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Carbocyclic pyrimidine nucleoside analogs which have restricted glycosidic conformation at y~180° were
designed, based on the conformational features of the L-nucleotide residue in heterochiral DNA, and synthesized.
The synthesis of (+)-carbocyclic 6,6’-O-cyclo-2’-deoxyuridine was achieved via bromination and subsequent intra-
molecular cyclization of carbocyclic 6'f-hydroxy-2’-deoxyuridine. (+)-Carbocyclic 6,6’-O-cyclo-2’-deoxycytidine
was synthesized from protected carbocyclic 6,6’-O-cyclo-2’-deoxyuridine via the 4-triazole intermediate.
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Most anti-retroviral nucleoside analogs are incorporat-
ed into the growing DNA strand by a viral reverse tran-
scriptase after phosphorylation to triphosphate derivatives
by cellular kinases, and prevent further elongation of the
DNA strand.” Recently, a novel anti-human immunodefi-
ciency virus (HIV) agent, 2’,3'-dideoxy-3'-thiacytidine was
reported.””* Surprisingly, it was found that the (—)-
enantiomer (3TC) with an unnatural nucleoside configura-
tion was biologically more potent than the ( +)-enantiomer
with a natural nucleoside configuration, and the (—)-
enantiomer was 20- to 100-fold less toxic than the (+)-
enantiomer. This unusual finding opens new approaches
for the treatment of viral infections with unnatural L-
nucleosides. However, unnatural r-nucleoside analogs
might be disadvantageous for incorporation into the
template-primer complex, since structural constraints
would be required for proper alignment of the L-deoxy-
nucleoside triphosphate (L-dNTP) to the complex.® The
observation that L-oligodeoxynucleotides consisting of
L-deoxyribose do not form duplex structure with com-
plementary D-DNA or RNA sequences® may support the
above hypothesis.

We have investigated the structure of the heterochiral
oligonucleotide, which contains an unnatural L-nucleo-
tide” residue in the natural sequence, and have found that
the L-nucleotide residue of the heterochiral oligonucleotide
forms stable Watson—Crick base-pairing with the comple-
mentary natural residue,® while the overall duplex stability
is slightly decreased.® The decrease of the duplex stability
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suggests the structural unsuitability of L-nucleotides for
incorporation into B-form DNA. Two-dimensional *H-
NMR studies suggested that the unnatural L-nucleotide
residue adopts an unusual low anti glycosidic conforma-
tion (& 180°),* although typical double-stranded B-form
DNA has a glycosidic torsion angle of y= —90——135°.19
This result suggests that low anti glycosidic conforma-
tion would be a critical conformational feature for the
L-nucleotide to form Watson—Crick base-pairing in the
right-handed double helix. Thus, we designed the car-
bocyclic pyrimidine nucleoside analogs 1 and 2 whose
glycosidic conformation is fixed at y~180° by a oxygen-
bridge between the base and the cyclopentane ring (O-
cyclocarbanucleosides), in order to reduce the structural
disadvantage of L-nucleosides for incorporation into the
template—primer complex. Although various cyclonucleo-
sides have been reported,'* ~!® the synthesis of cyclonu-
cleosides with low-anti-fixed glycosidic conformation has
not been reported. The triphosphate derivatives of these
carbocyclic nucleoside analogs might have optimal ge-
ometry for incorporation into the template—primer comp-
lex. We herein report the racemic synthesis of 1 and 2.

