPA
2) TBAF, THF t-BuOH, THF
rt, 30 min o o rt, 20 min
32% (2 steps) A 88%
23

(+GAy oo

£, TOEBROEIETH 2 EREBRACKIEN 7 b WV BR=VEDa
fLICRFAEREZ O OILEWICHEMAARETHL Z L E2ET MELEHEZ W

7~ FEBRCTHEZR L TW 5 (Scheme 12).
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Scheme 12

OTBS

OTBS OTBS
EtO,C a:p=1:1 0 OH
MeO,C 1) Sml,, THF /:
2 6 steps fo) rt, 10 min
— _
z 2) p-TsOH
CH,Cl,
EtO,C rt, 30 min
27 28

EHWEETVRVY COFKEREE, 1| (kBEZFAALC _EEAEZE
RT&DHZ & HMERLTWS (Scheme 13).

Scheme 13

1) MsCI, EtzN
toluene 0 H

rt, 30 min €
%
2) DBU, toluene nn
85°C, 7h MOMO H .
CO,MOM

21% (2 steps)
32

L7285 T, Scheme 11 ([Z#EU THK L7z 24 25, @K 25 ~FFE
TENE GA,GRMPAIEEE Bbhd. LrL, ZTOHEML— MZIEWNW D
DOFRPFT REBEIZEIN TS, F—l2L-7Yvl) vy EZH0nzT7 L R—
WIIEDILR, BEXOYT AT VA BEBREPEN & F ICH=KT U
VTV — VOB K ISICB W THEOH D 7 v A2 &AW
RTNERL T, FLENRPRRERLS RN LB I CDEMOERIZENT,
t-TFNVZAT VNPT VX ~OEBRIZZ O TREZLELE L, D
WRPENT2D, TOXROERBPKNETHLZLETHDL. = >HOMER
WCBALTIE, 7TAF o ~DEBREITODT -7 FLVZ AT LDOEES bk
DTG vy 7V 724720, KVELIRERTEY 7321147 % 58
AR TEDHEZEZONDN, Z0h vy 7Y v FEITE T, B & B

TLHLOHATHDHZ EHLDo)> TS (Scheme 14).
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Scheme 14

o\ s N
0 0 )
H H H

TBSO 03, NaHCO; TBSO TBAF, THF fo)
_— —_—
FBUOL "0 MeOH,-78°C  MeO,C o M 14h o o
\i 63% CO,t-B 3T CO,t-B
21 33 2-Bu 34 2t-Bu

Sml,, HMPA

y/4
7>
t-BuOH, THF, rt
||||OH

EEIL, CNOOMEROMRE, NIk < GA, BE I IT & AT
Jez EPH L7z,

UT, K BT, ALV — ho%E, BIRL-7ul v 2HWET
V= VRIS DBEFHIT O W TR, 5 " TIE, & 7 o A2 v
LDH =T VT3 — b DAL S IZ DWW TR~ % | 5 =8 T,
CDERMODOEEIZONWTHRN, FUETIL,y-7 27 Fr 2 &1 ABCD BRI D

ERIZONWTIHRR S,
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w8 URLIJUVAOCDEBEEL—FNOLE

i TR _7= 34 O t-7T FXT NN BR= VL LI AR= L LDl DB

rnm

TRy TV TR D CD BRI S EIT Lo R RIRIE, -7 F v
EDOm@mslilddeEZ2, TNCHET 250/ NSV F LT AT L 40 &
i iEE LTEEL, Scheme 15 IZ/R T/ — MERET L. 7eB, 2
WWETIX 10 iK% TBS ETHR#EL TWn, REHZELIWEEGD
Holeled, LVBRELLTWTIMS ETh#ET L2 LICLE. 2D 25D

EETx /)T LR IMEIEOSAFERENET LT 8

Scheme 15

o o\
(2.0 equiv)
o

0 (0]
P H
o 16 - 10] ¥ nmse -
R 1 o HO TMSO
L-proline (30 mol%) S 2) Saegusa-ito ox.
CHO H,0 (5.0 equiv) 3) AcOEt, LDA EtO,C 2
DMSO, rt, 72 h 6H
15 63% dr.10:1 36
; PDC
0‘\ o)
0 o
H H
TMSO ‘ 03, EtOH —— TMSO
EtOZC -€----------- ( _________ EtO.,C
o then Ph,P o hv 2 o
CO,Et
39 37
| TBAF
(o)
(o}
H
Sm|2 Ph3P=CH2
o T Y - > o T 3y - >
nnQH
(o) o
40 CO,Et




MARFROMENPREIZ R TPHRIND. LrL, ¥ 7 r 7 X 38
B H )= VR A Y Vb 58T, ~ESMOARFEFLRNTY TR
TNH39LLTH, ZD%T 7 b AbiFald BRI O = X T L B VIR = L H T
BERMIZHEIT L, CD BBEERICH WS = % B LR =L X F IV ERBED
EIZRDETELE.

ZON—FTOEMIZENS, ETINRE CTHEND 72 15 25 17 ~
DEBIE DL EEZITH Z LT LT (Table 1). fiE3k, > 7 v ~xH¥ /> 16
2.0 Y88, K& 5.0 % &, IFEIZ DMSO (15 ORE : 0.5 M)Z AW, Kk
B[ 72 BERI O ST, INEKR 63%, VT AT LA ~— 10: 1 THMILAD
17 %5 Tz (entry 1). 3, 7o~ Hh ) VoY EEZHOLEZEZ A,

B RE R O FEAE, IR, U7 A7 LA RIRMEO R B2 R 53 (entries 2-5),

Table 1
L )
oJr (o] 0
o 16 - H
L-proline (30 mol%) HO™ ¢
CHO H,0 (5.0 equiv)
solvent o
ee =>99%
15 17
entry 16 (equiv) solvent (M)2 temp. time drb yield® (%)
1 2.0 DMSO (0.5) rt 72 h 10:1 63%
2 5.0 DMSO (0.5) rt 40 h 14:1 85%
3 10 DMSO (0.5) rt 24 h 9:1 88%
4 20 DMSO (0.5) rt 10h 18:1 91%
5 50 DMSO (0.5) rt 6h >20: 1 92%
6 20 - rt 13 h >20:1 92%
7 50 - rt 10h >20:1 97%
8 20 - 0°C 30h >20:1 64%

2 The ratio of 17 to the other diastereomers. The ratio was determined by TH-NMR.
b A concentration of 15 in DMSO
¢ Isolated yield.
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50 YEHWEGAID, BIEFE—0ARMELTT IV F—1IK 17 G600
7z(entry 5). L7, IBEBO DMSO # VW TICZOKIEEI T2 2 A, &
WU T AT UARREOEE, INEE 97%FE CTH ESHDZ LITRIILE
(entry 7).

DL, ASNE 1T ~DT )V F— VSO R B2 L ET S 2
ENTERLDOT, RIZ1T o~ Fla=y V2T L5/ 37T DE
% %47 > 7= (Scheme 16). 7 /L F—/L 17 OD/KE % TMS H CTH#, Hi
T -FEmL ATV /v 42 2%, 7TV F— VG CHEfE = F L
2=y FPEBALTEHE =HMTIALTILa—L36&2A L. 2036 2
fbxF Lo, PDC % 2.0 Y EA W TEILERM M IGICAH L, B E T2
T 3T LT ENTERDN, RN 38% & AR ifijd oW < ff R T
minodo. Fl kA TFLE R (1) ORAGREF, PDC % 3.0
MEHNWNDLZ LT, 671%FETHM ESELZENTELLLDODOBFEED E W
s L mBEEEHA LR TRIERb o, 22T, MiEED 7 v A

e T, TORISEATAROIRE T 52 LI LTz,

Scheme 16
oJr Oj( o%
(0] lo} 0
1) LDA, TMSCI
H TMSCI, Et;N, DMAP H THF, -78°C H
HO THF, 0°Ctort, 1 h TMSO 2) Pd(OAc),, O, TMSO
DMSO, rt, 48 h
(o) lo) o
90% 80% (2 steps)
17 41 42
ot o
o o]
PDC (2.0 equiv), MS4A
H CHyCl,, 1t, 3 h H
AcOEt, LDA 38%
———> TMSO » TMSO
THF or
-78°C, 15 min Et0C( : PDC (3.0 equiv), MS4A EtO,C
OH CH,CI, : toluene o
95% 36 (1:1) 37
rt,3h

67%
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EoE BESRTIATAa—ALOBEHEMNRIE

— I e AEEER WS =T VLT Va3 — O REBERAL KOG 1,
UTIERTRICHEETEITLTWVWD LEXLN TS (Scheme 17).79 72
PHLFE =TI NT I a— i BN O 7 v A E RIS L, B =kT UL
TNhaA—LDra BT ATV ZEKRT S, RIZ, TOii N7 VU VERAL
L, 7 I AT Ia—LDra AR AT VIR D, %I iii Db
SN/ rivELGZ,FRRICHGO 7 2 ABERERTL2ENVIBDOTHS.
DX I, PDC R, PCC 2 ED 7 v Al H T, #5807 FOG, BRSSO
FICBEETEL10, BT VLT v a—)vo b0 B O % — 3
RAE LR ->TWL., L2L, TORBICIEFEEZROAMO 7 v A%,
WE 2~3 Y EEMBEEALR2TNREIRLRNVEVWSMESDNH D .

Scheme 17

PDC or PCC
>
R R (0]

o. L0 Osy2©
HO” ~ o HO” Yo

X =Cl or OCrOz;H

WHETIE, Z7e2BofHZBEE LIEERY R BEPREINLTND
(Scheme 18). b F&EimEDMLA TGS 5 Gk L LTI, IBX (a)'
X TEMPO*X" (b)!” MW % HIENHE SN TS, £72 TEMPO % filt it
&L, Bx R ERRLAl & Lewis BBOMAE D DI (c-e)?"?) HlE S
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NTEY, ZOMICs, IBS il E 925 6 O (f)*" <, Pt black & filifit &
THHD (9 bHEINTND. EERNDL, SEOERETHD 36 O
EHYEENL T, 2D OFRMETIERIC P EIT L2 WDy, REEDBEET S
ERTH oI,

Scheme 18

S K

OH

43a 43b

a) IBX (2 equiv), pyridine (2 equiv), DMSO (0.2 M*), 55°C, 3.5 h, 80%.

b) TEMPO* BF 4 (1.5 equiv), MeCN (0.2 M*), rt, 0.1 h, 94%.

c) TEMPO (0.01 equiv), NalO,4 -SiO, (2 equiv), CH,Cl, (0.15 M*), rt, 2 h, 92%.

d) TEMPO (0.1 equiv), PhIO (1.2 equiv), Bi(OTf); (0.08 equiv), MS4A, CH,ClI, (0.2 M*), 0°C, 0.5 h, 84%.

e) TEMPO (0.1 equiv), CuCl,-2H,0 (0.5 equiv), MS4A, O,, MeCN (0.2 M*), rt, 7 h, 90%.

f) IBS (0.05 equiv), Oxone (1 equiv), BuyNHSO, (0.01 equiv), K,CO3 (0.5 equiv), Na,SO,4, AcOEt (0.2 M*), 60°C, 3 h, 84%.
g) Pt black (0.01 equiv), H,0, (3 equiv), H,O (1.0 M*), 90°C, 3 h, 85%.

* Concentration of 43a

— 7, i ED 7 v AEAE W E — RT3 — R kT v 3 — b,
T UNERR DAL D A, 7L — 2 OBALRIEN T TICHE S T
L 0D 23 w7 U LT L3 — b O AR RS IS O W TR
SNTWRW., £ 2T v L& & v 72 B b iR 07 BSOS 23T 2 78 W
IBET S 2 LI LTz,

FPF,EELELTCI-TF AT a~Fy2- /) — /L (43a) ZH, 0.01
Y& D PDC & HE(LAI L L T3.0 48D PhI(OAc), Mz, ik A F L
(43 ORE 02 M) T UFAK T, iR TR E S (Table 2,
entry 1). ZOFE, RFFH 24 K 2HZT 200, 7 v AEEPAE S L
T x,3-7F vy r7a~F-2-= ) (43b) ZINHE 4% THDH Z LN T
Tl ZOEBTT AT ORDYICERICWmHE 2 AV D & RIE I BOG F
23 A L, 29 5R AT TUd 1.5 R, Be R R PHAC T TId 1 R TIRIE X
Ja T L7z (entries 2 and 3). L2 L, 216 DS TI, KIS EHEE

20



T, REIR K ST, B L R EBE 2 T 272, 0.05 4 EOD PDC & 1.5
D PhI(OAc),, AL A F Lo d (43a DEE :0.5M) BBEFHR T, =
TR ZITY &, INRIT94%FETH EL7. L L, ZOFRMFIZHHRMEIS
ZLL, R EZERLTLE) ZEDREL DT, —AYIC PhI(OAC), & FF
ibAlE LTHWDLSHE, Keimd 52 & T, O, #8MERM LT 5
TENHLNTWVWD. T2 TARISICIYEDKEZRM LN, K&z T
W WS E T, INENRETFTLTCLE . 24X PhI(0OAc), 23, K &
PDCICEGENDHEY Vo Ta— YRV EBUITMASBENT, 7
HABEBBILTCERI RO EZEZIOND. 22T, KOEEZ
FR—=ATENXZOMERRIRTE DL LB X, BB~ 7 R U L%
FOGRIZ 1T B EMX THIZEZAH, 96D ENFETT ) o &2HDH T EITHK

DL, ORI BEMEN M E L. ok, KEBEKER~ 72T 0K

Table 2
PDC (cat.), Phl(OAc), J;:\l\
>
Bu additive, CHzclz, rt Bu 0
OH
43a 43b
entry PDC Phi(OAc), additive ambient gas conc.? time yield?
(equiv) (equiv) (equiv) (M) (h) (%)
1 0.01 3.0 - Ar 0.2 24 84
2 0.01 3.0 - Air 0.2 1.5 88¢
3 0.01 3.0 - 0, 0.2 1 88¢
4 0.05 15 - 0, 0.5 0.25 94d
5 0.05 1.5 H,0 (1.0) 0, 0.5 0.25 86
6 0.05 1.5 H,0 (1.0) 0, 0.5 0.25 96
MgSO0, (1.0)
7 2.0 - - Air 0.2 3 91
8 - 1.5 - Air 0.2 5 0e

a Concentration of 43a. b Isolated yield.
¢ A small amount of 1a was recovered.

9 Low reproducibility. € No reaction.
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DI, M~ 7R LT KM E NG EE, KEIZ TN
HLEEDLLT, ELEAEBET NIV UV LAEHWD ERED RS EITLRL
Aol
WIZ,PDCICEENDCrO, LBV P tolAradbEofboil, Th
HE CTIERIL L7V CrO, kxR F 7213, FBbAl L oA abE
[ZOWTHF 21T 72 (Table 3). £ T4ADIT, 43a (IZx LT 0.1 HED
CrO, £ B U Y 0.1 ¥ &, 1.5 48D PhI(OAc),, HL A F L > # (43a O
WE 0.5 M), BBEFREXT, BR CRICS TR, %20 PDC 2T
A L RERICHIED BIFICEITT 22 8 bro 7= (entry 1). —J7, BV
U DEDDIZ2,6-VF T, DMAP, NaHCO,, MS4A % F 72 23 B 23

AT 5 Z L X7 o 7= (entries 4-8). £ FHE{LAI TH D PhI(0OAc), I

Table 3
CrO,, base
- —>
Bu oxidant (1.5 equiv) Bu 0
OH CH,CI, (0.5 M), O,, rt
43a 43b
entry CrO, base (equiv) oxidant time yield?
(equiv) (h) (%)
1 0.1 pyridine (0.1) PhI(OAc), 0.5 94
2 0.1 - Phi(OAc), 1 (14
3 2.0 - - 1 0¢
4 2.0 pyridine (2.0) - 1 0°c
5 0.1 2,6-lutidine (0.1) PhI(OAc), 1 0°
6 0.1 DMAP (0.1) PhI(OAc), 1 (14
7 0.1 NaHCO; (0.1) Phi(OAc), 1 0°
8 0.1 MS4A PhI(OAc), 1 0c
9 0.1 pyridine (0.1) PhIO 1 0c
10 0.1 pyridine (0.1) NalO, 1 0°c
11 0.1 pyridine (0.1) IBX 15 90

a Concentration of 43a. ? Isolated yield.
¢ No reaction occurred.
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7 2 T, PhlO, NalO, Z W7 %4 (entries 9 and 10) &, &< KIS L7
Mmolzin, IBX #HWD ERIGEOEITHENLOD, =/ 43b % ILE
90% T4 % 7= (entry 11).

Table 2,3 (2R L7 X 512, fiklit & PDC £721L CrO, L VU Uil H
Befb Al & LT PhI(OAc), Z W% &, BRALBERAL OGS EIT T2 2 L3
Mol DT, WICKFIED —RMEEZHERT D HA TR R EE ARG %
WHT 52 LI L7 (Table 4). 7235, 2 2 CIXB(EOf@EML2 S, PDC %
il & 92 Table 2 D entry 6 % A X X — K% LTHWD Z LT
L72. 1Z C®IZ, entries 2-5 ([R5 — kKB ILITHR < e REIL NV
HH 44a-47a E RIS S ET. TORER, TBS X7 B F LA, MOM K, ~
VUNER, ARISICEEE 5 2 5 2 3L, BEICRISITEIT L, miL
RTxInT DT/ 44b-47b % 5 2 7= (entries 2-5). X2 VLT )3 — )L
48a L T AT )V 49a (T A X U F — RRREMETIETREDOIER T L e+
AT ) v EH 2ol N, RV T I a— L 48a O A, L EE %
TIF (0.2 M), PhI(OAc), Z 3.0 Y EIZHEL, VU Y 2RNT 52 LT,
T /) 48b DIHE % 84% 2 LS5 Z &N TE7 (entry 6). = AT )L
49a OEAE L, EEEE A2 FTIF (0.1 M), PhI(OAc), & 3.0 ¥ EICHEST Z
LT, =/ 49b NI 69% TH LT (entry 7). 4 flZV A FNVEEH
35 50a THMBERI P EITL, MINETT /) v 50b & 5 2 7273,
IR MBFFEE LT 20 AFVEEZ S D S51la b, TREOINETT
J v 51b N LN D DI TH > 7= (entries 8 and 9). TH £ Tlx, 6 BEOD
EEIZHTO2MAATHoTD, BOY A XNRES O, HIRO S Db K
AL, 7 BB 53a X° 8 B ER 54a, $IRD 55a TIE, BWINER TG E T 5=
J B2 H0HhTHoTN, 5 HEOD 52a TIE, GINETT /) 52b 315
% B 7= (entries 10-13).
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Table 4

R B"  ppc (0.05 equiv), PhI(OAc), (1.5 equiv) R R
/I\/ - o )\/J\
R MgSO, (1.0 equiv), H,O (1.0 equiv) R o
OH CH,CI, (0.5 M?3), Oy, rt
entr bstrat roduct time yield®
y substrate p (h) %)
e o e .
Bu Bu o
OH
43a 43b
2 /\/@ /\);:\L 1 87
TBSO TBSO o
OH
44a 44b
AcO AcO (o}
OH
452 45b
4 MOMO/\/Q Momo/\/g:\l\o 1 86
OH
46a 46b
BnO BnO ()
OH
47a 47b
/Q /@ > Y
6 Ph Ph 0
OH 1.5 84c
48a 48b
, 3 51
Et0,C Et0,C o 24 69d
OH
49a 49b
8 0 /Ct 0.5 90
Bu Bu o
OH

50a 50b

a Concentration of substate. ? Isolated yield.

¢PDC (0.05 equiv), Phl(OAc), (3.0 equiv), pyridine (11 equiv), MgSO, (1.0 equiv), H,0 (1.0 equiv), O,, CH,Cl, (0.2 M?).

dPDC (0.05 equiv), PhI(OAc), (3.0 equiv), MgSO, (1.0 equiv), H,0 (1.0 equiv), O,, CH,CI, (0.1 M3).

€ A7 :1 diastereomeric mixture.
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Table 4 (continued)

ent bstrat roduct time yield?
ntry substrate p im el
A ~F
’ /Q /QF\L 1 49
(o]
HO
51a¢ 51b
Bu Bu o
OH
52a 52b
1 /Q Q 1 43
B oH Bu o
53a 53b
12
BU/Q BU/Q 1 38
OH
o
54a 54b
(0}
13 Bu 2 BUJ\)H/ 1 trace
OH
55a 55b

a Concentration of substate. ? Isolated yield.

¢PDC (0.05 equiv), Phl(OAc), (3.0 equiv), pyridine (11 equiv), MgSO, (1.0 equiv), H,O (1.0 equiv), O,, CH,ClI, (0.2 M?3).
94PDC (0.05 equiv), Phl(OAc), (3.0 equiv), MgSO, (1.0 equiv), H,0 (1.0 equiv), O,, CH,CI, (0.1 Ma).

€ A7 :1 diastereomeric mixture.

& ZAT,PDC Zfilfifii & UL THWD ARG Z GA, G AUICHE T % 72012
X, =TI ATAa— LD 6 filmmWEREL G T 5EETHRE
R BUSNETT 20 ER L TEB LEND L. FRISMO HIECKHT D
BEALHEEZFANDL L ZEEI, 6 fLilEmEVWEBRELZFETLHIE KT VL
T — L 56a, 57a ZHE & L C, TEMPO, NalO,-SiO, Z i\ % ik &
DO xt R FEBR %17 > 72 (Scheme19). TEMPO % M\ % kT, TMS % H 7
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% 56a AL S ETA, TMS EAEET 2 04A Tx 7 o 56b 135 6T,
MOM R ZH T 2% 57a TiX, KIGHWET T2 D0D%EMT 52 Lid, =
J v 57b NIE 5T% LG ool — 75, A BB LAl & o
PDC % % 715 TliX, 56a, 35 X UN57a & & ([ FLRE CTERL Y HEAL S8 23
EITL, 56a TiL, MIGIFEMLARNLOD, = /2 56b #IUFE 76% &
TEMPO, NalO,-SiO,#E% LE DO A TH 2 7. £72,57a TiX, KIS 17
L, =/ v 5Tb ZINFE92% ThH x7-. 2O X HICABIRIELEFIEL, K
JEROKBEER DN EEWEETHOEMARETHY, KEEOR#E L LT

MR/p W2V TMS RE AL TWAHLREETHHAHTE L Z Lo,

TMSO_| H PDC (0.05 equiv) TMSO
PhI(OAc), (1.5 equiv)
>
A MgSO0, (1.0 equiv), H,0 (1.0 equiv)
Bu® : CH,Cly, Oy, rt, 1 h Bu [0}

Scheme 19

OH
76%
56a (recoverd of SM 14%) 56b
HO H
TEMPO (0.01 equiv)
NalO,4-Si0, (2 equiv)
56a 2 > Q
CH.Cly, rt,1h Bu" -
quant. OH
56¢
MomMo_ | H PDC (0.05 equiv) MOMO
PhI(OAc), (1.5 equiv)
>
A MgS0O, (1.0 equiv), H,0 (1.0 equiv) g
Bu (:)H CH,Cly, Oy, 1t, 1 h Bu o
92%
57a 57b

TEMPO (0.1 equiv)
NalO,4-SiO, (4.0 equiv)
57a > 57b
CHzclz, rt,24 h
57%

(recoverd of SM 35%)
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REIZ, GA,BROEETHY, 3 FWNIZTE F= FEEL TMS 4 A
35 36 ICA G D Table 4, entry 7 O Z2#EHA Lz & 2 A (b AEEAL
FISIT B ICEIT L, =/ 37T % 70% TH LI LI+ 2 & & 010, 3
PEDOFmWAM 7 v AOEHEZHIB T2 2 N8 TE .

Scheme 20

L -

(o]
H PDC (0.05 equiv)
PhI(OAc), (3.0 equiv
EtO,C ! MgSO, (1.0 equiv), H,0 (1.0 equiv) Et0.C
(:)H CH,Cl, (0.2 M3), Oy, rt, 1 h 2 0
36 70% 37

2 Concentration of substrate
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FZE SMNAFROER, BXUOUCDREOEL

FB—H SMNMAEFHRDOER
B ORETHRREEIC, =/ 3T ERNICERT I ENTE LD
CD BREMEEIZmIT, £3, § fIIBEHEDO= FF T AR = VA FNVELE

HITDH577 F40 5T 52 £12 L7 (Scheme 21).

Scheme 21
o o\
o o
H H
o
mso” Y N . > ‘ __________ >
EtO,C o o o
CO,Et
37 40

T /)3T ET LV EDHBRILMANMKIE EZIT T2 & 2 A, 1K 38 2345
ST, SEAERNMEIL 380 : 388 =4 : 1 LIEWEER TH 7. (Scheme

22)
Scheme 22
(o 0 o)
H ='=® H H
hv (Pyrex®)
TMSO T TMSO ‘ L Tmso ‘
Et0,C MeOH, -70°C, 6 h EtO,C._ N o EtO,C ' o
o 86% \
37 \ 38a : 38p

4 : 1
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om T T U38ODEMKDSEIIRECH ST, IREMDEE T 7
My 271 40 ~DOEHZHH L7 (Scheme 23). £7°, 380,388 D 4 : 1
DREWME, =2 )=, Y UL A, FRIIRKL, V70T
ZUBEMPRELTRWVWR-U 7 b S8ax EARMELT, BMET H Y
ATV 39 LD 41 OHBEFRRIEGHBHFELN, AW O 58ab
NaOEt Z1EHH &2 Z L TV T AT NIV TN LS ERTH LN TE
. 2OV A7)V 39 |2 THF i, Bifg (£ T, TBAF Z{FHl s ¥z &
A, BT 7 bR 40 2 H-ORMEELE L TRHLIIENTE L. 0k,
T UL EEEM ThH o s m T X ) s8a b RLMICf LI E S

AT 40 5z Tz,

Scheme 23
OAV °—\V
o] o]
H H
TMSO TMSO TBAF, H,0
EtO,C AcOH, THF
EOL N0 ) (B s N mih  93%
380 \\ s8a O\
©3%) ©
0, NaOEt, EtOH
+ > _ < + rt, 15 min
EtOH, -78°C Y
then Ph,P 95%
O—\/ OA( / oAr
0 ) _ o o
H H H
TMSO TMSO TBAF, H,0 o
EtO,C o Et0,C AcOH, THF
(o] rt,1h o o
38p 39 CO,Et 80% 40 ~COEt
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SHICHRFIZERTEAER, 38al 38BDIRAEMD A Y VL ZHEIL A TF
Lo, 278°C TATW, MU 7 2= VAR AT 4 &M, ROSEE 2 =RiE £
TERSH77-%, TBAF L Hif CUH 2T 25727 b 40 ZEILETH 2
HZ L Nbh ol (Scheme 24).

Scheme 24

03, CH,Cly, -78°C o

EtO,C then Ph;P, -78°C to rt

&
H H
3;\§fazﬁ=4:1 0% a0 COE

TH )=V EEEELTHEAL TV AW ORISSERET, = X v b
RE=NVAFNVEPRaBED 38D b= FF R =L A FILEDNBE
BEDA40 NAECTBEBIZIRDO L HIZE X TWDH(Scheme 25). £37, 38 D A
Ui Ty a7 H Y 58BN AL, IRWT TBAF IZXL Y TMS 25
BeEL, A7 NVa— AR h XU AR N EZHEL TS v F
T 5. COBRELCZZY ) — A REORHWIENEERNT VR = VA2 K&
L, MEAAL T XTIV R= AN AT IOVERBELED T 7 b 40 NAET

BRI,

Scheme 25
_ ol .
o | R-$- = va-o
o o !
H (0]
0, TMSO TBAF
38 —» EtO.C — ~
CH,Cl, 2 o AcOH R7 - OEt
then PPh; H’O: OD
588 o
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B_H CDREHEE

DX, ZERFTHAR= A AT AVEDRBEED T 7 k40 5K
TEDOT, KICCD REEELMRE L. £7°, 40 (2 THF #, SmI, & =
BCRIESELEZA, F b7 Aa— L35 13BN EN, TOIET39%
THY, FEN S1%EII S 7z (Table 5, entry 1). 212 HMPA % il %
TGS D EWEIT 54% F Tl L L (entry 3), HMPA & -7 % J — )L
EMATZRETIINEZ 63%F TR EEELZ ENTEX (entry 4). &5

W& )E Sm A IFE ST, IR 87%IZ £ TEL -,

Table 5

0% o—\/
o) o)
H H

Sm|2
(o) —_— (o)
condition 1 1OH
(o) o o
a0 °OF 35 O
entry condition temp. time yield
1 Sml,, THF rt 1h 39%
2 Sml,, THF reflux 15 min
3 Sml,, HMPA, THF rt 15 min 54%
4 Sml,, HMPA, t-BuOH. THF rt 15 min 63%
5 Sml,-Sm, HMPA, t-BuOH. THF rt 15 min 87%

fe< DERD exo-A L7 4 VBRI, 7 T 03— L35 OKEEHE D MOM
LAz <, Wittig )i TITW, CD BRI D58 L 72 60 28 A i T & 72 (Scheme
26). WIZ 60 DT 7 N K= Vol ~GA, D T LI VAKFIEITE
AR E X ATV EOFEALHFT L. £7,60I2 LDA Z#/EH &
Y /)T —bhMILEH, NTEHRNVLAT LT E RERIGIEEZEZAE KRR
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FUATFNALEITEAINTZLDOD, ZOWERIT 35%~T0% L X5 DX DR
bl (oa:p=1:4). ZCOMBEIEIRLVLT LTt FEMIETH D 1H-X
SR T =1 A = 61 EAVWDLZ LI EESN,Y i<
SEM T, 62 ZERTDHIENTETZ. 728, T0O 620 D MAKE &L
NOESY MIEIZ LV, 1502 & 9L, 15L& TAL,7HcE 97 v b I
ETNENMHEPBH SO, D BBt Fex v XA F VAN ILICRALE

ThdERELT.

