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An Efficient Synthesis of 4'-Vinylated Carbocyclic Nucleoside Analogues
via Two Directional Ring-closing Metathesis
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Two directional ring-closing metathesis (RCM) was applied successfully to the synthesis of 4-vinylated
carbocyclic nucleoside analogues from the trivinyl intermediate 12. which was readily made using a sequential
Claisen rearrangement and ring-closing metathesis (RCM) starting from Weinreb amide 5. An antiviral
evaluation of the synthesized compounds against various vimses such as HIV. HSV-1. HSV-2 and HCMV
revealed that the guanine analogue 20 have moderate anti-HIV activity in the MT-4 cell line (ECsy = 10.2 &#M).
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Introduction

Recently. several branched nucleosides' have been syn-
thesized and evaluated as potent antitumor or antiviral
agents. Among them. 4'a-ethenyl and 4'a-ethynyl thymi-
dine analogues 1- and 27 which have an additional double or
triple bond at the ¥-position. were reported to have potent
antiviral and antitumor activities (Figure 1). Carbocyclic
nucleosides” are a group of compounds that are structurally
similar to natural nucleosides. in which the furanose oxygen
is replaced by a methylene group. Replacement of the
furanose ring oxygen by carbon is of particular interest
because the resulting carbocyclic nucleosides show greater
metabolic stability to phosphorvlase.” which cleaves the
glycosidic bond of nucleosides. The recent discovery of
carbovir 3° and abacavir 4’ as anti-HIV agents has increased
interest in the synthesis of novel nucleosides in this class of
compounds.

Stimulated by these interesting molecular structures and
their antiviral activity relationship. in this study a novel class
of carbocyclic nucleosides containing 4'-electron-rich branch
such as vinyl group was synthesized.

Weinreb amide 5. which was the starting material. was
readily synthesized from the commercially available ethyl
glvcolate ¥ Vinylation of amide 5 using vinylmagnesium
bromide gave the alkv] vinyl ketone derivative 6. Compound
6 was subjected to Homer-Wadsworth-Emmons (HWE)
reaction conditions” to provide . S-unsaturated ethyl ester 7
as an £/Z isomeric mixture. [t was unnecessary to separate
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Figure 1. Structures of potent nucleosides as antiviral agents.

the isomers because they were merged into a single isomer
in the subsequent reaction. Ester 7 was reduced to allylic
alcohol 8 using diisobutylaluminum hydride. which under-
went a [3.3]-sigmatropic rearrangement’” using triethyl
orthoacetate to give a y.d-unsaturated ester 9. The direct
conversion of ester 9 to aldehyde 10 was made possible by
the slow addition of DIBALH to the reaction mixture in
toluene solvent system at —78 °C. Aldehyvde 10 was sub-

jected to carbonyl addition by CH>=CHMgBr to vield ti-

vinyl derivative 11 (Scheme 1).

Two directional cyclization of trivinyl 11 was performed
under standard ring-closing metathesis conditions'' using a
2" generation Grubbs catalyst” to provide cvclopentenols
12¢ and 128 respectively. The relative stereochemical
assignments were determined by proton NOE experiments.
Upon irradiation of C)-H. relatively strong NOE was
observed at the methylene protons of the hydroxymethyl
group 12« but not at the methylene protons of 124 (Figure
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Scheme 1. Svnthesis route of trivinyl intermediate 11. Reagents: 1)
vinylmagnesium bromide, THE, 0 °C; i) triethylphosphonoacetate,
NaH, THF. m) DIBALH. CH;Cls:. iv) triethvlorthoacetate, pro-
pionic acid, overnight, 135-140 °C; v) DIBALH, toluene, —78 °C; vi)
vinylmagnesium bromide, THF, =78 °C.
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Figure 2. NOE comparisons of compounds 12¢rand 125
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Initially. an attempt was made to svnthesize the target
compounds i mesvlation and nucleophilic substitution
from 12« However. the reaction produced a very low vield
and was not reproducible. In order to couple the nucleosidic
bases (adenine. cvtosine, 2-amino-6-chloropurine) to allyvlic
derivative 12/3 using well known palladium(0)-catalysis,’”
cvclopentenol 125 was transformed to the allvlic formate
analogue 13 using ethyl chloroformate. Compound 13 was
coupled with the nucleosidic base anions generated by NaH/
DMSO using a catalvst [tris(dibenzy lidene-acetone)-dipalla-
dium(0)-chloroform] adduct to provide the carbocyclic
nucleoside analogues 14-16. Removal of the silvl protecting
group from them was preformed by treating the compounds
with tetrabutvlammonium fluoride (TBAF) to give nucleo-
sides 17-19. Treatment of compound 19 with 2-mercapto-
ethanol and sodium methoxide in methanol. followed by
neutralization with acetic acid gave the desired guanine
carbocyelic nucleoside analogue 20 (Scheme 2).