Results and Discussion

We planned to synthesize the target compounds from
the racemic epoxide 3, which is readily prepared from
cyclopentadiene in three steps.’*'> Ring opening of the
epoxide 3 by uracil proceeded in a regioselective manner
to give the 6'a-hydroxy derivative 4 (Chart 1).117
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Treatment of the alcohol 4 with diethyl azodicarboxylate
and triphenylphosphine in tetrahydrofuran (THF) afford-
ed the 2,6'-O-cyclonucleoside 5, which showed 4.,, at
258 and 226nm in EtOH. Alkaline hydrolysis of the
anhydro derivative 5 provided the 6'f-hydroxy derivative
6. The C5 position of 6 was brominated by treatment with
N-bromosuccinimide (NBS) in the presence of sodium
azide.'® The resulting 5-bromo derivative 7 was found to
undergo a facile intramolecular cyclization'® on treat-
ment with 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) in
dioxane at refluxing temperature to give the novel 6,6’-O-
cyclonucleoside 8 in 96% yield. The O-cyclic structure of
8 was confirmed by observation of the HS5 signal as a
singlet and the downfield shift (about 1 ppm) of the H6'
signal in the 'H-NMR spectrum. Finally, compound 8
was treated with 20% Pd(OH),/C—cyclohexene in EtOH
at refluxing temperature for 3.5 h to afford (£ )-carbocyclic
6,6’-0O-cyclo-2-deoxyuridine (1) in 84.2% isolated yield.
The cytidine analog 2 was synthesized by the uracil-
to-cytosine conversion method (Chart 2). The uridine
analog 8 was first treated with triisopropylbenzenesulfonyl
chloride (TPS-CI) in the presence of 4-dimethylaminopyri-

dine (DMAP) to give the O*-TPS derivative 9. However,
ammonolysis of compound 9 with concentrated aqueous
NH,OH in dioxane afforded the cytidine derivative 11 in
unsatisfactory yield, and the uridine derivative 8 was
recovered. This result is explained by the preferential
attack of the NH,; molecule on the sulfur atom rather
than the C4 position of the sulfonate 9, because of the
electron-donating effect of the oxygen atom at the C6
position. Thus, the uridine derivative 8 was converted to
the triazolide 10 by treatment with tri(1H-1,2,4-triazol-1-
yl)phosphine oxide prepared from phosphoryl chloride
and 1,2,4-triazole in the presence of triethylamine at
refluxing temperature.?? Ammonolysis of the triazolide
10 successfully furnished the cytidine derivative 11 in
99.4% yield. Deprotection of 11 with 20% Pd(OH),/C—cy-
clohexene afforded ( +)-carbocyclic 6,6'-O-cyclo-2'-deoxy-
cytidine (2) in 87.6% isolated yield.

The characteristics of the UV absorption of 1 and 2 are
very similar to those of the corresponding 6,2’-O-cyclo-
pyrimidine nucleosides rather than 6,3-O- or 6,5-O-
cyclonucleosides (Table 1). This result strongly suggests
that these compounds have the S5-membered O-cyclic
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Table 1. UV Data for 6-O-Cyclopyrimidine Nucleoside Analogs [Amax
nm (g)]
Compound 0.1~ HC1 H,0 0.1~ NaOH
1 254.8 (16500) 254.8 (16500) 254.0 (11600)

6,2-0-Cyclouridine® 251.0 (16700)
6,3-0-Cyclouridine® 259.5 (15300)
6,5"-0-Cyclouridine® 262.0 (12900)

2 267.2 (22800)
6,2-0-Cyclocytidine® 265.0 (22900)
6,3"-0-Cyclocytidine® 273.0 (21000)
6,5'-0-Cyclocytidine® 278.0 (17300)

251.5 (16400)
259.5 (15100)
261.5 (13000)
261.8 (14400)
261.0 (14500)
269.5 (14000)
271.5 (11600)

253.5 (12100)
262.0 (12200)
264.0 (9900)
261.6 (14200)
262.0 (15100)
270.0 (14300)
272.5 (11800)

a) Data from reference 21.

structure.

Compounds 1 and 2 were evaluated for anti-HIV-1
activity in MT-4 cells. However, neither of the compounds
showed any significant antiviral activity. The lack of
activity may be due to any of several reasons, among which
low efficiency of phosphorylation by the nucleoside kinase
might be the major factor.