Scheme 26
°‘F OAT

] (o}
H H

fo) MOMCI, i-Pr,NEt o Ph;P=CH,

)\
'*'OH o 111OMOM  THF, t-BuOH 111OMOM
CH,Cl),, 40°C, 12 h ,
° (CRCI, ° 40°C, 15 min
o 99% o 92%

35 59

\ NOESY
61 OH b
H,:]s
1) LDA, THF, -78°C, 1 h y
then 61, -78°C, 15 min - H9 OMOM
2) SEMCI, i-PrNEt oMOM = u
CH.Cl,, rt,3 h o ’ R7
SEMO o
0, Bp=1:4
76% (2 steps) o :p 7 OSEM o
62

ZOXIIZ, CDBRMICTN A NVA XV IICEMRAIEERE FrX v AT L
HEMAT 2B KT HZ ENTE®, RIZ, XIS TH 5 kIR
L BOGRITBRAR 25 DA IR #FTT 5 2 &1 L7z (Scheme 27). 2 @ 628
DZ7 7 hoHEBRLLYA—VE LRI AEHEZMET S ET2503E
KCTEDEBEXT. LLT7 7 FUHOBEBLERAATZD, VA — /L 64 1315
LbNT, NI T X =1 63aNELDOHLTHLT-. 728, 20 63a %L
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Horner-Wadsworth-Emmons il Z/FH S Tha, p-RafI= 27 /L 65
AT HZ L TC&Elhholz. £72, 77 by 62BZBERI T L XL,
Weinreb 7 X K 66 ~OE# L A=, UL, KIEHF O TLC LT 628
L0 EmERAIC66 EBEXOND ARy FABRHEND OO, HBALHEFIZ
2B HAELTZ. 2NHDOZ LD, 63b 721366 DL D REEDEA,D
ROBRBHEICL > T CROVEKREENBS BESNDLTDH, ZD>DOHI$H
MBELLTLEY, IEFFICRBELLLT S RoTWVWELEERTL. 20D,
CD BRESAMEE Lot Io, IS ZHA4T 5 R TIX 25 OGRUILEE TH

L &MWL,

Scheme 27

R =MOM

reduction

1110R

HN(OMe)Me-HCI
iPrMgCl, THF
-20°C, 30 min

(0)
H
HO
1m10OR
o/
!
OMe "OSEM
L 66 _ 65 25
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FTNME GA,DERICHMITZHBEAL— b DB
T8 FHERN—PFPDOERL 6 ARAFTRESR

SEOZBZENPL, DEREOEBR RS RIVEICROBEO H B ENH L,
MEHDOEMNE G/ D & 3B %, ABC BB 2 LT IC CD BRIk %
722 &L, ZOFEZKIZTT (Scheme 28). T b b, fiiE & [FEk
(Z L-7 e E AWV R—= VR & - TR, Bifg =y b O
MAT68 ZAMTH. T, 6 MICE FRFIAFALEDODT 2T L F
BARAE NS, WMEHOEHREZITV, ¥ hy - AT )b o, B-RAFI= 27 L
HAamZTZ 71 &L, #KIGTH D Sml, & H W7ok BRb s T—

ABC BRI AT 5. 2 D% 72 O 3N VAR = VIO ST RBRINAIE T, B

Scheme 28

Q e on R _OR
fo) H

R' OR 1.6 TMSO TMSO
1) L-proline, 16 LDA, HCHO
............... > EtO,C EEEREEEEEEE EtO,C 6 _+
o : ;

H 2) Saegusa-lto ox. - -
3) AcOEt, LDA OH OSEM

67 68 69 “OSEM

OR
MeOZC

HO z
OSEM

OSEM

oca|l B 13
35 6 g C WOH

D
H CoOH N\
(+)-GA3




CHIEEAL IS, B LR 7 v 7 X VBROBAICL>TTI3 2/ L, £D#%
WBHFFEE THFE L7z Sml, 2 W AL SUG °Y T CD BR# 2 — F IS &+
HNV—HFTHD.

CHETOERTHEREELLTTZATE F15&2H W TV, iR
LRTBRAR 72 ICE LS 72D ITIE, BRIC—IRFEWER T LOLERNH T, DD
ZCONOLRFEEBH > TWD D-V U TBOOLRZHICFHFEERRT VT

b R75 2 HEREFREHCT HZ L2 L7z (Scheme 29).

Scheme 29
o]
2 (0]
1
(o]
0710 H 2/1 /Z
OC/ 10
15 -
. HO* 3
(o]
Y
2 (0} GA3
1
0710 H
75

FF,T7NAT e RTISETu~tt 16 L0 L-7ul Al T
AT VR =V EITo7- A, IS ZHWEREATHLNERLS, o5
WY T AT LA BRBRETTIVLRE—=L 76 DELNDZ ENbhoT-

(Scheme 30).

Scheme 30

o] PMP
OYPMP oJ/ij (50 equiv) Y

16 ©
R ° » H
L-proline (30 mol%) HO
H,0 (5.0 eqive), rt, 30 h S
(o} H
90% o
75 dr >20:1 76

99%ee
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Wz, 76 O KEEK % HTHRE, Tk - rEmR{Lk T ) v
78 L L%, it =y FE2EAL, =T X7 /179 % A& L7 (Scheme 31).
FD%, 79D 6t Fax s AFNLEOBEALZRLT- OO, EIEOD

Toa—) 80 LIFEEIEZREINT AR TH - 7=,

Scheme 31

OYPMP OYPMP OYPMP
(o} (0} (o}
H H 1) LDA, TMSCI H
TMSCI, imidazole - THF, -78°C
—_— >
HO THF,0°Ctort,1h TMSO 2) Pd(OAc),, O, ™SO
DMSO, rt,15h
0 quant o 86% 0o

76 77 78

N\

N
4
N
61 \—OH
AcOEt, LDA LDA, THF, -78°C, 1 h
’ o
THF then 61, -78°C, 15 min
-78°C, 15 min
90% OH trace
79

ORI, B =y NEAHRTEEINTE LT, AV O@EHIE
bmmWied, =/ T — BB TCE ol BZELND. £ T,
o EFERIS, 79 O TMS EDBRETT 7 MU EBREZITV, S o7 81
D6MIZE RaXxs XAF N b &E1T o 7= (Scheme 32). Z DA, Kt B4
(CHEAT L, IR A TYA— /L 82 ZH—kEMLE L THDLIZ LR TE.
¥, 82 ONIKREBEICEL TIE X MESEEMITICL > TREL -

(Figure 3).
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Scheme 32

o PMP
Y
: 61 L
TMSO TBAF, THF LDA, THF, -78°C, 1 h
EtO,C > 0°C,1.5h > then 61, -78°C, 15 min
OH 929 OH 88%
79 81

Figure 3 (ORTEP drawing of 82)

a= 8.1153(2) A
b =10.3184(2) A
c =13.6133(3) A
f =95.925(1)°

V =1133.86(4) A3
Monoclinic

P2,
Z=2,R1=2.98%
GOF = 1.106
Flack parameter = 0.00 (3)
mp.144-147°C

Ot FuFx o AFACRORA, @RI ET T 28 hiX, 77
Fy 81 VT =4I LTHERNMLAT AT E RBHEENIZHFIZ axial
attack ODEBRETRHEMNORICT L2 LIZIMAT, VY7 =FDT )V
AXF Y FBEOLEEFHNRBE LMD/ ETHDI LEZTWVD

(Scheme 33).

Scheme 33
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B EE R AT B D A R

DO X IIT, 6 MY IERBEIRMICE Fexo AF LEAZEAT L Z LN
TX7=0T, EmERILAEIBEKOEREZHM T Ll £9°, VA4 —2n
82 D "~ ODKIEH %A SEM A TR, ELT7 7 h 83 DELIZLY, &

oA —)L 84 ~EEH T HZ LN TE 7= (Scheme 34).

Scheme 34

SEMCI, i-PryNEt LiAlH,
> e eE—
(CH,CI),, 40°C, 40 h THF, rt, 4 h

quant 97%

A= 840 b FERALATIA8S A ST A O, EEASE, T
A O ZHNEFF A EE CTH S (Scheme 35). THIZiX, LFD =20 T
BRAMLETHD. bbb, (1) p- A MK IRV ITUT X —LVEHOD
DIBAL Bl < BBILICE D2 ATV AT L ~OEH. (2) 10 fL5 —fkK
BREEDMALIC K D7 b ~DEMW. (3) 5 L5 — KRR DRIk <
Horner-Wadsworth-Emmons K IZ &5 o,p-REAFI T AT L ~DLE#HT

HYV, ZDO=ZDODOTEZWVWPIZHNBLIATIMDBRA L M D,
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Scheme 35

oxidation

oxidation

FEIZ 10 088 —#k KR ZE & 5 (085 —#h KR & D B b D IE Fr D 3 4R 75 # 2L
EEZOLND. ZO_ODOKBIEIINEMIZTHE L TWAHREED, b L, —F
P aib L=mEe, ~I 78— %2k L, HE L2 s8R H

% (Scheme 36).

Scheme 36
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INHEEELT, WIZrTA—F&2ELLT (Scheme 37). 972 b,
84 O LIS A = XA T )L EH L, WRIT 10 AL —fhKBEIE & 5 (L5 —#k

AKIEEH % Swern (LI L - T, =%/ N T AT b RIZEH#, FO% T

HEZMRE T 26D THD.

Scheme 37

EFT, VA 84 D ODOKEHEZ TBS K THREL, o7 88 %
DIBALECIZf LT 2 A, p- A MR FT T8 F— VEOMER
&L bIT, 10 fZKEREE LD TBS AWt L 724 — /L 89 & 5 2 7=, IRIZ
89 # TEMPO 2t T7 7 h 90 & L7ZICT I U CHERL, = AT LV
ik Td %5 Weinreb 7 I F 91V ICEH L. 22T, Z oD KB Z — 212
b3 572D, 91 O TBS KA FREL A —/1 92 & L, Swern BB{LIZAF
Licds, HHMERIRGEME G2, RODDL7ZFMT AT ERIZEZH/LZLILTE

RN T,
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Scheme 38

DIBAL, CH,Cl,
0°C, 30 min

TBSCI, NaH
THF, reflux, 2 h

66%

HN(OMe)Me-HCI
iPrMgCl, THF

-20°C, 30 min

TEMPO, Phi(OAc),
cHzclz, rt,12 h

TBAF, THF
0°C, 15 min

quant 96%

92

— 57,91 ® 10 i /KEEZLICmib L, ZD0% TBS xRk Lz L 2 A,
MU TFTHEHLEZLOIIAIT XY —LISNER L. E7-~AIT7 X — L L
FRTNa—ORMIZEEIS D EMMEL T, BibAERAT=N, ¥ T

TERIBEZEMBELNMGFLZENTE RN,

Scheme 39
(I)Me
o ad

1) DMP, pyridine OHO

CHyCly, rt, 1 h DMP, pyridine
2) TBAF, THF CH,Cly, rt, 48 h

0°C, 30 min

66% (2 steps) trace
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ZORRNS, EEMSEH L L 2RI THMEEZMET 20X NET
o EEZ, Briz/gN— hEE 2= (Scheme 40). Z 1id FEBE{ % (&
L, EsHoEHRm%E, Bond U A—n 97 OBLICE > TAHEKT D
N—FTHD. BIFEOL—FEEDTHMUHEOMEZLIZITO 20D, A
HHToRZALPEERNWEEZEZLOND.

Scheme 40

F9, U4 — /184 % TMS EETH#L, Hit < Swern BT, 5 L5 —#kK
i FOTMS DL ZRELSDODT /T B F99 T H# L7~ (Scheme 41).

Z 4z Still @ Horner-Wadsworth-Emmons s 2 {EH S, Z EINAIC

Scheme 41

DMSO, (COCl),
CH,Cl,, -78°C, 1.5 h
>

then Et3N
-78°C to rt, 30 min

TMSCI, imidazole

THF, 0°C to rt
30 min

ﬁ [0}
CF3CH,),P.
(CF3CHy), W)J\OMe
>

KHMDS ,18-crown-6 DIBAL, CH,ClI,
—)

-78°C,1h
-20°C,2h

86%

THF, -50°C, 24 h

87% (3 steps)

42



aB-REAFIZ AT /L 96 ~E Z LR TE. 725,98 £ 99 1T nTidib
FHICARRE TChHoTolo®, BT 2 Z & KISITHWY, 96 OB TR
AT 7. WIC96 IZ DIBAL Z#{EFHEE 52 & Tp-A X v RV U T
YT RZ=NEHE T AT AEILT DL L BITIZ TMS EEBRELTE
UA—v 97 KB LT,

WIZ NV A= 97 o EREAFBEAETHL 7 M- 22T b a,B-R
IR T 2T VE 2 fif 2 72 85 ~AEHT H T LI L7 (Scheme 42). £ T 458
(2, MU A=/ 97 % Swern BR{LITT L, £ D %% Pinnick Bfk, TMS 7
AZERWEATF L X7 UL CHEHGERIGATIRAK 85 ~& W\, LiL,
STREROBIET 42% L Ero O U FTORFIZ L D2INEOLEE H
I ZLic L. 2097 &2 85 ICAWMT H720121%, £ 10 (05 fkoKlE

HBEBILTHOMLEND LN, ZOH ZHAKBEOBE DN &E WO, Kk
LIZKWZ EBBELRZTNIERLZ2W. 22T, 97T ICHET D _DDH
— kK FEI %2 — H TMS &£ Cf&# L, DMP, AZADO % i\ 0°C T kK
BIEOHZIRALL, RNIZHKAET H DMP HEOFEEEIZ L > T, TMS %
WmaICHMRELRZNOR —FRANT, S HICEILT 52 & T2 oM EN MR

TEXH B2, ZOMETHEHEBEY ITKINITH#EIT L, #it < Pinnick BE1L,

Scheme 42
HO OPMB MeO OPMB
~ 1) NaCIO,, NaH,PO, \ﬂ/
DMSO, (COCI), 2-methyl-2-butene
CH,Cl,, -78°C, 1 h tBuOH, H,0,rt,2 h
then Et;N 2) Me;SiCHN, >

-78°C to rt, 30 min MeOH, Et,0, rt, 15 min

HO OSEM 42% (3 steps) 0% “OMe “OSEM
97 85
1) DMP, AZADO, pyridine
cHzclz, 0°C to rt,3h
2) NaClO,, NaH,PO,
2-methyl-2-butene
97 TMSCI, Et;N +BUOH, H,0, 1t 2h 85

THF, 0°C 30 min 3) Me3SiCHN,

MeOH, Et,0, rt, 15 min

90% (4 steps)



AFNVTZ AT L T, WTRE LSOO, @R L aTkiL 85 % UL

L YOO% THEHZ LITHEKTI LT~
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B SmLZAVWECEBRLRIEICKL S ABCREHEE

ZOXHIT, HGEERGATE 8S AT DI LN TED T, WITHEKLIL
TH 5 Sml, #H W@k BE(LIC O W THG L7 (Scheme 43). £, 85 @
THF %2 Sml, ® THF WK M2 KIS S E7c & 2 A, BIuLMERAL 2N 1T
L7 b DD, Dieckmann #fi & N E/TE T, 727 b fb L7 103 21525 D &
ThHH,EZ102 %2552 LT TERPo7. 08, 2D 103 OAKEE X,
NOESY HIEIZ LV, 50L& THL,50& PMBE DX VLt 1 b fH]
CENENHESBRI SN, ST e by BEETH Y, £72 10
MAFROBENoE TH D ERE L.

Scheme 43

Sml,

THF
rt,2h

95%
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ZORRF, WA, BEOKBERHEDOERICL > THHETELHLEER
7. & Z C,LICLZIRMA & LTIZ Y -78°C b BEEMICHIEL 22 5
RS ®72 & 2 A, ButmEAIZH W T Dieckmann #fi & 23817 L, ABC IR
104 Z #5425 Z L IR L7z (Scheme 44). & @ 104 /X NaBH, & tiC Xk
D, 3MEAKBERIEICEAL T, a: B =1: 14 ONAKRRMET 105 ~LEH#+ 5 =
EMNTET., o, BHEERILOBRIZAZ ) — 2R+ 5 &, 85 75 105
ME—DY T AT LAY —L LTARTELZ b aholz. 20D 105D
SRELE L, NOEBSY JIEIC LY, 50 & 70,5 & 18D b I
THNENHEBERBH SN D, ST by, I8 LA TF VN LG
IZBBLETH YV, 1 /i & 340, 3frE 67w b MIZENEINAHED B
MNP, 30, BEOI0MKEEITE HICBEHETHD EREL
7.

Scheme 44

Sml,, LiCl
THF
-78°C, 15 min
-20°C, 30 min
O/\OMe OSEM
63%
’ 104
NaBH,, THF
50°C, 24 h
88% (a:p =1:14)
Smly, LiCl
THF
-78°C, 15 min
then MeOH
-20°C, 30 min
0°C, 30 min 0/\0Me OSEM
70% 105
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&N D, 105 D 10 fiKEEN LT ald & TlER0 o772 ®, LiCl ik
1R % T, Dieckmann ffi & # T I 2720 O HEHE L LT KHMDS Ok
% #iEr L7z (Scheme 45). 52> U % Sml, ® THF &k (3.0 equiv) &
KHMDS @ b /L= U IE#E (3.0 equiv) ZIRA L C,IKFEHEBEDRK & LTtk
(2, 2N E 85 O THEF WIRPICH T+ 2R/ TIX, EHREGMEE X 5D
HToholz. LHL, Sml, ® THF % # (15 equiv) & KHMDS ® kv =
W (15 equiv) ZiRAG L THB LK EELEAORIRIC, 222 AnAE L
EHAOWRIZLTH%IC, 2NZE8S O THF IR ICH F Lz 2 A, &t
F BRI fE 17 C Dieckmann #i & 23 HEAT L, 10 (2 KR I O SR FLE N Eira
LD 106 21525 2 LI L. ZORIGEKEREE LWHRE 5 272
HEBOFEMIDN> TV RN E OO, KHMDS 28 R2WNIZ R AT D HI & H i
TAHZETZ )T —brDT e MR E, EQRICEENDEEHEN O
b~V U LEWBiLL, KA ZABEOSW =it~ v AEAEL I,
TN AT NI VR = VIICEAL T 5 Z & T, Dieckmann #fi & & #17T S
HEBEZTWHWD. 20106 OFEMEIEL, 1D, 2D-NMR X, IR, MS D ff

BEnb 104 OYHEEE LR —THY, £72 106 O AKE E (X, NOESY | &

Scheme 45

Sml, (3.0 equiv)

KHMDS (3.0 equiv .
—)> complex mixture

THF
rt, 15 min

Sml, (15 equiv)
KHMDS (15 equiv)
Air
THF
rt, 15 min
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XV, 50 & TA, SHcE 187 MU BlICENFRAEBENEH S

TEMNL,5NMNT e N IS ATFAENE BICBRECTH D EETE

{\‘(..

AL EWITZ 104 D 10~ —ThHDEHR L., 20X o, Hir

{\‘(..

BALKISOEMA, KISEBEOEEIZ L > T, ABC BE %M 27 105 &

106 # AT HZ LTI LT-.
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EOE y-F27 FUBARE CD BREAHELE

WUES IR LEX 212, Sml, ZHVWEERERILKSICE > T, B
BE< 105 &£ 106 % FZNTNAKTHIENTELZDOT, Z2O_2060
CD BR M EIH < GA, BB~ 72/l — FIZ DWW TEEZ L7 (Scheme
46). CD BREBIZOWVWTIX, 105 £ 106 L I, F =% T IV Vv =—FT L& T )
VNCEWE, T L EDHBILNISICE ST, pREEDO Y7 0 T X VR E R
L, D% SmLIZ XD KIS THETEDL LB 2. ARIIZONT
1L, 105 %A, SMUARAFRIFIER TETWVDIH OO, 10 ALK BB E
ThHhdHIED, SEKEEEIy-T7 7 U ERE LR TRIE RV, —F,
afit & D 10 LK ZFFD 106 O A, yv-F7 7 N IIRGICEKRTE D &
EZONDHN, MO HIVE = VI E S RRINICET L, pEE O KB
L eblwn. 2z, Z0%OFHEAK 107,108 D 13 Ll b
ANVR=NEEATHZERBEINDSTO, 3 MLONIKERRWRELE
FWEBR CTEIT LR T NIEZR 57220 (Scheme 47).

Scheme 46

OSEM
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Scheme 47

PMBO PMBO
OH H OH

o N~ PN Y T >
: H | osem - H
07 oMe™0SEM 07 oMe™0SEM
106 107

ZIZT,IEU®IT106 % NaBH, TRH L THhIZE A, a-KEEE D
1090 28 % & 4L T L ¥ - 7= . (Scheme 48). F 7=, Selectride X
Bu,NBH(OAc), W&, B3 o2 &N TET, FEZBEIIT S
DHTHST. ZNHDZENDL, 105 L DN IEKKEIREESIy-F 7 NI
EBRET D LlC Lz,

Scheme 48

PMBO PMBO
OH H OH
NaBH,
THF, MeOH
0°C,1h
95%
109c.
K-Selectride
or
L-Selectride Il
106 - 109

or
Bus;NBH(OAc);

Corey BIE, 7oV VA —472 An DL/ OBEE T, 10 fZpALE O =
KB 2 TRz &, y-T7 7 b &2 L TWb (Scheme 49)°7. 373
LH, 10 VBEEDH —HKkEEEs N 7JrteTeFAlbL, D%k, 7
NT e REAVRCBIZEAEL, NV T7rtaexZ ) — L 26-VF V0%
ER &, MERNIEIE2Soy-F 7 P a2 LTS,

50



Scheme 49

(CF3C0),0
pyridine

1) Pinnick ox. —
2) 2,6-lutidine — )
CF3CH,0OH CoH
113 antherigiogen-An

AEOERKRTREAE 105 RIS, E R 75 RO, <
NU ZvFd w7 F i, Pinnick igfk, 2,6-vF T N T A e ¥
J—=NiIC LML Vy-F 7 b EAFEKRTEDIET TH S (Scheme

50).

Scheme 50

PMBO
OH

ZDOFEZICHE ST, 105 OF _fhKkiEI % TBS X CTHREL, A F /L= R
TNET VT E RIZEET << 114 Z DIBAL #E LIk < PCC Bibicfh L
e ZA,EEH/T Y v —F LD SEM N LEE L o o b B EEAL S b
EATL, Rfaf1r 7T B R 115 ~E#HIhiz, THEhE T/ I
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BHTEX, DO, y-F77 FNUOFRRICKLERE X T LT e RBREKT
X72DT, 10 LOFE=MKBEEL N 7Lt TEF kL, 727 R
EANKERA~IRALE, VY 7t ex X ) — )L, 2,6-VF VU EER S
e A, MERKEEENZNBy-T 7 Fr 116 2RS¥ 5 Z &Ik
L. 2B, 20116 By-7 7 2 Z B LT WD Z &, 72 b NV AKBL &
o O o MRS TR LT, X RS R E AT IS Ko TR E LTz

Scheme 51

PMBO PMBO
(o)

TBSOTf 1) DIBAL, CH,Cl,

Et;N -78°C, 30 min

5 : CH,Cl, TBSO 2) PCC, CH,Cl,
: H OSEM 0°C,1h rt,1h

S >~
O/\OMe OSEM 91% 0/\0Me OSEM 53% (2 steps)
105 114

HO

1) (CF3C0),0, pyridine
CH,CI,, 0°C, 1 h

2) Pinnick Ox, rt, 1 h
3) 2,6-lutidine, CF3CH,OH TBSO
rt, 48 h

91% (3 steps)

Figure 4 (ORTEP drawing of 116)

a =19.9088(4) A

b =10.51637(19) A
c =28.6166(5) A

p =98.042(7)°

V =5932.5(2) A3
Monoclinic

P2,
Z=6,Ry=2.98%
GOF =1.029

Flack parameter = 0.027 (3)
mp. 110-112°C
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CDOEIT,y-T I P EBKRT LI ENTE 0T, IRIZ CD B
RS LE. £ 116 &7 L EONBIEKIGZITWV, 0:p=1:5
DFRETED 117 Z UK 81% THMT D5 Z LITHKII L7, 117a D LK
Bl X, NOESY I EIZ LV, 7L & 1447, 6 (L& 15D b RIZE
NENAERBHZ s, Y772 BRolilETHD EHRTEIN,
117 DNARELEL, 7L & 1SHL, 6 fL & 14D 7 1 b BIZELZEFAHBE
DB Z G, P or/mT7 X2 U BRBRE TH DL EREI N, KIZ, 7
27421171 Sml, Z WAL S 2425 2 & T, —%I2 CD &
MEMEST D LKL,

Scheme 52

H
CH,CI,
70°C,1.5h
16% crude 81%
116 ’ 117a 11 NMR T
a:f
1:5
Il Il
NOESY
15
s H (o]
H
T~14
HD~_J6 H H
N
SEMO  / \/
Sml,, TBAB

HMPA, i-Pr,NEt

THF
rt, 30 min

69%

53



TOXHIT,y-TF 7 b EET ABCD RENVHEE I, B2, GA,
1 —HAEEERICLERBEERES, 7 M VAR X HICER TR

6 ffe Faxi AF LEE2E o 118 2 EMICERT A2 L I2Eh L
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%ﬁ
3

EEVNIR LI HFEE T, M ICHRE LGRS ER-EAT v
(10—11) & T 5(2)-GA, DEEREZERL TBY, ZOGRFIELHEH T
X, OV U CEHOP TR OINEN GA, Z %R E L TE2amT 5
ZLELTEHLEEDND (Scheme 53). GA, & GA, D& D EWIL GA,
MM —EEGEZLORTHD., LER->TIMICBETREELEZET D
0 ICHYT DB 25 DERTEINIE, GA, DERITER TR TH D &
FA, B A R L7z

Scheme 53

Smlz

uQMOM THF

TP, EHITOMAER, BLOCD BEAHEEINT 24 O 5 I
LW, L-Frl 207 v R—= VRSO, B X OURR M,
T EDONAG 7 v 2R E VLD BACRRALROS DR, L TREZET D -7
FNZAT NS T IVF U ~DOEWRIS O RE L EICHBER - Tz0

BV — O EN ST EZ B4 L 72 (Scheme 54).
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Scheme 54

ol N

(0]
P 16 H PDC (2.0 epuiv)
(o] (2.0 equiv) 4 steps MS4A
R —>» HOo S ——> TBSO —>» TBSO
L-proline +BuO,C CH,CI,
CHO H,0, DMSO -BuO; o rt, 20 h t-Bu0,C
rt, 72 h o OH 40% o
63%
15 dr. 10+ 1 17 19 20
ee =>99%
0—\/ jr
(o}
H
TBSO 1) LiAIH,, TBSO

== 2) DMP

gy 202 O 3)PPhy, CB : > 25

hv (Pyrex®) S 3, CBry SO

a:f v NEt; // >
80% —13i1 \ 4) BuLi \
44% (4 steps)
21 22

H—m T, T2 RABLARAWN 24 ~OFE-RL—NE2ERL -

(Scheme 55).