All the synthesized compounds 17--20 were tested against
several viruses such as HIV-1 (MT-4 cells). HSV-1 and
HSV-2 (CCL 18 cells), and HCMV (AD-169)."> As shown
in Table 1. some of the compounds showed antiviral activity,
In particular. the guanine nucleoside analogue 2(). exhibited
moderate anti-HIV activity in MT-4 cells (ECs, = 10.2 uM).
It is believed that the arrangement in the carbocyclic guanine
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12a: X=H, Y =0H

12B: X =OH, Y =H l
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17: B = adenine 14: B = adenine
18: B = cytosine 15: B = cytosine
19: B = 2-amino- 16: B = 2-amino-
v< 6-chloropurine 6-chloropurine
20: B = guanine

Scheme 2. Synthesis route of taregt nucleosides. Reagents: 1) Grubbs
catalvst (I1), CHaCls; i1) C1ICO-Et, pyridine, DMAP; iii) nucleosidic
bases, Pda(dba)-CHCls, P(O-i-Pria, NaH, THF/DMSO: iv) TBAF,
THF: ¥){a) 2-mercaptoethancl, NaOMe, MeOH, (b) CH:COOH.
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Table 1. The antiviral activity of the synthesized compounds

HIV-1 HSV-1 HSV2 HCMV  cytotoxicity
ECs(uM) ECso(uM) ECso(pM) ECs(uM)  CCsg(uM)
17 93 =100 =100 >100 93
18 77.9 =100 90.3 237 =100
19 =100 =100 =100 61.2 =100
20 10.2 638 =100 41.3 99
AZT 0.0 ND ND ND 1.13
GCV ND ND ND 08 =10
ACYV ND 0.2 ND ND =100

AZT: Azidothymidine: GCV: Ganciclavir, ACV: Acyclavir. ND: Not
Deternmined. ECs (4M): Concentration required to lubit 30% of the
virus induced cvtopathicity. CCsy (#M). Concentration required to
reduce the cell viability by 50%

nucleoside analogue 20 may be conformationally similar to
that m natural nucleosides containing ribose. Hence, this
arrangement will enhance the level of phosphorvlation by
kinase to produce the active monophosphate form. This
suggests that this class of 4'-vinylated carbocyclic N-nucleo-
side. which has no hydroxy group in the 3"-position, ¢an be a
novel structural template for the development of new
antiviral agents.

In summary. a convement method for synthesizing 4'-
vinylated carbocyelic nucleoside analogues viar two direc-
tional RCM from the Wemreb amide was developed. Based
on this strategy. the syntheses of other nucleosides such as
acetylated carbocyclic nucleosides with different nucleo-
bases are currently undenvay.

Experimental Section

The melting points were determined on a Mel-temp II
laboratory device and are uncorrected. The NMR spectra
were recorded on a JEOL 300 Fourer transform spectro-
meter. The chemical shifts are reported in parts per million
(&) and the signals are quoted as s (singlet), d (doublet). t
(triplet). q (quartet). m (multiplet) and dd (doublet of doub-
lets). The UV spectra were obtained on a Beckman DU-7
spectrophotometer. The elemental analyses were performed
using a Perkin-Elmer 2400 analyzer (Perkin-Elmer. Norwalk.
CT. USA). TLC was performed on Uniplates (silica gel)
purchased from Analtech Co. Unless specified otherwise. all
reactions were carried out in a N atmosphere. Dry dichloro-
methane. benzene and pyridine were obtained by distillation
from CaHa.. Dry THF was obtained by distillation from Na
and benzophenone immediately before use.