In conclusion, the racemic synthesis of 1 and 2 was
achieved. Although these compounds have no anti-HIV-1
activity, such conformationally restricted nucleoside
analogs as 1 and 2 might be useful tools for evaluating
the effects of the glycosidic conformation on the structure
and function of nucleic acids.

Experimental

Melting points were measured on a Yanagimoto apparatus and are
uncorrected. '"H-NMR spectra were obtained on a Varian Gemini-200
or a Varian XL-300 spectrometer. Chemical shifts were measured relative
to internal tetramethylsilane for CDCl; and DMSO-d,, or internal
tert-butyl alcohol, 1.23 ppm from sodium 2,2-dimethyl-2-silapentane-5-
sulfonate (DSS), for D,0. Thin-layer chromatography was carried out
on Merck 60F, s, coated plates. The racemic epoxide 3 was synthesized
according to a literature procedure.*'5) Anti-HIV-1 activity assays were
carried out according to reported methods.??

(£)-(18,22,38,42)-1-(4-Benzyloxy-3-benzyloxymethyl-2-hydroxycyclo-
pentyl)uracil (4) DBU (199 ul, 1.33mmol) was added to a suspension
of uracil (149 mg, 1.33 mmol) and the epoxide 3 (315mg, 1.01 mmol) in
dry dimethylformamide (DMF) (5 ml), and the mixture was refluxed for
7hunder an argon atmosphere. After cooling, the solvent was evaporated
off and the residue was dissolved in ethyl acetate. The solution was
washed with distilled water. The organic layer was dried with Na,SO,
and concentrated, then the residue was purified with silica gel column
chromatography to give 206 mg (48.0%) of 4 as a colorless foam.
'H-NMR (CDCl) 8: 2.00—2.20 (m, 2H, H-2', H-2"), 2.27 (m, 1H,
H-4), 3.52—3.77 (m, 2H, H-5', H-5"), 3.82 (br, 1H, OH), 3.92 (m, 1H,
H-3), 4.18 (t, 1H, J=9.1 Hz, H-6'), 4.40—4.55 (m, 4H, Ar-CH,), 4.72
(g, 1H, J=9.1Hz, H-1"), 5.63 (d, 1H, J=8.2Hz, H-5), 7.15 (d, 1H,
J=8.2Hz, H-6), 7.20—7.40 (m, 10H, Ar-H), 8.92 (brs, |[H, NH). MS (EI)
mfz: 423 (M* +1). HR-MS m/z: 423.1912 (Caled for C,,H,,N,Os:
423.1918).

(+)-(5aa,7a,8f,8aa)-7-Benzyloxy-8-benzyloxymethyl-5a,7,8,8a-tetra-
hydro-2H,6 H-cyclopent[4,5]oxazolo[3,2-a]pyrimidin-2-one (5) A solu-
tion of 4 (1.12g, 2.65mmol) in THF (20ml) was treated with tri-
phenylphosphine (1.04g, 3.97mmol) and diethyl azodicarboxylate
(625 1, 3.97mmol), and the mixture was stirred at room temperature
under an argon atmosphere. After 2h, the solvent was evaporated off.
The residue was coevaporated with CHCl; and purified by silica gel
column chromatography to give 925mg (86.4%) of 5. An analytical
sample was recrystallized from cthyl acetate to afford colorless needles
of 5, mp 178—181°C. '"H-NMR (CDCl;) 6: 2.07 (m, 1H, H-2"), 2.33
(ddd, tH, J=13.9, 5.8, 2.2Hz, H-2'), 2.58 (m, 1H, H-4'), 3.73 (m, 2H,
H-5, H-5"), 3.93 (m, 1H, H-3'), 4.48 (s, 4H, Ar-CH,), 4.87 (m, 1H, H-1),
5.44 (dd, 1H, J=8.1, 5.8 Hz, H-6'), 5.97 (d, 1H, J=8.1Hz, H-5), 7.16
(d, 1H, J=8.1 Hz, H-6), 7.20—7.40 (m, 10H, Ar-H), 8.92. MS (EI) m/z:
405 (M* +1). HR-MS m/z: 405.1812 (Caled for C,,H, sN,0,: 405.1815).
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Anal. Caled for C,,H, ,N,0,: C, 71.27; H, 5.98; N, 6.93. Found: C,
71.30; H, 5.85; N, 6.91.

