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ABSTRACT

Synthesis of Non-classical Nucleoside,

C-Carbocyclic Nucleoside and Antiviral Evaluation

Li Hua
Advisor: Prof. Hong Joon-Hee, Ph.D.
Department of Pharmacy

Graduate School of Chosun University

The synthesis of cyclohexenyl carbocyclic nucleoside and carbocyclic C-nucleosi—
de analogues has been inspired by their chemical and enzymatic stability. Cyclohe-
xenyl carbocyclic nucleoside describes a racemic and stereoselective synthetic route
for a novel cyclohexenyl carbocyclic adenine analogue. The required stereochemistry
of the target compound was controlled using a stereoselective glycolate Claisen
rearrangement followed by a-Chelated carbonyl addition. 6-Chloropurine analogue
was achieved using a Mitsunobu condition, and further modifications of the corres-
ponding heterocycle gave the target cyclohexenyl nucleoside 17. And non-classical
mercaptophenyl carbocyclic C-nucleoside was synthesized via a cyclopentenol inter-
mediate 27, which was prepared using a sequential [3,3]-sigmatropic rearrangement
and ring-closing metathesis (RCM). Friedel-Crafts alkylation was then used to

couple the thiophenol.

Key Words : Glycolate Claisen rearrangement, a-Chelation, [3,3]-Sigmatropic

rearrangenment, Ring—closing metathesis, Friedel-Crafts alkylation.



E =R A= A5 cyclohexenyl carbocyclic nucleoside ® mercaptophenyl car—
bocyclic C-nucleosideE A 3st1 o]E9 dFE HAMs A ATt carbocyclic nu-
cleoside ¥ (Cnucleosidet 3}stay] oA =& dnlolg) s FALS A ).
B o3 F cyclohexenyl carbocyclic nucleoside:® PA A Al A Hor oA s
Noew 19 racemicol Wdle] 7l&Est . $-4, Mitsunobu Z713}o| Al 6-chloro-
purines ZFAIA HITsHE 175 FAAs9 3, E [3,3]-sigmatropic rearrangement,
ring-closing metathesis (RCM) & d#9 W3S Fdsto] FHAAAE 278 T3}
3 Friedel-Crafts  alkylation AlAA] 3§ 38}% &< mercaptophenyl carbocyclic -

nucleoside 315 433
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AIDS : Acquired immunodeficiency syndrome
Ac : Acetyl

AdoHcy : S-adenosyl-L-homocysteine
AZT : 3'-Azido thymidine

AZDU : 3'-Azido-2',3'-dideoxy uridine
ddC : 2',3'-Dideoxy cytidine

ddI : 2',3"-Dideoxy inosine

d4T : 2',3'-Didehydro-3'-deoxy thymidine
DCC : 1,3-Dicyclohexylcarbodiimide
DMAP : 4-(Dimetylamino)pyridine

DMF : N,N-Dimethyl formamide

DMSO : Dimethyl sulfoxide

DIBAL-H : Diisobutylaluminum hydride
DIAD : Diisopropylazodicaboxylate

EBV : Epstein-Barr virus

FDA : Food and drug administration
FLT : 3'-Deoxy-3'-fluorothymidine

HBYV : Hepatitis B virus

HCMYV : Human cytomegalovirus

HIV : Human immunodeficiency virus
HSV : Herpes simplex virus

HTLV : Human T-cell leukemia/lymphoma virus
LHMDS : Lithium hexamethyldisilazane
NOE : Nuclear overhauser (enhancement)
PCC : Pyridinium chlorochromate

RCM : Ring-closing metathesis

THF : Tetrahydrofuran

TBAF : Tetra butyl ammonium fluoride



TBDMSCI : zerz—Butyldimethylsilyl chloride
TEA : Triethylamine

TMS : Tetramethylsilane

TLC : Thin layer chromatography

VZV : Varicella zoster virus
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Figure 1. anti-HIV activityE Jt&l 2',3'-dideoxy nucleoside.
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=
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A8t & aristeromycin® neplanocin A 28] 11 34 3+ abacavir®} entecavir 5 carbo-
cyclic nucleosided = HIV, HBV, HCMV ¢} #& ulojei 2o s g ulold]~
& ¥%E YvEerdT. (Figure 2)

NH> NH,
SN a0 e
N
HO N N/) HO N N/) ¢ |\)N
h‘ %‘ HO NI
OHOH OHOH @
Aristeromycin Neplanocin A Abacavir
o)

H,N
<}“fNH 7 NS ow
PN N N OH

Entecavir 17

Figure 2. Structures of olefinic carbocyclic nucleoside.
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A B Tl AETH G5 BoAFlY. (Figure 3)
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Figrue 3. anti-HIV activityS Jt&l carbocyclic C-nucleoside.
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Figure 4. Rationale to the design of target nucleoside.
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=4 % nucleoside® 487 94sto] olul ez AW HRPL o] §8te] D-Mann-
itolZ %€ g G-unsaturated methyl ester 3& Aol ¥ CHoChel £3Az1 & 0
ColA DIBAL-H=Z A& 3Fe] allylic alcohol 45 A% 4
imidazole, TBDMSCIZ A& sl 3JFE b5 =2 F&2 AU oA 70% acetic
acid= A3t =2 F&2 diol 62 FAsUT. AT IFFE 65 -10 CTolA
TBDMSCIZ selective mono-silylationA] A4l 3}3+E 75 A staL o2& AleF DCC
9} DMAPZ H &3} allylic glycolate ester 82 &4 s>

Scheme 1. Synthesis of key intermediate 8

OH
#—o CO,Me : #—o ' #—o OR
O\/K/ © = ’ O =
3 4 R=TBDMS| 5

liii
OBn
OR
/IA/ OR iv OH i on R
RO P = HO. _

8 7 6

Reagents: i) DIBAL-H, CH,Cl,, O C; iy TBDMSCI, imidazole, CH,Cl,;
iii) 70% acetic acid; iv) BNnOCH,CO,H, DCC, DMAP, CH,Cl,.

Allylic glycolate ester 8o LiHMDS, TMSCI1¢+ TEAE A]2ko 2 (Claisen rearrang-—
ementdF-&*S 21851 o] y S-unsaturated glycolate 95 A 5] Figure 59149 o]
%4, a-Chelation controlled [3,3]-sigmatropic rearrangmentsS %3} crude acidE
FA st o 71o A F Triton-B, CHslA 2F o2 A 2lsle] A Az upye A8 s}o]
=2 TR dote 3= 98 FAskh

A g ester 95 T CHCLol &3 A2 $ -20 ColA DIBAL-H= A 2sto] al-

105 3P4 sta o]oj A o] AS PCCE oxidation?] A A aldehyde 115
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RO H
LI\
[3,3] = OR

m—0R
Bno\rl\ ! I B'F’O OH
H O

Figure 5. a-chelation controlled [3,3]-sigmatropic rearrangment.

v}, 382 11S aChelation controlled carbonyl addition®™& o] &3}e] 4359

A

T o] AL allyl-MgBrAl %2 Grignard¥$-S S ato] LR A o] DA divinyl
128 =& 582 FAFYEY o] GAdAE Columno @ %7 ey AH
& W o w2 RAYsAv. (Figure 6)

Scheme 2. Synthesis of key intermediate 13

L HO ©OBn
—>
RO~ OR

OBn
A\
Y <— <— RO XN OR
(Bla = 1/3.6) 11

13(B): X=0OH,Y =H
13(a): X=H, Y =0H

Reagents: i) LHMDS, TMSCI/TEA, THF, -78C, 1h, then rt, 2h, (b) CHjgl, Triton-B,
MeOH, overnight; ii) DIBAL-H, CH,Cl,; i) PCC, 4 A MS, CH,Cl, ; iv) allylMgBr,
THF, -78°C; v) Grubbs' catalyst Il, CH,Cl, , reflux.