2-(tert-Butyldimethylsilyloxy)-1-vinyl-ethanone (6).
Vinylmagnesium bromide (18.0 mL. 1.0 M solution in THF)
was added slowly to a solution of Weinreb amide § (3.5 g.
1499 mmol) in dry THF (70 mL) at 0 °C. After 5 h, a
saturated NH,Cl solution (18 mL) was added, and the
reaction mixture was warmed slowly to rt. The mixture was
extracted with EtQA¢ (2 x 100 mL). The combined organic
layer was dried over MgSQ,. filtered. and evaporated. The
residue was purified by silica gel column chromatography
(EtOAc/hexane. 1:10) to give compound 6 (2.07 g. 69%) as
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a colorless oil: '"H NMR (CDCls. 300 MHz) §6.53 (dd. J =
177, 10.8 Hz. IH). 6.27 (d./ = 174 Hz. 1H), 5.67 d,.J =
10.5 Hz, 1H), 4.27 (s. 2H). 0.83 (s. 9H). 0.01 (5. 6H); °C
NMR (CDCly) & 198.78, 131.67. 12887, 68.56. 25.76.
1834, =547,

(E) and (Z)-4-(tert-Butyldimethylsilyloxy)-3-vinyl-but-
2-enoic acid ethyl ester (7). Triethvl phosphonoacetate
(3.73 g, 16.64 mmol) was added dropwise to a suspension of
sodium hydride (0.4 g, 16.64 mmol) in distilled THF (80
mL) at 0 °C. The mixture was stirred at room temperature for
1 h. The ketone 6 (3.33 g, 16.64 mmol) was then added to
this mixture and the mixture was stirred for 2 h. The solution
was neutralized with AcOH (3.5 mL). poured into H-O (120
mL) and extracted with EtOAc (120 mL x 2). The combined
organic laver was washed with brine. dried over anhvdrous
MgSOy, filtered and evaporated. The residue was punfied by
silica gel column chromatography (EtOAc/hexane. 1:12) to
give compound 7 (3.28 g. 73%) as a colorless oil: 'H NMR
(CDClz, 300 MHz) 65.78 (dd. /= 17.1, 10.5 Hz, 1H), 5.30
(dd. /=16.2. 0.9 Hz, |H). 5.26 (d./= 16.0 Hz, LH), 5.20 (s.
1H), 4.22 (t, J = 7.0 Hz. 2H). 4.12 (s. 2H). 4.05 (q. J = 6.9
Hz, 2H). 1.19 (t../ = 6.8 Hz 3H), 0.84 (s. 9H), 0.02 (m, 6H).

(E) and (Z)-4-(tert-Butyldimethylsilyloxy)-3-vinyl-but-
2-en-1-o0l (8). DIBALH (31.08 mL, 1.0 M solution in
hexane) was added slowly to a solution of compound 7 (4.0
g, 14.8 mmol) in CH:Cl: (120 mL) at —20 °C, and sturred for
2 h at the same temperature. Methanol (30 mL) was then
added to tlus mixture. The mixture was stirred at room
temperature for 2 h, and the resulting solid was filtered
through a Celite pad. The filtrate was concentrated under
vacuum and the residue was purified by silica gel column
chromatography (EtOAc/hexane. 1:5) to give alcohol 8
(2.97 g. 88%) as a colorless oil: 'H NMR (CDCls, 300 MHz)
5578 (5, IH). 559 (dd. /= 16.2. 10.2 Hz. 1H). 541 (d.J=
16.2 Hz, IH), 5.19 (d..J = 10.2 Hz, I1H), 4.22 (t. /= 6.8 Hz.
2H), 4.18 {(s. 2H), 0.83 (in, OH). 0.02 (m. 6H).

(£)-3-(z-Butyldimethylsilyloxymethyl)-3-vinyl-pent-4-
enoic acid ethyl ester (9). A solution of allylic alcohol 8
(3.2 g. 22.76 mmol) in triethy] orthoacetate (90 mL) and 0.2
mL of propionic acid was heated overnight at 133-140 °C
with constant stirring under the conditions for the distillative
removal of ethanol. The excess friethyl orthoacetate was
distilled off and the residue was purified by silica gel column
chromatography (EtOAc/hexane. 1:20) to give compound 9
(5.36 g. 79%) as a colorless oil: 'H NMR (CDCls, 300 MHz)
§5.92-5.87 (m. 2H), 5.79 (in. 2H). 5.10-5.04 (m. 2H). 4.05-
395 (m. 4H). 283 (d./=4.2 Hz. 2H). 1.20(t,J= 7.2 Hz
3H). 0.82 (s. 9H). 0.01 (s. 6H): *C NMR (CDCls) §171.71.
147.61, 142.98, 116.54. 111.49. 68.98. 60.38, 48.21, 39.56.
25.77. 1849 1421 -536.