Scheme 55
o~\/ 0‘\/
o 0
H H
HOZ N ----- »  TMSO
EtO,C

o ﬁ o
17 38

ZON—FTOEMRIZENLDL, T, L-7r U Z2HWET L F—L KX
JEDOWHR, BRIV T AT LA EBREDER W EZ OSSR EOHRIZ LY
R L, RER DXV EEmWILE, V7 AT LABRRETT LV R—L 17 &4
T A2 LI L. LrL,Z0%D04 TERTEHENWZT Y AT La— b
36 DALV LITEINETH Y, BHEOE WA 7 o A2 mE &MV 5
T IE R B2 o 72 (Scheme 56).
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Scheme 56

. o o3

(o] 50 (equiv)
b 16 1) TMSCI, Et;N, DMAP
R L-proline (30 mol%) HO S 2) LDA, TMSCI TMSO
CHO H20r(t5.$oe}?U|v) 3) Pd(OAc);, O, 5 P
97% ° 72% (3 steps)
15 ee =>99% 17 42
o o
0 o
PDC (2.0 equiv), MS4A
AcOEt, LDA H CH,Cly, t, 3 h H
TMSO 38%
p » TMSO
Et0C_~ PDC (3.0 equiv), MS4A  EtO,C
95% OH CH,CI, : toluene (o)
36 (1:1) 37
nt3h 679
- e A — =2 m Yo -~y =] . A T Y — vl
ZITHE BT, BE-E2CHELERTEFHE /T IALT La— VO

L EYHRAL BRI % L C, filt i & > PDC & PhI(OAc), # HEe{bA & L THW

LT FEAEIEA, B3 L7 (Scheme 57). 2 O FiE 1L, HE9ICERIC TS

(AN}

=

el

WHREERZA L, USKOKBEEBID N & 36 ICbEMAETH - /2.

-
—

FTORRT ) 37 EENETEHEDLIZ LIk THEEBICEE KD

BEWAHAARFETHAIZEEZHLOMNI L., EFHOE WA 7 o A8

DFEREZHIE T 5 Z EICb P LTz,
Scheme 57

PDC (0.05 equiv)
PhI(OAc), (1.5 equiv)

MgSO, (1.0 equiv), H,0 (1.0 equiv)

e -
Bu Bu (o]

CHzclz, 02, rt,1h

OH
96%
43a 43b
o o
0 0
H PDC (0.05 equiv) H
PhI(OAc), (3.0 equiv,
TMSO ( )2 ( quiv) > TMSO
MgSO0, (1.0 equiv), H,0 (1.0 equiv)
Et0,C B CH,Cl,, Oy, 1t, 1 h EtO,C._ o
OH
0,
36 70% 37
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BEETIE, FETERLEL— PR, ERKOT VX 2 RET
HZN—FP XD BETIRERTHRNICD REZMET DL LIZHKIIL, GA, D 7
MANVRF D VEICEBRERE Fex v A F VEEE AL T 620 % &1k
L7z (Scheme 58). T 72bb, =/ 37 &7 L& ONBILAINKIE X
380 & 3SPONBEENEERIREMEG 2T, TNE DT LAY
VWAt U, PPhy CTEIL L%, it L TBAFZ RIS S HETLEZ A H—-0D 7
7 R 40 ITIERSEWTE . 20%, BRI, Wittig KIS &%
BT, DRZERIT 60 & Lk, "VAT AT b REMETHD 61 %

MW7V R— AV KIET, CD BRIZE Rax v A FLEEHAT 62p % &

L 7=,
Scheme 58
o~\/ O— O—F
0 o

o]

H i H
T™MSO —— TMSO ‘ 03, CHyCl (o) Smly, Sm

—_— EEE——
Et0,C hv (Pyrex®) Et0:C 0 thenPhsP o o Hwea
. . 5=4:1 then TBAF ) t-BuOH .
86% aip=4: 90% CO,E 87%
37 38 40
A
0 0 N o)
o} o} N
61 \—OH
H 1) MOMCI H 1) LDA
i-Pr,NEt
fo) i-Pry _ then 61 +1*OMOM
\1ioH 2 PPh3=CH, .1.oMoM 2) SEMCI o
o fo) i-Pr,NEt a:fp=1:4
[o} 91% (2 steps) 76% (2 steps) OSEM
35 60 62
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R ER AL RS ATERR 25 O G R IZIH T, 77 b 62 DBHER 2 HBITE T
L7 I U EERIEEN, P4 —I/L 64 X° Weinreb 7 2 K 66 ~ZEH#id4 %
Z L TEMRD o7 (Scheme 59). T D72, CD BRAEME L 7-1% O HIEHE
A TIX 25 ODERITIHNEETH 5 &l L7z,

Scheme 59
o
+
H
redaction HO
111OMOM 111OMOM
HO
OSEM
64
HN(OMe)Me-HClI
i-PrMgCI
1:1OMOM

FIE T, CDBRMEMET DR1IC ABCERMEZME T2 LT, &=
BEOMBEREMI XD LEEIMF L (Scheme 60). & 2 Tix, 77
ERTSZHBERERBE L, S 7r~FdHh 216 0 L-Fvl r2HNET
N R—=IVKIETOMNAFANHBERINTZT6 ZEK L, TD%, 5 TRTY
7 hr 81 FTHE 61 ZHWET AL F—/ARIGT, @I AERKRIC 6 /b

Fafv 2AFLEOEANSNT 82 ODEKIZHKEN L.
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Scheme 60

PMP OQ

OY 16

(0) (50 equiv)
R
L-proline
0 H H,0
90%
75 dr >20:1
99%ee
OYPMP
(o}
H
TMSO TBAF, THF
Et0,C_6 4 0°C,1.5h
OH 92%
79
WAz, 82 /b

Z—/L 82 ® SEM f{t, LiAlH,

L 55— it 7K e

TFHFHMEEHEL 96 &Rk L 7=,

CUF T REZ—VE, T AT IVEOIE I, TMS 0B EIC

F—v 97 ~EF -,

AZADO f£{t, Pinnick fg{l, X F L 2T WAbIZ X - TE =R ¢
AIBER 85 Z AT A Z LICHEI L. e\ TS Thdh 5 Sml, 12

B AL RS AT o 72

Dieckmann #fg &

AH )=V EMZ D ET, 3 L/ ARF LA

MNA[FE L 720,105 25k THZ ENnTE =,

R B E

DIBAL iEJt, PCC B{b TAfafns 77 & K 115

ot B AL AT BR K 85 O A HkIC

AR 72 b 12 e <

b

NHEST L ABC

TohoT2b DD,

OYPMP 0\r PMP
(0} (0}
1) TMSCI
H imidazole H Angt
% ,
HO 2) LDA, TMSCI TMSO
o 3) Pd(OAc),, O, 90%
86% (3 steps)
76 78

LDA, THF
then 61

88%

M #EF L7z (Scheme 61).
B L o TUA— /L 84 [T L -

Z N Z DIBAL IZ

W O DF kK ERIEZ TMS K L7212,

LiCl ZiRMAl & LTHWA Z & T, &t
BRESONEER I N, £, Z ORI,

AR M1
D105 O 10 (L5
3 P Ak KER M 2 TBS KL TR
(AL,
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WKk EE N ZrdaTeFal, TAT e REDVRCVEICERIEL T,
YT FdaxRZ ) — )L 26-VFIUERERNIS®EDZ LT, LR KERE E
WRBOYy-T 7 Mo ERRSELZEICHKII L., Z0®%RT L LD
EROEIZ R <, Sml, 2 WA S T CD BB S vz 118 A kT
HTENTET,

Scheme 61

1) SEMCI 1) TMSCI

i-Pr,NEt imidazole DIBAL
2) LiAlH, 2) Swern ox.
HO 3) HWE 86%
97% (2 steps) 87% (3 steps)

1) TMSCI, Et;N
2) DMP, AZADO

pyridine Sml,, LiCl
3) Pinnick ox. then MeOH

4) Me3SiCHN,

MeOH 70%
90% (4 steps)
105
PMBO
1) TBSOTf o 1) (CF3C0),0
Et;N pyridine
_— S
2) DIBAL w 2) Pinnick ox
3) PCC TBSO O 3) 2,6-lutidine
/ CF3;CH,0OH
48% (2 steps) Z
o H OSEM 91% (3 steps) OSEM
115 116
PMBO
Sml,
TBAB

O HMPA TBSO
i-Pr,NEt

69%

PLE, KA ClX, o5 iEM 7 GA, 282 EM L, yv-7 7 b %
410 ABCD BRI WNHER SN2 118 O A RIS Lz, £/, T 0@ T/
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O AFEAEME L LEE SR T U AT L a— LB biEMNKISEE R R L, B
REEFRMEICENL, MO B WSS EEZRH L.
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B

ARWFFEITER L, MR E 2 s, WHEZ BV £ L2 WHnER R
b8 E WHEREMBRICEEHLEB L LY, A TRERHEL ET.

KPR OZATIET TR AR A REIEE, HlifE2 L THES ELAR K
] 18 N 44 BB AR ICFE A CTRGH B L £ 7.

ricsSh THEE S, HlifE2 L CIHE X LA JIFMCLH ZFARIC
FEA TG B L £,

A2 E, HBE, BLXOHERS X MMM EMra L THEEL
TEARFHEACFHE SR Z MR ISR L. BUREEE, IO
HWEhE2 L CTHEE LEARFTEMBELHMAE EHZ FIOEHBL £
T E, R RICHB N EZTHEE LEARFHAEASETFEHE SiFEH A
Et, REOEL, BINERK, DBEEILK, FIBEIREK 2 5 CICARH=E, K
FHRHACFHEOFERIEHMHBILES. o2, HEDH, tRZ o, BLT
BRI AXT ML EZJE L CTHEE LEAFZHEGE ¥ —0 2 |IZE
AL L BT £,

K XOERICHT-V AHLHZZHY £ LEAFEER LY ELFH
WA EEE R S IR G RE (L FHE HREERICE  #L
B L EFET.

, L RREAMICHES T D 2 L AR L TS N RICEH L £
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KB O

AREBRICEL, ERISIEHLOBRNIRY 73 R T TITV, BEX
AERBERHLEbOZMHEN L BEKEEG A7 FLoflliE i
JNM-AL300 % , JNM-ESC400 % , 3 X (NJNM-LAS500 %! % fff HJ L 7= .
'H-NMR & P"C-NMR Db+ 7 MiLd (ppm) TEL, WEIEHEYE & LT
7 v wrk/bs ("H-NMR: 7.26 ppm, ""C-NMR: 77.0 ppm) % 72 ILTMS
('"H-NMR: 0.00 ppm)Z H v 7=. F 7=, singlet, doublet, triplet, quartet,
quintet, sextet, multiplet, broad%* s, d, t, q, quint, sext, m, br & B&FC L 7=.
RAMVBUL A X7 R VX H ARG JEFT/IR-4100% 2 W CHIlE L 7=, B & A S
7 MV ORETHAREFIMS-700R 2 Lz, uREOoHREICIEY T =
CHN CORDER MT-6% % ffi |l U 7=. FLhE e BE Ml & (213 B AR DIP-370%
BELOP-2200% A Lz, @SHlEIZTYAZAWAR SEBZHEH L, T OE

ETRMETHDH. Hihdh X 6 mMEEMHNT X Rigaku R-AXIS

RAPID #fEif L 7.
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(S)-2-[(R)-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)(hydroxy)methyl]-

cyclohexanone (17)

L0 o

HO

CHO L-proline
H,0, rt o)

15 17

747 B K15 (100 mg, 0.768 mmol) ® 7 o ~%+% /> 16 (4.0 ml,
3.8 g,38.4 mol) IFIKIZ/K (69 uL, 69 mg, 3.84 mmol) & L-7 2V > (26.5
mg, 0.230 mmol) Z M %, I T 10 FFHEL L2, KSR KZ ~F % T
KBEFARL T, Thaehorra~ NI T77 00— (BHEE, ~F9 2 ~
~FY BT L =3 1) CHREL, EAaBRoT L F—1 16 & 175

mg (YLFE 97%) 157-.

'"H-NMR (300 MHz, CDCl,) 8: 4.19 (1H, dt, J = 3.1, 7.0 Hz), 3.97 (1H,
dd, J = 12.3, 7.9 Hz), 3.95 (1H, dd, J = 12.3, 7.6 Hz), 3.76 (1H, dd, J =
7.0, 3.1 Hz), 3.22 (1H, brs), 2.63 (1H, dddd, J = 12.8, 7.0, 5.8, 1.2 Hz),
2.39 (1H, m), 2.32 (1H, ddt, J = 6.1, 1.2, 12.5 Hz), 2.18 (1H, m), 2.05
(1H, m), 1.90 (1H, m), 1.74-1.61 (2H, m), 1.48 (1H, m), 1.41 (3H, s),
1.33 (3H, s).

'3C-NMR (125 MHz, CDCl,) 8: 214.5,109.3,75.4,70.2, 65.7, 53.6, 42.6,
30.0, 27.7, 26.2, 25.5, 24.6.

IR (neat): 3501, 2984, 2936, 2864, 1704, 1450, 1428, 1314, 1253, 1214,

65



1158, 1133, 1057,977, 880, 852, 841, 697, 682, cm™".
HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,,H,,0,: 229.1440.
Found: 229.1443 (MH").

[a]lp? = -7.6° (¢ 1.04, CHCI,).

(S)-2-{(R)-[(Trimethylsilyl)oxy]l[(R)-2,2-dimethyl-1,3- dioxolan-4-

yllmethyl}cyclohexanone (41)

Oj( O—F
o o
H H

HO THF, 0°Ctort  TMSO

TMSCI, Et;N, DMAP

7V R—JL 17 (10.0 g, 43.8 mmol) ® THF (85 mL) A& (Z 0°C T, Et,N
(12.2 mL, 8.86 g, 87.6 mmol) & TMSCI (8.34 mL, 7.14 g, 65.7 mmol) &
DMAP (134mg, 1.10 mmol)Z M % 10 S L=, HIR T 1 BRI L
. KSR EZYy=F Lo —7 LV THRL, K, BLOEMEEAK THEEFE,
BB~ 732V LATHBEL, BHETHEREZEE L. BRohlERELY
SURTNRT AT avY NI T T 40— (BB, ~x Y BT L =
5:1) THRHE L, EOAMRDOL YV Lo—FT)141 % 11.8 g (UK 90%) 157-.
'"H-NMR (300 MHz, CDCl,) 8: 4.14 (1H, ddd, J = 7.9, 6.3, 4.8 Hz), 3.98
(1H,t,J = 4.6 Hz), 3.96 (1H, dd, J = 7.9, 6.3 Hz), 3.67 (1H, t, J = 7.9
Hz),2.53-2.25 (3H, m), 2.15 (1H, m), 2.03-1.85 (2H, m), 1.80-1.53 (3H,
m), 1.39 (3H, s), 1.34 (3H, s), 0.12 (9H, s).
SC-NMR (125 MHz, CDCl;) §: 211.5, 108.8, 77.0, 71,9, 65.8, 54.7, 42 .4,
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30.2,27.3,26.2,25.6,24.3,0.4

IR (neat): 2984, 2939, 2866, 1712, 1451, 1379, 1369, 1249, 1216, 1155,
1130, 1066, 1010, 882, 842, 753, 691 cm™".

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,sH,,0,Si: 301.1835.
Found: 301.1834 (MH").

Anal. Calcd for C,;H,;,0,Si: C, 59.96; H, 9.39. Found: C, 59.73; H, 9.16.

[a]p®® = -20° (¢ 1.02, CHCl,).

(S)-6-{(R)-[(Trimethylsilyl)oxyl[(R)-2,2-dimethyl-1,3- dioxolan-4-

yllmethyl}cyclohex-2-enone (42)

(o]
H 1) LDA, TMSCI, THF, -78°C
~ TMSO

L ke

TMSO 2) Pd(OAc),, O,, DMSO, rt

o o
41 42

A Y77 22 (11.0mL, 7.96 g, 78.7mmol) ® THF (40 mL) &
#1Z, -78°C T n-BuLi O ~F % V& {#K (2.76 M, 24.2 mL, 66.8 mmol) %
WEL, 30 0L, YUV L=—7/41 (11.8 g, 39.3 mmol) ® THF
(12.5 mL) Wiz F L, 1 KA L2, ZOREWIZ, TMSCI (8.5 mL,
7.3 g,22.7 mmol) Ziii F L, 10 3R U7z, BOSE KT o Fi bR Fe K 35 7
MU T AKRKEMZ, PeFILz—T L THRL, K, B X OEFAEK
TV, BT MY v A THEBEL, BE FEELZEELE. o
¥ DMSO (130 mL) %% (2 Pd(OAc), (902 mg, 3.93 mmol) Z Il 2, &
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FEHRTRE CA8 M L. ISR E Y =F Lo —FT L THRL,
K, BLXOSFAEAKTEER, BAKMRERT MY v A THEL, BE FEE
FEELE. BonEEE VBTSN D T I~ NI T T 0 — (FEH
I, ~% Ty BT L =5 1) TREL, Bamkox v 42 &

9.39 g (I 80%) 157=.

'H-NMR (300 MHz, CDCl;) 8: 6.94 (1H, dddd, J =10.0,4.9,2.9,0.9 Hz),
5.99 (1H, ddd,J =10.0,2.4,1.5 Hz),4.32 (1H, dt,J = 8.0, 6.2 Hz), 4.09
(1H,dd,J =6.2,3.5Hz),3.97 (1H,dd,J =8.0,6.2 Hz), 3.62 (1H, t,J =
8.0 Hz), 2.48 (1H, ddq, J = 18.9, 1.4, 4.9 Hz), 2.37 (1H, ddd, J = 11.3,
49,33 Hz),2.29 (1H, m), 2.18 (1H, ddq, J = 13.4, 0.9, 4.4 Hz), 2.01

(1H, dddd, J = 13.4,11.3,9.5,5.3 Hz), 1.39 (3H, s), 1.33 (3H, s), 0.11

(9H, s).

"’C-NMR (125 MHz, CDCl;) §: 198.8, 150.0, 130.3, 108.9, 77.7, 73.2,
66.0, 50.9, 26.4, 25.7, 25.5,25.2,0.3.

IR (neat): 2984, 2954, 2897, 2873, 1676, 1380, 1369, 1250, 1213, 1158,
1116, 1081, 1058, 1015, 891, 843, 754, 688 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,5;H,,0,Si: 299.1679.
Found: 299.1684 (MH").

Anal. Calcd for C,;H,,0,Si: C, 60.37; H, 8.78. Found: C, 60.22; H, 9.00.

[a],2 = +30° (¢ 1.03, CHCl,).
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Ethyl 2-[(6S5)-6-{(R)-[(trimethylsilyl)oxy][(R)-2,2-dimethyl-1,3-

dioxolan-4-yl]-methyl}-1-hydroxycyclohex-2-en-1-yl]acetate (36)

o\ o\

o o
H AcOEt, LDA H
TMSO THF, -78°C TMSO
Et0,C
o) :
OH
42 36

A Y7 ENLT I (4.7 mL, 3.4 g, 33.5 mmol) ® THF (40 mL) A&
|2, -78°C T n-BuLi ®~F% ¥ U ¥iK (2.66 M, 12.6 mL, 33.5 mmol) % {i§
TL,30 pMEHF L. ZIcEfE =V (3.4 mL, 3.1 g,35.2 mmol) % i
TL, | BrfE L7, &512, =/ > 42 (8.21g, 27.5 mmol) @ THF (40
mL) ¥ % -78°C THM A T, 30 /oM L. RISEKRIC a7 €
=T LAKREEMNZ, P2 FALT—T L THRL, K, BXOBEMAE KT
Vetpt, MoKMEE T MU U ACHEL, BE TREZEE L. Bk
BEVIVDFND T LI~ NT T 7 40— (RHIEE, ~%¥ 0 @ fifgx
Fo=6:1) THREL, Ba@mko 7Y L7 La—136 % 10.1 g (=R

95%) 1F7-.

'"H-NMR (500 MHz, CDCl,) &: 5.72 (1H, dt, J = 10.1, 3.7 Hz), 5.63 (1H, dt,

=10.1,2.0 Hz), 4.53 (1H, brs), 4.33 (1H, q, J = 7.3 Hz), 4.11 (2H, q, J =
7.1 Hz), 4.05 (1H, dd, J = 8.1, 7.3 Hz), 3.84 (1H, dd, J = 7.3, 3.1 Hz), 3.66
(1H,t,J = 7.3 Hz), 2.70 (1H, d, J = 14.3 Hz), 2.59 (1H, d, J = 14.3 Hz),
2.08 (1H, m), 2.01-1.91 (2H, m), 1.78 (1H, m), 1.68 (1H, m), 1.39 (3H, s),
1.31 (3H,s), 1.23 (3H, t, J = 7.1 Hz), 0.13 (9H, s).
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""C-NMR (126 MHz, CDCl,) 8: 171.1,133.3,128.3,109.1,79.0,78.9,70.8,
66.3,60.3,46.1,42.0, 26.5,25.3,25.2,23.9,14.2,0.5.

IR (neat): 3483, 2983, 2955, 2936, 1731, 1370, 1250, 843 cm™".
HR-FAB-MS (m-nitrobenzyl alcohol) Calcd for C,,H;50,Si: m/z
387.2203. Found: 387.2203 (MH").

[a],?® = +0.4° (¢ 1.03, CHCI,).

Ethyl 2-[(6S5)-6-{(R)-[(trimethylsilyl)oxy][(R)-2,2-dimethyl-1,3-

dioxolan-4-yllmethyl}-3-oxycyclohex-1-en-1-yl]acetate (37)

. .

(¢} (0}
H H
PDC, MS4A

TMSO » TMSO

Et0,C CH,CI,, toluene, rt, Et0,C
z o
OH

36 37

TUNLTNLa—L 36 DELAFLL-FLT (1 : 1, 140mL) BRI
MS4A (62.2 g) & PDC (31.1 g, 82.6 mmol) Z /%, 3 B HE L. MG
W2 2T LV —FT LV THRL, 874 F2zdmE, A2 E)E TR
ML BoniEZEEx VAN DT A~ T T 7 40— (RHRE,
~NFY o BT L =5 1) THREL, BEEKOT 37 £ 6.80 ¢

(IR 64%) 1572

'H-NMR (500 MHz, CDCl;) 8: 5.96 (1H, s), 4.19-4.11 (3H, m), 4.04 (1H,
dd,J =6.7,49 Hz), 4.01 (1H,dd,J =8.5,7.0 Hz), 3.83 (1H, dd, J = 8.5,
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6.7 Hz),3.43 (1H,d,J =159 Hz),3.24 (1H,d, J = 15.9 Hz), 2.74 (1H, dt,
J=17.0,3.6Hz),2.49 (1H, ddd, J = 18.1, 10.7, 7.6 Hz), 2.32 (1H, dt, J =
18.1,4.3 Hz), 2.15-2.06 (2H, m), 1.40 (3H, s), 1.32 (3H, s), 1.25 (3H, t, J
= 7.2 Hz), 0.05 (9H, s).

""C-NMR (126 MHz, CDCl,) &: 198.9, 169.8, 159.1, 129.6, 109.5, 78.0,
73.1, 65.6,61.1, 44.0, 39.7, 33.1, 26.2,25.9, 25.0, 14.1, 0.2.

IR (neat): 2984, 2956, 2901, 1736, 1676, 1370, 1252, 843 cm™'.
HR-FAB-MS (m-nitrobenzyl alcohol) Calcd for C,,H;;0,Si: m/z
385.2046. Found: 385.2038. (MH").

[a]p®® = +159° (¢ 1.03, CHCI,).
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FE_E

1-Butylcyclohex-2-enol (43a)

/I/i; — Q
_—
THF, -78°C
! B
o . OH
119 43a

vr7ua~%t /119 (5.0 mL, 5.0 g, 52.0 mmol) ®THF (100 mL) &
12, -78°C Tn-BuLid~F ¥ UK (2.69 M, 23.2 mL, 62.4 mmol) % Il
30 L. KIS RICfELT v E=v AKBERENZ, Y= F
N =TV THRL, K, BLOEMEEK TR, BARES NY 7L
THEBEL, BWETHEEZBEELL. GoNEEREZ I DTNV T LT R
~ NI T T — (WA, ~F Y BB F L =6:1) THEL, £6
HWROT VLTIV a—143a%5.70 g (IWFE 7T1%) 57-.
'"H-NMR (500 MHz, CDCl,) §: 5.80 (1H, ddd, J = 10.0, 4.6, 3.1 Hz), 5.62
(1H, d, J = 10.0 Hz), 2.03 (1H, m), 1.93 (1H, m), 1.74-1.59 (4H, m),
1.59-1.44 (3H, m), 1.39-1.27 (4H, m), 0.91 (3H, t, J = 7.0 Hz).
SC-NMR (126 MHz, CDCl;) §: 132.9, 129.6, 69.6, 42.0, 35.3, 25.7, 25.2,
23.2,19.0, 14.0.
IR (neat): 3384, 2933 cm™'.
EI-MS m/z (%): 154 (M*, 0.7), 136 (10), 107 (13), 97 (100), 94 (10), 79
(25).

HR-EI-MS Calcd for C,,H,;0: m/z 154.1358. Found: 154.1359.
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1-Phenylcyclohex-2-enol (48a)

PhLi
—>
o THF, -78°C Ph

OH
119 48a

v7ua~xt /2119 (2.0 mL, 2.0 g, 20.8 mmol) ®THF (42 mL) &K
2, -78°CTPhLiD Y 7 m~FH v Yo F Lo —F LR (1.07 M, 23.3
mL, 25.0 mmol) Z 1 2305 ¥ L7z, MUKt 7 > € =7 Ak
Wikx Mz, Y=FNLz—FT L THRRL, K, BLOEMEEKTHERER,
MBS PV U LATHBEL, METHEREEE L. Hohnlckibs v
VTN T a7 77 40— (BHEE, ~%9% 2 . Bigg=F L =
6:1) TERL, AGBEEKOT VLT L a— 148a%3.15 g (ILF 87%) 15

7.

'H-NMR (500 MHz, CDCl;) 6: 7.51-7.46 (2H, m), 7.37-7.31 (2H, m), 7.25
(1H, m),6.04 (1H, ddd,J =10.0,4.0,3.4Hz),5.79 (1H, m), 2.20-2.04 (2H,
m), 1.98 (1H, ddd, J = 13.1,7.2,2.7 Hz), 1.91 (1H, s), 1.86 (1H, ddd, J =
13.1,10.4,2.7 Hz), 1.80 (1H, m), 1.63 (1H, m).

""C-NMR (126 MHz, CDCl,) 6: 147.8, 132.2, 130.7, 128.0, 126.8, 125.4,
72.1,39.5,25.0, 19.2.

IR (KBr): 3317, 2926, 1445, 1047, 767, 701 ¢cm™".

EI-MS m/z (%): 174 (M*, 100), 156 (10), 147 (10), 146 (91), 145 (75), 131
(21), 129 (10), 128 (10), 117 (13), 115 (12) 105 (20), 91 (18), 78 (10), 77
(22).

HR-EI-MS Calcd for C,,H,,0: m/z 174.1045. Found: 174.1044.
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mp. 43-45°C (M ACKRAE M, RS miEEE, ~x %),

Ethyl 2-(1-hydroxycyclohex-2-en-1-yl)acetate (49a)

AcOEt, LDA
—
cecl, Et0,C
0 THF", 78°C OH
119 49a

AT ENT 2 (6.4 mL, 4.6 g, 45.8 mmol) ®THF (52 mL) &
#KIZ, -78°C Tn-BuLid~F ¥ HEHK (2.69 M, 17.0 mL, 45.8 mmol) % {i§
TUL,300MEHE L. ZHICEIEE-F L (4.5 mL, 4.0 g, 45.8 mmol) % iii
T UL, IREHEHE L 7=, CeCl, (11.3 g, 45.8 mmol) Z Mz, & 52 —KEH
R L2 SRRy 7 a~%+% /2119 (2.0 mL, 2.0 g, 20.8 mmol) ®
THF (52 mL) A % -78°C T % T, 30 I L # LU 7= . ISR fa fn Ak
TR LAKRRKRENMZ, Vo FILo—T L THRL, K, BLOMME
WK CUEM TR, MOKEREE T MY A THBL, METEEZEELE. 55
NEEEZ VDTN T AT u~x NI 77 40— (BWHIEBE, ~x4% o
Mg =4 : 1) THREL, BAMKOT U LT Va3 —/149a%3.35 g

(IR 87%) 157~

'"H-NMR (500 MHz, CDCl,) &: 5.82 (1H, dt,J = 10.0, 3.7 Hz), 5.67 (1H, m),
4.19 (2H,q,J=7.1Hz),3.62 (1H, brs),2.57 (1H,d,J =15.6 Hz),2.53 (1H,
d,J =15.6 Hz), 2.06 (1H, m), 1.96 (1H, m), 1.88-1.76 (2H, m), 1.71-1.56

(2H, m), 1.28 (3H,t,J = 7.1 Hz).
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""C-NMR (126 MHz, CDCl,) 6: 172.4,130.8, 130.1, 68.1, 60.5, 45.4, 35.6,
24.9,18.8, 14.1.