Diastereomeric mixture 125 ring-closing metathesis ¥$ (RCM)*7 2 433} 7)

$5Fe] AleF Grubbs’ catalyst II [(Im)CLPCysRuCHPh]E A}&3le] Hste &2 13



(@3 9344 2= B2 130 FAF I Columno F2she] 22 41%, 14%9)

FEE AT

o—"\"@ oH
i y A OBn L
OBn aIIyIMgI?(r, /\/\il and its isomer
RO “ OR a-attac RO N OR
11 12 ~ /
l RCM
OBn OBn
Ha OR and HO OR
HO" H
13(a) 13(B)
(41%) (14%)

Figure 6. a-chelation controlled carbonyl addition.
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13a 138

Figure 7. NOE comparisons of compound 13a and 13

Figure 7914 ZA@ule} o] Aoz 13(8)9 AHsE F4 Aol NOEZ
1309 FarY Fotvs S o 7 Utk 13(@)°] Base (adenine)s =& st7] ¢l st
o ¢4 Mitsunobu "% . A%k DIAD®} dioxane/THF, PPhsS o] 83to] 2 H
adenine® %S A==l At 224 Mitsunobu ®F8-Zziskell A WA
6-chloropurines =3l 3FTE 142 71%Y 4= & t}& o7 NHy/MeOH

(£3H)E 718k steel bomboll A € %Z 95-100 C7H# 2d tfS Holsel wwkalo]
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}gE 155 AUk §A4F 159 TBAF=E Aste] dgdE 16& 9ol o3& -78
T A g 4% Naxzbe 93 MeOH9 AcOHZ F3HA A A

=

=% 2 cyclohexenyl adenine nucleoside 175 &4 39

L oF3lW, 7Fekdk D-MannitolZ2 58 Al ZFs A 7heksk AW H o2 At cyclohex—
enyl nucleosideE 4389 t}h. compound 178 vaccinia virus, varicella-zoster virus,
cosackie virus 18] 1 cytomegalovirus 53 2 o2 7}A] niolel 2o ts) SaE

AMstdtt. 23 AT s¢= 172 100 gg/mLol A= & wlolf 2R3 IS e A

cl
N
HO, iy OR i 7\ N
- L s N DN OR
N
13a 14
lii
H,N N H,N N

iii( 15: R = TBDMS
16:R=H

Reagemts: i) 6-chloropurine, DIAD, PPhs, dioxane/DMF;
i) NH3/MeOH, steel bomb; iii) TBAF, THF; iv) Na, NH3/THF,
-78°C, 15min.
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gla, ZA &= Al aromatic C-nucleoside 318 &4 387] Y38to] Scheme 40
8 L/H

A3} 7ol Acetol 18 EWEZLZ 3] g f-unsaturated ethyl ester 20 J

o~

}a -78 ColA DIBAL-H= A 2] 3}o] allylic alcohol 218 AT},

R
e

ol

l

Scheme 4: Synthesis of key intermediate 26 and 27

O
HO . TBDMSO )
_>:O ! . _>:o i POXZJLOB
1g LP=TBDMS 19 20
liii

0
PO v PO iv PO_>:JrOH
X OH = X OEt =~ —
HeC = HeC = HsC
23 22 21

i Vi
o oH PO R1
PO Vi PO viii
H > — HsC R2
HyC — HC —
24 25

26: Ry =OH, R, =H (45%)
27: Ry =H, R, = OH (46%)

Reagents: i) TBDMSCI, CH,Cl,, imidazole; ii) Triethylphosphonoacetate, NaH,
THF; iii) DIBALH, CH,Cl,, -20 C; iv) Triethylorthoacetate, propionic acid,
overnight, 130-135 C; v) DIBALH, toluene, -78 C; vi) PCC, 4 A MS, CH,Cl,;
vii) CH,=CHMgBr, THF, -78 C; viii) Grubbs' catalyst Il, CH,Cls, reflux, overnight.

33t S 21% triethyl orthoacetate®} propionic acid® 140 Col Al [3,3]-sigmatropic
rearrangement¥+-$-< Al d)3te] y S-unsaturated ester 225 FAFATF TS 3
B 228 4 CHXCLl 48421 F 0 CollAl DIBAL-H& 1A]3F ¥-&A1# alcohol
238 o] PCC 4A MSZE AH#3ste] aldehyde 245 TA AT AlEsto 3=
249 vinyl-MgBr& A 2% 2 Grignard W82 $339] divinyl 255 L3t}

Divinyl 259 Ring-closing metathesis (RCM) ¥$-%& 2=3J35}7] 984 Grubbs’
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catalyst II [(Im)CLPCysRuCHPhl]S A}&3to] Z+7Z cyclopentenol 26 (45%)3 27
(46%)% A" Figure 81 A9} 2ol gud o= stg% 26 [Ci-H (0.7%)]°] vd
T4 Abel 9] NOE7F 27 [Cy-H (0.2%)]5.t} ZF3kvh. Cyclopentenolel Base& 171
skl 4 0 CellAl gfE 279 acetic anhydride® 7tste] 3¢ E 28% 19
a1 o 7] Friedel-Crafts ¢Z 3RS Fa3t7] 93te] Lewis acid SnCli®} phenyl
disulfides 7}38to] disulfide derivative 295 AT 3ITFE 295 LIAIHLE Y
3}o] thiophenol analogue 302 2o TBAFZ A& 3dted HZEE4 aromatic C-nucleo-

side analogue 315 %A sk tt.

NOE (0.3%) NOE (0.9%
OH
PO H

‘,

Ay
X
ol
N

X
o,

ol
>0

HaC H

A — M

NOE (0.7%) NOE (0.2%)
26 27

Figure 8: NOE comparisons of compound 26 and 27

A e 313 E 312 DNA, RNA viruses [herpes simplex virus type 1 (HSV-1
strain KOS), type-2, strain Gl, vaccinia virus, vesicular stomatitis virus, thymidine
kinase—deficient (TK HSV-1 stain KOS), varicella-zoster virus(TK VZV stain Oka
and TK strain 07/1), cytomegalovirus (stain AD-169 and Davis), Coxackie B4 virus
S oHkole 2ol tis ofEE HAT Ay Fvpoly = T IE YA kT

7beksl AcetolZ2FE Al ztel A zhdke tAWIH o R X EZ L aromatic
C-nucleosideE 43k th. 84 & non-classical mercaptophenyl carbocyclic ¢-nuc-

leoside 312 dvlolegj~ G35 YeEA &),
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Scheme 5: Synthesis of mercaptophenyl carbocyclic C-nucleoside
S—S
PO ' PO .
ey ey e O
PO
HsC H4C
OH OAc
NS—7
27 28 HaC
29