()-3-(#-Butyldimethylsilyloxymethyl)-3-vinyl-pent-4-
enal (10). DIBALH (6.1 mL. 1.5 M solution in toluene) was
added slowly to a solution of compound 9 (2.3 g. 837
mmol) in toluene (40 mL) at -78 °C. and stured for 10
minutes at the same temperature. Methanol (7 mL) was then
added to this mixture. The resulting mixture was stirred at
room temperature for 1 h. and the resulting solid was filtered
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through a Celite pad. The filtrate was concentrated under
vacuum and the residue was purified by silica gel column
chromatography (EtOAc/hexane, 1:15) to give compound
10 (1.45 g 68%) as a colorless oil: 'H NMR (CDCl;. 300
MHz) §9.69 (s. 1H), 5.90-3.82 (m, 2H). 3.75-5.67 (m. 2H),
5.11-5.04 (m, 2H), 3.99 (dd. /= 12.8, 8.8 Hz. 2H), 2.90 (dd,
J =108, 4.2 Hz. 2H). 0.84 (s. 9H). 0.02 (s. 6H): “C NMR
(CDClz) 6 202.87, 147.534, 143.04, 117.19, 112.65. 69.25,
48.87.39.56. 25.59. 18.74. -5.61.

(z)-3-(z-Butyldimethylsilyloxymethyl)-3-vinyl-hepta-
1,6-dien-3-0l (11): Vinylmagnesium bronude (18.86 mL,
1.0 M solution in THF) was added slowly to a solution of
compound 10 (4.0 g, 15.72 mmol) in drv THF (60 mL) at
=78 °C. After 5 h. a saturated NH4Cl solution (20 mL) and
water (100 mL) was then added, and the reaction mixture
was slowly warmed to rt. The mixture was extracted with
EtQOAc (2 x 120 mL). The combined organic layer was dried
over MgSO.. filtered. and evaporated. The residue was puri-
fied by silica gel column chromatography (EtOAc/hexane,
1:15) to give compound 11 (3.37 g. 76%) as a colorless oil:
'H NMR (CDCl;s. 300 MHz) 66.04-5.72 (m, 3H), 5.26-4.95
(m, 3H). 5.12-5.05 (m. 3H), 3.65 (m. 3H), 1.67-1.54 (m,
2H). 0.83 (m, 9H), 0.02 (m. 6H).

(rel)-(1RA4S5)-4-(¢-Butyldimethylsilvloxymethyl)-4-vin-
yl-cyclopent-2-enol (125); and (rel)-(15,48)-4-(z-Butyl-
dimethylsilyloxymethyl)-4-vinyl-cyclopent-2-enol (122).
2% generation Grubbs catalyst (152 mg. 0.18 mmol) was
added to a solution of compound 11 (1.56 g, 5.54 mmol) in
dry CH-Cl: (15 mL). The reaction mixture was refluxed
overnmight. and cooled to room temperature. The mixture was
concentrated under vacuum, and the residue was purified by
silica gel column chromatography (EtOAc/hexane, 1:12) to
give cyclopentenol 125 (549 mg. 39%) and 12« (533 mg,
38%) as colorless oils, respectively. Cyclopentenol 124 'H
NMR (CDCls, 300 MHz) §6.11-6.03 (m. 3H). 5.90-5.81 (m,
3H). 487 (dd. J=74. 1.2 Hz, |H), 3.54 (s. 2H). 2.65 (dd, J
=134.7.0Hz lH). |.83(dd. J=13.4, 2.8 Hz, I1H). 0.81 (s,
9H). 0.01 (s. 6H): *C NMR (CDCla) & 145.29. 143.59.
14049, 13398, 7534, 69.78. 5782 46.78. 2545, 1867
-3.50.