IR (neat): 3503, 2937, 1732, 1716, 1185 cm™".

EI-MS m/z (%): 184 (M*, 1.4), 156 (25), 97 (100), 79 (10), 68 (26).

HR-EI-MS Calcd for C,(H,,O;: m/z 184.1099. Found: 184.1098.

1-Butyl-4,4-dimethylcyclohex-2-enol (50a)

ﬁ n-BuLi /QL
—)
o F THF, -78°C Bu
OH
120 50a

— /2120 (3.1 mL, 3.0 g, 23.8 mmol) ®THF (80 mL) &iKIZ, -78°C
Tn-BuLiD~F 4 VIF (2.69 M, 10.6 mL, 28.5 mmol) % I 230455 i #
Lo, KGRIl 7 v 2= AKRIEENZ, Vo F Lo —F /LT
WL, K, BLOEMAEK CHRE%, BAREST FY UL TEEL, B
JETHEAEE L. BonERBEE VDIV T A I~ T T
74— (R, AV UV F T —T b =41 1) TER L, 6

WoT7 VT va—50a%z3.64 g (ILE 84%) #57-.

'"H-NMR (500 MHz, CDCl;) 8: 5.49 (1H,dd,J = 10.1, 1.2 Hz), 5.45 (1H, dd,
=10.1,1.2 Hz), 1.75 (1H,ddd,J =13.7,11.8,3.3 Hz), 1.67-1.56 (2H, m),
1.56-1.42 (3H, m), 1.41 (1H, brs), 1.38-1.27 (4H, m), 1.02 (3H, s), 0.95

(3H,s), 0.91 (3H,t, J = 7.2 Hz).
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""C-NMR (126 MHz, CDCl;) §: 139.8, 130.2, 69.7, 41.8, 33.6, 32.3, 31.9,
29.9,27.7,25.8,23.2,14.0.

IR (neat): 3368, 2955, 2933, 2863 cm''.

EI-MS m/z (%): 182 (M*,0.5), 164 (21), 149 (12), 135 (44), 125 (100), 122
(10), 107 (35), 93 (27),91 (16), 79 (14) 57 (13), 41 (13).

HR-EI-MS Calcd for C,,H,,0: m/z 182.1671. Found: 182.1669.
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(5R)-1,2-Dimethyl-5-propenylcyclohex-2-enol (51a)

\/ \/
n-BulLi
%
Io) THF, -78°C
HO
121 51a

(R)-(-)- 71 /LR > (121, 10.4 mL, 10.0 g, 66.6 mmol) ® ¥ T F LT —F
JL (330 mL) A#RIZ, -78°C TMeMgBrO THFA#E (0.99 M, 80.7 mL, 79.9
mmol) Z A2 1553 L, £ D%, 0°C T304 ML L 72, SO % K fd Fi
WALT v E= T AKBEREMZ, VEFALZ—FT LV THIRL, K, BXLO
IRk CHeiet%, MoK Y v ATl L, WIETHEREZEE L.
BonrtElsra s VXNV TAsa~x NS T T 40— (BRI, ~%9
YT T =6: 1) THREL, BOHMKROT VLT L a—151a%9.41

g (IR 84%) #3172

A 7 : 1 diastereomeric mixture.

'"H-NMR (500 MHz, CDCl;) 8: 5.51 and 5.40 (total 1H, each m), 4.75-4.70
(2H, m), 2.37-2.24 (1H, m), 2.16-2.05 (1H, m), 1.97-1.80 (2H, m),
1.80-1.72 (6H, m), 1.72 and 1.67 (total 1H, each s), 1.67 and 1.53 (total 1H,
eacht,J =12.4 and 13.3 Hz), 1.33 and 1.31 (total 3H, each s).

"*C-NMR (126 MHz, CDCl;) &: 149.0 and 148.9, 138.5 and 137.1, 124.8
and 122.8, 109.0 and 108.9, 72.5 and 70.3, 44.6 and 44.1, 40.2 and 37.3,
31.3 and 31.1, 27.5 and 26.8, 20.8 and 20.6, 17.6 and 16.8.

IR (neat): 3365, 2971, 2921, 1644, 1447, 1373, 1096, 888 cm™'.
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EI-MS m/z (%): 166 (M*, 8.7), 151 (29), 148 (76), 133 (61), 123 (49), 122
(33), 119 (10), 109 (100), 108 (64), 107 (56) 106 (32), 105 (18), 98 (27),
95 (21), 93 (45), 91 (26), 84 (17), 83 (54), 81 (18), 79 (13), 77 (13), 69
(15), 67 (15), 55 (21),43 (37),41 (17).

HR-EI-MS Calcd for C, H,;O: m/z 166.1358. Found: 166.1354.
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1-Butylcyclopent-2-enol (52a)

;Q n-BuLi /@
%
o Bu
o THF, -78°C OH
122 52a

vrmaXr7 /2122 (3.0 mL, 3.0 g, 36.5 mmol) ®THF (73 mL) &K%
12, -78°C Tn-BuLi®~F H V&K (2.69 M, 16.3 mL, 43.8 mmol) % /Il x
300 FEPE L7z, MOUSIIRICEFE/L T v =y AKRREMZ, V=T
T—7 VTHRL, K, BLOBEMEE K THERE®R, BARKBES Y 7 AT
WL, WIE THEEZRE L. BongE2 ISV T A~
NI T = (WHEE, ~F Y BB TF L =5:1~4:1) THEL,

AR OT VLTI a—52a%1.81 g (IR 35%) 157-.

'H-NMR (500 MHz, CDCl;) 8: 5.85 (1H, dt, J = 5.6, 2.4 Hz), 5.68 (1H, dt,
=5.5,2.2Hz),2.48 (1H, m), 2.27 (1H, m), 2.00 (1H, ddd, J = 13.4,9.2,

4.6 Hz), 1.96 (1H, brs), 1.82 (1H, ddd, J = 13.4, 8.5, 4.9 Hz), 1.69-1.56

(2H, m), 1.38-1.28 (4H, m), 0.91 (3H,t,J = 7.0 Hz).

""C-NMR (126 MHz, CDCl,) &: 136.5, 133.0, 85.9, 40.4, 37.5, 31.0, 26.5,

23.1, 13.9.

IR (neat): 3365, 2957, 2932, 2860 cm™'.

EI-MS m/z (%): 140 (M*, 1.3), 83 (100).

HR-EI-MS Calcd for C4H,(O: m/z 140.1201. Found: 140.1200.
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1-Butylcyclohept-2-enol (53a)

Q o Q
—
THF, -78°C
’ B
° * on
123 53a

vrua~77 /2123 (959 mg, 8.71 mmol) ®THF (17 mL) &KIZ,
-78°C Tn-BuLid~F H U ¥E{K (2.65 M, 3.9 mL, 10.5 mmol) % 1 2304y
R Lo S RICEaElT v E= 0 LKBEKREMZ, V=2F Lz —T
NTHRL, K, BROEMEE K CHRE®, BT MY UL TEBEL,
BWETEEZBELL. o EEELZ I I NI T L Iu~v NI T
74— (WHEE, ~x Yy BT L =8 1) THEL, Baiiko 7

YT I)va—/)L53a%765 mg (ILE 52%) 57=.

'H-NMR (500 MHz, CDCl;) 6: 5.69 (1H, dt,J =11.9,6.0 Hz), 5.59 (1H, d,
=11.9 Hz), 2.21-2.05 (2H, m), 1.87-1.48 (9H, m), 1.40-1.28 (4H, m),

0.91 (3H,t,J = 7.0 Hz).

""C-NMR (126 MHz, CDCI,) §: 139.1, 129.8, 76.0, 41.1, 38.5, 27.6, 27 .4,

25.6,24.0, 23.2, 14.0.

IR (neat): 3388, 2929, 2860 cm™'.

EI-MS m/z (%): 168 (M*, 3.2), 150 (39), 121 (26), 111 (100), 108 (39), 107

(28),94 (12),93 (75), 91 (29), 80 (20) 79 (49), 77 (21), 67 (17), 55 (17),

41 (14).

HR-EI-MS Calcd for C, H,,0: m/z 168.1514. Found: 168.1512.
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1-Butylcyclooct-2-enol (54a)

n-BuLi
—)
o THF, -78°C Bu
OH
124 54a

vruAt X124 (3.10 g, 25.0 mmol) ®THF (83 mL) &K IZ,
-78°C Tn-BuLi®D ~F ¥ K (2.65 M, 11.3 mL, 30.0 mmol) % /il 230
SR LU KSR v = AKEBEKRENMZ, V= F Lo —
THTHRL, K, BRXOEMEEK CHRER, KT U U L T
L, ETHREZEE L. GonlckE2> Vb5V ara~v T
774 — (BB, ~Fr  HB-TF L =8:1) THEL, #EaRo

TUVNNTa— 154a%3.07 g (K 67%) 57-.

'H-NMR (400 MHz, CDCl,) 8: 5.54-5.46 (2H, m), 2.44 (1H, m), 2.19 (1H,
m), 1.88 (1H, ddd, J = 14.7,9.8,4.5 Hz), 1.80 (1H, ddd, J = 14.7,6.5,4.0
Hz), 1.76-1.66 (2H, m), 1.62-1.38 (7H, m), 1.36-1.25 (4H, m), 0.90 (3H, t,
J =7.0 Hz).

""C-NMR (126 MHz, CDCl,) &: 137.0, 127.7, 75.5, 44.3,39.5, 27.0, 25.8,
25.0,24.7,23.2,22.6, 14.0.

IR (neat): 3407, 2930, 2860 cm™'.

EI-MS m/z (%): 182 (M*, 4.2), 139 (17), 125 (100), 81 (10), 79 (10), 55
(18).

HR-EI-MS Calcd for C,,H,,0: m/z 182.1671. Found: 182.1665.
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(1S*, 6R*)-1-Butyl-6-[2-[(trimethylsilyl)oxy]propan-2-yl]cyclohex-2-

enol (56a)

126 56a

T /2126 (259 mg, 1.41 mmol) ®THF (5.7 mL) &I, -78°C T
n-BuLi®D~F% % K (2.65 M, 0.52 mL, 1.37 mmol) Z M 2 1553 H# L
o ORI T VB =T AKIRIREMZ, V2 F L= —F )L T
WL, K, BLUOBEMAEEKCTHREE, BARMET M) U LA TEEL, BE
THEAEE L. ok EEZ VDTNV T~ NT T 7 40—
(R, ~F Yo P Frz—7/1=20:1) THERL, BAahko T

UNLT a2 —/57a%300 mg (UNF 92%) 57-.

'H-NMR (500 MHz, CDCl,;) 6: 5.71 (1H, ddd, J = 10.0, 4.8, 2.8 Hz), 5.52
(1H, m), 4.22 (1H, brs),2.03 (1H,dq,J =17.5,5.2 Hz), 1.89-1.76 (2H, m),
1.73 (1H,dd,J =8.9,4.0 Hz), 1.69-1.49 (3H, m), 1.44 (3H, s), 1.38 (3H, s),
1.33-1.21 (4H, m), 0.89 (3H, t,J = 6.9 Hz), 0.16 (9H, s).

""C-NMR (126 MHz, CDCl,) &: 135.7, 126.5, 79.4, 73.4,49.8,44.1, 31.6,
28.6,26.4,24.3,23.3,22.9,14.1, 2.6.

IR (neat): 3464, 2957, 2933, 1252, 840 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) Caled for C,(H;;0,Si: m/z

285.2249. Found: 285.2250 (MH").
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(1S*, 6R*)-1-Butyl-6-[2-(Methoxymethoxy)propan-2-yl]cyclohex-2-

enol (57a)

MOMO H ) MOMO H
n-BulLi
%
THF -
o Bu” :

OH
127 57a

T /2127 (1.00 g, 1.41 mmol) ®THF (25 mL) &K IZ, -78°C Tn-BuLi
D~F Y UPEHR (2.65 M, 2.3 mL, 6.05 mmol) ZM 155 H# Lz, KIS
IR\ (b7 v =y AKBEREMZ, V2 F L= —T LV THRL, K,
BROAMEREAKCHEGE, EBAMEBST MY v ATHEL, BIETEREZ
MELE. BohEBEZ YDAV T L 70~ T 7 40— (RHE
B ~NFH o HBTF L =9 1) THREL, BEAHKROT U LT La— L

57a%1.19 g (=R 92%) 157-.

'H-NMR (500 MHz, CDCI1,) §: 5.72 (1H, ddd, J = 10.1, 4.3, 3.1 Hz), 5.54
(1H, dt, J = 10.1, 1.8 Hz), 4.76 (2H, s), 3.86 (1H, brs), 3.37 (3H, s), 2.04
(1H, m), 1.93-1.82 (3H, m), 1.81-1.64 (2H, m), 1.54 (1H, m), 1.41 (3H, s),
1.40 (3H, s), 1.34-1.25 (4H, m), 0.90 (3H,t,J = 7.0 Hz).

""C-NMR (126 MHz, CDCl;) §: 135.8, 126.5, 90.4, 81.5, 73.5, 55.5, 48.7,
44.2,27.1,26.3,24.7,24.2,23.3,22.5, 14.1.

IR (neat): 3477, 2956, 2931, 1030 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) Calcd for C,;H,;NaO;: m/z

279.1936. Found: 279.1943 (MNa").
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1-(2-Hydroxyethyl)cyclohex-2-enol (125)

LiAlH,
EtO,C —
THF HO

OH 0°Ctort OH
49a 125

T A7 )49a (2.31 g, 12.5 mmol) ®THF (42 mL) &% |Z0°C T, LiAlH,
(1.05 g, 27.6 mmol) X, 15 MHEH L 7-%ICEIR CTLSRFREH L.
OB R B BEERKEZ Nz, Fig=F LV THRLTET A4 Al L,
ETHEEZEELL. GonNTREEZS VDTN AT L I7a~< N T T
74— (BB, ~F Y BT =1:1~3:1) THEL, E&

MR T V23— 1125%1.65 ¢ (WF 93%) 57=.

'H-NMR (500 MHz, CDCl,) &: 5.80 (1H, dt, J = 10.4, 3.7 Hz), 5.72 (1H,
m), 3.93-3.82 (2H, m), 3.45 (1H, brs), 3.06 (1H, brs), 2.05 (1H, m), 1.95
(I1H, m), 1.88-1.79 (2H, m), 1.79-1.59 (4H, m).

""C-NMR (126 MHz, CDCl;) &: 132.1, 129.6, 70.8,59.2,42.4,36.0, 25.1,
19.0.

IR (neat): 3348, 2936, 1436, 1169, 1081, 1050, 1009, 736 cm™'.

EI-MS m/z (%): 142 (M*, 0.5), 97 (100), 79 (13), 68 (13), 55 (12).

HR-EI-MS Calcd for C4H,,0,: m/z 142.0994. Found: 142.0991.
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1-[2-(tert-Butyldimethylsilyloxy)ethyl]cyclohex-2-enol (44a)

TBSCI
imidazole
_—
THF
HO 0°C to rt TBSO

OH OH
125 44a

7 V3 — 1125 (400 mg, 2.81 mmol) ®THF (14 mL) &2, 0°CTA
XYV — )L (574 mg, 8.43 mmol) X TBSCI (1.27 g, 8.43 mmol) %l 25
SR L%, RIETIFRERLE. ISKREEZ Y2 F Lz —T )L THIR
L, K, BRXOfMEEKCHRE%, BAKRET M) U ATEHEL, BET
Witz E L. ol REZ2 VDTSNV T I~ NI T 7 4 —
(R, ~F Y P Frz—T /b =5:1~3:1) THHL, #EAjh

WV e —7/144a% 664 mg (ULF 92%) 157-.

'"H-NMR (500 MHz, CDCl;) 8: 5.77 (1H, dt,J = 10.1, 3.7 Hz), 5.69 (1H, dt,
= 10.1, 2.0 Hz), 3.91 (2H, t, J = 5.8 Hz), 2.04 (1H, m), 1.93 (1H, m),

1.86-1.70 (4H, m), 1.67-1.55 (3H, m), 0.90 (9H, s), 0.09 (3H, s), 0.09 (3H,

S).

""C-NMR (126 MHz, CDCl;) §: 132.4, 128.7, 69.9, 60.3, 42.3, 36.0, 25.8,

25.2,19.2,18.0, -5.7.

IR (neat): 3448, 2932, 2858, 1254, 1088, 837, 776 cm™"'.

EI-MS m/z (%): 256 (M*, 0.1), 181 (44), 171 (17), 107 (93), 105 (100), 97

(13),91 (14), 79 (24), 75 (88), 73 (26).

HR-EI-MS Calcd for C,,H,,0,Si: m/z 256.1859. Found: 256.1855.
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2-(1-Hydroxycyclohex-2-en-1-yl)ethyl acetate (45a)

AC20
_—
HO™ [ pyridine, rt AcO
125

OH
45a

73— 1125 (300 mg, 2.11 mmol)IZE Y P> (3.0 mL) & ME/KFERR
(3.0 mL) /M R\ TIRFMFEHL L, TO%, BIETHHELZEELE. 55
NEBEBELZS VDAV T LI~ NS T 7 40— (BHER, DoFL

T—F ) TR L, EAMKROT X — F45a%377 mg (WK 97%) 157-.

'H-NMR (500 MHz, CDCI1,) 8: 5.83 (1H, ddd, J = 10.1, 4.6, 3.1 Hz), 5.64
(1H, m), 4.27 (1H, dt, J = 11.3, 7.0 Hz), 4.24 (1H, dt, J = 11.3, 7.0 Hz),
2.09-2.01 (1H, m), 2.05 (3H, s), 1.99-1.90 (1H, m), 1.92 (1H, dt, J = 14.0,
7.0 Hz), 1.87 (1H, dt, J = 14.1, 7.0 Hz), 1.79-1.60 (5H, m).

"C-NMR (126 MHz, CDCl,) §: 170.8,131.9, 129.5, 68.2, 60.7, 40.1, 35.5,
24.7,20.7, 18.6.

IR (neat): 2459, 2937, 1739, 1367 cm’'.

HR-FAB-MS (m-nitrobenzyl alcohol) Calcd for C,,H,(NaO;: m/z

207.0997. Found: 207.1001 (MNa").
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1-[2-(Methoxymethoxy)ethyl]cyclohex-2-enol (46a)

MOMCI
NaH
[
HO THF MOMO
OH 0°C to rt OH

125 46a

7 b —/ 1125 (400 mg, 2.81 mmol) ®THF (14 mL) &% 20°C T, NaH
(60%, 118 mg, 2.95 mmol) Z %, 30454 # L 721%, MOMCI (0.22 mL,
0.24 ¢,2.95 mmol) M x |IR CIREFMBEL L. CERE V= F L —
THTHNL, K, BROAMEEK CHRER, BKmET MU UL T
L, ETHREZEE L. GonlckE2z> Vo5V ara~v 7
T 74— (WHEEE, ~x v FFge T L =2 1) THERL, FalRo

MOM =T — 7 /L'46a% 329 mg (UK 63%) 157-.

'H-NMR (500 MHz, CDCl,) 6: 5.79 (1H, dt,J = 10.1,3.4 Hz), 5.68 (1H, m),
4.63 (1H,d,J=11.7Hz),4.63 (1H,d,J=11.7Hz),3.78 (1H, dt,J = 10.1,
6.2 Hz),3.76 (1H, dt, J = 10.1, 6.2 Hz), 3.38 (3H, s), 2.83 (1H, brs), 2.05
(1H, m), 1.98-1.90 (1H, m), 1.92 (1H, dt,J = 14.4,6.1 Hz), 1.83-1.72 (2H,
m), 1.82 (1H, dt, J = 14.4, 6.3 Hz), 1.69-1.58 (2H, m).

""C-NMR (126 MHz, CDCl,) &: 132.3, 129.3, 96.5, 69.4, 64.4, 55.4, 40.8,
35.9,25.2,19.1.

IR (neat): 3454, 2936, 2884, 1036 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) Calcd for C,,H,{NaO;: m/z

209.1154. Found: 209.1159 (MNa").
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1-[2-(Benzyloxy)ethyl]cyclohex-2-enol (47a)

BnBr
NaH
B — ]
HO THF BnO
OH 0°C tort OH
125 47a

7 b2 —/1125 (200 mg, 1.41 mmol) ®THF (14 mL) & #Z0°C T, NaH
(60%, 113 mg, 2.82 mmol) Z Mz, 3045 # L7=%, BnBr (0.33 mL, 0.48
g, 2.82 mmol) ZMx VIR CIRMEHL L. KISHEKZ Y= F Lo —TFT )b
THRL, K, BROBMEEK CHEE, EARMEBES M) UL THEL,
WETEEZBELL. fohlEEELZ I ISV T L Iu~v NI T
74— (BEHEE, ~F v BT L =3 1) THREL, Bakox

YU T—T 4T7a% 284 mg (INFK 87%) 5i-.

'H-NMR (500 MHz, CDCl;) §: 7.37-7.26 (5H, m), 5.76 (1H, dt, J = 10.1,
3.7Hz),5.66 (1H, m),4.53 (1H,d,J=11.6 Hz),4.52 (1H,d,J = 11.6 Hz),
3.74 (1H, ddd, J =9.5,6.7,5.5 Hz), 3.71 (1H, ddd, J = 9.5, 6.7, 5.5 Hz),
3.21 (1H, brs), 2.03 (1H, m), 1.96-1.88 (1H, m), 1.93 (1H, ddd, J = 14 .4,
6.7, 5.5 Hz), 1.82 (1H, ddd, J = 14.4, 6.7, 5.5 Hz), 1.80-1.71 (2H, m),
1.67-1.55 (2H, m).

""C-NMR (126 MHz, CDCl,) &: 137.8, 132.4, 129.1, 128.4, 127.7, 127.7,
73.4,69.6,67.1,40.7,36.0, 25.2, 19.2.

IR (neat): 3444, 2935, 2866, 1094, 735, 697 cm™'.

HR-FAB-MS (m-nitorobenzyl alcohol) Calcd for C,;H,,NaO,: m/z

255.1361. Found: 255.1362 (MNa").
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The typical experimental procedure for the PDC catalyzed oxidative

rearrangement of tertiary allylic alcohol with PhI(OAc),

R B"  ppc (0.05 equiv), PhI(OAc), (1.5 equiv) R R
R MgSO, (1.0 equiv), H,0 (1.0 equiv) R [0)
OH CH,Cl, (0.5 M?), O,, rt

7 U AT L a— b (0.500 mmol) @ ¥tk A F L > (1.0 mL) &R MK
Wi~ 27 %+ 7 A (60.2 mg, 0.500 mmol)& 7K (9.0 uL, 9.0 mg, 0.50
mmol), PhI(OAc), (242 mg, 0.750 mmol) , PDC (9.4 mg, 25 umol) % N
Z, BBFEFEFHS T (balloon) , X /5T AEFM THHE L., Z0EREKA DKL
IR BT IRFE K FE T N Y U LK 20 F AW T U U LKEIK %
MAASHFHEE L, BFAORKIGEKRIZLIZBIZ, V2 F L= —7 L THR
L, SN BHK THE#%, BAKRBE T N U LATHEEL, BE FTRELHEE
L. BonlkEEs > V5V o7 h7a~ s 77 4 —THREL, =

J VRS
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3-Butylcyclohex-2-enone (43b)

PDC

Phi(OAc),
> o
MgSO,, H,0
Bu OH CH2C|2, 02, rt Bu °
43a 43b

IV & 73.3 mg, IR 96%.

YUV BTNT T AT N T T 40— (BHEBEE, ~%H 0 DT
=7 =7:2)

'"H-NMR (500 MHz, CDCl,) &: 5.88 (1H, m), 2.38-2.33 (2H, m), 2.29 (2H,
t,J = 6.3 Hz), 2.21 (2H,t, J = 7.3 Hz), 1.99 (2H, quint, J = 6.3 Hz),
1.53-1.45 (2H, m), 1.34 (2H, sext, J = 7.3 Hz), 0.92 (3H, t, J = 7.3 Hz).
""C-NMR (126 MHz, CDCIl,) §: 199.7, 166.6, 125.5, 37.6, 37.2, 29.5,
28.9,22.6,22.2,13.7.

IR (neat): 2955, 2931, 2871, 1671, 1625 cm™".

EI-MS m/z (%): 152 (M*, 29), 123 (19), 110 (15), 82 (100).

HR-EI-MS Calcd for C,H,,O: m/z 152.1201. Found: 152.1198.

90



3-[2-(tert-Butyldimethylsilyloxy)ethyl]cyclohex-2-enone (44b)

PDC
Phi(OAc),
>
TBSO MgSO0,, H,0 TBSO (o}

OH cHzclz, 02, rt
44a 44b

INE 111 mg, X 87%.

SURTNRTANTuvY NI T T 40— (B, ~X Y BT L =
4 :1).

'H-NMR (500 MHz, CDCl,) 8: 5.89 (1H, s),3.78 (2H, t,J = 6.4 Hz), 2.42
(2H, t, J = 6.4 Hz), 2.35 (2H, t, J = 6.7 Hz), 2.33 (2H, t, J = 6.0 Hz),
2.02-1.95 (2H, m), 0.88 (9H, s), 0.04 (6H, s).

"*C-NMR (126 MHz, CDCl;) &: 199.6, 163.7, 127.0, 61.0, 41.1, 37.2,
30.0, 25.7, 22.6, 18.1, -5.5.

IR (neat): 2953, 2929, 2887, 2857, 1674, 1626, 1254, 1098, 836, 776 cm™".
HR-FAB-MS (m-nitrobenzyl alcohol) Calecd for C,,H,;0,Si: m/z

255.1780. Found: 255.1783 (MH").
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2-(3-Oxocyclohex-1-en-1-yl)ethyl acetate (45b)

PDC
PhI(OAc),
’ o
AcO AcO (o]

MgSO0,, H,0
OH cHzclz, 02, rt
45a 45b

IV & 73.8 mg, IR 81%.

YUV BTNT T AT N T T 40— (BHEBEE, ~%H 0 DT
T—7 b =1:1=2:3).

'"H-NMR (500 MHz, CDCl,) 8: 5.91 (1H,s),4.26 (2H,t,J = 6.5 Hz), 2.54
(2H,t, J = 6.5 Hz), 2.38 (2H, t, J = 6.6 Hz), 2.33 (2H,t,J = 6.1 Hz),
2.04-1.98 (2H, m), 2.04 (3H, s).

3C-NMR (126 MHz, CDCl;) §: 199.3, 170.7, 161.4, 127.1, 61.1, 37.1,
36.8,29.4,22.5,20.7.

IR (neat): 2951, 1739, 1669, 1627, 1235 cm™".

EI-MS m/z (%): 182 (M*, 11), 123 (10), 122 (100), 112 (66), 111 (13), 110
(21), 94 (44), 79 (14), 66 (10), 43 (38).

HR-EI-MS Calcd for C,(H,,0,: m/z 182.0943. Found: 182.0939.
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3-[2-( Methoxymethoxy)ethyl]cyclohex-2-enone (46b)

PDC
Phl(OAc),
>
MOMO MOMO o

MgSO,, H,O
OH cHzclz, 02, rt
46a 46b

IV & 79.5 mg, I3 86%.

UGN T AT uw NI T T 40— (WHEE, ~X Y BT L =
2:1).

'"H-NMR (500 MHz, CDCl1;) 8: 5.94 (1H,s),4.61 (2H,s),3.72 (2H,t, J =
6.4 Hz), 3.35 (3H, s), 2.51 (2H,t,J = 6.4 Hz), 2.37 (2H,t,J = 6.7 Hz),
2.35(2H,t,J =5.6 Hz), 2.04-1.98 (2H, m).

"C-NMR (126 MHz, CDCl,) &: 199.4, 162.8, 126.7, 96.4, 64.8, 55.3,
37.9,37.2,29.7, 22.5.