SH SH
O iv !
u‘ 0
N——7
N—7 HC
HsC
31

30

Reagents: i) Ac,0, pyridine; ii) phenyldisulfide, SnCl,, CH,Cls; iii)
LiAlH,4, THF; iv) TBAF, THF, rt.
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Ak 2 7]17] - B Ao ASE A dEL Aldrich jit, Sigma jit, Tokyo Kasei jit,
9 Fluka jit oA 793 533 5% A& o™ silica gel (230-400 mesh)2
Merck fit A& A&, Svi= ool weh AASke] AbEskdth. Thin layer
chromatography (TLC)E Kieselgel Foss (0.25 mm)E W2 f2l &S e o] 835190
TLC spote A& A =Z UVGL-587 Anisaldehyde, KMnO4 2 Al k& AL
HZ2AL Gallen-Kamp melting point apparatusE AF&3 0™, olo g B L 3}
%okt NMR spectra® tetramethylsilane (TMS)E WEZEEEZZ 3te] FT-300
MHzE AH-&3F3

(t)-(2)-4,56-( O-Isopropylidene)-pent-2-en—-1-o0l (4): 3&= 3 (65 g, 349
mmol)= ¥ CHxCl: (100 mDel 3141712 0 CellA DIBAL-H (733 ml, 1.0 M
solution in hexane)& 3] 7Fgk 5, 1AZF wnbstA ol TLCE WhE P& &g
T 0 ColA MeOH (35 mD<S droppingAl 7] 202 HH3] WAl A&
stttk EtOAc (200 mD& 7Fshar AF-&oll A 2A12F wnket 5 o ek ginth, of &
F=3Fo] 1 ZFAME column chromatography (EeOAc/hexane, 1:3)2 A #|dlo] oil
o BFE 4 48 g, 87%)E Attt 'H NMR (CDCl;, 300 MHz) & 5.79-5.73 (m,
1H), 5.53-5.46 (m, 1H), 4.80 (dd, / = 144, 7.8 Hz, 1H), 424 (dd, / = 135, 7.2 Hz,
1H), 4.10 (dd, ./ = 12.6, 5.7 Hz, 1H), 4.03 (dd, / = 7.8, 6.0 Hz, 1H), 351 (t, / = 8.1
Hz, 1H), 1.37 (s, 3H), 1.34 (s, 3H); BC NMR (CDCls, 75 MHz) & 133.23, 129.41,
109.47, 71.87, 69.50, 58.50, 26.70, 25.86.
(2)-(2)-t=Butyl-[3-(2,2-dimethyl-[1,3]-dioxolan-4-y!)-allyloxy ]-di-methy -
Isilane (5): 3t& & 4 (45 g, 2845 mmol)E = CHxCl (150 mDell &31A 713 %
2o Al imidazole (2.9 g, 4267 mmolDS ¥i 0 TColA TBDMSCI (472 g, 31.29
mmol)& 7F8tal 6A17FE S waksk T TLCE whg XS &ld & ¥ 3} NaHCOs
49 (10 mhDE Ho] weS FTHsAT CH.LLE 2-33] FF3 F4 MgSO.=2 7

2% F o, B ¥

&;_1& 19

K

N

i
o X

2

o

{1

0|

tol 1 ZAFE column chromatography (EtOAc/hexane,
1:30)2 A At cyrupdel stt=E 5 (6.74 g, 87%)E AT} '"H NMR (CDCls, 300
MHz) & 5.88 (m, 1H), 5.71 (dd, / = 9.6, 84 Hz, 1H), 4.99-4.89 (m, 2H), 4.14 (dd, ./
= 8.1, 6.3 Hz, 1H), 4.05 (dd, ./ =82, 6.4 Hz, 1H), 3.60 (t, / = 7.5 Hz, 1H), 1.44 (s,

_15_



3H), 1.41(s, 3H), 0.86 (s, 9H), 0.21 (s, 6H); "C NMR (CDCl;, 75 MHz) & 133.56,
129.77, 110.03, 72.31, 68.51, 59.43, 27.21, 26.34, 25.21, 18.67, —5.35.

(+)-(2)-5-(¢-Butyldimethylsilanyloxy)-pent-3-ene-1,2-diol (6): 33&E 5
(44 g, 16.15 mmol)E 70% acetic acid (150 mloll £ A 712 A2 A 5A]7F wHks}
Atk TLCZ ®bg X33 &g F ¥3 NaHCO3& 9 (10 mD& 7Fste] W& F
At At EtOAc® 2-33] FEF3t1 FF MgSOs=2 Az & o7 79 w53t 1
ZA}ZE Column chromatography (EtOAc/hexane, 3:1)Z AA3te] ol 3I}TE 6
(251 g, 67%)% A3ttt '"H NMR (CDCls, 300 MHz) & 5.81-5.67 (m, 2H), 5.07(dd, /
= 12.3, 6.6 Hz, 1H), 4.83 (dd, ./ = 12.6, 5.7 Hz, 1H), 4.69 (m, 1H), 3.69-3.54 (m, 2H),
0.87 (s, 9H), 0.16 (s, 6H); “C NMR (CDCls, 75 MHz) § 132.97, 12858, 69.32, 67.45,
58.49, 25.21, 18.67, —5.35.

(£)-(2)-1,5-Bis—(¢tbutyldimethylsilanyloxy)-pent-3-en-2-ol (7): 3TE 6
(1115 g, 48.01 mmol)& F < CH:Cl (100 ml)eol &84 7] =04 imidazole (4.9
g, 720 moD)S ¥ -10 T4 TBDMSCI (723 g, 52.8 mmol)< 5 CH.Clel £
AANAM AHE] 7 F, e 2ZolA 1Az wwkekgith. TLCE uh C
@ % ¥3} NaHCO3;& 9 (40 mDE 7tete] WHg& FAsdt. £3dS CH.Ch®
2-33] F=etal F MgSO.= dxg F o3 Y w56t L IFAFES column
chromatography (EtOAc/hexane, 1:7)%2 A A5t oilde] 3= 7 (1331 g, 0%)=
A9tk 'H NMR (CDCls, 300 MHz) & 5.65-5.57 (m,1H), 5.39-5.31 (m, 1H), 4.37 (m,
1H), 4.22-4.15 (m, 2H), 350 (dd, / = 9.9, 39 Hz, 1H), 3.36 (dd, ./ = 9.9, 81 Hz,
1H), 0.87 (s, 18H), 0.15 (s, 12H); C NMR (CDCl;, 75 MHz) & 133.11, 128.99, 68.58,
66.77, 59.72, 2591, 18.30, —5.23.