Cyclopentenol 12¢z '"H NMR (CDCl;, 300 MHz) §6.13-
6.06 (m. 3H). 5.92-3.84 (m. 3H). 485 (dd. J = 3.6. 1 4 Hz.
1H). 3.36 (s. 2H). 2.61 (dd. J=13.2. 7.2 Hz. 1H). 1 86 (dd. J
=13.2. 3.3 Hz. 1H). 0.83 (s. 9H). 0.02 (s. 6H): *C NMR
(CDCl3) & 145.72. 142.51. 141.79, 132.29, 74.29, 68.49,
3839, 44.28. 25.71. 18.59. -3.57.

(rel)-(1R4S)-1-Ethoxy carbonyloxy-4-(+-butyldimethyl-
silyloxymethyl)-4-vinyl-cyclopent-2-ene (13): Ethyl
chloroformate (1.87 mL. 17.3 mmol) and DMAP (83 mg.
0.7 mmol) were added to a solution of 125 (2.2 g, 8.65
mmol) in anhydrous pyridine (15 mL). The reaction mixture
was stirred overnight at room temperature. The reaction
mixture was quenched with a satrated NaHCO; solution
(2.0 mL) and concentrated under vacuum. The residue was
extracted with EtOA¢/H-O, and the organic layer was dried
over MgSQ,, filtered, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/
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hexane. 1:10) to give compound 13 (1.97 g, 70%) as a
colorless svrup: 'H NMR (CDCls, 300 MHz) 56.46 (d. J =
5.6 Hz. 1H). 6.37-6.29 (in. 2H), 6.09-5.94 (in. 2H), 5.75(d. J
=46 Hz, 1H), 438 (q./ =74 Hz. 2H), 3.89(d,/=9.2 Hz.
1H), 3.81 (d. /= 9.0 Hz, 1H), 2.6]1 (dd, J = 13.6, 6.8 Hz.
1H), 2.33 (dd.J = 13.6. 3.6 Hz, |H), 1 42 (t. /= 7.4 Hz. 3H).
0.83 (s. 9H). 0.01 (s. 6H): '°C NMR (CDCls) & 155.21.
145.65. 142.42. 140.54, 124.67, 82.54. 71.49. 63.88, 57.32.
40.96.25.61, 18.70, 14.51, -5.60.

(rel)-(1'R,4'S)-9-[4-(z-Butyldimethylsilyloxymethyl)-4-
vinyl-cyclopent-2-en-1-¥l] adenine (14). Adenine (79.43
mg. 0.588 mmol) was added to a pure NaH (14.4 mg, 0.588
mmol) m anhydrous DMSO (3.6 mL). The reaction mixture
was stired for 30 nun at 30-35 °C and cooled to room
temperature. At the same tune, P(O-/-Pr): (0.0576 mL. 0.132
mmol) was added to a solution of Pdx(dba);*CHCl; (2.76
mg. 1.5 mmol) in anhvdrous THF (3.0 mL), and stirred for
30 min. The catalyst solution in THF and compound 13
(1724 mg. 0.528 mmol) dissolved i anhydrous THF (3.0
mL) were added sequentially to the nucleosidic base
solution of DMSO. The reaction mixture was heated and
stirred overnight under reflux. and quenched with water (1.2
mL). The reaction solvent was removed under vacuum. The
residue was purified by silica gel column chromatography
(MeOH/EtOAc/Hexane. 00.1:1:2) to give compound 14 (76.5
mg. 39%) as a white solid: '"H NMR (CDCls, 300 MHz) &
8.33 (s. 1H), 8.01 (s. 1H), 6.42 (d. /= 5.4 Hz, 1H), 6.30-6.22
(m, 2H). 6.07-5.95 (m. 2H), 5.77 (dd, J = 6.6. 1.2 Hz. 1H).
3.87(d.J=9.2Hz, IH). 3.80(d,/=92Hz, |H). 290 (dd. J
= 134,84 Hz, 1H), 2.42 (dd. /= 13.4. 6.4 Hz. 1H). 0.82 (s.
9H), 0.01 (s. 6H): *C NMR (CDCls) & 155.90. 152.40.
150.21, 145371, 142.77, 141.70. 140.11. 125.65. 118.67.
70.34.60.01, 46.32. 42.61. 25.67, 18.71. —5.69. Anal. Calcd.
for CisHeNsOSi: C, 61.42; H, 7.87. N. 18.85. Found: C.
61.50; H, 7.69; N. 1891,