IR (neat): 2942, 2886, 1670, 1626, 1150, 1108, 1037 cm™"'.

EI-MS m/z (%): 184 (M*, 12), 154 (17), 152 (13), 139 (12), 124 (42), 122
(13),95 (14),94 (14), 45 (100).

HR-EI-MS Calcd for C,,H,,O,: m/z 184.1099. Found: 184.1097.
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3-[2-( Benzyloxy)ethyl]cyclohex-2-enone (47b)

PDC
PhI(OAc),
>
BnO MgSO,, H,0 BnO o

OH CH,Cly, O, rt
47a 47b

I & 88.2 mg, WHE 77%.

UGN T AT uw NI T T 40— (WHEE, ~X Y BT L =
2:1).

'"H-NMR (500 MHz, CDCl,) &: 7.38-7.24 (5H, m), 5.92 (1H, s), 4.50 (2H,
s),3.63 (2H,t,J = 6.4 Hz),2.51 (2H,t,J = 6.4 Hz), 2.35 (2H, t,J = 6.7
Hz), 2.30 (2H, t, J = 6.0 Hz), 2.01-1.94 (2H, m).

3C-NMR (126 MHz, CDCl,) &: 199.5,163.2, 137.9, 128.3, 127.6, 127.6,
126.6, 73.0, 67.3,37.9,37.2,29.8, 22.5.

IR (neat): 2941, 2866, 1667, 1626, 1099 cm™'.

EI-MS m/z (%): 230 (M*, 9), 124 (13), 91 (100).

HR-EI-MS Calcd for C,sH,;O,: m/z 230.1307. Found: 230.1304.

94



3-Butyl-6,6-dimethylcyclohex-2-enone (50b)

PDC
Phl(OAc),
>
Bu MgSO,, H,0 Bu o

OH cHzclz, 02, rt
50a 50b

I & 81.1 mg, U3 90%.

YUV BTNT T AT N T T 40— (BHEBEE, ~%H 0 DT
T—7 b =5:1).

'H-NMR (500 MHz, CDCl;) 8: 5.77 (1H, m), 2.32-2.28 (2H, m), 2.19 (2H,
t,J =7.6Hz),1.80 (2H,t,J=6.2Hz),1.52-1.45 (2H, m), 1.37-1.29 (2H,
m), 1.09 (6H, s), 0.92 (3H,t,J = 7.3 Hz).

"C-NMR (126 MHz, CDCl;) &: 204.6, 164.1, 124.0, 40.3, 37.3, 36.3,
29.1,26.9,24.1,22.2, 13.8.

IR (neat): 2959, 2927, 2871, 1670, 1631 cm™".

EI-MS m/z (%): 180 (M*, 14), 82 (100).

HR-EI-MS Calcd for C,,H,,0: m/z 180.1514. Found: 180.1514.
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(55)-2,3-Dimethyl-5-(propenyl)cyclohex-2-enone (51b)

PDC

\/
Phl(OACc), ~
>
MgSO,, H,0
Ho CH,Cly, O, 1t o

51a 51b

2o¥

IV & 40.4 mg, IUE 49%.

YUV BTNT T AT N T T 40— (BHEBEE, ~%H 0 DT
=7 =4:1).

'"H-NMR (500 MHz, CDCI;) 8: 4.80 (1H, m), 4.75 (1H, m), 2.63 (1H, m),
2.55(1H,dd,J=15.9,3.7Hz),2.39-2.34 (2H, m), 2.29 (1H,dd,J = 15.9,
13.4 Hz), 1.96 (3H, s), 1.77 (3H, s), 1.75 (3H, s).

""C-NMR (126 MHz, CDCl;) §: 198.9, 154.1, 146.8, 130.7, 110.2, 42 .4,
41.3,37.9,21.5,20.4, 10.7.

IR (neat): 2921, 1666, 1637, 1378, 892 cm™'.

EI-MS m/z (%): 164 (M*, 50), 123 (11), 122 (86), 121 (39), 120 (37), 108
(12), 107 (100), 105 (10), 96 (100), 95 (13) 91 (13), 79 (13), 77 (10), 68
(39), 67 (33),53 (16), 41 (15), 39 (12).

HR-EI-MS Calcd for C, H,;O: m/z 164.1201. Found: 164.1202.
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3-Butylcyclopent-2-enone (52b)

PDC
/@ PhI(OAc), /©§
>
Bu OH MgSO,, H,0 Bu o
cHzclz, 02, rt
52a 52b

I B 58.2 mg, IV 84%.

YUV BTNT T AT N T T 40— (BHEBEE, ~%H 0 DT
Z—7 )b =7:2~2:1).

'"H-NMR (500 MHz, CDCI;) §: 5.94 (1H, m), 2.60-2.57 (2H, m),
2.44-2.39 (4H, m), 1.61-1.54 (2H, m), 1.38 (2H, sext, J = 7.3 Hz), 0.94
(3H,t,J = 7.3 Hz).

""C-NMR (126 MHz, CDCl,) §: 210.0, 183.1, 129.4, 35.2, 33.1, 31.4,
29.1,22.3, 13.7.

IR (neat): 2957, 2929, 2872, 1710, 1674, 1616 cm™".

EI-MS m/z (%): 138 (M*, 47), 109 (14), 96 (100), 95 (14), 81 (37), 68 (15),
67 (14),53 (12), 41 (10).

HR-EI-MS Calcd for C4H,,0: m/z 138.1045. Found: 138.1047.
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3-Butylcyclohept-2-enone (53b)

PDC
PhI(OAc),
Bu MgSO,, H,0
OH CH,Cl,, O,, rt Bu o]
53a 53b

I & 36.3 mg, U2 43%.

VIOBTNADT AT aw 8T T T = (W, ~x Py AT
v =1:5).

'"H-NMR (500 MHz, CDCl;) §: 5.90 (1H,s),2.57 (2H,t,J = 6.3 Hz), 2.41
(2H,t,J=5.8Hz),2.19 (2H,t,J =7.6 Hz), 1.83-1.74 (4H, m), 1.51-1.43
(2H, m), 1.33 (2H, sext, J = 7.3 Hz), 0.92 (3H,t,J = 7.3 Hz).
""C-NMR (126 MHz, CDCl,) §: 204.0, 162.2, 129.1, 42.1, 40.7, 32.5,
29.7,25.1,22.3,21.2, 13.8.

IR (neat): 2932, 2864, 1661 cm™'.

EI-MS m/z (%): 166 (M*, 15), 137 (11), 109 (100), 96 (10), 95 (15), 82 (23),
81 (24), 67 (18), 41 (10).

HR-EI-MS Calcd for C, H,;O: m/z 166.1358. Found: 166.1355.
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3-Butylcyclooct-2-enone (54b)

PDC
PhI(OAc),
>
Bu MgSO,, H,0 Bu
OH CH,Cl,, O, 1t

[o}
54a 54b

IV B 34.6 mg, IR 38%.

UGN T AT uY NI T T 40— (B, ~X Y BT L =
12 : 1).

'"H-NMR (500 MHz, CDCl;) &: 6.04 (1H,s),2.73 (2H,t,J = 7.2 Hz), 2.60
(2H,t,J = 6.7 Hz),2.17 (2H,t,J = 7.6 Hz), 1.79-1.71 (2H, m), 1.64 (2H,
quint, J = 6.4 Hz), 1.59-1.52 (2H, m), 1.51-1.43 (2H, m), 1.33 (2H, sext,
J =7.3Hz),0.92 (3H,t,J = 7.3 Hz).

"C-NMR (126 MHz, CDCl,) &: 203.8, 157.0, 130.5, 42.0, 41.3, 32.0,
29.7,24.2,23.7,23.0,22.4,13.8.

IR (neat): 2930, 2859, 1651, 1621, 1259 cm™'.

EI-MS m/z (%): 180 (M*, 41), 151 (10), 138 (15), 137 (57), 124 (12), 123
(100), 110 (20), 109 (25), 96 (29), 95 (53), 83 (13), 82 (60), 81 (26), 67
(30), 55 (25), 41 (15).

HR-EI-MS Calcd for C,,H,,0: m/z 180.1514. Found: 180.1512.
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3-Butyl-4-[2-(trimethylsilyloxy)propan-2-yl]cyclohex-2-enone (56b)

TMSO H PDC TMSO
PhI(OAc),
>
2 MgSO,, H,O
Bu” : Bu (o]

oH CH,Cly, Oy, rt

56a 56b

IV & 107 mg, UK 76%.

YUV BTNT T AT N T T 40— (BHEBEE, ~%H 0 DT
Z—7 ) =10:1~6:1).

'"H-NMR (400 MHz, CDCl;) 8: 5.95 (1H, s), 2.60 (1H, m), 2.35 (2H, t, J
= 7.6 Hz), 2.28 (1H, dd, J = 5.5, 2.4 Hz), 2.22-2.15 (2H, m), 1.91 (1H,
m), 1.57-1.16 (4H, m), 1.34 (3H,s), 1.31 (3H,s),0.91 (3H,t,J =7.3 Hz),
0.07 (9H, s).

"*C-NMR (126 MHz, CDCl;) §: 200.0, 167.1, 127.8, 76.7, 49.1, 38.8,
33.9,30.6, 30.1, 29.8, 25.3, 22.5,13.9, 2.4.

IR (neat): 2957, 2930, 2872, 1671, 1619, 1251, 1038, 841, 794, 733 cm™".

HR-FAB-MS (m-nitrobenzyl alcohol) Calcd for C,(H;,0,Si: m/z

283.2094. Found: 283.2091. (MH").
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3-Butyl-4-[2-(Methoxymethoxy)propan-2-yl]cyclohex-2-enone (57b)

MOMO H PDC MOMO.
PhI(OAc),
>
A MgSO,, H,0
Bu” : Bu (o]

o CH,Cl,, O,, rt

57a 57b

IV 117 mg, U= 92%.

UGN T AT uY NI T T 40— (B, ~X Y BT L =
8:1~7.1Hz).

'"H-NMR (400 MHz, CDCl;) §: 5.99 (1H, s), 4.69 (1H, d, J = 7.3 Hz),
4.67 (1H,d, J = 7.3 Hz),3.32 (3H, s), 2.60 (1H, ddd, J = 18.3, 12.8, 5.8
Hz),2.43 (1H,dd,J =5.3,2.6 Hz),2.41-2.36 (2H, m), 2.29-2.19 (2H, m),
1.98 (1H, m), 1.60-1.24 (4H, m), 1.36 (3H, s), 1.30 (3H, s), 0.92 (3H, t,
J =7.3 Hz).

C-NMR (126 MHz, CDCIl,) §: 199.8, 166.8, 127.9, 90.6, 78.9, 55.3,
47.4,38.5,34.0, 30.0, 26.4, 25.9, 25.0, 22.4, 13.8.

IR (neat): 2956, 2930, 2873, 1669, 1618, 1144, 1038 cm™".

EI-MS m/z (%): 254 (M*, 0.4), 196 (38), 193 (11), 154 (29), 151 (16), 124
(33), 103 (54), 45 (100).

HR-EI-MS Calcd for C,sH,,0,: m/z 254.1882. Found: 254.1881.
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3-Phenylcyclohex-2-enone (48b)

PDC
Phi(OAc),
pyridine
/Q > /Q:\I\
Ph MQSO4, H20 Ph (o}
OH CH,ClI,, O,, rt
48a 48b

PhI(OAc), (483 mg, 1.50 mmol) ® Hifk A F L > (2.0 mL) &EIRIZK
(9.0 uL, 9.0 mg, 0.50 mmol) & KA~ 27 F* 7 A (60.2 mg, 0.500
mmol), B2V ¥ (0.44 mL, 0.44 g, 5.50 mmol), PDC (9.4 mg, 25 umol)
EINZ, 5L, ZORAEWIZT VLT L a—/48a (87.1 mg, 0.500
mmol) DAL AF L (0.5 mL) Wiz~ L, BEFRMKT (balloon)
ISR L, CORKAOKICEIRICETREEKET N U 7 LKE
KE20%F ARiEET N Y U AKEREZMZ 1S HH L, Eikt OGS E K
ZL72%IC, D F Lz —7 L THRL, A BEK THE%, BKEE T
NUDATHEL, BETHREZBEELE. SGohEZEE2 V7LD
Thrvmaw NI TT7 40— (BWHERE, ~xV v CxFrz—T 0 =2:1)

TH®E L, AAEEDO T 7 - 48b%72.1 mg (1K 84%) 157-.

'"H-NMR (500 MHz, CDCl,) §: 7.55-7.51 (2H, m), 7.42-7.38 (3H, m),
6.41 (1H, m), 2.77 (2H, dt, J = 1.3, 6.4 Hz), 2.48 (2H, t, J = 6.7 Hz),
2.18-2.12 (2H, m).

3C-NMR (126 MHz, CDCl,) §: 199.7, 159.6, 138.7, 129.9, 128.7, 126.0,
125.4,37.2,28.0, 22.7

IR (KBr): 2938, 1661, 1603, 769 cm"'.

EI-MS m/z (%): 172 (M*, 75), 145 (11), 144 (100), 116 (43), 115 (53)
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HR-EI-MS Calcd for C,,H,,0: m/z 172.0888. Found: 172.0887

mp. 64-66°C (M ACIKHE M, FfsmiEEE, ~x %),

Ethyl 2-(3-oxocyclohex-1-en-1-yl)acetate (49b)

PDC
\/Q PR \);\/\L
>
EtO,C MgS0u. 0 EtO,C o

OH CH,CI,, O,, rt
49a 49b

7 U NT a2 —,149a (92.1 mg, 0.500 mmol) ® ik A F 1L > (5.0 mL)
W\ K FifE~ 7 % 27 A (60.2 mg, 0.500 mmol) & 7K (9.0 uL, 9.0 mg,
0.50 mmol), PhI(OAc), (483 mg, 1.50 mmol) , PDC (9.4 mg, 25 umol) %
iz, BERFMEA T (balloon) , 24 L=, Z OB A O KISEIKIZ
IR REEKFET MY T AKIEIH E20%F AR T R U w7 AKEKKE N Z
ISR L, BERAOMINRKIZLIE®RIL, V2T Lo —T LV THR L, g
&K THE#H, BAMB ST M) U ATHEEL, BETEHEEZEELEL.
BonrtElsra s VXTI A sa~x NS T T 40— (RHIEE, ~%9
Vo= TF L =3 :1=2:1) THEL, EAMKRDOT /) 2 49b%63.2 mg

(IR 69%) 157-.

'H-NMR (500 MHz, CDCl,) &: 5.95 (1H,t,J = 1.2 Hz), 4.18 (2H, q, J =
7.1 Hz), 3.23 (2H, s), 2.42-2.37 (4H, m), 2.06-2.00 (2H, m), 1.28 (3H, t,
J =7.1 Hz).

"C-NMR (126 MHz, CDCl;) &: 199.3, 169.3, 157.2, 128.7, 61.2, 43.3,

37.0,29.5,22.5, 14.1.
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IR (neat): 2944, 1734, 1683 cm™'.
EI-MS m/z (%): 182 (M*, 100), 137 (17), 126 (39), 110 (16), 109 (35), 108
(33), 107 (18), 98 (66), 95 (22), 88 (12) 81 (25), 79 (10), 53 (14).

HR-EI-MS Calcd for C,(H,,0,: m/z 182.0943. Found: 182.0941.

Ethyl 2-[(6S5)-6-{(R)-[(trimethylsilyl)oxy][(R)-2,2-dimethyl-1,3-

dioxolan-4-yllmethyl}-3-oxycyclohex-1-en-1-yl]acetate (37)

e .-

(o]
H PDC
PhI(OAc), -
TMSO
EtO.C MgSO0,, H,0 TMSO
2 : CH,Cl,, Oy, 1t EtO,C o
OH
36 37

7 UNT a2 —/b 36 (193 mg, 0.500 mmol) @ ik AF 1L > (5.0 mL)
W\ K FifE~ 7 % 27 A (60.2 mg, 0.500 mmol) & 7K (9.0 uL, 9.0 mg,
0.50 mmol), PhI(OAc), (483 mg, 1.50 mmol) , PDC (9.4 mg, 25 umol) %
Iz, BEHEIFZHA T (balloon) , 24 FFfIEE#E L7z, Z O BA A O KISERKIC
U RERAKFE T U U AKIEIRE 20%F AHiEET b U U AKEIREZ N Z
IS L, BERAOKEREKIZLE®ZRIZ, VoFAr—FT LV THIRL, fd
&K THE#H, BAMB ST M) U ATHEEL, BETEEZEELEL.
BonrtElsra s VXNV TAsa~x NS T T 40— (RHIEE, ~%9
Yo FEEE T T =5 1) TR L, Bamikox=  37b % 134 mg (YU

70%) 15 7<.
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AKihix '"H-NMR N —=TER LI/, v 37Th C B VW—FKAE L2 L

DT DOREE Z HER LT,
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Ethyl 2-{(15,2R,6S)-2-[(R)-[(trimethylsilyl)oxy]((R)-2,2-dimethyl-
1,3-dioxolan-4-yl)methyl]-7-methylene-5-oxobicyclo[4.2.0]octan-1-
yl}acetate (38a)

Ethyl 2-{(1R,2R,6R)-2-[(R)-[(trimethylsilyl)oxy]((R)-2,2-dimethyl-
1,3-dioxolan-4-yl)methyl]-7-methylene-5-oxobicyclo[4.2.0]octan-1-

yl}acetate (38f)

(0}
H

o\~ oJor o_%

®
hv (Pyrex®) T™MSO + TMSO

MeOH, -70°C EtO,C < EtO,C
o S

S o
37 \\\ 380, 38p

TMSO
Et0,C._

T /37 (158 mg, 0.412 mmol) ® A ¥ / — /L (15 mL) K IZ, -78°C
T7 Ly (15 mL) Mz, 100W ®mEKET o TOoENE2 ALy 7 R
T4 NZ =& L T-70°C T 6 KB L72. Et;N (1 mL) 2%, =i T
TLryEBELLEG, BIETHREAEE L. GonlckErzs VL
NI hra~x NI TT 40— (WHEE, ~F% % FEE=F /L =6 : 1) TH

ML, EMAMROTT AT LA~ —REME 150 mg (IXE 86%, 38a. : 388

38a
'"H-NMR (500 MHz, CDCl,) 8: 4.97 (1H, q,J = 2.6 Hz), 4.89 (1H, q, J =
2.6 Hz), 4.19-4.06 (3H, m), 3.96 (1H,dd,J =8.4,6.7 Hz), 3.87 (1H, dd,
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J=6.4,49Hz),3.81 (1H,dd,J=28.4,6.9Hz),3.52 (1H,q,J =2.6 Hz),
3.11 (1H,d,J =16.5Hz),3.07 (1H,dq,J =16.8,2.6 Hz),2.60 (1H,d, J
=16.5 Hz), 2.52 (1H, dt, J = 18.0, 3.1 Hz), 2.50 (1H, dt, J = 16.8, 2.6
Hz),2.20 (1H, dddd,J =18.0,13.1,5.8,0.6 Hz), 2.06 (1H, ddd, J = 12.2,
6.4,3.4 Hz),2.05-1.90 (2H, m), 1.39 (3H, s), 1.34 (3H, s), 1.24 (3H, t, J
= 7.1 Hz), 0.13 (9H, s).

"*C-NMR (125 MHz, CDCl,) §: 208.7, 171.7, 142.0, 109.5, 108.9, 77.9,
74.3,66.0,61.8,60.5,44.9,41.0,39.0,38.9,38.4,26.2,25.1,23.6,14.2,
0.6.

IR (neat): 2983, 2956, 2899, 1730, 1708, 1672, 1370, 1370, 1251, 1212,
1177, 1163, 1108, 1064, 876, 843, 752 cm™".

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,,H;,0,Si: 425.2359.
Found: 425.2357 (MH").

[a]lp?® = +45.0° (¢ 1.04, CHCI,).

38B

'"H-NMR (300 MHz, CDCl,) 8: 4.93 (1H, q, J = 2.6 Hz), 4.87 (1H, q, J =
2.6 Hz), 4.22-4.02 (4H, m), 3.90 (1H, t, J = 8.0 Hz), 3.65 (1H, t J = 8.0
Hz), 3.58 (1H, q, J = 2.5 Hz), 2.85 (1H, d, J = 16.0 Hz) 2.78 (1H, m),
2.77 (1H, d, J = 16.0 Hz), 2.42-2.18 (3H, m), 2.07-1.78 (3H, m), 1.42

(3H,s), 1.39 (3H, s), 1.25 (3H,t, J = 7.1 Hz), 0.13 (9H, s).
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Ethyl 2-{(1S,2R,6R)-2-[(R)-[(trimethylsilyl) oxy]((R)- 2,2-dimethyl-
1,3-dioxolan-4-yl)methyl]-5,7-dioxobicyclo[4.2.0]octan-1-yl}acetate
(58a)

Ethyl 2-{(R)-6-[(R)-[(trimethylsilyl)oxy]((R)-2,2-dimethyl-1,3-
dioxolan-4-yl)methyl]-1-{[(fert-buthyl)oxycarbonyl]methyl}-1-

[(ethoxycarbonyl)methyl]-3-oxocyclohexyl}acetate (39)

. o

o o
H H
03, EtOH, -78°C
TMSO > TMSO . TMSO
E(0,C < then PheP, 78°Ctort gy o EO,C.
SR o R [0) ¥
\c:p=4:1 \
38\\ 58 \

v a7 4 38 (200 mg, 0.472 mmol) T ¥ / —/L (2.0 mL) EKIZ,
R T-78°C THY VAR NPFTLRDLDETREZAL. ROk FY
& T VI TRZEL, PPh, (248 mg, 0.944 mmol) Z 1 %, =iE T 1 FFR
WL, KSR EBIERWEL, o BREZ VISV T LT
~ NI TT7 40— EHEL, ~FY Y FEB= T L =5:1~1:1) TR
L, ek ru 7% 7 58a% 126 mg (I 63%) & AR v

T A7)V 39 & 38 mg (WK 17%)1%57=.

vomT7 Ry ) 58a

'H-NMR (500 MHz, CDCl;) 8: 4.21 (1H,dt,J =5.0,6.7 Hz), 4.16 (2H, q,
J=7.1Hz),4.01 (1H,dd,J=8.4,6.7Hz),4.00 (1H,dd,J =3.7,3.3 Hz),
3.89 (IH,dd,J =8.4,6.7Hz),3.85 (1H,dd,J =6.6,5.0 Hz), 3.50 (1H,
dd,J = 18.6,2.6 Hz), 3.30 (1H,d,J = 16.7 Hz), 3.01 (1H, dd, J = 18.6,
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3.7 Hz), 2.65 (1H, d, J = 16.7 Hz), 2.50 (1H, dt, J = 18.1, 3.3 Hz),
2.33-2.18 (2H, m), 2.13 (1H, ddt, J = 14.4,5.5, 2.5 Hz), 1.66 (1H, ddt, J
=13.7,3.5,13.0 Hz), 1.40 (3H, s), 1.34 (3H,s), 1.26 (3H,t,J =7.1 Hz),
0.14 (9H, s).

"*C-NMR (125 MHz, CDCl;) &: 200.8, 198.4, 171.3, 109.7, 78.8, 77.6,
74.5,65.7,60.8,54.4,44.8,40.5,39.2,34.3,26.2,24.8,23.8,14.1,0.5.
IR (neat): 2983, 2956, 2900, 1789, 1729, 1702, 1457, 1371, 1251, 1205,
1161,1119, 1074, 1032, 987, 875, 843, 753 cm™".

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,,H;50,Si: 427.2152.

Found: 427.2152 (MH").

T ATV 39
"H-NMR (300 MHz, CDCl,) &: 4.17 (1H, dt,J = 6.4,7.3 Hz), 4.11 (2H, q,
J=7.1Hz),4.10 (2H,q,J =7.1 Hz),4.04 (1H,dd,J =8.2,6.4 Hz), 3.87
(IH,dd,J =7.3,3.2 Hz), 3.63 (1H, dd, J = 8.2, 7.3 Hz), 2.83 (1H, d, J
=15.4Hz),2.77 (1H,d,J = 16.5Hz),2.72 (1H,d, J = 20.0 Hz), 2.71 (1H,
d,J=20.0Hz),2.66 (1H,d,J=16.5Hz),2.65(1H,d,J =15.4 Hz), 2.47
(1H,dddd,J=14.5,7.3,6.4,1.5 Hz),2.36-2.23 (2H, m), 2.11 (dddd, 1H,
=14.1,7.5,6.4,4.0 Hz), 1.86 (1H, ddt,J = 14.5,5.8,8.5 Hz), 1.40 (3H,
s), 1.33 (3H,s),1.25 (3H,t,J=7.1 Hz),1.24 (3H,t,J =7.1 Hz),0.15 (9H,
S).
""C-NMR (125 MHz, CDCl;) &: 210.3, 171.5, 171.5, 109.4, 79.0, 78.9,
66.4,60.4,60.3,50.0,41.6,41.4,41.0,39.1,28.1,26.5,25.4,14.2,0.6.
IR (neat): 2983, 2954, 2937, 2901, 1731, 1371, 1251, 1175, 1077, 1030,
872, 843,754 cm™'.
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HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,;H,,0,Si: 473.2571.

Found: 473.2574 (MH").

Ethyl 2-{(R)-6-[(R)-[(trimethylsilyl)oxy]((R)-2,2-dimethyl-1,3-
dioxolan-4-yl)methyl]-1-{[(fert-buthyl)oxycarbonyl]methyl}-1-

[(ethoxycarbonyl)methyl]-3-oxocyclohexyl}acetate (39)

(o]
H
TMSO NaOEt
EtO,C N o EtOH, rt
0\

a7 X/ 58a (100 mg, 0.234 mmol) @ THF (0.1 mL) I&IKIZ
NaOEt (1.6 mg, 0.023 mmol) /%, |IE T 15 DR L. KIEEKR%
VIFNLT—TTHRL, K, BLOMMEEK THEER%Z, AR b
VU LATHIBEL, BIETREZEELE. BohTERBEEZ Y DTNV T T
Lrma~ NI 74— (EHEE, ~FV 2  FFB=F L =4:1) THH

L, EAMROT AT 139 % 105 mg (I 95%) 57=.

AT 'H-NMR B FGOY 2257139 LREW—FHEZ R L2 6ZED

i 1E 2 RS L T2
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Ethyl 2-{(1R, 4aR, 8aR)-1-[(R)-2,2-dimethyl-1,3-dioxolan-4-yl]-3,6-

dioxooctahydro-1H-isochromen-4a-yl}acetate (40)

TBAF, AcOH (o)
-
THF, 0°C to rt

YEAT IV 39 (257 mg, 0.544 mmol) ® THF (5.4 mL) {A#RIZ, 0°C T
BEf2 (0.12 mL, 0.13 mg, 2.18 mmol) & TBAF ® THF &% (1 M, 1.1 mL,
1.1 mmol) /MM %z, BT 1HHEHEHL L. KoK EHIBR=T LV THRL,
f N B K CUEVRE, MOKmEE S MY U A TR L, WIE FEHEEEEL
GO NEREE VISV T A u~ N T T 40— (RHEEE, ~%
o oW T =1:2) THEL, BAaBRosr h= A7 /140 % 154 mg

(I 80%) 157

'"H-NMR (300 MHz, CDCl,) 8: 4.31 (1H, dt, J = 1.6, 6.8 Hz), 4.29 (1H,
dd, J = 9.2, 1.6 Hz), 4.20-4.07 (4H, m), 2.79 (1H, d, J = 16.5 Hz), 2.54
(1H,d,J=15.0 Hz),2.48 (1H,d, J = 16.5 Hz), 2.38 (1H, d, J = 15.0 Hz),
2.35 (2H, s), 2.49-2.33 (3H, m), 2.21 (dddd, 1H, J = 16.0, 9.2, 6.8, 4.9
Hz), 1.89 (dq, 1H, J = 15.2, 4.9 Hz), 1.40 (3H, s), 1.36 (3H, s), 1.26 (3H,
t,J = 7.1 Hz).

'3C-NMR (125 MHz, CDCl,) &: 208.3, 169.6, 169.6, 110.2, 77.5, 75.2,
65.1,61.0,47.7,43.7, 40.1, 38.1, 36.4, 35.7, 25.9, 25.5, 23.1, 14.1.

IR (neat): 2958, 2926, 2854, 1760, 1731, 1712, 1463, 1380, 1260, 1155,
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1094, 1068, 1029, 876, 802 cm™'.