(t)-(Z)-Benzyloxy acetic acid 4-(t~butyldimethylsilanyloxy)-1-(-butyldi—-
methylsilanyl oxymethyl)-but-2-enyl ester (8): 3% 7 (569 g, 16.43 mmol)<
T4 CHoCl, (150 mbDol &34 7]122 0 CeolA] benzyloxyacetic acid (3.0 g, 18.05
mmoD)E F 4 CHClLel &3AAA A3 7Fstaz DCC (3.39 g, 1885 mmol),
DMAP (200 mg, 1.64 mmol)& 7+gt & A2olA Hopst wrkstgictt. TLCE W&
AegPs FAg $o NFES o7, 729 FFsk 1 FAE column chromatography
(EtOAc/hexane, 1:10)2 A Alsto] oil’de] 33T 8 (658 g, 81%)2 AUt 'H NMR
(CDCI3, 300 MHz) & 7.41-7.30 (m, 5H), 5.94 (m, 1H), 575(m, 1H), 558 (dd, ./ =
10.8, 9.4 Hz, 1H), 4.68 (s, 2H), 4.58 (s, 2H), 3.31 (dd, ./ = 8.6, 6.2 Hz, 2H), 3.78-3.70
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(m, 2H), 0.88 (s, 18H), 0.18 (s, 12H); “C NMR (CDCls, 75 MHz) & 170.14, 138.24,
133.43, 130.21, 128.87, 128.42, 128.01, 78.12, 72.43, 69.06, 66.42, 58.53, 25.72, 1854, —
5.67.
(£)-(2R,35)-2-Benzyloxy-3-¢-butyldimethylsilyloxy—-6-(¢t-butyldimethylsil-
yloxy)-hex—-4-enoic acid methyl ester (9): ¥ THF (464 ml, 46.4 mmol)7} &
o}l flaskE -78 C2 %5 W % 1 M litium bis(trimethylaily) amideS
8 7bshal 10% wrerivh 22 2molA SgE 8 (289 g, 5.84 mmol)e THF
814 5ko] 7bsbal TMSCYTEA (1/1, V/V, 152 mD& THFel 343t 7hg & 30%

Zoawtskdu, e F2om wAske] 2417 ¥ wnbeddt TLC= whe A3
gelgk 5 0 CollAd 1 N NaOH& 9 (100 mD)<& 7Fste] wkg-& FZAstAn. o] &F
= AZolA 107F wRkgk § 2 N HCIZ PH 4-55 A 243 F EtOAc® 2-33]

=35t 4 MgSO2 1Az § oz 79 539 crude acide @ UTE ©] crude
acidE < THFo| £31A21 & o] ~7]] phenolphthalein A| A] 25
triton-B (40% in methanol)E& WH-g o] mapro] & uwf7px] 7pspar A2 oAl 1A 7E
WREELA T 1A = 0 ColA CHsl (1.44 ml, 23.1 mmol)E HA3| 7}st o] Hb&
& HopFoh wybstglth TLC® g XS #AF §F hexane (100 mDo = 34
o of#ste] ofyds e FFstAT. 1 ZHAE column chromatography
(EtOAc/hexane, 1:220)% A A 8te] oilde] % 9 (229 g, 77%)2 AUk 'H NMR
(CDCls, 300 MHz) & 7.35-7.27 (m, bH), 569 (m, 2H), 4.84 (d, / = 11.4 Hz, 1H),
4.53-4.33 (m, 5H), 3.72 (s, 3H), 3.66 (t, / = 9.6 Hz, 1H), 346 (dd, ./ = 9.6 Hz, 86
Hz, 1H), 0.90 (s, 18H), 0.21 (s, 12H); BC NMR (CDCls, 75 MHz) & 173.21, 138.72,
132.54, 128.40, 128.12, 127.15, 79.54, 70.12, 64.65, 52.33, 46.50, 25.34, 18.67, —5.37;
Anal calc for Co7HagOs55120 C, 63.73; H, 9.51. Found: C, 63.64; H, 9.40.
(£)-(2R,35)-2-Benzyloxy-3-¢-butyldimethylsilyloxy—-6-(¢t-butyldimethylsil-
yvloxy)-hex-4-enol (10): 3+&E 9 (2.6 g, 511 mmol)E 5 CH:Cly (80 ml)ol £
A 7122 0 Coll Al DIBAL-H (10.22 ml, 1.0 M solution in hexane)& %3] 7}3 %
2A1 e wkel ek, TLCE Whg Mg E& s § 0 CToA MeOH (10mD-S
droppingA 712 HH3] Aoz WA3HA S AEAZAY. EtOAc (200 mD)<
7hstar Aol A 2A13F wRkek & o3 ek FSstol 2 HAFE column chroma-
tography (EtOAc/hexane, 1:2002 A A st oilde 3IJ&TE 10 (2.18 g, 89%)% LA
t}. '"H NMR (CDCls, 300 MHz) & 7.29-7.19 (m, 5H), 5.64 (m, 2H), 4.38 (s, 2H),