(+)-(1 /i,Zﬂ,3[I,4az)-1-(4-Benzyloxy-3—benzyloxymethyl-Z-hydroxycyclo-
pentyDuracil (6) A solution of 5 (859 mg, 2.12mmol) in EtOH (50 ml)
was treated with 1M NaOH (5ml) and the mixture was heated under
reflux for 45min. After cooling, the solution was neutralized with 2 M
HCl and then concentrated to about one-tenth the original volume. The
residue was extracted with ethyl acetate and washed with brine. The
organic phase was dried with Na,SO, and concentrated, then the residue
was purified by means of silica gel column chromatography to give
840 mg (93.8%) of 6 as a colorless foam. 'H-NMR (CDCl,) §: 1.95—2.30
(m, 2H, H-2', H-2"), 2.37 (m, 1H, H-4), 3.77 (d, 2H, J=5.5Hz, H-5,
H-5"), 3.86 (d, 1H, J=3.0Hz, OH), 4.11 (m, 1H, H-3), 4.39—4.58 (m,
5H, Ar-CH,, H-6'), 5.11 (m, 1H, H-1), 5.60 (d, 1H, J=7.6 Hz, H-5),
7.23—7.40 (m, 10H, Ar-H), 7.48 (d, 1H, J=7.6 Hz, H-6), 9.64 (brs, IH,
NH). MS (EI) m/z: 423 (M* +1). HR-MS m/z: 423.1924 (Calcd for
C,,H,,N,04: 423.1918).

(1)-(1B,28,3B,42)-1-(4-Benzyloxy-3-benzyloxymethyl-2-hydroxycyclo-
pentyl)-5-bromouracil (7) A solution of 6 (840mg, 1.99mmol) in
1,2-dimethoxyethane (100 ml) was treated with an aqueous solution of
NaNj; (516 mg, 7.95mmol) in 2ml of water and N-bromosuccinimide
(389 mg, 2.19mmol), and the mixture was stirred at room temperature
for 24h. The solvent was removed in vacuo, and the residue was
partitioned between ethyl acetate and saturated aqueous NaHCO,. The
organic phase was dried (Na,SO,), evaporated, and purified by means
of silica gel column chromatography to give 831 mg (83.3%) of 7 as a
colorless foam. 'H-NMR (CDCly) §: 2.05—2.30 (m, 2H, H-2, H-2"),
2.38 (m, 1H, H-4), 3.78 (d, 2H, J=5.0Hz, H-5, H-5"), 3.87 (d, 1H,
J=3.5Hz, OH), 4.12 (m, 1H, H-3'), 4.39—4.59 (m, 5H, Ar-CH,, H-6"),
5.12 (m, 1H, H-1"), 7.23—7.40 (m, 10H, Ar-H), 7.87 (s, 1H, H-6), 9.69
(br s, 1H, NH). MS (EI) m/z: 500 (M *). HR-MS m/z: 500.0938 (Calcd
for C,,H,sBr,N,0,: 500.0945).