EI-MS m/z (%): 354 (M*, 1.0), 340 (18), 339 (100), 209 (16), 191 (48), 101
(78), 43 (12).

HR-EI-MS m/z: Calcd for C,{H,,0,: 354.1679. Found: 354.1677.

[a],2® = +4.6° (¢ 1.12, CHCl,).

Ethyl 2-{(1R, 4aR, 8aR)-1-[(R)-2,2-dimethyl-1,3-dioxolan-4-yl]-3,6-

dioxo-octahydro-1H-isochromen-4a-yl}acetate (40)

. .

o) o)
H H
TMSO TBAF, AcOH o)
%
EtO,C D o THF, 0°C to rt o o
\ CO,Et
58(1\\0 40 2

YT A7/ 58a (129 mg, 0.302 mmol) ® THF (3.0 mL) #&®#KIZ, 0°C
THEFR (0.69 mL,0.073 g, 1.21 mmol) & TBAF ® THF &A% (1 M, 0.6 mL,
0.60 mmol) Z 1A, =i T 1 B L 72, OS2 Bl — F L TH R
L, SN BHK THE#%, BB T N U LATHEEL, BE FTRELHEE
L. okl a s VSN aobhru~v 777 0 — (RHEE, ~
YU BT =1:2) THEL, BahRosr =271 40 % 99.5

mg (L= 93%) 137,

AiniZ '"H-NMR BN EZEOF " AT 140 CREWVW—FHERLEZ LB Z
DHEE AR LT,
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Ethyl 2-{(1R, 4aR, 8aR)-1-[(R)-2,2-dimethyl-1,3-dioxolan-4-yl]-3,6-

dioxo-octahydro-1H-isochromen-4a-yl}acetate (40)

. .

0 o
H H
03, CH,Cl,, -78°C
TMSO kNG 0
then Ph3P, -78°C to rt
FOL "0 then TBAF, AcOH, rt o o
:OL:B=4:1 COZEt
3 \ 40

v/ nr7 X 38(1.05g, 2.47mmol) OH{L A F L > (12.4 mL) AEHRIC,
-78°C THY Vv EFLIMRDETRE AL, Kty v &2T7 130 T
Z L, PPhy(1.30 g, 4.94 mmol) &l x, |BIE T 15 B LEZ. Tk, X
SRR W FERE (0.57 mL, 0.59 g, 9.88 mmol) & TBAF ® THF & (1 M,
4.9 mL, 4.94 mmol) Z %, =i T3 BRI L. KSHEK % Bk~ F
VTHR L, fafn Bk Coeik, MoK T NY v A THEE L, BT F%E
WAEARBELLE. o EkEZ VATV T A0~ NI T 7 40— (B
HEREE, N3 v Vo F Ll —F )0 fifgoFL=1:1:3) THEL, &

BR DO = 271 40 & 800 mg (UK 90%)FF7-.

AihiZ '"H-NMR N EEOF " AT 140 CREWVW—FHERLEZ LB Z

DI & & e L7z
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(1S, SR, 6R, 9R)-5-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-9-hydroxy-

4-oxatricyclo[7.2.1.0""°]dodecan-3,10-one (35)

L .

Smly-Sm
(o) _— (o)
HMPA, t-BuOH

mi1QOH
fo) o) THF, rt fo)

35 0

7 hx— A7 /140 (312 mg, 0.880 mmol) @ THF - HMPA - t-BuOH (20 :
1:0.15,17.6 mL) ¥R 1Z, SmI, ® THF &% (0.1M, 26.4 mL, 2.64 mmol)
IR CH T L, 20 R L7z, ROGEIRICZER 2 R E A &, Bilig = F L
THWN LB E VBTN AT A ra~ N7 77 0 — (IBHEL, Bk
TF ) TR L, Aoy hT7Tva—)L 35 & 238 mg (IR 87%) 15

7.

'H-NMR (500 MHz, CDCl;) &: 4.31(1H, dd, J = 10.5, 0.7 Hz), 4.29 (1H,

ddd,J =7.2,6.8,0.7 Hz), 4.15 (1H, dd, J = 8.1, 6.8 Hz), 4.09 (1H, dd,

J =28.1,7.2 Hz), 2.68 (1H,d, J =17.4 Hz), 2.48 (1H, d, J = 17.4 Hz),

2.25(1H,dd,J =18.9,3.5 Hz), 2.20 (1H,d, J = 18.9 Hz), 2.17 (1H, dd,
= 10.5, 5.6 Hz), 2.08 (1H, dd, J = 11.9, 3.5 Hz), 1.90-1.66 (5H, m),

1.36 (3H, s), 1.35 (3H, s).

""C-NMR (126 MHz, CDCl;) §: 216.1, 168.8, 110.1, 79.7, 77.7, 75.0,

65.0,47.2,41.6,40.9,37.7,36.2, 33.3,25.8, 25.6, 21.2.

IR (neat): 3434, 2986, 2937, 2901, 1747, 1738, 1458, 1382, 1372, 1260,

1219, 1159, 1102, 1082, 1066, 1034, 1002, 984,917, 881, 853, 731 cm™'.
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EI-MS m/z (%): 310 (M*, 0.73), 296 (16), 295 (100), 101 (77), 43 (14).
HR-EI-MS m/z: Calcd for C,(H,,04: 310.1416. Found: 310.1417.

[a],?’ = +2.5° (¢ 1.07, CHCL,).

(1S, SR, 6R, 9R)-5-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-9-

(methoxymethoxy)-4-oxatricyclo[7.2.1.0""°]dodecan-3,10-one (59)

fo) MOMCI, i-Pr,NEt

1110H (CH.Cl),, 40°C

35 o

RT3 — b 35 (632 mg, 2.04 mmol) O 1,2-Y 7T X > (10.0
mL) KT, 40°C TP A VY A= F AT I (1.4 mL, 1.1 g, 8.16
mmol) & MOMCI (0.31 mL,0.33 g,4.08 mmol) 1% T 6 B L /=,
SR 2 Wi~ F L CAaR L, fafikfgKkFEST MY v LAKEK, K, B X
O fn &K Tz, HAKME T MY U A TRBEL, BETRELZEE
L. okl xs s VSNV obhru~v 777 0 — (IRHEE, ~
¥y BT T =1:2) THREL, Bakosr b 59 % 714 mg (WY

R 99%) f57=.

'"H-NMR (300 MHz, CDCl,) 8: 4.82 (1H,d,J = 7.6 Hz), 4.65 (1H, d, J =
7.6 Hz), 4.32 (1H, d, J = 10.4 Hz), 4.25 (1H, t,J = 7.3 Hz), 4.17 (1H, t,
= 7.3 Hz),4.10 (1H,t,J = 7.3 Hz), 3.35 (3H,s),2.69 (1H,d, J = 17.2
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Hz), 2.49 (1H, d, J = 17.2 Hz), 2.30-2.20 (5H, m), 1.92-1.57 (4H, m),
1.38 (3H, s), 1.37 (3H, s).

"C-NMR (125 MHz, CDCl,) &: 213.7, 168.8, 110.0, 92.4, 83.5, 77.7,
74.9, 64.9,55.8, 48.1,41.0,39.2,37.6,36.1,31.1, 25.8, 25.4, 20.9.

IR (neat): 2941, 2901, 1747, 1740, 1457, 1372, 1259, 1217, 1153, 1113,
1062, 1045, 1004, 917, 855 cm™".

HR-FAB-MS (glycerol) m/z: Calcd for C,jH,,0,: 355.1757. Found:

355.1754 (MH").

(1R, 5R, 6R, 9R)-5-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-9-
(methoxymethoxy)-10-methylene-4-oxatricyclo[7.2.1.0"°]-

dodecan-3-one (60)

[e) Ph3P=CH2
111OMOM THF, t-BuOH
o 40°C
59 o

AFNL Y T7x2= L RAKR=7 A=713I F (1.04 g,2.78 mmol) ® THF
-t-BuOH (2 :1,21.0 mL) &2 t+-BuOK (160 mg, 1.39 mmol) % 1 2 40°C
TI10 DRI L. 227 Fr 59 (197 mg, 0.556 mmol) @ THF (7.0
mL) R & T L, 30 o H#e L. ROSERICEmE (T v €=U LKE
WEBEB T F L E M, K, BLORMAEK CHRF%R, BAEERT MY ¥
LATHBEL, WIETHHEBELL. BonTBEZ VDTSV A T LY
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R NI T T — (WHER, ~XY v BB T =2:1) THREL, &

BRDZ 7 Fr 60 & 181 mg (IFE 92%) 157-.

'H-NMR (300 MHz, CDCl;) &: 5.11-5.01 (2H, m), 4.82 (1H, d, J = 7.2

Hz), 4.63 (1H,d,J = 7.2 Hz), 4.25 (1H,t,J = 7.4 Hz), 4.20 (1H, d, J =

10.4 Hz), 4.15 (1H,t,J = 7.4 Hz),4.07 (1H,t,J = 7.4 Hz),2.51 (1H, d,
=17.3 Hz),3.36 (3H,s),2.36 (1H,d,J =17.3 Hz), 2.30 (1H, m), 2.00

(1H, dd, J = 10.4, 4.9 Hz), 1.91-1.74 (4H, m), 1.67-1.53 (2H, m), 1.37

(6H, s).

"’C-NMR (125 MHz, CDCl;) §: 170.0, 149.6, 110.0, 106.3, 91.8, 84.3,

78.3, 75.1, 65.1, 55.4, 42.6, 41.9, 41.3, 38.3, 38.1, 35.1, 25.9, 25.7,

21.5.

IR (neat): 2984, 2933, 2888, 1738, 1654, 1455, 1381, 1371, 1239, 1221,

1153, 1106, 1068, 1045, 1011, 918, 888 cm™'.

EI-MS m/z (%): 352 (M*, 4.4),338 (19), 337 (100), 215 (18), 152 (19), 101

(78), 45 (39), 43 (11).

HR-EI-MS m/z: Calcd for C,(H,30,: 352.1886. Found: 352.1885.

Anal. Calcd for C,,H,;O4: C, 64.75; H, 8.31. Found: C, 64.79; H, 8.01.

[a]p®® = +73.4° (¢ 1.04, CHCI,).
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(1R, 2S5, 5R, 6R, 9R)-5-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-2-
{[(2-(trimethylsilyl)ethoxy)methoxy]methyl}-9-(methoxymethoxy)-10
-methylene-4-oxatricyclo[7.2.1.0""°]dodecan-3-one (62p8)

(1R, 2R, 5R, 6R, 9R)-5-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-2-
{[(2-(trimethylsilyl)ethoxy)methoxy]methyl}-9-(methoxymethoxy)-10

-methylene-4-oxatricyclo[7.2.1.0""°]dodecan-3-one (62a.)

1) LDA, 61, THF, -78°C

Y

2) SEMCI, i-Pr,NEt
11OMOM CH2C|2, rt

60

A Y 7rENT 2 (0.10mL, 74 mg, 0.730 mmol) @ THF (2 mL) &
12, -78°C T n-BuLi O ~F % U IEHK (2.66 M, 0.27 mL, 0.730 mmol) %
WL, 30 BB LE. 2T 27 F2 60 (85.1 mg, 0.243 mmol) @
THF (2.0 mL) &AM F L, | FRFEEFHRLZ. ZOREEGWIZ 61 (72.5 ¢,
0.486 mmol) @ THF (6.0 mL){A#K Z 1 K T F L, 15 oML
. RS KZMz, lIB—F L TR L, 1.0 M NaOH KA, B &
Ofafi B K CUEE#%, MAKMER T MY v A TR L, BUE TR 28 &
Lz, ffonizkiEoEibAF 1Ly (2.4 mL) RIRICYA Y T LT F
V72 (91 ul, 69 mg, 0.535 mmol) & SEMCI (86 uL, 81 mg, 0.486
mmol) Z Mz, 3R Ulc. BOSERIC BT IRBEKFE T MY U LIKEK
Nz, Bif=F L CTHINL, K, BLOEMAEK CHRE%, 8K
N O ATHEBEL, BEMRELZEELE. SonlRkEEZ Y D5 vh
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Thrmvw NI TT7 44— (WHEE, ~FY 0 g F L =5:1~3:1)
THEL, Bako o7 b 62% 77.8 mg (ILF 62%) &, AR D

77 br620% 17.8 mg (YUF 14%) 157-.

77 h 628

'H-NMR (300 MHz, CDCl,) &: 5.03-4.97 (2H, m), 4.79 (1H,d, J = 7.3
Hz), 4.64 (1H,d,J = 6.8 Hz),4.61 (1H,d,J = 6.8 Hz), 4.60 (1H, d, J =
7.3 Hz), 4.23 (1H,dt,J =0.9, 6.9 Hz), 4.18 (1H, dd, J = 10.5, 0.9 Hz),
4.15 (1H,dd,J = 8.0, 6.9 Hz), 4.03 (1H, dd, J = 8.0, 6.9 Hz), 3.87 (1H,
dd,J=10.2,5.7Hz),3.79 (1H,dd,J =10.2,6.0 Hz), 3.62-3.52 (2H, m),
3.33 (3H, s), 2.55 (1H, t, J = 5.9 Hz), 2.47 (1H, dt, J = 17.1, 2.7 Hz),
2.37 (1H, m), 2.27 (1H, dd, J = 10.5, 5.2 Hz), 1.95-1.73 (4H, m),
1.65-1.51 (2H, m), 1.34 (6H, s), 0.95-0.88 (2H, m), 0.00 (9H, s).
""C-NMR (125 MHz, CDCl;) §: 170.8, 149.6, 109.8, 106.0, 94.8, 91.7,
83.6,78.5,75.0,66.4,65.3,65.0,55.3,51.5,43.5,40.5,40.4,35.1, 34.0,
25.9,25.7,21.4,18.0, -1.5.

IR (neat): 2944, 2876, 1734, 1558, 1457, 1371, 1247, 1154, 1108, 1045,
860, 834 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,,H,s04Si: 513.2884.

Found: 513.2883 (MHY).

77 b 62a

'"H-NMR (300 MHz, CDCI;) §: 5.03-4.95 (2H, m), 4.79 (1H, d, J = 7.3
Hz), 4.64 (1H,d,J = 6.8 Hz), 4.61 (1H,d,J = 6.8 Hz), 4.60 (1H,d, J =
7.3 Hz), 4.30 (1H, dt,J =0.8, 7.2 Hz), 4.23 (1H,dd, J = 10.5,0.8 Hz),
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4.18 (1H, dd, J = 8.0, 7.2 Hz), 4.03-3.84 (2H, m), 3.80-3.52 (3H, m),
3.33 (3H, s), 2.55 (1H, t, J = 5.9 Hz), 2.47 (1H, dt, J = 17.1, 2.7 Hz),
237 (1H,d,J=1.8 Hz),2.27 (1H,dd, J =10.5,5.2 Hz), 1.90-1.65 (4H,

m), 1.67-1.51 (2H, m), 1.34 (6H, s), 0.95-0.88 (2H, m), 0.00 (9H, s).
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0=

(S)-2-{(R)-Hydroxy[(2R,4R)-2-(4-methoxyphenyl)-1,3-dioxan-4-

yllmethyl}cyclohexanone (76)

e o o

(0}
o) 16 H
L-proline HO
fo) H Hzo, rt
(o)
75 76

TT e K75(4.79 ¢,21.6 mmol) D> 7 u~FH% /> (112 ml, 106 g,
1.08 mol) ¥®H#IZ/K (1.9 ml, 2.0 g, 108 mmol) & L-7 1 U > (745 mg,
6.47 mmol) Z 1 x , =i T 30 FpM R L 7o BOUSE R &2 ~ % ¥ T Kt R
FMLC, ZNhE T Lra~ NI T 70— (BHER, ~X¥% 2 ~~FH
Yo T L =2 1) THEL, BAHKROT L R—L 76 % 6.21 g (UL
F90%) 7.

'"H-NMR (400 MHz, CDCl,) §: 7.42-7.37 (2H, m), 6.91-6.85 (2H, m),
5.45(1H,s),4.29 (1H,ddd,J=11.2,5.0, 1.1 Hz),3.99 (1H,dt,J = 11.4,
3.0 Hz), 3.95 (1H, ddd, J = 12.4, 11.4, 2.5 Hz), 3.82 (1H, m), 3.80 (3H,
s), 3.33 (1H,d, J = 4.8 Hz), 2.74 (1H, m), 2.43 (1H, m), 2.38-2.14 (3H,
m), 2.05 (1H, m), 1.92 (1H, m), 1.77-1.51 (3H, m), 1.41 (1H, m).
3C-NMR (126 MHz, CDCl,) &: 214.7,159.9, 131.1, 127.3, 113.5,101.3,
76.8,73.0, 66.9, 55.3,52.2,42.6,30.1, 27.6, 26.7, 24.6.

IR (neat): 3523, 2993, 2859, 1698, 1615, 1519, 1248, 1102, 1032, 829
cm™.
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HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,(H,;05: 321.1702.

Found: 321.1694 (MH").

[a]p2® = -22° (¢ 1.01, CHCl,).

(S)-2-{(R)-[(Trimethylsilyl)oxyl[(2R,4R)-2-(4-methoxyphenyl)-1,3-

dioxan-4-yllmethyl}cyclohexanone (77)

OYPMP OYPMP
o (0]
H TMSCI H
HO imidazole TMSO
—_—
THF
0°C to rt
o o
76 77

TV K=/ 176 (9.61 g, 30.0 mmol) ® THF (300 mL) {&A#IZ 0°C T, A
I H Y =)L (6.12 g, 90.0 mmol) & TMSCI (5.7 mL, 4.9 g, 45.0 mmol) %
Mz 10 spfi#e L, IR T 15 oM L. RSEKRE Y= F Lo —
THTHRL, K, BRXOEMEEK CHRER, BARmET N U LA T
L, ETHREZEE L. GonlkE2z> Vo5V ara~v 7
77 4 — (BB, ~F o WL =4:1) THREL, AABEKD

YIUNE—=T 7T & 11.8 g (WF 100%) &=

'"H-NMR (400 MHz, CDCl,) &: 7.41-7.36 (2H, m), 6.89-6.84 (2H, m),
5.42 (1H, s), 4.24 (1H, ddd, J = 11.6, 5.0, 1.1 Hz), 4.03 (1H, ddd, J =
11.4,5.2,2.3 Hz), 3.93 (1H, dt, J = 2.5, 11.6 Hz), 3.93 (1H, t, J = 5.2
Hz), 3.79 (3H,s), 2.61 (1H, dt, J = 10.7, 5.3 Hz), 2.40 (1H, dt, J = 13.4,

122



4.4 Hz), 2.29 (1H, ddd,J =13.4,10.8, 6.0 Hz), 2.10 (1H, m), 2.03-1.85
(3H, m), 1.78-1.57 (3H, m), 1.39 (1H, m), 0.05 (9H, s).

"*C-NMR (126 MHz, CDCl;) &: 211.6, 159.8, 131.2,127.5,113.4,101.4,
79.0, 74.5, 66.8, 55.2,53.2,42.6, 30.5, 27.3,27.0, 24.5,0.6.

IR (KBr): 2949, 2936, 2906, 2858, 1712, 1616, 1519, 1249, 1114, 1028,
879, 835 cm™'.

EI-MS m/z (%): 392 (M*, 0.89), 205 (13), 199 (18), 194 (12), 193 (100).
137 (11). 135 (10). 73 (14).

HR-EI-MS m/z: Calcd for C,;H;,05S1: 392.2019. Found: 392.2017.

Anal. Calcd for C,, H;,0,Si: C, 64.25; H, 8.22. Found: C, 64.13; H, 8.23.
[a]p®® = -24° (¢ 1.01, CHCI,).

mp. 47-50°C.

(S$)-6-{(R)-[(Trimethylsilyl)oxy]l[(2R,4R)-2-(4-methoxyphenyl)-1,3-

dioxan-4-yllmethyl}cyclohex-2-enone (78)

0\r PMP OYPMP
o o
H 1) LDA, TMSCI H
THF, -78°C
TMSO ————» TMSO
2) Pd(OAc),, O,
DMSO, rt
o o
77 78

A Y Tue T I (3.3 mL, 2.4 ¢g,23.2 mmol) ® THF (30 mL) &
I, -78°C T n-BuLi O ~F ¥ IEHK (2.69 M, 8.62 mL, 23.2 mmol) %
WrEL,30 0EELLEZ. iz Y v —F 177 (4.55 g, 11.6 mmol)
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® THF (30 mL) ik Z i~ L, 1 R HE#R L7, ZOREWIC TMSCI (2.9
mL, 2.5 g, 23.2 mmol) Z i F L, 10 53 MR U 7o . BSOS E K i Fi bk F2 7K
FF RNV T LAKBRKEMZ, Do F Lz —F L THRL, K, BLONE
WK TR %, MOKRiEET MY O ATHBEL, BIETREZBEELZ. B
725 DMSO (130 mL) & #1Z PAd(OAc), (902 mg, 3.93 mmol) %
Z, MEFHKITER CA48 FEHHEL L. MSBERE =T L= —F7 LT
ARU, K, BLOMMEEAK THEE, BRRES M) U LATEEL,
ETHEEZBELL. GonNTREEZ VDTN T LI ~< T T
74— (WHEE, ~x Yy ffBF L =5 1) THEL, AaEKfo =

J 78 & 3.91 g (WU 86%) 157-.

'H-NMR (400 MHz, CDCl;) §: 7.42-7.36 (2H, m), 6.93 (1H, ddd, J = 10.0,
2.7,5.3 Hz), 6.88-6.84 (2H, m), 5.98 (1H, ddd, J = 10.0, 2.5, 1.4 Hz),
5.45 (1H, s), 4.25 (1H, ddd, J = 11.4, 6.4, 2.3 Hz), 4.22 (1H, ddd, J =
11.7,5.0, 1.4 Hz), 3.99 (1H, dd, J = 6.4, 3.6 Hz), 3.95 (1H, dt, J = 2.5,
11.7 Hz), 3.79 (3H, s), 2.52 (1H, ddd, J = 10.8, 5.7, 3.6 Hz), 2.47 (1H,
m), 2.34 (I1H, m), 2.18-2.03 (2H, m), 1.80 (1H, m), 1.43 (1H, m), 0.01
(9H, s).

"*C-NMR (126 MHz, CDCI;) &: 199.1, 159.7, 149.7, 131.3, 130.5, 127.6,
113.3,101.4,79.9,75.6, 66.7,55.2,49.3,27.2,25.7,25.6, 0.5.

IR (KBr): 2961, 2935, 2862, 1684, 1614, 1518, 1247, 1107, 1026, 839

cm’!

EI-MS m/z (%): 390 (M*, 1.01), 205 (34), 197 (27), 194 (12), 193 (100).
HR-EI-MS m/z: Calcd for C,;H;,0:Si: 390.1863. Found: 390.1859.
Anal. Calcd for C,, H,;,0,Si: C, 64.58; H, 7.74. Found: C, 64.52; H, 7.79.
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[a]p®® = +42° (¢ 1.01, CHCI,).

mp. 44-47°C.

Ethyl 2-[(15,6S)-1-hydroxy-6-{(R)-[(trimethylsilyl)oxy][(2R,4R)-2-
(4-methoxyphenyl)-1,3-dioxan-4-yllmethyl}cyclohex-2-en-1-yl]acetate

(79)

OYPMP OYPMP
S 0
y H
AcOEt, LDA
TMSO - TMSO
THF, -78°C Et0,0_J
o OH
78 79

DAY T ENLT 2 (8.9 mL, 6.5 g, 63.8 mmol) ® THF (35 mL) &
W12, -78°C T n-BuLi ®~F ¥ ¥E#HK (2.65 M, 23.8 mL, 63.8 mmol) %
WTFL,30 ME## L, BilB=F /L (6.3 mL,5.6g,63.8 mmol)&ii{ FL,1
REM R L 72, OsiEikilc= 7 > 78 (8.31g, 21.3 mmol) ® THF (35 mL)
WK % -78°C T T, 30 AR L. RIGERICfafElT =10
LAKBEREMZ, V2F L —FT L THRL, K, BILOMMAEEK CTHRG
%, WM MY U LATHEL, BETEREABEELL. ohkiks
SIVATNAT LT VT T T 4 — (WHEE, ~F Y Ffg T =

5:1) CTHML, BAMKROZ 2TV T79 % 9.20 g (ILF 90%) 57-.

'H-NMR (400 MHz, CDCl;) 6: 7.39-7.34 (2H, m), 6.88-6.83 (2H, m),
5.73 (1H, s), 5.68 (1H, m), 5.41 (1H, m), 4.26 (1H, ddd, J = 11.4, 4.9,
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1.2 Hz), 4.17-4.08 (2H, m), 4.03 (1H, ddd, J = 11.3, 6.6, 2.3 Hz), 3.93
(IH, dd,J = 6.5,3.8 Hz), 3.91 (1H, dt,J = 2.5, 11.9 Hz), 3.78 (3H, s),
2.76 (1H,d, J = 14.2 Hz), 2.63 (1H, d, J = 14.2 Hz), 2.27 (1H, dt, J = 8.0,
3.9 Hz), 2.10 (1H, m), 2.02-1.74 (4H, m), 1.65 (1H, m), 1.25 (3H,t,J =
7.2 Hz), 0.02 (9H, s).

"C-NMR (126 MHz, CDCl;) 6: 171.2,159.9, 133.5,130.9, 128.2, 127.7,
113.4, 101.8, 80.6, 79.0, 71.1, 66.8, 60.3, 55.1, 46.2, 40.6, 26.8, 25.0,
23.8,14.2,0.5.

IR (neat): 3463, 2957, 2839, 1730, 1615, 1519, 1249, 1104, 1034, 841
cm™!

EI-MS m/z (%): 478 (M*, 2.36), 285 (12),268 (12),267 (57), 255 (14), 205
(10), 194 (13), 193 (100), 167 (61), 137 (18), 135 (17), 121 (21), 73 (20).

HR-EI-MS m/z: Calcd for C,sH;30,Si1: 478.2385. Found: 478.2387.

[a]p?® = -5.8° (¢ 1.03, CHCI,).
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(1R,4aS5,8a5)-4a-Hydroxy-1-[(2R,4R)-2-(4-methoxyphenyl)-1,3-

dioxan-4-yl]-4,4a,8,8a-tetrahydro-1H-isochromen-3(7H)-one (81)

OYPMP
(o)
H
TMSO TBAF
Et0,C_ _J THF, 0°C
OH
79 81

T AT )79 (9.24 g,19.3 mmol) ® THF (200 mL) {A#Z!Z TBAF ® THF
W (1 M, 42.6 mL, 38.6 mmol) # /1 %2, 0°C T 1.5 B L 7=, KIGE
WEERF L THRL, K, B O AR K CERESR, BAKKET Y
VATHEL, BIETHEEZEE L. SohkEZ VD7 VE T A
rua~ 777 00— (WHEE, ~X¥ 2 iR F L =1:1~FE-T

JVoonly) CTHE L, HaEEKDO T 7 > 81 % 6.40 g (WF 92%) 157=.

'"H-NMR (400 MHz, CDCl,) &: 7.39-7.33 (2H, m), 6.89-6.84 (2H, m),
5.87 (1H, m), 5.66 (1H, m), 5.45 (1H, s), 4.43 (1H, dd, J = 10.8, 1.4 Hz),
430 (1H,dd,J = 11.5,4.8 Hz), 4.03 (1H, m), 3.95 (1H, dt, J = 2.3, 11.5
Hz), 3.78 (3H,s), 2.71 (1H,d, J = 17.3 Hz), 2.48 (1H, dq, J = 5.3, 12.4
Hz),2.38 (1H,d,J = 17.3 Hz), 2.23 (1H, dt, J = 18.3, 5.7 Hz), 2.17-2.04
(2H, m), 1.77 (1H, m), 1.50 (1H, dt, J = 6.2, 12.1 Hz), 1.42 (1H, m).
3C-NMR (126 MHz, CDCl,) &: 169.7, 159.8, 131.2, 130.9, 129.7, 127 .4,
113.5,101.4, 81.2, 74.6, 66.8, 66.0, 55.2, 43.6, 37.8, 26.1, 25.2, 18.7.
IR (KBr): 3436, 2979, 2951, 2905, 2872, 2841, 1730, 1613, 1520, 1252,
1098, 1032, 979, 843 cm’ .
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EI-MS m/z (%): (M*,21),359 (15), 194 (13), 193 (100), 137 (23), 136 (15),
135 (48).

HR-EI-MS m/z: Calcd for C,;H,4,0,: 360.1573. Found: 360.1571.