i

(ol
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3.69-3.50 (m, 7H), 2.61 (m, 1H), 0.84 (s, 18H), 0.19 (s, 12H); "C NMR (CDCls, 75
MHz) & 138.33, 132.14, 128.30, 127.78, 127.59, 127.54, 79.60, 72.36, 70.43, 63.61, 62.17,
4455, 25.89, 18.34, —5.18.
(£)-(2R,35)-2-Benzyloxy-3-¢-butyldimethylsilyloxy—-6-(t-butyldimethylsil-
vioxy)-hex-4-enal (11): 3}3+E 11 (692 g, 144 mmol)S 150 ml FF CHCleoll
|aA 7oL 2ol 4A MS (84 g)& Awe] ¥& 5, 0 CTolA PCC (7.75 g, 36.26
mmol)& 7Fe F IAIZHE e wwkskglth TLCE whg 8 2elg Fo diethyl
ether (500 mDE %3 2A17F witel v, &3S silicagels AF&3to] o et & 2
ot T=3811 2 ZTAE column chromatography (EtOAc/hexane, 1:30)2 A A5t oil
Aol BFE 12 (579 g, 84%)F Atk 'H NMR (CDCls, 300 MHz) § 9.62 (s, 1H),
7.32-7.18 (m, 5H), 562 (m, 2H), 468 (d, ./ =11.7 Hz, 1H), 450 (d, ./ = 11.7 Hz, 1H),
406 (d, ./ = 3.0 Hz, 2H), 3.79-3.77 (m, 2H), 3.63 (t, ./ = 9.0 Hz, 1H), 3.42 (dd, /=
9.0, 4.8 Hz, 1H), 2.96-2.87 (m, 1H), 0.85 (s, 18H), 0.09 (s, 12H); "C NMR (CDCl,
75 MHz) & 203.29, 138.02, 132.83, 128.63, 128.04, 127.64, 126.97, 84.24, 73.24, 68.89,
63.28, 45.60, 25.90, 18.37, 5.19.
(£)-(4S5R65)-5-Benzyloxy-9-(t-butyl-dimethylsilanyloxy)-6-(-butyldim-
ethylsilanyloxymethyl)-nona-1,7-dien-4-ol and (*)-(4R572,65)-5-Benzyloxy—-
9-(~butyl-dimethylsilanyloxy)-6-(#-butyl-dimethyl-silanyloxymethyl)-nona-
1,7-dien-4-o0l (12): 3% 12 (2.83 g, 5.93mmol)E F4 THFo| &3 3sta -78 Col
A allyl magnesium bromide (7.0 ml, 1.0 M solution in THF)S A3 7}3sta1 2
ZZo A 2A%F wwkek ek TLC= whg WS &g Fo 3 NHCIE ) (60
mhoZ &g FTAsAh EF NS EtOAcE 2-33] FE3FiL FF MgSO= 1A=
L oy, g =% T 1 ZAS Column chromatography (EtOAc/hexane, 1:20)
2 AA LA oil’de] IFE 12 (216 g, 70%)E A AT} '"H NMR (CDCls, 300 MHz)
6 7.30-7.20 (m, 5H), 5.68-5.61 (m, 2H), 5.09-5.02 (m, 2H), 456 (dd, / = 19.2, 114
Hz, 2H), 408 (d, ./ = 4.2 Hz, 2H), 3.74-3.66 (m, 2H), 3.55-3.48 (m, 2H), 2.76-2.69
(m, 2H), 2.38 (m, 1H), 2.21 (m, 1H), 0.84 (s, 18H), 0.10 (s, 12H); "C NMR (CDCl;,
75 MHz) & 13858, 131.53, 128.96, 128.38, 128.30, 127.68, 127.57, 117.41, 83.07, 73.29,
70.36, 63.65, 46.75, 37.27, 2594, 18.37, 5.17.
(x)-(1S,57,6S)-6-Benzyloxy-5-(¢-butyldimethylsilanyloxymethy)-cyclohex -
3-enol(13B); and(t)-(IR,57,6S)-6-Benzyloxy-5-(tbutyldimethylsilanyloxy—
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methyl)-cyclohex-3-enol (13a): 3t¢E 12 (360 g, 6.62 mmol)E F4 CHoCly (25
mlell f8ist A2o]A Grubbs’ catalyst II (42 mg, 0.049 mmol)E Ajwal 713k
F, 60 CollA Hopsol 7 wwteldvl, TLCE W& oS FAdg Fo et 55
3ol 2 ZAFE column chromatography (EtOAc/hexane, 1:25)2 #A A5t cyclopen-
tenol®] XA 136 (337 mg, 14%)3 13a (989 mg, 41%)S 22zt A} 8= 13
G 'H NMR (CDCl3, 300 MHz) & 7.36-7.25 (m, 5H), 5.86-5.57 (m, 2H), 4.61(d, ./ =
11.4 Hz, 1H), 448 (d, / = 11.4 Hz, 1H), 417 (m, 1H), 3.68 (dd, / = 7.5, 2.1Hz, 1H),
3.59-3.48 (m, 2H), 2.67-2.63 (m, 1H), 2.34 (m, 2H), 2.21 (d, ./ = 3.6 Hz, 1H), 0.87
(s, 9H), 0.11 (s, 6H); “C NMR (CDCls, 75 MHz) ¢ 138.35, 128.43, 127.91, 127.68,
127.12, 126.72, 77.36, 73.08, 70.38, 66.12, 38.82, 31.40, 25.87, 18.40, -5.26; 3 &= 13a
'"H NMR (CDCls, 300 MHz) & 7.34-7.24 (m, 5H), 5.66-5.53 (m, 3H), 4.68 (d, ./ =
11.4 Hz, 1H), 457 (d, / = 11.4 Hz, 1H), 3.87 (m, 1H), 3.59-3.49 (m, 3H), 2.48 (m,
2H), 2.19-2.15 (m, 1H), 0.85 (s, 9H), 0.08 (s, 6H); “C NMR (CDCls, 75 MHz) &
138.10, 128.67, 12855, 127.80, 127.86, 124.87, 81.48, 73.25, 70.67, 70.29, 43.75, 29.70,
25.65, 1848, 5.41.

(£)-(IR,5R 6S)-9-[6-Benzyloxy—-5-(butyldimethylsilanyloxymethyl)-cycl-
ohex—-3-enyl]-6-chloropurine (14): Triphenylphosphine (2.03 g, 3.88 mhe F<
THF (10 mDoll &3tz -20 ColA DIAD (0.71 ml) & 10%o AAA HH3s] 7}tst
I 208 7F wwke 3 6-chloropurine (499 mg, 3.21 mmol)= 7}tk 108 Fo] %
L 2no A 3FEE 13a (450 mg, 1.29 mmol)S THFO| =oA HH3s] 7tstxn A
A AdokEeh uwksiglth, TLCE vk XS Flgh Fo A w5t 1 S
column chromatography (EtOAc/hexane, 1:2)%2 A A s}o] 3}3+E 14 (444 mg, 71%)
A9t UV (MeOH) Amax 2655 nm; 'H NMR (CDCls, 300 MHz) & 868 (s, 1H), 7.59
(s, 1H), 7.41-7.36 (m, 5H), 5.71-5.65 (m, 2H), 4.54 (dd, ./ = 13.6, 88 Hz, 2H), 4.31
(m, 1H), 3.68 (dd, / = 9.0, 45 Hz, 1H), 2.71 (m, 1H), 262 (d, / = 4.6 Hz, 2H), 2.20
(d, / = 3.8 Hz, 1H), 0.86 (s, 9H), 0.12 (s, 6H); °C NMR (CDCl;, 75 MHz) & 155.27,
152.50, 148.80, 147.21, 138.43, 129.72, 128.68, 127.77, 127.32, 127.02, 121.71, 75.43,
71.48, 68.43, 50.34, 39.45, 32.45, 2554, 18.48, 5.54; Anal calc for CosHzCIN4OoSi: C,
61.90; H, 6.86; N, 11.55. Found: C, 61.49; H, 6.49; N, 11.68.

(i)—(11?,51?,6’.5‘)—9—[6—Benzyloxy—5—(z‘—butyldimethylsilanyloxymethyl)—cycl—
ohex-3-en-ylJ-adenine (15): 3&% 14 (228 mg, 047 mmol)S ¥ CH:Chel &

o
2
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ol

§ A1 7] 22 steel bomboll %At NH3/MeOH (£3}) (15 mDE Awa] 7} whg7 =
Ak

LEstdth 255 95-100 C7HA] &8 Hopsor wwtetdnr. TLCE whg &
3tolst F o steel bombe EFF AL flaskol =AM Y F=FAT. 2 JAES

column chromatography (EtOAc/ hexane/ MeOH, 1:2:0.1)2 A #|sto] 3+gE 15 (148
mg, 68%)% AUt UV (MeOH)Amax 260.5 nm; '"H NMR (CDClL;, 300 MHz) & 850
(s, 1H), 8.11 (s, 1H), 7.38 (m, 5H), 5.68-5.62 (m, 2H), 457 (d, / = 8.8 Hz, 1H), 4.42
(d, / = 88 Hz, 1H), 4.28 (m, 1H), 3.65 (dd, ./ = 88, 4.6 Hz, 1H), 2.82-2.76 (m, 3H),
2.22 (s, 1H), 0.89 (s, 9H), 0.10 (s, 6H); “C NMR (CDCls, 75 MHz) ¢ 155.67, 152.81,
149.82, 142.32, 138.28, 130.43, 128.12, 127.76, 127.21, 126.71, 119.21, 75.51, 72.45, 68.65,
49.89, 38.32, 31.34, 25.67, 18.29, 5.50.