(+)-(5aa,72,8p,8ax)-7-Benzyloxy-8-benzyloxymethyl-5a,7,8,8a-tetra-
hydro-2H,6 H-cyclopent[4,5]oxazolo[ 3,2-c]pyrimidine-2,4(3H)-dione (8)
DBU (495 ul, 3.31 mmol) was added to a solution of 7 (831 mg, 1.65 mmol)
in dioxane (20 ml), and the mixture was refluxed for [ h under an argon
atmosphere. After cooling, the solvent was evaporated, and the residue
was partitioned between ethyl acetate and aqueous 0.5M KH,PO,. The
organic phase was dried (Na,SO,), evaporated, and purified by means
of silica gel column chromatography to give 669mg (96.0%) of 8.
Analytical sample was recrystallized from EtOH to afford colorless
leaflets of 8, mp 179—181°C. '"H-NMR (CDCl;) 6: 2.01 (m, 1H, H-2"),
2.52 (m, 1H, H-4'), 2.62 (ddd, IH, J=15.0, 5.8, 1.7Hz, H-2'), 3.60—3.90
(m, 3H, H-3', H-5', H-5"), 438—4.60 (m, 4H, Ar-CH,), 4.89 (m, 1H,
H-1"), 5.05 (s, 1H, H-5), 541 (dd, 1H, J=7.6, 5.5Hz, H-6'), 7.20—7.40
(m, 10H, Ar-H), 9.40 (brs, 1H, NH). MS (EI) m/z: 420 (M*). HR-MS
mfz: 420.1687 (Caled for C,,H,,N,O,: 420.1683). Anal. Calcd for
C,,H,uN,04: C, 68.56; H, 5.75; N, 6.66. Found: C, 68.35; H, 5.71; N,
6.49.

(£)-(5a4,7a,8p,8a¢)-5a,7,8,8a-Tetrahydro-7-hydroxy-8-hydroxy-
methyl-2H,6 H-cyclopent[ 4,5]oxazolo[ 3,2-c]pyrimidine-2,4(3 H)-dione
(1) A mixture of 8 (100 mg, 0.23mmol), 20% Pd(OH), (25mg), and
cyclohexene (1 ml) in EtOH (5ml) was refluxed for 3.5h. The catalyst
was removed by filtration and was washed with hot 70% EtOH. The
filtrate was concentrated to dryness and the residue was recrystallized
from EtOH to give pure 1 (46mg, 84.2%), mp 259—261°C (dec).
"H-NMR (D,0) 6: 1.95 (m, 1H, H-2"), 2.29 (m, 1H, H-4'), 2.53 (dd,
1H, J=13.9, 6.5Hz, H-2'), 3.80—3.93 (m, 2H, H-5', H-5"), 4.06 (m, 1H,
H-3), 498 (t, IH, J=7.6Hz, H-1'), 520 (s, 1H, H-5), 5.54 (dd, 1H,
J=7.6, 5.0Hz, H-6'). MS (SI-MS) m/z: 241 (M* +1). HR-MS m/z:
241.0843 (Caled for C,oH;3N,O: 241.0823). Anal. Caled for
CioH,,N,05-1/6H,0: C, 49.38; H, 5.11; N, 11.52. Found: C, 49.59; H,
5.02; N, 11.37.

(+)-(5ax,7x,88,8a4)-7-Benzyloxy-8-benzyloxymethyl-5a,7,8,8a-tetra-
hydro-2-(1,2,4-triazol-1-yl)-4H,6 H-cyclopent[4,5]oxazolo[ 3,2-¢]pyr-
imidin-4-one (10) A mixture of 1,2,4-triazole (1.23g, 17.8 mmol) and
phosphorus oxychloride (472pl, 5mmol) in acetonitrile (10ml) was
stirred at 0 °C. After 10 min, triethylamine (2.69 ml, 19.3 mmol) was added
at 0°C, and the mixture was stirred at room temperature for 1.5h. The
resulting crystalline precipitate was filtered off, and the precipitate was
washed with acetonitrile (Sml). The filtrate and washings were com-
bined. This solution (Sml) was added to 8 (294mg, 0.7 mmol) and
4-dimethylaminopyridine (85mg, 0.7mmol), and the mixture was re-
fluxed for 1.5h. After cooling, the reaction was quenched by adding
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water (1 ml) and the whole was evaporated. The residue was extracted
with CHCl,, and the organic phase was washed with saturated aqueous
NaHCO;,, then 0.5M KH,PO,, dried (Na,S0,), and evaporated. The
residue was purified by means of silica gel column chromatography to
give 298 mg (90.3%) of 10 as a pale yellow solid. '"H-NMR (CDCl;) 8:
2.24 (m, 1H, H-2"), 2.67 (m, 1H, H-4'), 2.75 (m, 1H, H-2'), 3.65—3.90
(m, 3H, H-3, H-5, H-5"), 4.37—4.60 (m, 4H, Ar-CH,), 5.11 (m, 1H,
H-1), 5.62 (dd, 1H, J=38.0, 6.3 Hz, H-6"), 6.45 (s, 1H, Ar-H), 7.23—7.40
(m, 10H, Ar-H), 8.08 (s, 1H, Ar-H), 9.18 (s, IH, Ar-H). MS (EI) m/z:
471 (M). HR-MS m/z: 471.1902 (Caled for C,4H,sNsO,: 471.1904).