(rel)-(1'R4'S)-1-[4-(z-Butyldimethylsilyloxymethyl)-4-
vinyl-cyclopent-2-en-1-¥l] cytosine (13). Compound 15
was synthesized from compound 13 using a similar proce-
dure to that described for compound 14. vield 44%: 'H
NMR (CDCls, 300 MHz) & 7.30 (d, J = 7.0 Hz. 1H), 6.44
(dd. J = 54.12 Hz. 1H). 6.29-6.20 (m. 2H). 6.08-3.96 (m.
2H). 3.76 (dd. J=6.6. 1.4 Hz. 1H). 3.54 (d. J=7.0 Hz. LH).
385(d.J=94Hz 1H).3.79(d./J=92Hz 1H). 291 (dd.J
=134 82Hz 1H). 244 (dd. /=134, 6.4 Hz. 1H). 0.81 (s.
9H). 0.02 (s. 6H): *C NMR (CDCly) & 165.41. 156.78.
14590, 14531, 142.20. 140.72. 123.6]1,92.32, 69.68. 61 41.
47.78. 43.67. 2540, 1843, -348. Anal Caled. for
CisHxoN30-S1: C, 62.21: H. 8.41; N, 12.09. Found: C. 62.31:
H. 855N, 11.95.

(reD-(1'R,4' R)-9-[4-(#-Butyldimethylsilyloxymethyl)-4-
vinyl-cyclopent-2-en-1-¥1] 2-amino-6-chloropurine  (16).
Nucleoside analogue 16 was synthesized from compound 13
using a similar procedure to that described for compound 14:
vield 35%: "H NMR (CDCls, 300 MHz) §8.70 (s, 1H), 6.38
(d,J =54 Hz 1H), 6.25-6.18 (m. 2H). 6.02-5.95 (m, 2H).
371(d.J=66Hz 1H).390(d./=94 Hz 1H).3.78 (d.J
=94 Hz 1H). 290 (dd. /= 13.6.84 Hz. 1H). 244 (dd. J =
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13.6. 6.6 Hz. IH). 0.83 (s, 9H). 0.01 (s, 6H). *C NMR
(CDClz) 6 139.56. 1534.88, 152,51, 145.32. 143.71. 14290,
141.43, 132.77. 125.43. 69.99. 60.31. 46.54, 42.60, 25.67,
18.79. —=3.58; Anal. Caled. for C,¢H:sCIN=OSi: C. 56.21: H,
6.95, N, 17.25 Found: C. 56.11; H. 7.08: N, 17.12.

(reh)-(1'RA'R)-9-[4-(Hydroxymethyl)-4-vinyl-cyclopent-
2-en-1-¥1] adenine (17). TBAF (0.54 mL. 1.0 M solution n
THF) was added to a solution of compound 14 (126 mg,
0.362 mmol) m THF (3 mL) at 0 °C. The mixture was stirred
overnight at room temperature. and concentrated. The
residue was purified by silica gel column chromatography
(MeOH/CH-Cl:, 1:5) to give compound 17 (61 mg. 73%) as
a white solid: mp 180-183 °C: UV (H:0) Apax 262.0 nm: 'H
NMR (DMSO-¢i;, 300 MHz) & 8.37 (s, LH). 8.05 (s. 1H),
6.45 (dd. /=54, 1.2 Hz. 1H), 6.33-6.25 (m. 2H). 6.08-5.99
(m, 2H), 5.79 (d. J = 6.8 Hz. |H). 4.99 (t.J = 5.4 Hz, 1H),
383(./J=92Hz IH),3.72(d./=9.0Hz. 1H). 292 (dd.J
= 13.2, 82 Hz. 1H). 2.48 (dd. J = 13.2, 6.2 Hz. 1H). “C
NMR (DMSO-di) §155.71. 152.59. 151.33. 145.30. 144.20.
141.70, 140,47, 125.65. 119.61. 69.48, 60.54. 4643, 41.20:
Anal. Caled. for C;HisN=O: C, 60.69. H, 5.88; N. 27.22.
Found: C, 60.80. H, 5.81; N, 27.32.