(£)-(1R 57 ,6S)-9-[6-Benzyloxy-5-(Hydroxymethyl)-cyclohex-3-en-yl]-ad-
enine (16): 3t E 15 (186.2 mg, 040 mmol)& F THFo L3 7]a2 0 Coll A
TBAF (0.6 ml, 1.0 M solution in THF)& %3] 7pgk & A2olx Hopgel mnks}
ATk TLCE w¥Hg A S &gt o 7t w=3eta 1 FAFE column chromatogra-
phy (MeOH/CH:Cly, 1:110)2 A At st¥= 16 (108 mg, 77%)< Atk UV (H:0)
Amae 2615 nm; 'H NMR (DMSO-d, 300 MHz) & 840 (s, 1H), 811 (s, 1H),
7.43-7.38 (m, 5H), 5.65-559 (m, 2H), 4.87 (t, / = 5.2 Hz, 1H), 455 (dd, ./ = 134,
8.6 Hz, 2H), 433 (m, 1H), 3.66 (dd, / = 86, 5.0 Hz, 1H), 2.80-2.74 (m, 3H), 2.19
(m, 1H); C NMR (CDCls, 75 MHz) & 155.45, 152.21, 148.02, 141.45, 138.34, 128.76,
128.45, 127.80, 127.56, 126.99, 120.06, 74.56, 72.67, 69.21, 48.34, 38.65, 32.78.

(x)-(1R.57,65)-9-[6-Hydroxy-5-(hydroxymethyl)-cyclohex—-3-en-yl-adeni—
ne (17): 3% % 16 (102 mg, 0.29 mmol)= 7 THF (2 mDel &3} 7] -78 TCel
Al NH37b =25 FHAIZT. o7l 54 Naxzhs 9ol §kg o] blue MAbo] &
w7k A wRkgkth, o2 &3 thy MeOHS AcOHE ¥ oA T3A17 b &3
S 7% F=8el 2 TAFE column chromatography (MeOH/ CH:Cly, 1:4)E A A &}
of Wale] wA e SFE 17 (35 mg, 47%)S AU mp 180-181 TC; UV
(H20) Amax 261 nm; 'H NMR (DMSO-d, 300 MHz) & 814 (s, 1H), 9.01 (s, 1H),
735 (br s, 2H), 560-554 (m, 2H), 5.02 (d, / = 54 Hz, 1H), 488 (t, / = 54 Hz,
1H), 459 (dd, / = 86 Hz, 1H), 440 (d, / = 86 Hz, 1H), 428 (m, 1H), 3.69 (dd, ./
= 88, 44 Hz, 1H), 2.82-2.75 (m, 3H), 2.22 (br s, 1H); "C NMR (CDCl;, 75 MHz) &
155.72, 152,51, 148.21, 142.67, 138.63, 128.92, 119.39, 75.02, 72.32, 68.51, 49.45, 39.54,
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32.28; Anal calc for Ci2HisNsO2: C, 55.16; H, 5.79; N, 26.80. Found: C, 54.95; H,
5.87; N, 26.67.

2-(t-Butyldimethylsilyloxy)-acetone (19): Acetol 18 (20 g, 0.27 mol)¥}
imidazole (27 g, 0.405 mol)= %<4 CH:Cl: (300 mbDol E3iAzl & 0 TolA
TBDMSCI (44 g, 0.297 mol)& s ¥ 22 22X A 5AzF wrketgth. TLCZ

T Y T NS EtOAcE 2-33 FE3n F&
MgSOs&2 #AZ3% & o3} 7+t w3t 1 ZFAFE column chromatography (EtOAc/
hexane, 1:10)2 AAlste] oilde] FFFE 19 (396 g, 78%)E AAh: 'H NMR
(CDCls, 300 MHz) & 4.05 (s, 2H), 2.07 (s, 3H), 0.84 (s, 9H), 0.07 (s, 6H).

(£) and (2)-4-(t-Butyldimethylsilyloxy)-3-methyl-but-2-enoic acid ethyl
ester (20): NaH (60% in mineral oil, 0.37 g, 9.25 mmol)Z ¥4 THF (10 mDe] &
g A7l & 0 ColA triethylphosphonoacetate (1.405 ml, 9.25 mmol)S 1 d3 Y
A7 wwkstdth 2 2xoA S{E 19 (1.74 g, 9.25 mmoDE THFo| 343}
A8 7hshar Aol Al 1A wdkskgith TLCR vk 8-S gele o 7y =
%3}il acetic acid® F A AT F71 5 EtOAcY &AaE= 2-33] FZF3a F
MgSO,&2 #AZ3% & o3} 7+t w3t 12 ZHALE column chromatography (EtOAc/
hexane, 1:15)2 AAlse] oilde 3@E 20 (229 g 96%)< Ak 'H NMR
(CDCls, 300 MHz) & 5.99 (s, 1H), 4.17 (q, ./ = 6.9 Hz, 2H), 4.13 (s, 2H), 2.05, 1.96
(s, s, 3H), 1.22 (t, ./ = 6.7 Hz, 3H), 0.93, 0.90 (s, s, 9H), 0.09, 0.08 (s, s, 6H).

(£,2)-4-(t-Butyldimethylsilyloxymethyl)-3-methyl-but-2-en-1-ol (21): 3}
= 20 (664 g, 257 mmol)= FF CHxCl (150 mL)ol £3]A71:2 -20 CeolA
DIBAL-H (53.9mL, 1.0 M solution in hexane)E 3] 7}3 & -20 CTolA 1A%+
Rk Y TLCE Hbg 8-S gl & 0 CollAl MeOH (53 mL)S 3] 73t
3 Ao r Wit aAE AEFAHT EtOAc (200 mL)E ¥ oA 3A%H
WRket & o ettt AR AS et w5 1 IAFE column chromatography
(EtOAc/hexane, 1:5)2 A A3o] oildtel Allylic alcohol 21 (4.95 g, 89%)<& it}
'"H NMR (CDCls, 300 MHz) & 568 (br s, 1H), 4.21 (d, / = 6.6 Hz, 2H), 4.03 (s,
2H), 1.77, 1.64 (s, s, 3H), 0.91 (s, 9H), 0.07 (s, 6H).

(£)-3-(~Butyldimethylsilyloxymethyl)-3-methyl-pent-4-enoic-acid ethyl
ester (22): 3t&E 21 (6 g, 2773 mmol)< triethyl orthoacetate (110 mL)ol| & 3J s}

3l propionic acid (0.5 mL)E 7}3 &, Claisen apparatus®@ & A3t 140 Toll A

e g S A
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rot
o

Aopeet g7 wwksiiv. TLCE whg 313 of ¢ F=stal column
chromatography (EtOAc/ hexane, 1:40)%2 A A5} oilde 3}3HE 22 (659 g, 83%)
2 o9}t 'H NMR (CDCls, 300 MHz) & 591 (d, / = 10.8 Hz, 1H), 589 (d, / =
11.4 Hz, 1H), 505 (d, / = 1.2 Hz, 1H), 502 (d, / = 75 Hz, 1H), 4.01 (q, / = 7.2
Hz, 2H), 346 (d, / = 9.3 Hz, 1H), 341 (d, / = 9.3 Hz, 1H), 240 (d, ./ = 3.3 Hz,
2H), 1.23 (t, ./ = 7.5 Hz, 3H), 0.86 (s, 9H), 0.02 (s, 6H); “C NMR (CDCls, 75 MHz)
& 171.94, 143.11, 112,99, 69.91, 59.83, 41.33, 25.81, 22.60, 20.70, 18.20, 14.26, -5.58.
(t)-3-(~Butyldimethylsilyloxymethyl)-3-methyl-pent-4-en-1-ol (23): 33
= 22 (15 g, 1618 mmoDE < CHxCl (100 mL)ell &3jA7]aL -20 TeollA
DIBAL-H (33.98 mL, 1.0 M solution in hexane)E& 3] 7}g & -20 ColA 1A 7F
wHkEE T TLCZ Whg XS &g $ 0 CoA MeOH (34 mL)E& 3] 73t