Anal. Calcd for C,, H,,0,: C, 66.65; H, 6.71. Found: C, 66.73; H, 6.83.
[a]lp?® = +57° (¢ 1.00, CHCI,).

mp. 156-159°C.

(1R,4R,4aS5,8aS)-4a-Hydroxy-4-(hydroxymethyl)-1-[(2R,4R)-2-(4-
methoxyphenyl)-1,3-dioxan-4-yl]-4,4a,8,8a-tetrahydro-1H-

isochromen-3(7H)-one (82)

61

LDA, THF, -78°C

then 61, -78°C

A7 NT 2 (12.0mL, 8.67 g, 85.7 mmol) ® THF (85 mL) &
# 12, -78°C T n-BuLi O ~F ¥ K (2.65 M, 32.3 mL, 85.7 mmol) %
WEL, 30 0L L. ZOREWIZ-T8°C THLNLLDWHLLTEW
7277 b 81(6.18 g, 17.1 mmol) @ THF (85 mL) A & F L, 1 HF[H
L7, &512,61 (7.65 g, 51.3 mmol) ® THF (170 mL)IAE#R % 1 B
MWL, 15 oM #E L. ISR ZAMERT o F =7 2KERD
FIZ—RICAN, Z0%, KEMA, FiFlg=F LV THINL, K, B LML
WK CURER %, WK MY U ATEBEL, BIE THEEZ2BEELL. 505
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NEBBEEZ VAN T Ta~ N7 57 40— (BHEE, ~xH% o .
Wifg—F L =21 ~Ffe=F /L) THEL, AQBEKD U4 —/1 82 % 5.86

g (IR 88%) 157-.

'H-NMR (400 MHz, CDCl;) 6: 7.38-7.33 (2H, m), 6.91-6.85 (2H, m),
6.03 (1H,ddd,J =9.8,5.0,2.9 Hz), 5.72 (1H, dq, J = 9.8, 1.4 Hz), 5.47
(1H,s),4.45 (1H,dd,J =10.6,1.8 Hz),4.33 (1H,ddd,J =11.4,4.8,1.2
Hz), 4.06 (1H, dt, J = 11.4, 2.0 Hz), 3.96 (1H, ddd, J = 12.4,11.4, 2.5
Hz),3.79 (3H,s), 3.75 (1H,ddd,J =11.2,8.5,4.6 Hz), 3.67 (1H, ddd, J
=11.2,7.1,4.3 Hz), 2.82 (1H, dd, J = 7.1, 4.6 Hz), 2.52 (1H, m), 2.31
(1H, ddd,J =12.9, 10.6, 2.6 Hz), 2.28-2.20 (2H, m), 1.87 (1H, s), 1.80
(1H, m), 1.53 (1H, m), 1.46 (1H, m).

"*C-NMR (126 MHz, CDCI;) &: 172.1, 160.0, 133.2,130.8, 128.4, 127.3,
113.6, 101.6, 81.8, 74.7, 68.2, 66.9, 61.6, 55.3, 55.0, 34.6, 26.2, 25.1,
19.2.

IR (KBr): 3482, 3386, 2956, 2926, 2856, 2838, 1718, 1615, 1521, 1370,
1259, 1068, 967, 827 cm™'.

EI-MS m/z (%): 390 (M"*, 19), 389 (13), 372 (10), 194 (14), 193 (100), 137
(23), 136 (13), 135 (43).

HR-EI-MS m/z: Calcd for C,,H,,0(: 390.1679. Found: 390.1672.

Anal. Calcd for C,,H,,04: C, 64.60; H, 6.71. Found: C, 64.32; H, 6.77.
[a]p®® = +101° (¢ 1.01, CHC1,).

mp. 144-147°C (BEABCRAS o, BRI EE, ~F 0 v, B = F 1, ik A

FL .
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(1R,4R.,4aS5,8a5)-1-[(2R,4R)-2-(4-Methoxyphenyl)-1,3-dioxan-
4-yl]-4a-{[2-(trimethylsilyl)ethoxy]methoxy}-4-({[2-(trimethylsilyl)-
ethoxy]lmethoxy}methyl)-4,4a,8,8a-tetrahydro-1H-isochromen-

3(7H)-one (83)

SEMCI, i-Pr,NEt
(CH,CI),, 40°C

Y

U4 —82(2.47 g,6.33 mmol) ® Y7 mnrxT X (32 mL) B 0°C
T, VA4 Y7o r=F )T I (6.6 mL, 4.9 g, 38.0 mmol) & SEMCI
(4.5 mL, 4.2 g,25.3 mmol) Z /% 10 ¥ # L 721, 40°C T 40 Bi[E##p
L7z, ROSEIRICETRBEKFZE T M) v AKEBKRENMZ, YoFLro—7
VTHERL, K, BRLOMMEEKCHEEZ, BAKMRET MU v A CTHEEL,
WIE THEHEABEE L. SonickErs v VWSV DT Lsa~ NI T
74— (W, ~X Yy BB T =4 1) THEEL, Bajhko Z

7 h 83 % 4.11 g (WHE 100%) 57-.

'"H-NMR (400 MHz, CDCl,) &: 7.39-7.33 (2H, m), 6.87-6.81 (2H, m),
6.14 (1H, m), 5.76 (1H, m), 5.44 (1H, s), 4.93 (1H, d, J = 7.7 Hz), 4.63
(1H,d,J =7.7 Hz), 4.48 (1H,d, J = 6.9 Hz), 4.44 (1H,dd, J = 11.2, 1.8
Hz),4.41 (1H,d, J = 6.9 Hz), 4.29 (1H, dd, J = 11.7, 4.7 Hz), 4.04 (1H,
dt, J = 11.2, 2.2 Hz), 3.94 (1H, dt, J = 2.1, 11.7 Hz), 3.76 (3H, s),
3.75-3.63 (3H, m), 3.49-3.39 (3H, m), 3.16 (1H,t,J = 4.5 Hz), 2.47 (1H,
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m),2.43 (1H, m),2.22 (1H, m),2.10 (1H, m), 1.73 (1H, m), 1.56 (1H, m),
1.43 (1H, m), 0.92-0.86 (2H, m), 0.86-0.80 (2H, m), 0.00 (9H, s), -0.03
(9H, s).

"*C-NMR (126 MHz, CDCl;) &: 171.2,159.8,134.9,131.1, 127.3, 125.3,
113.4, 101.5, 94.5, 90.1, 81.3, 75.2, 73.7, 66.9, 66.1, 65.4, 64.9, 55.1,
51.7,34.9,26.0,25.4,18.5,17.9,17.8, -1.5.

IR (neat): 2952, 2880, 1732, 1616, 1519, 1248, 1103, 1069, 1055, 1025,
860, 835 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calecd for C;;H50,S1,:
651.3385.

Found: 651.3386 (MH").

Anal. Calcd for C;;H,,0,Si1,: C, 60.89; H, 8.36. Found: C, 60.62; H, 8.40.

[a]p®® = +130° (¢ 1.04, CHCI,).
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(R)-2-((1R,6S)-6-{(R)-Hydroxy[(2R,4R)-2-(4-methoxyphenyl)-1,3-
dioxan-4-yllmethyl}-1-{[2-(trimethylsilyl)ethoxy]methoxy}cyclohex-

2-en-1-yl)-3-{[2-(trimethylsilyl)ethoxy]methoxy}propan-1-ol (84)

77 b 83(7.00 g, 10.8 mmol) ® THF (54 mL) &% |Z 0°C T, LiAlH,
(816 mg, 21.5 mmol) Z AN X, 15 oML L7c®IT, iR T 4 FFEEH L
o SRS BRE KkE ML, VoFLlo—F L THRL, U 7L
N7 Lhru~x NTTT7 40— (BHEBEE, P=Frz—7 1) TRHEL, 6

R DA — L 84 % 6.80 g (=K 97%) 157-.

'"H-NMR (400 MHz, CDCl,) §: 7.43-7.37 (2H, m), 6.91-6.85 (2H, m),
6.13 (1H, m), 5.65 (1H, m), 5.49 (1H, s), 4.84 (1H, d, J = 7.2 Hz), 4.80
(1H, d, J = 7.2 Hz), 4.66 (2H, s), 4.32 (1H, dd, J = 11.9, 4.6 Hz), 4.06
(1H, dt,J = 11.3,1.9 Hz), 3.98 (1H, dt, J = 2.5, 11.9 Hz), 3.92 (1H, dd,
=9.4,3.9 Hz), 3.81-3.79 (1H, m), 3.80 (3H, s), 3.75 (1H, dd, J = 9.4,
8.5 Hz), 3.72-3.55 (6H, m), 3.29 (1H, brs), 2.74 (1H, m), 2.69 (1H, brs),
2.38 (1H, m), 2.24 (1H, ddd, J = 11.9, 7.3, 3.7 Hz), 2.12 (1H, m), 1.95
(1H, m), 1.76 (1H, m), 1.46 (1H, m), 1.40 (1H, m), 0.97-0.88 (4H, m),
0.02 (9H, s), 0.01 (9H, s).
'3C-NMR (126 MHz, CDCl,) &: 159.8, 134.2, 131.1, 127.3, 126.6, 113.5,

132



101.0, 95.2, 91.0, 79.9, 77.1, 73.9, 67.8, 67.1, 65.8, 65.3, 62.7, 55.3,
49.4,43.4,27.2,25.1,21.6,18.2, 18.1, -1.4.

IR (neat): 3442, 2952, 2893, 1519, 1249, 1093, 1035, 1015, 859, 834
cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C;;H;,0,Si,:
655.3698.

Found: 655.3696 (MH").

[a]p®® = +36° (¢ 1.01, CHCI,).
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Methyl (R,Z)-4-((1R,6S5)-6-{(R)-[(2R,4R)-2-(4-methoxyphenyl)-1,3-
dioxan-4-yl][(trimethylsilyl)oxy]methyl}-1-{[2-(trimethylsilyl)-
ethoxy]methoxy}cyclohex-2-en-1-yl)-2-methyl-5-{[2-(trimethylsilyl)

ethoxy]methoxy}pent-2-enoate (96)

TMSCI DMSO, (COCI),
imidazole CH,Cl,, -78°C
THF then Et3N, -78°C to rt
0°Ctort

ﬁ (0]
CF3;CH,),P.
(CF3CHy), j)‘\OMe

KHMDS
18-crown-6

THF, -50°C

84—98

YA —/L 84 (3.80 g, 5.80 mmol) ® THF (120 mL) &I, 0°C TA 2
& — )b (1.58 g, 23.2 mmol) & TMSCI (2.2 mL, 1.9 g, 17.4 mmol) % /Il
Z 10 o L%, BR T30 oML L. KISBEREY 2 F Lz —T
VTHERL, K, BROMBMEEKCHEEZ, BAKMET MU 7 A CTHEL,
WE TR A EE LTz,
98—99

ik A 9 VY (2.5mL, 3.7 g,29.0 mmol) D L A F L > (30 mL) &
12, -78°C T DMSO (8.2 mL, 9.1 g, 116 mmol) 2z, 15 pMHEAEL
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7o ROSEWRIZ IR i%E 98 Ot A F L (30 mL) WK% T L,
1S B L. ZOREMWIZELN (16.2 mL, 11.7 g, 116 mmol) %
%-78°C T 15 ML LI, B T30 oMHEL L. KISHEKEZ V=
FN =TV THRL, K, fAFEAT v E =7 LKBEK, 8L O RHE
KTHEEE, MoK MY v ATl L, BIE FElE2EE L.
9996

Horner-Wadsworth-Emmons 33 (5.78 g, 17.4 mmol) & 18-crown-6
(3.04 g, 11.6 mmol)?® THF (30 mL) & IZ, -78°C T KHMDS ® h /L=
YR (0.5 M, 23.2 mL, 11.6 mmol) Z /1%, 0°C T 30 /B HE#H L7, K
JSTRIRIZ, -78°C THIZAF7- 7% 99 @ THF (30 mL) R % F L, -50°C
T 24 FEMHEE L7, JONEIRICBfiE LT v =0 AKBRE Mz, V=
FNEZ—FT L THRL, K, 8L EE K THEEER, BKRES N ¥
ATHIRL, WIE TR EZBELL. BoNEBEEZ S VD FALD T LY
n~ 777 40— (BHEE, ~xXV 2 BT L =8:1~2:1) TH

L, EAMROa,p-FEAFIT AT L 96 % 4.02 g (LK 87%) 157~

'H-NMR (400 MHz, CDCl;) 6: 7.44-7.35 (2H, m), 6.90-6.81 (2H, m),
5.76-5.68 (2H, m), 5.41 (1H,s), 4.98 (1H,d,J = 7.0 Hz), 4.59 (2H, d, J
= 6.7 Hz),4.56 (2H,d,J = 6.7 Hz), 4.50 (1H,d, J = 7.0 Hz), 4.40 (1H,
dt,J =11.2,1.8 Hz), 4.24 (1H,dd,J =11.1, 4.2 Hz), 4.05 (1H, dd, J =
5.3,2.1 Hz), 4.04-3.92 (3H, m), 3.78 (3H,s),3.69 (1H, m), 3.71 (3H, s),
3.61-3.37 (3H, m), 2.22-2.07 (3H, m), 1.93 (3H,d,J =1.1 Hz), 1.83 (1H,
m), 1.75 (1H, ddd, J =12.7,5.3,2.2 Hz), 1.55 (1H, m), 1.31 (1H, d, J =
12.8 Hz), 0.94-0.83 (4H, m), 0.03 (9H, s), 0.01 (9H, s), -0.01 (9H, s).

"*C-NMR (126 MHz, CDCI;) &: 168.3,159.5,140.3, 136.1, 131.7, 129.3,

135



127.3,125.7,113.4,101.0,94.6,91.6,79.8,79.5,72.6,67.6,67.4,65.3,
64.8,55.2,51.2,48.3,45.5,27.6,26.8,21.3,19.0,18.1,18.0,0.3,-1.4,
-1.5.

IR (neat): 2952, 2922, 2895, 1718, 1518, 1365, 1249, 1081, 1033, 836
cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,,H, O,,Si;:
795.4355. Found: 795.4374 (MH").

Anal. Calcd for C,,H,,0,,Si,: C, 60.41; H, 8.87. Found: C, 60.15; H, 8.98.

[a]p?® = +17° (¢ 1.02, CHCl,).

(1R,2R)-1-[(1S,2R)-2-((R,Z)-5-Hydroxy-4-methyl-1-{[2-(trimethyl-
silyl)ethoxy]methoxy}pent-3-en-2-yl)-2-{[2-(trimethylsilyl)ethoxy]-
methoxy}cyclohex-3-en-1-yl]-2-[(4-methoxybenzyl)oxy]butane-1,4-

diol (97)

DIBAL

-78°C to -20°C

96 97

a,p-REgFI= 27 /L 96 (2.00 g, 2.51 mmol) DIt x F L > (50 mL) &
ik\z, -78°C T DIBAL (1.02 M, 12.3 mL, 12.6 mmol) Z il x, 1 B[ #
L7212, -20°C T 2 FEMHE L7, ROSHEIRIC B & EK 2N %, Kk~
FATHRL, YU B FATAHE (BHELE, Bl F L)L, A EHIET

136



R L7, BBEXZ VW TND T A ru~x 7T 7 40— (WHBE, ~F%
Yoo MR F Oy =11 ~1:3 ~ FR=F /b only) THE L, EAMKO

FUA—197 % 1.51 g (UK 86%) 157~

'"H-NMR (400 MHz, CDCl;) 8: 7.24-7.18 (2H, m), 6.88-6.82 (2H, m),
6.20 (1H,dd,J =10.4,4.7 Hz),5.51 (1H,dd,J =10.4,2.1 Hz), 4.98 (1H,
m), 4.83 (1H,d,J =7.0Hz),4.77 (1H,d,J = 7.0 Hz), 4.59 (2H, s), 4.57
(l1H,d,J=11.7Hz),4.31 (1H,d,J=11.7Hz),4.19 (1H,d,J =11.7 Hz),
391 (1H, dd, J = 8.8, 2.5 Hz), 3.88 (1H,d, J = 11.7 Hz), 3.79 (3H, s),
3.76 (1H,dd,J=8.1,3.3 Hz),3.71-3.46 (9H, m), 3.40 (1H,t,J = 8.8 Hz),
2.18 (1H, ddd, J = 12.7, 8.7, 3.7 Hz), 2.07 (1H, m), 1.93 (1H, m), 1.86
(1H, m), 1.84 (3H, s), 1.57 (1H, s), 1.14 (1H, m), 1.03 (1H, dt, J = 4.6,
12.8 Hz), 0.94-0.86 (4H, m), 0.00 (18H, s).

"C-NMR (126 MHz, CDCl;) 6: 159.4,139.2, 135.1, 130.1, 129.9, 127.0,
125.9, 113.7, 94.6, 91.4, 81.1, 75.6, 74.1, 70.3, 67.6, 66.1, 65.0, 61.7,
58.6,55.3,48.1,41.9,33.1, 24.5,22.6,22.1,18.2, 18.0, -1.4.

IR (neat): 3437, 2952, 2880, 1514, 1249, 1059, 1011, 860, 836 cm™".
HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C;(H ,NaO,Si,:
719.3987. Found: 719.3995 (MNa").

Anal. Calcd for C;4H¢,0,Si1,: C, 62.03; H, 9.25. Found: C, 61.90; H, 9.27.

[0]p2 = +1.4° (¢ 1.03, CHCL,).
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Methyl (R,Z)-4-((1R,6R)-6-{(R)-4-methoxy-2-[(4-methoxybenzyl)-
oxy]-4-oxobutanoyl}-1-{[2-(trimethylsilyl)ethoxy]methoxy}cyclohex-
2-en-1-yl)-2-methyl-5-{[2-(trimethylsilyl)ethoxy]methoxy}pent-2-

enoate (85)

1) DMP, AZADO
pyridine, CH,Cl,
2) NaClO,, NaH,PO,

2-methyl-2-butene

TMSCI, Et;N #-BuOH, H,0
THF, 0°C 3) Me;SiCHN,
MeOH, Et,0
97 101 85

97101

KU A —/197 (700 mg, 1.00 mmol) ® THF (10 mL) &2, 0°C T b
JxF)L7 2 (0.56mL,0.41 mg, 4.00 mmol) & TMSCI (0.38 mL, 0.33
g, 3.00 mmo)Z M % 30 wHH L7z, KISHWHKZ Y =F L= —7T )L THR
L, K, BLXOfAMEEKCHRE%, BAKRET M) U LATEHEL, BET
W= E LT,
101—85

BoNnNTERECHEIL AT LY (20 mL) WIKIZ0°C T, U > (0.16 mL,
0.16 g, 2.00 mmol) & DMP (2.12 g, 5.00 mmol), AZADO (15.4 mg,
0.100 mmol) # /1 %, 15 /MR Lizt%, =|IE T3 FFfHE L 7o ]S IRIK
EYVTTFNLT—TTHRL, AfREKFET N U LKEKRE 20%F 4
Wil ) U U LKW ZMZA 15 58 L%, KB K OfMEHE KT
B, BAKMEET MU U ATHBEL, BETEREZEELE. BT ERE
® THF, t-BuOH, K (=1 :1:1,3.0 mL) IFIRIZ, WL T2-AF NL-2-TF
> (2.1 mL, 1.4 g, 20.0 mmol) &V U _/KFEF MU T LA (2.40 g, 20.0
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mmol), HEFEE ST VU 7 A (362 mg, 4.00 mmol) Z 1z, 2 BEfHE L L 7=,
SGVRIE % BEfE = F- L TR L, /K, B X ORI &K THEE 14, MoK i i
TRV ULTHBL, BETGEREEZEELEL.

BoNmEOASX ) — V-V FLz—FT)L (1 : 1, 4.0 mL) BRI,
FRTTMS VT VY AZ L D~FH VHEWK (0.6 M, 4.2 mL, 2.5 mmol) %
T U, 15 e Lic. ROSWIRICEFR 2N 2, & DOk, BIE FHEE L2 8=
L. BiEE T VTN T AT~ N7 57 00— (R, ~xH > .
A=/ =6:1~5:1) CTHHEL, BalRoOa,p-REf1= 271 96

Z 680 mg (U= 90%) 137-.

'H-NMR (400 MHz, CDCl;) 6: 7.29-7.23 (2H, m), 6.87-6.81 (2H, m),
6.09 (1H, dt,J = 10.5,3.7 Hz), 5.84 (1H, m), 5.80 (1H, m), 4.85 (1H, d,
J=7.6Hz),4.57 (2H,s),4.53 (1H,d,J =11.2 Hz),4.49 (1H,d,J =7.6
Hz), 4.49 (1H,dd,J = 8.2,4.4 Hz),4.43 (1H,d,J =11.2 Hz),3.91 (1H,
dd,J =9.8,4.4Hz),3.81 (1H, ddd,J =10.5,6.2,4.4 Hz), 3.77 (3H, s),
3.71 (1H, m), 3.67 (3H, s), 3.65 (3H, s), 3.62 (1H, dd, J = 9.8, 6.2 Hz),
3.59-3.39 (4H, m),2.72 (1H,dd,J =16.0,4.4 Hz),2.62 (1H,dd,J =16.0,
8.0 Hz),2.14 (1H, m), 1.93 (3H,d,J = 1.4 Hz), 1.83 (1H, m), 1.78-1.64
(2H, m), 0.97-0.82 (4H, m), -0.01 (18H, s).

"*C-NMR (126 MHz, CDCI;) &: 209.6, 171.1, 168.1, 159.3, 139.8, 133.1,
129.7, 129.7, 128.5, 126.5, 113.8, 113.7, 94.5, 91.3, 80.5, 79.2, 72.2,
67.6,65.3,64.9,55.2,51.8,51.2,48.8,48.2,36.3,22.4,21.2,18.1, 18.0,
-1.5.

IR (neat): 2952, 2894, 1741, 1718, 1514, 1249, 1060, 1014, 860, 836 cm™".
HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,;3H4,,NaO,,Si,:
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773.3728. Found: 773.3734 (MNa").

[a]p®® = +26° (¢ 1.01, CHCI,).
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Methyl 2-[(1'S,2'R,3R,3'R,3a'R,7a'R)-3-[(4-methoxybenzyl)oxy]-
5-0x0-3a'-{[2-(trimethylsilyl)ethoxy]methoxy}-3'-({[2-(trimethyl-
silyl)ethoxy]methoxy}methyl)-2',3',3a',4,5,6',7',7a'-octahydro-3H-

spiro[furan-2,1'-inden]-2'-yl]propanoate (103)

Sml2

THF, rt

kY= 27 )L 85 (20.0 mg, 0.0266 mmol) @ THF (1.0 ml) &®KIZ
Sml, ®» THF #&# (0.1 M, 0.8 mL, 0.08 mmol) # =& Ti§ F L, 2 FFH#
L. RIDARICZERERE AR, Vo F Lo —7 /L THR L, ff iR
KFEFT R U LAKERKRE 200F A WEET MU U LKEKREZMA 2. £
Wz U B G NVTAE (BHEE, V=FLr=—7)v) L, A% BEITER
MLz, EE VANV T a7 a~ NI T 7 40— (BRHEBEE, ~%9
Vo T L =5:1) THEL, EalikoZ 7 F 103 & 18.3 mg (X

R 95%) f57=.

'H-NMR (400 MHz, CDCl,) &: 7.27-7.21 (2H, m), 6.92-6.84 (2H, m), 6.10
(1H, m), 5.76 (1H, m), 4.78 (1H, d, J = 7.1 Hz), 4.73 (1H, d, J = 7.1 Hz),
4.55(2H,s),4.55 (1H,d,J=11.6 Hz),4.45 (1H,d, J=11.6 Hz), 3.96 (1H,
dd,J=17.3,3.2 Hz), 3.81 (3H, s), 3.66 (3H, s), 3.64-3.45 (5H, m), 3.33 (1H,
dd, J = 10.0, 6.5 Hz), 3.06-2.98 (2H, m), 2.72 (1H, dd, J = 18.5, 7.3 Hz),
2.54 (1H, dd, J = 18.5,3.2 Hz), 2.38 (1H, m), 2.23 (1H, m), 2.11-1.94 (3H,
m), 1.35-1.19 (1H, m), 1.14 (3H, d, J = 6.4 Hz), 0.95-0.78 (4H, m), 0.00
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(9H, s), 0.00 (9H, s).

""C-NMR (126 MHz, CDCl,) &: 177.1, 175.3, 159.4, 131.1, 129.3, 129.2,
127.6,113.9,96.0,95.0,89.6,81.4,79.5,71.9,69.1,65.1,55.3,54.6,51.4,
49.6,48.2,42.4,35.8,29.7,26.0, 18.3,18.0, 18.0, 15.8, -1.4, -1.5.

IR (neat): 2951, 2923, 2896, 1776, 1734, 1514, 1248, 1171, 1096, 1055,
1031, 936, 860, 835 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,;,H,,NaO,,Si,:
743.3623. Found: 743.3620 (MNa").

[a]p®® = +13° (¢ 1.03, CHCI,).

142



Methyl (1S,4R,4aR,4bS,8aR,9R,9aR)-4a-hydroxy-4-[(4-methoxy-
benzyl)oxy]-1-methyl-2-0xo0-8a-{[2-(trimethylsilyl)ethoxy]methoxy}-
9-({[2-(trimethylsilyl)ethoxy]methoxy}methyl)-

2,3,4,4a,4b,5,6,8a,9, 9a-decahydro-1H-fluorene-1-carboxylate (104)

PMBO
OH

Sml,, LiCl

THE 2
-78°C to -20°C 1 | osem
07 oMe ™ 0SEM

104

rhYx A7)0 85 (29.5 mg, 0.0393 mmol) & LiCl (10.0 mg, 0.236
mmol) ® THF (1.0 ml) &# 2 SmI, ® THF {&#% (0.1 M, 1.2 mL, 0.118
mmol) % -78°C T T LT 15 HF L, -20°C T30 o fE# L7z, ISR
IR EREIAL, P F Lz —FT ) CTHRL, fAFIKBKEZEFT Y 7 L
KWWK E 20%F AT MU U LKEREMA T, ECTLBEE ) AT
NTAHE (BHER, oFro—F 1) L, BEEBHELZ. BEL U D
TGN T A u~ NI T 40— (BHEE, ~%X% 2  FEgF L =41~

3:1) THEL, BOmikosr v 104 %2 17.8 mg (IF 63%) 57=.

'H-NMR (400 MHz, CDCl;) 6: 7.27-7.22 (2H, m), 6.91-6.85 (2H, m),
6.04 (1H, m), 5.84 (1H, m), 4.68 (1H,dd,J =9.4, 6.4 Hz), 4.67 (1H, d,

=6.5Hz),4.62 (2H,s),4.59 (1H,d,J = 6.5 Hz),4.51 (1H,d,J =10.8
Hz),4.44 (1H,d,J =10.8 Hz), 3.81 (3H,ss),3.67 (3H,s), 3.62-3.48 (4H,
m), 3.47 (1H,dd,J =9.9, 6.4 Hz), 3.34 (1H,dd,J =9.9, 6.4 Hz), 3.10
(1H,dd,J =17.6,6.4 Hz), 3.05 (1H, brs), 2.86 (1H, dt,J = 4.6, 6.4 Hz),
2.55(1H,dd,J =17.6,9.4 Hz), 2.23 (1H, m), 2.17 (1H, dd, J = 8.8, 7.4
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Hz),2.09 (1H, m),2.06 (1H,d,J=4.6Hz),1.97-1.88 (2H, m), 1.40 (3H,
s), 0.97-0.80 (4H, m), 0.02 (9H, s), 0.01 (9H, s).

"*C-NMR (126 MHz, CDCI;) &: 207.5, 172.1, 159.4, 132.4, 129.8, 128.6,
127.1, 113.8, 94.8, 89.7, 81.2, 80.7, 75.2, 70.6, 69.7, 65.2, 64.8, 58.6,
56.7,55.3,55.0,52.2,46.1,41.2,27.1,22.8,18.0, 18.0, 17.9, -1.4.

IR (neat): 3525, 2952, 2890, 2878, 1739, 1717, 1515, 1253, 1093, 1061,
1022, 858, 835 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,;,H,,NaO,,Si,:
743.3623. Found: 743.3621 (MNa").