{red)-(1'R 4'R)-1-[4-(Hydroxymethyl)-4-vinyl-cyclopent-
2-en-1-yl] cytosine (18). Compound 18 was obtained from
compound 13 using a similar procedure to that described for
compound 17. vield 68%; mp 160-163 °C. UV (H:0) Anax
271.5 nm; 'H NMR (DMSO-¢;, 300 MHz) §7.29 (d. J=6.9
Hz. IH). 638 (d,/ = 5.4 Hz, lH). 6.20-6.08 (m. 4H), 5.79
(d./=6.6Hz. IH), 356 (d,.J=70Hz, |H).3.87 (. J=94
Hz. 1H), 3.78 (d. J=9.4 Hz, 1H). 295 (dd,J = 134. 8.0 Hz,
1H). 2.49 (dd,J = 13.4, 6.6 Hz, 1H). '*C NMR (DMSO-ds) §
16581, 156.51. 145.68. 144.87, 142.60, 140.82. 12442,
93.57. 69.51. 60.67. 4890, 42.77. Anal. Calcd. for
C12HisN:0:0.5 MeOH: C, 60.22; H. 6.86. N. 16.82. Found:
C, 60.33. H, 6.98; N, 16.90.

(red)-(1'RA'R)-9-[4-(Hydroxymethyl)-4-vinyl-cyclopent-
2-en-1-yl] 2-amino-6-chloropurine (19): Purine nucleoside
analogue 19 was prepared from compound 16 using a
similar procedure to that described for compound 17; vield
69%: mp 178-180 °C; 'H NMR (DMSQ-¢s. 300 MHz) &
10.71 (br s, 1H), 7.87 (s. IH), 6.51 (br s, 2H). 641 (dd. J =
54.12Hz 1H). 6.22-6.10 (m. 4H). 5.78 (d. /= 6.4 Hz. 1H).
301t J=32Hz 1H).38(d.J=96Hz 1H).3.78 (d.J =
94 Hz. 1H). 288 (dd.J =134, 82 Hz. 1H). 245 (dd. J =
13.4. 6.8 Hz. 1H): "*C NMR (DMSQ-d2) 8 160.02, 155.21,
152,98, 146.21. 143.43. 141,98, 140.72, 133.21. 124.59,
70.55. 61.32. 47 65. 43.65: Anal. Caled. for CiaH,4CIN;O -
1.0 H-O: C. 50.40; H. 5.20; N. 22.61. Found: C, 50.50:. H,
318N, 22.53.

(rel)-(1'RA'R)-9-[4-(Hydroxymethyl)-4-vinyl-cyclopent-
2-en-1-yl] guanine (20). Mercaptoethanol (0.18 mL. 2.38
mmol) and NaOMe (2.0 mL. 2.0 mmol. 1.0 M solution in
MeOH) was added to a solution of compound 19 (128 mg,
0.44 mmol) in MeOH (10 mL). and refluxed overnight.
After cooling. the reaction mixture was neutralized with a
few drops of glacial AcOH and concentrated under reduced
pressure. The residue was purified by silica gel column
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chromatography (MeOH/CH-Cl.. 1:3) to give the carbovir
analogue 20 (72 mg. 60%) as a solid: mp 186-188 °C; UV
(H:0) Amas 253.0 nm; '"H NMR (DMSO-ds, 300 MHz) &
10.75 (brs, 1H), 7.98 (s, 1H), 6.50 (brs. 1H). 6.40(d. /=5.2
Hz, 1H), 6.13-6.01 (m, 4H), 5.72 (dd,.J = 6.6. 1.4 Hz, 1H).
498(t..J=52Hz |H).3.88(d./=92Hz |H).3.74(d,J=
94 Hz. 1H), 2.89 (dd. /= 13.2. 84 Hz, |H). 247 (dd, J =
13.4, 6.6 Hz. 1H); °C NMR (DMSO-ds) §157.84, 154.70.
152.29. 145.67, 142.51. 14098, 136.40. 132.28, 117.39.
70.67. 61.39, 48.11, 42.97; Anal. Caled. for C;H1:sN:O; 1.0
H-O: C. 53.60: H. 5.88; N. 24.04. Found: C. 53.52; H, 5.79:
N. 24.48.
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