(

I 2o HHE] WHAste mAE AEAFH Y. EtOAc (200 mL)E ¥ A2 A
2A1ZE kel & o 9kstal o AS ZHQF F=ekal 1 FHAFE column chromatography

(EtOAc/hexane, 1:6)2 A A 3te] FAEEI oilde] & 23 (356 g, 90%)S A
t}. '"H NMR (CDCl;, 300 MHz) & 589 (dd, / = 17.7, 11.4 Hz, 1H), 5.06 (dd, / =
45, 1.2 Hz, 1H), 5.02 (dd, ./ = 105, 0.9 Hz, 1H), 3.67 (dd, ./ = 11.7, 6.3 Hz, 1H),
346 (d, /= 96 Hz, 1H), 338 (d, ./ = 9.6 Hz, 1H), 1.69 (t, / = 5.7 Hz, 2H), 1.00 (s,
3H), 0.90 (s, 9H), 0.06 (s, 6H); “C NMR (CDCls, 75 MHz) & 144.45, 112.80, 70.81,
59.34, 41.18, 25.84, 21.04, 18.29, -5.52; Anal calc for CizH2:025i: C, 63.87; H, 11.55.
Found: C, 63.74; H, 11.61.
(£)-3-(~Butyldimethylsilyloxymethyl)-3-methyl-pent-4-enal (24): 3}T &
23 (1.76 g, 7.2 mmol)& 5 CH:Clo (100 mL)el §3fAl 7122 =X 4A MS (4.2
g)S Al Y92 & 0 CoA PCC (387 g, 1813 mmol)E 7Fslal Aol A 441+
sl th, TLCE WES s 3 %o diethyl ether (200 mL)E %3 2A17F 1L

o
o

s
=

i cd=s

15002 AAE] oilde FFE 24 (139 g, 80%)= Atk 'H NMR (CDCls, 300
MHz) § 975 (t, / = 3.3 Hz, 1H), 596 (d, / = 11.1 Hz, 1H), 590 (d, ./ = 10.8 Hz,
1H), 5.14 (d, / = 84 Hz, 1H), 511 (d, / = 162 Hz, 1H), 349 (d, / = 9.6 Hz, 1H),
340 (d, / = 93 Hz, 1H), 241 (t, / = 3.0 Hz, 2H), 1.12 (s, 3H), 0.88 (s, 9H), 0.03
(s, 6H); "C NMR (CDCl;, 75 MHz) & 203.08, 142.61, 113.93, 70.53, 50.70, 41.60,
25.80, 21.30, -5.61.

H

(L
ol
2L
¥

2
=

Y F=3%t3 column chromatography (EtOAc/ hexane,

’
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(rel)-(3/ and 35}55)—5—(t—Butyl—dimethylsilyloxymethyl)—5—methyl—hepta—
4-1,6-diene-3-o0l (25): 3}%¥&E 24 (283 g, 889 mmol)S ¥ THF (30 mL)el §-3
skl =78 CollA vinyl magnesium bromide (9.8 mL, 1 M solution in THF)E %3
7helt Atk 2A12F Fof TLCE Whg dlS g9k Fof 23t NHyCl (10 mL)o = vt
= A5t EF A4S EtOAcE 2-33] F=s5tL 7 MgSOu= dxe = o3 7
ot F=d 1 2 TAFE column chromatography (EtOAc/ hexane, 1:30)& A #| &} o]
oil’de] 3FE 25 (219 g, 91%)E ATt 'H NMR (CDCl;, 300 MHz) § 6.02-5.74
(m, 2H), 5.27-4.99 (m, 4H), 4.25 (br s, 1H), 3.56-3.40 (m, 2H), 1.70-1.56 (m, 2H),
1.08, 1.02 (s, s, 3H), 0.91 (s, 9H), 0.08 (s, 6H).

(rel)-(1/2455)-4-(t-Butyldimethylsilanyloxymethyl)-4-methyl-cyclopenten-2
-0l (2 6);, and (rel)-(154S)-4-(t-butyldimethylsilanyloxymethyl)-4-methyl-
cyclopenten-2-ol (27): 3}3+E 25 (935 mg, 346 mmol)E F < CH:Cly (20 mL)ol
a8t A2 A Grubbs’ catalyst II (22 mg, 0.025 mmol)2 Az 713 F 60
Toll A Hokset &7/ wrkstgth. TLCE whg HaPg FQlsh Fo 73} FF3dho] 1

olo

ZAFE column chromatography (EtOAc/hexane, 1:20)% A A 3}o] o0il2] cyclopente—
nol %A 26 (377 mg, 45%)3 27 (386 mg, 46%)< Adrth. 332 260 'H NMR
(CDCls, 300 MHz) 6 5.81 (dd, ./ = 54, 2.1 Hz, 1H), 545 (d, ./ = 5.7 Hz, 1H), 450
(t, /= 7.8 Hz, 1H), 3.32 (s, 2H), 1.83 (dd, / = 14.1, 6.9 Hz, 1H), 1.67 (d, ./ = 14.,
1H), 0.95 (s, 3H), 0.82 (s, 9H), 0.01 (s, 6H); “C NMR (CDCl;, 75 MHz) & 140.34,
133.89, 76.14, 69.35, 50.04, 45.20, 25.99, 23.32, 18.57, -5.52; Anal calc for CizH2025i:
C, 64.41; H, 10.81. Found: C, 64.32; H, 10.98. 3%= 27: '"H NMR (CDCl;, 300
MHz) & 5.73 (m, 2H), 4.84 (t, ./ = 6.0 Hz, 1H), 3.32 (s, 2H), 2.29 (dd, / = 135, 75
Hz, 1H), 1.37 (dd, ./ = 13.5, 4.2 Hz, 1H), 1.11 (s, 3H), 0.87 (s, 9H), 0.01 (s, 6H); C
NMR (CDCl;, 75 MHz) & 141.50, 133.02, 77.61, 70.64, 50.94, 44.83, 25.83, 24.67, 18.23,
-5.50; Anal calc for CizH26025i1: C, 64.41; H, 10.81. Found: C, 64.56; H, 10.76.
(rel)-(154.S)-1-Acetoxy-4-(t-butyldimethylsilanyloxymethyl)-4-methyl-cyc
lopenten-2-ene (28): 3345 27 (2.6 g, 10.72 mmol)E 15 ml 4 pyridine®] &
e 0 CollA acetic anhydride (1.64 g, 16.08 mmol)2} DMAP (131 mg, 1.072
mmol)= 7tetal Aol A Hopeeh uwketglty, TLCE whg Xd-g FAg 5o £
3} NaHCO3 (56 mD& ¥ol W& T2, ¥v&E3 EtOAc® 2-33] F=5taL
k=]