[a]p®® = +16° (¢ 1.03, CHCI,).
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Methyl (15,25,4R,4aR,4bS,8aR,9R,9aR)-2,4a-dihydroxy-4-
[(4-methoxybenzyl)oxy]-1-methyl-8a-{[2-(trimethylsilyl)ethoxy]-
methoxy}-9-({[2-(trimethylsilyl)ethoxy]methoxy}methyl)-

2,3,4,4a,4b,5,6,8a,9,9a-decahydro-1H-fluorene-1-carboxylate (105)

PMBO
OH

Sml,, LiCl
THF, -78°C

then MeOH
-78°C to 0°C HO

r Y A7 )L 85 (58.1 mg, 0.0772 mmol) & LiCl (19.6 mg, 0.463
mmol) @ THF (2.0 ml) &2 SmlI, ®» THF ®#& (0.1 M, 2.3 mL, 0.23
mmol) #-78°C T F L, 15 L. D% AKX /—) (9.4 uL, 7.4
mg, 0.232 mmol) Z M %, -20°C T 30 ik, 0°C T 15 o L=, Kk
WIRICERERE AL, P FALZ—F L THRL, fAfEAkET Y
U LK & 20%F AT MU U AKEREMA T, ECTLEE Y
BNV TAE (BHEE, PoFro—T 1) L, BERELZ. RiEx2
VTN Thra~w 777 40— (BHEE, ~%9% 2 . Big—F L =

5:1) THEL, BEHKROT /L2 —/1 105 % 39.2 mg (IR 70%) 157-.

'H-NMR (400 MHz, CDCl;) 6: 7.27-7.22 (2H, m), 6.90-6.85 (2H, m),
6.18 (1H, m),5.77 (1H, m),4.76 (1H,d,J = 6.6 Hz), 4.66 (1H,d,J = 6.6
Hz), 4.66 (1H,dd,J =12.0,5.5 Hz),4.59 (1H,d,J = 6.6 Hz), 4.56 (1H,
d,J=10.5Hz),4.55(1H,d,J =6.6 Hz),4.42 (1H,d,J = 10.5 Hz), 4.24
(1H, m), 3.80 (3H, s), 3.73 (3H, s), 3.66-3.50 (4H, m), 3.54 (1H, brs),
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3.35(1H,dd,J=10.3,1.9Hz),3.18 (1H,dd,J =10.3,7.7 Hz), 2.59 (1H,
d,J=32Hz),2.21 (1H, m), 2.16-2.01 (4H, m), 1.88-1.72 (4H, m), 1.51
(3H, s),0.97-0.88 (4H, m), 0.04 (9H, s), 0.01 (9H, s).

"*C-NMR (126 MHz, CDCI;) 8: 176.6, 159.2, 132.2,130.2, 129.5, 128.2,
113.7, 94.6, 89.7, 80.4, 79.6, 75.2, 69.9, 69.4, 67.9, 65.6, 65.2, 55.2,
55.1,54.2,51.7,50.0, 47.1,29.3,26.7, 18.0, 18.0, 16.9, 16.6, -1.4.

IR (neat): 3539, 2952, 2889, 1718, 1515, 1250, 1093, 1061, 1024, 859, 835
cm’™!

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,,H4,NaO,,Si,:

745.3779. Found: 745.3762 (MNa").

[a]p®® = 30° (¢ 1.02, CHCI,).
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Methyl (15,4R,4aS5,4bS,8aR,9R,9aR)-4a-hydroxy-4-[(4-methoxy
benzyl)oxy]-1-methyl-2-0xo0-8a-{[2-(trimethylsilyl)ethoxy]methoxy}-
9-({[2-(trimethylsilyl)ethoxy]methoxy}methyl)-

2,3,4,4a,4b,5,6,8a,9,9a-decahydro-1H-fluorene-1-carboxylate (106)

PMBO
OH

Sml,, KHMDS
Air
THF, rt

SmI, ® THF #&#% (0.1 M, 6.3 mL, 0.63 mmol) (Z KHMDS ® /L=
W (0.5 M, 1.25 mL, 0.625 mmol) Z#H F L, D%, X (ca.15 mL) %
W& ANz, ZORBRKE 27 Y X7 85 (31.2 mg, 0.0415 mmol)
® THF (2.0 ml) IR T L, 15038 Ulc. BOSEIRIC 225 &2 IR E3A 7,
VIFNLT—TI)THRL, SMREBEKET NI U LAKEKE 20%F 4 it
e bV O AKEREMZ T2, ECTkEEE Y WAV TAE (EHEE,
VxFroz—T0) L, BERBELE. BEEAY ISV T A~ NS
T 40— (WHEE, ~F Y B FL =8:1~6:1) THEL, &

BR D7 N2 106 & 24.6 mg (IF 82%) 157-.

'"H-NMR (400 MHz, CDCl,) §: 7.20-7.14 (2H, m), 6.88-6.83 (2H, m),
6.32 (1H, m), 5.81 (1H, m), 4.96 (1H, s), 4.90 (1H, d, J = 6.6 Hz), 4.85
(1H,d, J = 6.6 Hz), 4.64 (1H, d, J = 6.7 Hz), 4.59 (1H, d, J = 6.7 Hz),
4.58 (1H,d,J = 11.8 Hz), 4.30 (1H, d, J = 11.8 Hz), 3.80 (3H, s), 3.72
(1H, dd, J = 3.9, 1.8 Hz), 3.68-3.51 (4H, m), 3.63 (3H, s), 3.48 (1H, dd,
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=10.0,2.6 Hz), 3.40 (1H, dt,J = 2.6, 8.0 Hz), 3.26 (1H, dd, J = 10.0,
8.0 Hz),3.23 (1H,dd,J =15.0,3.9 Hz), 2.64 (1H,dd, J = 15.0, 1.8 Hz),
2.22 (1H, m), 2.17 (1H,d,J = 8.0 Hz), 2.07 (1H, m), 1.98-1.85 (2H, m),
1.34 (3H,s),1.17 (1H,dd,J =9.6,6.4 Hz),0.97-0.81 (4H, m), 0.00 (9H,
s), 0.00 (9H, s).

"*C-NMR (126 MHz, CDCl;) &: 206.4, 174.7, 159.3, 132.4, 130.0, 129.5,
127.7, 113.7, 94.8, 89.5, 85.3, 80.1, 74.5, 70.4, 69.4, 65.4, 65.2, 56.6,
55.3,53.3,51.9,45.9,42.9,40.5,25.7,19.6,18.1,17.9,14.6,-1.5,-1.5.
IR (neat): 3513, 2952, 2895, 2876, 1731, 1712, 1515, 1250, 1097, 1055,
1034, 1007, 858, 835 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,;,H,,NaO,,Si,:
743.3623. Found: 743.3616 (MNa").

[0]p2® = +1.4° (¢ 1.04, CHCL,).
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Methyl (1S,2R,4R,4aS5,4bS,8aR,9R,9aR)-2,4a-dihydroxy-4-
[(4-methoxybenzyl)oxy]-1-methyl-8a-{[2-(trimethylsilyl)ethoxy]-
methoxy}-9-({[2-(trimethylsilyl)ethoxy]methoxy}methyl)-

2,3,4,4a,4b,5,6,8a,9,9a-decahydro-1H-fluorene-1-carboxylate (109a)

0, HO“\ _ z
0°c = H OSEM

07> oMe ™ 0SEM
109a.

7 b > 106 (120 mg, 0.166 mmol) ® THF-A % /—/L (1 :1,0.8 mL) &
12 0°C T, NaBH, (0.6 mg, 0.0159 mmol) Z % 1 FFfHEHL L 7=, Kt
WL T v =0 AKEMZ, V2FALZ—T LV THRL, K, BIY
A BEAK TGS, BARME ST ) v ATEEBL, BETEEZEEL
. EEEVYVDSNVE T A a~ NI T T 0 — (IBHIEE, ~x9 v B

e Fu=3:1) THEL, HEAHKD 109a% 10.9 mg (IUFE 95%) 157-.

'H-NMR (400 MHz, CDCl;) 6: 7.22-7.17 (2H, m), 6.88-6.84 (2H, m),
6.31 (1H, m), 5.80 (1H, m),4.85 (1H,d,J=6.2Hz),4.76 (1H,d,J =6.2
Hz), 4.68 (1H, brs), 4.66 (1H,d,J = 6.6 Hz), 4.61 (1H,d,J = 6.6 Hz),
4.59 (1H,d,J =11.7 Hz), 4.33 (1H,d,J = 11.7 Hz), 3.80 (3H, s), 3.75
(1H,d,J =12.1 Hz), 3.66 (3H, s), 3.63-3.43 (7TH, m), 3.23 (1H, dd, J =
8.7,10.0 Hz), 3.19-3.13 (1H, m), 2.26-1.97 (4H, m), 1.91-1.82 (2H, m),
1.78 (1H,d,J = 7.8 Hz), 1.41 (3H, s), 1.21 (1H, m), 0.96-0.83 (4H, m),
0.01 (9H, s), -0.01 (9H, s).

"*C-NMR (126 MHz, CDCl;) &: 178.5,159.2, 132.7,130.7, 129.3, 127.8,
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113.7, 94.8, 89.3, 85.3, 80.2, 75.2, 74.0, 70.5, 69.9, 65.4, 65.2, 55.3,
52.8,51.1,48.0,46.0,43.5,31.8,25.8,22.3,18.1,17.9,14.6,-1.4,-1.5.
IR (neat): 3524, 2952, 2890, 2895, 2874, 1713, 1515, 1250, 1097, 1030,
1016, 858, 835 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,;,H4,NaO,,Si,:

745.3779. Found: 745.3770 (MNa").
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Methyl (15,25,4R,4aR,4bS,8aR,9R,9aR)-2-[(tert-butyldimethylsilyl)-
oxy]-4a-hydroxy-4-[(4-methoxybenzyl)oxy]-1-methyl-8a-{[2-
(trimethylsilyl)ethoxy]methoxy}-9-({[2-(trimethylsilyl)ethoxy]-
methoxy}methyl)-2,3,4,4a,4b,5,6,8a,9,9a-decahydro-1H-fluorene-1-

carboxylate (114)

TBSOTY, Et;N
CH,Cl,, 0°C

7 bz —/ L 105 (120 mg, 0.166 mmol) DL A F L > (1.7 mL) BRI
0°C T, Et;N (93 uL, 67 mg, 0.664 mmol) & TBSOTf (76 uL, 88 mg,
0.332 mmol) ZMZ 1 KHTEHLE L. KISHEKREZ Y =F L= —FT LV THR
L, K, BLXUOfEMEHEKTHRER, BB ) O LATEERL, BET
WK A2 B LT, AR VDSV BT arsa~ NI T 70— (RHIBEE,
~Fx Yy FER =L =8 0 1) THRE L, Ao 114 % 127 mg (M

L O1%) 57-.

'"H-NMR (400 MHz, CDCl,) §: 7.28-7.24 (2H, m), 6.91-6.86 (2H, m),
6.18 (1H, m), 5.75 (1H, m), 4.76 (1H,d, J = 6.3 Hz), 4.74 (1H,d, J = 6.3
Hz), 4.60 (1H,dd, J = 11.1, 6.1 Hz), 4.59 (1H, d, J = 6.8 Hz), 4.55 (1H,
d,J=6.8Hz),4.51 (1H,d,J=10.7 Hz), 4.46 (1H, d, J = 10.7 Hz), 4.25
(1H,dd,J=11.7, 4.6 Hz), 3.81 (3H, s), 3.68-3.50 (4H, m), 3.65 (3H, s),
3.33 (1H, brs), 3.12 (1H, d, J = 6.5 Hz), 3.12 (1H, d, J = 5.3 Hz), 2.49
(1H, ddd, J = 8.7, 6.5, 5.3 Hz), 2.22 (1H, m), 2.07 (1H, m), 1.99-1.68
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(4H, m), 1.89 (1H,d, J = 8.7 Hz), 1.46 (3H, s), 0.98-0.87 (4H, m), 0.81
(9H, s), 0.04 (9H, s), 0.03 (3H, s), 0.01 (9H, s), 0.00 (3H, s).

"’C-NMR (126 MHz, CDCl;) §: 175.5,159.2, 131.9, 130.5, 129.5, 128.6,
113.7, 94.7, 89.7, 79.5, 79.2, 75.4, 70.2, 69.7, 69.1, 65.4, 65.2, 55.4,
55.2,54.3,51.4,49.9,45.8,31.6,26.9,25.7,18.0,18.0,17.9,17.0, 16.6,
-1.3,-1.4,-3.9,-5.2.

IR (neat): 2952, 2927, 2893, 2857, 1731, 1515, 1250, 1024, 858, 836
cm’™!

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C,;H,;NaO,,Si;:

859.4644. Found: 859.4641 (MNa").

[a]p®® = +38° (¢ 1.04, CHCI,).
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(15,25,4R,4aS,4bR,95,9aR)-2-[(tert-Butyldimethylsilyl)oxy]-4a-
hydroxy-4-[(4-methoxybenzyl)oxy]-1-methyl-7-0x0-9-({[2-(tri-
methylsilyl)ethoxy]methoxy}methyl)-2,3,4,4a,4b,5,6,7,9,9a-

decahydro-1H-fluorene-1-carbaldehyde (115)

PMBO PMBO
OH H OH

1) DIBAL, CH,Cl,, -78°C

2) PCC, CH,Cl,, rt

07> 0Me  0SEM

114

T 27 )L 114 (104 mg, 0.124 mmol) Ok A F L > (1.2 mL) &EIKIZ,
-78°C T DIBAL (1.03 M, 0.36 mL, 0.373 mmol) #/1%x, 1 KEf#E# L 7=,
ISR aEkEzmz, YoFLro—7 LV THRL, LiEx T4
AW LRI, BIETREZ2EELE. B -ERECH LA TF L
(1.2 mL) A#RIC=IE T PCC (134 mg 0.620 mmol) Z %, 1 B # L
e, ISR E Y= F Nz —F7 L THINL, NaOAc &M%, EEEZET A
FCTAHABLE®RIC, WIETHEEZEELE. Son-EBEE2L Y D7D
Fhru~ NI TT 40— (WHEE, ~FV > Wi F L =4 1) TH

L, AR RBFI, T VT B N 115 % 44.7 mg (=R 53%) 157-.

'H-NMR (400 MHz, CDCl,) 8: 9.56 (1H,s), 7.22-7.17 (2H, m), 6.90-6.85
(2H, m), 6.00 (1H, m),4.56 (1H,d,J =6.9Hz),4.54 (1H,d,J =10.8 Hz),
4.53 (1H,d,J=6.9Hz),4.35(1H,d,J=10.8Hz),4.19 (1H,dd,J =12.0,
4.1 Hz), 3.80 (3H, s), 3.53-3.46 (3H, m), 3.32 (1H, dd, J = 9.8, 5.3 Hz),
3.26 (1H, brs), 3.26 (1H,dd,J =12.0,5.0 Hz), 2.84-2.71 (2H, m), 2.46
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(l1H,dd,J =13.7,3.2 Hz),2.42 (1H,d,J = 10.5 Hz), 2.23-2.05 (3H, m),
1.85(1H,q,J=12.0Hz),1.73 (1H, m), 1.46 (3H,s),0.93-0.86 (2H, m),
0.81 (9H, s), 0.07 (3H, s), 0.04 (3H, s), 0.00 (9H, s).

"’C-NMR (126 MHz, CDCl;) §: 205.4, 199.4, 169.7, 159.5, 129.5, 129.1,
124.3, 113.9, 94.7, 80.4, 74.1, 69.8, 69.7, 67.0, 65.4, 55.3, 53.4, 51.9,
49.1, 40.9,37.4,31.1, 25.6,24.2,18.0,17.9, 14.1, -1.5, -3.9, -5.0.

IR (neat): 2952, 2930, 2889, 2859, 1731, 1672, 1512, 1250, 1036, 836
cm™

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C;(H;,04Si,:

675.3748. Found: 675.3748 (MH").

[a]p®® = +13° (¢ 1.02, CHCI,).

154



(15,25,4R,4aR,4bR,9S5,9aR)-2-[(tert-Butyldimethylsilyl)oxy]-4-
[(4-methoxybenzyl)oxy]-1-methyl-9-({[2-(trimethylsilyl)ethoxy]-
methoxy}methyl)-1,2,3,4,5,6,9,9a-octahydro-4a,1-(epoxymethano)-

fluorene-7,11(4bH)-dione (116)

PMBO
OH

1) (CF3CO0),0, pyridine
CH,CI,, 0°C

2) Pinnick Ox, rt
3) 2,6-lutidine
CF3;CH,0H, rt

73—/ 115 (40.8 mg, 0.0604 mmol) Ok A F L > (1.2 mL) &K
(2 0°C T, U Y2 (97 uL, 96 mg, 1.21 mmol) & K U 7 b4 o FEER
(43 uL, 63 mg, 0.302 mmol) Z Mz 1 BE#EHR L. KSEBERE V= F )L
T—FT N THRL, K, BLOAMAEE K TRE%, BAKHEETFY 7 AT
RO L, BE T A E L.

557 O THF-+-BuOH-7K (1 : 1 : 1, 3.0 mL) ®WKICEIE T, 2-
AF)N-2-7 7 (0.64 mL, 0.42 g, 6.04 mmol) &V >V _KESF U ¥
2 (72.5 mg, 0.604 mmol), H¥EHFEM T F U 7 A (10.9 mg, 0.121 mmol) %
Mz, 2 B LE. ISEREZ, Vo FLrz—FT L THR L, K, BL Y
BOFN R K CUEVRL, MEOKAEE T MY U ATHRIR L, BUE FREZEEL
7.

/oo N 7 rdaex ¥ 7 —)b (2.0 mL) HIKIZ, =R T 2,6-
JVF T (100 ub) %, 48 R #E L. ISR %, V= F L= —7F
IVTHR L, K, BL O A K CHEE%L, BKMEBET N ¥ A CTREL
BWETEEZBELL. ol EEELZ I DTN DT L Iu~v NI T
74— (EHEE, ~%Hr  FfgTF L =4:1) THREL, AEEKO
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J > 116 % 36.9 mg (UK 91%) #57-.

'H-NMR (400 MHz, CDCl;) 6: 7.25-7.21 (2H, m), 6.91-6.86 (2H, m),
6.06 (1H, m), 4.69 (1H,d,J = 12.0 Hz), 4.64 (1H, d, J = 6.9 Hz), 4.62
(l1H,d,J =69 Hz),4.28 (1H,d,J =12.0 Hz), 3.84 (1H,d,J = 4.6 Hz),
3.80 (3H,s),3.72 (1H,d,J = 4.6 Hz), 3.63-3.53 (4H, m), 3.21 (1H, d, J
= 7.8 Hz), 3.10 (1H, m), 2.74 (1H, m), 2.38 (1H, m), 2.11 (1H, ddd, J =
16.9,14.9,5.3 Hz),2.07 (1H,d,J=16.0Hz), 1.80 (1H,dt,J =16.0, 4.6
Hz), 1.75 (1H, m), 1.38 (1H, m), 1.21 (3H, s), 0.94-0.87 (2H, m), 0.91
(9H, s), 0.12 (3H, s), 0.08 (3H, s), 0.01 (9H, s).

"’C-NMR (126 MHz, CDCl;) §: 198.8, 178.2, 170.3, 159.5, 129.8, 129 .4,
125.6, 113.8, 95.1, 92.6, 71.0, 70.7, 69.6, 69.0, 65.3, 55.3, 54.0, 45 .4,
44.1, 43.3,36.5,31.7,25.6,21.5,18.0,17.9,15.2,-1.4,-4.2, -5.1.

IR (KBr): 2952, 2929, 2885, 2860, 1781, 1670, 1508, 1248, 1119, 1035,
836 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C;4H;,04S1,:
673.3592. Found: 673.3604 (MH").

Anal. Calcd for C;(H;,O4Si,: C, 64.25; H, 8.39. Found: C, 64.26; H, 8.51.
[a]p?® = +10° (¢ 0.98, CHCl,).

mp. 110-112°C (MEAPCRAE &, PSSR, ~% %, Bi—~ T ).
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(2aR,5aR,5bR,6R,85,95,9aR,105,10aS)-8-[(tert-butyldimethylsilyl)-
0xy]-6-[(4-methoxybenzyl)oxy]-9-methyl-2-methylene-10-({[2-
(trimethylsilyl)ethoxy]methoxy}methyl)decahydro-1H-5b,9-
(epoxymethano)cyclobuta[j]fluorene-3,11(4H)-dione (117a)
(2aS$,5aR,5bR,6R,85,95,9aR,105,10aR)-8-[(tert-butyldimethylsilyl)-
0xy]-6-[(4-methoxybenzyl)oxy]-9-methyl-2-methylene-10-({[2-
(trimethylsilyl)ethoxy]methoxy}methyl)decahydro-1H-5b,9-

(epoxymethano)cyclobuta[j]fluorene-3,11(4H)-dione (117f8)

T /2 116 (29.5 mg, 0.0438 mmol) DH{L A F L > (2.0 mL) &EIKIZ,
-78°C T7 L ¥ (ca. 2 mL) #/M %, 100W ®EKBET T ORNZE2 A
Ly A7 4 N0E—%2@ LT 1.5 BRBHFLEZ. BERTTLVryZ28ELE
%, BETHEZEEL, GohlEKELS )V W ITINV T L Ia~ NT T
74— (B, ~% iR =51 ~4:1) TREL KA
Wk r7m74% 117a% 5.0 mg (JWHE 16%) L Eamikor 774

Y1178 % 25.2 mg (XK 81%) 5 i-.

117a
'H-NMR (400 MHz, CDCl;) 6: 7.21-7.17 (2H, m), 6.89-6.85 (2H, m),
494 (1H, m),4.87 (1H, m), 4.62 (1H,d,J =12.1 Hz), 4.62 (2H, s), 4.25
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(1H,d,J=12.1Hz),3.83 (1H,d,J=4.4Hz),3.81 (3H,s),3.75 (1H, m),
3.71 (1H, d, J = 4.4 Hz), 3.66-3.54 (2H, m), 3.53 (1H, dd, J = 9.7, 6.3
Hz), 3.44 (1H, dd, J = 9.7, 5.7 Hz), 3.40 (1H, m), 3.19 (IH,d,J = 5.0
Hz), 2.70 (1H, ddd, J = 18.1,8.4, 1.9 Hz), 2.32 (1H, m), 2.22 (1H, dd, J
=13.1,3.9 Hz), 2.17-2.05 (2H, m), 2.01 (1H,d, J = 15.8 Hz), 1.94 (1H,
m), 1.78 (1H, dt,J = 15.8,4.7 Hz), 1.30 (1H, m), 1.19 (3H, s), 0.96-0.90
(2H, m), 0.89 (9H, s), 0.10 (3H, s), 0.06 (3H, s), 0.03 (9H, s).
"C-NMR (126 MHz, CDCl1;) 8: 209.6, 179.2, 159.4, 141.4,129.8,129.6,
113.7, 109.8, 95.2, 92.1, 71.6, 70.5, 69.6, 69.6, 65.3, 60.1, 55.3, 53.6,
47.8,47.2,46.4,44.0,42.9,36.3,32.1,25.6,18.0,17.9,16.0,14.9,-1.4,
-4.2,-5.2.

IR (neat): 2953, 2928, 2857, 1778, 1702, 1514, 1249, 1105, 1055, 1036,
863, 837 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C;yH ,NaO4Si,:

735.3724. Found: 735.3712 (MNa").

1178

'"H-NMR (400 MHz, CDCl,) &: 7.24-7.19 (2H, m), 6.90-6.85 (2H, m),
4.87-4.81 (2H, m), 4.65 (1H, d, J = 11.7 Hz), 4.64 (1H, d, J = 6.8 Hz),
4.62 (1H,d,J = 6.8 Hz),4.31 (1H,d,J = 11.7 Hz), 3.82 (3H, s), 3.76 (1H,
d,J =4.6 Hz),3.73 (1H,d, J = 4.6 Hz), 3.67 (1H, dd, J = 10.3, 3.7 Hz),
3.64-3.52 (4H, m), 3.20 (1H, m), 2.97 (1H, d, J = 10.3 Hz), 2.50-2.33
(3H, m), 2.28 (1H, dt, J = 17.6, 6.0 Hz), 2.08-1.92 (2H, m), 2.04 (1H, d,
J=16.2 Hz), 1.78 (1H, dt, J = 16.2, 4.6 Hz), 1.68 (1H, dq, J = 16.4, 4.9
Hz), 1.18 (3H,s), 0.96-0.90 (2H, m), 0.88 (9H, s), 0.10 (3H, s), 0.05 (3H,
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s), 0.02 (9H, s).

"C-NMR (126 MHz, CDCl1,) 6: 207.8, 178.2, 159.3, 142.1, 129.6, 129.5,
113.8, 107.6, 95.1, 94.3, 71.2, 70.9, 70.8, 68.2, 65.4, 61.0, 55.3, 53.9,
47.8,46.7,45.4,44.8,38.7,35.4,31.6,25.7,19.6,18.1,17.9,15.4,-1.4,
-4.2,-5.2.

IR (neat): 2953, 2928, 2857, 1781, 1704, 1514, 1249, 1117, 1095, 1057,
1036, 860, 837 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: C;iH,NaOySi,: 735.3724.
Found: 735.3728 (MNa").

[a],2 = +20° (¢ 1.08, CHCI,).
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(15,25,4R,4aR,4bR,75,9aR,10S5,10aR)-2-[(tert-butyldimethylsilyl)-
oxy]-7-hydroxy-4-[(4-methoxybenzyl)oxy]-1-methyl-8-methylene-10-
({[2-(trimethylsilyl)ethoxy]methoxy}methyl)dodecahydro-4a,l-

(epoxymethano)-7,9a-methanobenzo[a]azulen-13-one (118)

Sml,, TBAB
HMPA, i-Pr,NEt

THF, rt

TBAB (97 mg, 0.30 mmol) (2, 2 & T SmI, ® THF ## (0.1 M, 1.5 mL,
0.15 mmol) & HMPA (0.10 mL, 108 mg, 0.60 mmol), ¥4 Y Fr /L=
F L7 22 (0.10mL, 78 mg, 0.60 mmol) Z % 15 o L7z, Z DRIK
v/ m 7 %1178 (4.6 mg, 6.5 umol) ® THF (1.0 ml) &R ZH F L,

SR L. S WIRICERERE AR, V2 F Lz —FT L THIRL,
TIRBEKFZ T Y U LAKEKRE 20T ARilEFT Y U LAKEKRZMZT-.
ECTEEEZ ) B r v TAE (WHEBEE, >oFrz—7 1) L, BERE
MLz, EE VANV T a7 a~ T T 7 40— (BRHEBEE, ~%4
YoFE L =3:1~2:1) THEL, BaRko 118 2 3.2 mg (ULE

69%) 1F7z.

'"H-NMR (400 MHz, CDCl;) &: 7.20-7.15 (2H, m), 6.87-6.83 (2H, m),
5.19 (1H, m), 4.97 (1H, m), 4.63 (1H,d,J = 6.9 Hz),4.60 (1H,d,J=6.9
Hz), 4.60 (1H, d, J = 11.9 Hz), 4.26 (1H, d, J = 11.9 Hz), 3.81 (3H, s),
3.77 (1H, d, J = 4.6 Hz), 3.63-3.56 (3H, m), 3.51 (2H, d, J = 6.3 Hz),
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2.98 (1H,d, J =9.3 Hz), 2.73 (1H, dt, J = 15.9, 2.7 Hz), 2.19 (1H, m),
2.10 (1H,t,J=7.7Hz), 1.98 (1H,dd,J =9.3,6.3 Hz), 1.98 (1H, d, J =
15.8 Hz), 1.96 (1H, m), 1.88 (1H, m), 1.77 (1H, dt, J = 15.8, 4.6 Hz),
1.60 (3H, m), 1.24 (1H, m), 1.18 (3H, s),0.96-0.90 (2H, m), 0.88 (9H, s),
0.09 (3H, s), 0.05 (3H, s), 0.02 (9H, s).

"C-NMR (126 MHz, CDCl1,) 8: 179.2,159.2, 157.5, 129.8,129.4,113.7,
106.0, 95.1, 94.7, 78.2, 71.3, 70.9, 70.3, 68.7, 65.3, 55.3, 54.6, 49.3,
47.7,46.1,45.4,44.3,40.9,38.3,31.9,25.7,18.1,17.9,17.2,15.3,-1.4,
-4.2,-5.1.

IR (neat): 3478, 2950, 2928, 1775, 1514, 1249, 1117, 1062, 1033, 974,
861, 837 cm™'.

HR-FAB-MS (m-nitrobenzyl alcohol) m/z: Calcd for C;yH ,NaO4Si,:

737.3881. Found: 737.3883 (MNa").
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