D
s &£TBE A FEF 08 39t

Lo

7]

of\

ol
=
]
wn
%
fe
A
B
<t
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A& column chromatography (EtOAc/hexane, 1:10)Z2 A A3ty oilde dT&E 28
(259 mg, 85%)< 2%tk '"H NMR (CDCl;, 300 MHz) § 5.71 (m, 1H), 559 (m, 1H),
429 (dd, / = 126, 6.8 Hz, 1H), 3.36 (s, 2H), 2.23 (dd, ./ = 134, 7.4 Hz, 1H), 2.07
(s, 3H), 1.53 (dd, / = 134, 4.4 Hz, 1H), 1.10 (s, 3H), 0.86 (s, 9H), 0.02 (s, 6H); Be
NMR (CDCls, 75 MHz) & 171.78, 141.54, 133.32, 77.54, 75.34, 51.02, 44.65, 25.73,
24.43, 1854, 17.14, -555; Anal calc for CisH230351: C, 63.33; H, 9.92. Found: C,
63.12; H, 10.09.

(rel)-(154.S)- ¢ Butyldimethyl-[1-methyl-4-(4-phenyldisulfanylphenyl)-cyc-
lopent-2-enylmethoxy J-silane (29): 3}3+&E 28 (1.85 g, 6.5 mmol)S F 4 CHCl
(20 mL)ol g3fstar -15 ColA phenyldisulfide (2.13 g, 9.75 mmol)S 7}dtx &
%L oA SnCly (13 ml, 1.0 M in CH:Cl)E 7}38tar 0 ColA 5A1F wHkst gl TLC
2 ONhg s g9 Fo] £3F NaHCO3 (25 mDo = F3A Y. £ ES CHLClL
2-3%] F 7] T AFEE HA FET HF FF MgSOE dx

o]—lc-):

o

tt

ol

e
e
olr

[¢)

o

-

b F=8te] 2 FAFE column chromatography (EtOAc/hexane, 1:50)% A A &} o
2ol 335 29 (2.33 mg, 81%)5 A Ath. 'H NMR (CDCls, 300 MHz) § 7.37-7.18
(m, 9H), 5.71 (dd, ./ = 54, 2.1 Hz, 1H), 560 (dd, ./ = 5.1, 1.5 Hz, 1H), 4.29 (dd, / =
12.6, 4.8 Hz, 1H), 331 (d, ./ = 105 Hz, 2H), 236 (dd, / = 13.8, 84 Hz, 1H), 161
(dd, / = 13.8, 4.8 Hz, 1H), 1.13 (s, 3H), 0.85 (s, 9H), 0.01 (s, 6H); °C NMR (CDCls,
75 MHz) & 141.29, 140.57, 140.21, 136.32, 133.56, 130.73, 129.36, 128.43, 126.62, 76.98,
74.32, 51.54, 4348, 25.73, 24.43, 18.54, -5.55; Anal calc for CosH3405:51: C, 67.82; H,
7.774; S, 14.48. Found: C, 67.99; H, 7.87; S, 14.31.
(rel)-(154.5)-1-[4-(-Butyldimethylsilanyloxymethyl)-4-methyl-cyclopent-
2-enyl]-benzenethiol (30): 3tTE 29 (1.83 g, 414 mmol)E F4 THF (40 ml) ol
438t 0 ColAl LiAlHs (786 mg, 207 mmol)E 3] 7Fstar AF=olA Aok 9k
Wkskgth TLCE w-zlaS e To] 1 N HxSOs (45 mDE i 10%7F aw
stttk REe &S CHCh® 2-33] F=36tal 7] $& 2582 WA 53 vs 7
F MgSO2 7#1zx3% & 74 TF3to] 1 FAFES column chromatography (EtOAc/
hexane, 1:20)2 AAl3to] oilde 3TE 30 (429 mg, 31%)S Adch. 'H NMR
(CDCls, 300 MHz) & 7.35-7.17 (m, 4H), 5.85 (dd, ./ = 5.7, 2.4 Hz, 1H), 5.73 (dd, / =
45, 2.4 Hz, 1H), 429 (m, 1H), 355 (d, ./ = 2.7 Hz, 1H), 3.40 (s, 1H), 3.29 (d, / =
10.5 Hz, 2H), 2.22 (m, 1H), 1.70 (m, 1H), 1.11 (s, 3H), 0.86 (s, 9H), 0.02 (s, 6H); °C

o
=

1
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NMR (CDCls, 75 MHz) & 135.60, 135.28, 133.44, 131.04, 128.83, 126.62, 76.48, 75.07,
52.43, 44.43, 2556, 24.21, 18.32, -5.58; Anal calc for Ci9H3055i: C, 68.20; H, 9.04; S,
9.58. Found: C, 68.36; H, 8.90; S, 9.45.

(rel)—(1545S)-1-[4-(Hydoxymethyl)-4-methyl-cyclopent-2-enyl]-benzeneth—
iol (31): 3tE&E 30 (480 mg, 1.43 mmol)= < THF (15 mL)ol| &3lstar 0 Tl A
TBAF (2.14 mL, 1.0 M solution in THF)S A3 7Fek F, A2 A 5A17F wqks)
Atk TLCZ whg M-S lgk o] It F533 1 FAFE column chromatog-
raphy (EtOAc/hexane, 2:1)% A Alsto] 3438 31 (251 mg, 80%)< 2 th 'H NMR
(CDCls, 300 MHz) & 7.55-7.19 (m, 4H), 5.89 (dd, / = 5.4, 2.1 Hz, 1H), 5.74 (dd, / =
5.7, 1.2 Hz, 1H), 4.32 (m, 1H), 3.62 (s, 2H), 3.38 (s, 1H), 2.28 (dd, / = 144, 8.4 Hz,
1H), 1.84 (dd, / = 144, 42 Hz, 1H), 112 (s, 3H); “C NMR (CDCl;, 75 MHz) &
135.38, 135.00, 133.84,130.96, 128.85, 126.68, 69.48, 60.07, 51.43, 39.43, 24.52; Anal calc
for CisH160S: C, 70.87; H, 7.32; S, 14.55. Found: C, 70.77; H, 7.20; S, 14.68.
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2 AFNA = HT nucleoside FH-tol XA E 7FA 21 L= Carbocyclic nucl-
eoside 7} & 2 Fufolej 2~ okgrt = Ao st Algf cyclohexenyl adeni-
ne nucleoside 17 ¥4l 3}9] vaccinia virus, varicella-zoster virus, cosackie virus L
2] i cytomegalovirus =¥ 2 ol 7bA] wlolel 2o tis] EE AMET A
AT F = 172 100 wg/mLol A= & vpo]y =2F 3E et A xRkl omn dAAT
AEZ AT e A vk 28 4'-9 Ao A= X37]E 7k At carbocy-
clic C-nucleoside 315 4 3}o] vaccinia virus, vesicular stomatitis virus, varicella-

zoster virus, cytomegalovirus, Coxackie By virus & Hlolg] 2o s a & A s

A ghvtolel 2~ G35 YR A &gk
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