(+)-(5aa,74,88,8aa)-2-Amino-7-benzyloxy-8-benzyloxymethyl-5a,7,8,
8a-tetrahydro-4H,6 H-cyclopent[4,5]oxazolo[3,2-c]pyrimidin-4-one (11)
A solution of 10 (293 mg, 0.62mmol) in dioxane (10ml) was treated
with concentrated ammonium hydroxide (2ml) in a sealed tube at 60 °C
for 14h. The mixture was concentrated and coevaporated with EtOH
and CHCI,. The residue was purified by means of silica gel column
chromatography to give 259 mg (99.4%) of 11. An analytical sample was
recrystallized from EtOH to afford colorless flakes of 11, mp 234—236°C.
'H-NMR (DMSO-dg) 4: 1.79 (m, 1H, H-2"), 2.45 (m, 2H, H-2', H-4),
3.60—3.80 (m, 3H, H-3', H-5, H-5"), 4.37—4.60 (m, 4H, Ar-CH,), 4.75
(t, 1H, J=7.1 Hz, H-1"), 5.03 (s, 1H, H-5), 5.30 (dd, I1H, J=6.9, 6.0Hz,
H-6'), 6.86 (brs, 2H, NH,), 7.23—7.40 (m, 10H, Ar-H). MS (EI) m/z:
419 (M*). HR-MS m/z: 419.1848 (Calcd for C,,H,sN;O,: 419.1843).
Anal. Caled for C,,H,5sN;0,: C, 68.72; H, 6.01; N, 10.02. Found: C,
68.44; H, 6.10; N, 9.77.

(+)-(5aa,72,88,8a%)-2-Amino-5a,7,8,8a-tetrahydro-7-hydroxy-8-hy-
droxymethyl-4H,6 H-cyclopent[4,5]oxazolo[ 3,2-c]pyrimidin-4-one (2)
A mixture of 11 (100mg, 0.238 mmol), 20% Pd(OH), (25mg), and
cyclohexene (1 ml) in EtOH (5ml) was refluxed for 18h. (After 14h,
further 20% Pd(OH), (5mg) and cyclohexene (0.5ml) were added.) The
catalyst was removed by filtration and washed with hot 50% EtOH. The
filtrate was concentrated to dryness and the residue was recrystallized
from 90% EtOH to give pure 2 (50mg, 87.6%), mp >300°C (dec.).
'H-NMR (D,0) é: 1.93 (m, 1H, H-2"), 2.27 (m, 1H, H-4), 2.49 (dd,
IH, J=14.0, 6.6 Hz, H-2"), 3.97 (m, 2H, H-5', H-5"), 4.02 (m, 1H, H-3'),
4,90 (t, IH, J=7.3Hz, H-1'), 5.39 (s, 1H, H-5), 546 (dd, 1H, J=73,
5.3Hz, H-6"). MS (EI) m/z: 239 (M ™). HR-MS (EI) m/z: 239.0901 (Calcd
for C,oH,3N;0,: 239.0905). Anal. Caled for C,,H,3N;0,: C, 50.20; H,
5.48; N, 17.57. Found: C, 50.31; H, 5.45; N, 17.31.

Anti-HIV-1 Activity Assay in MT-4 Cells MT-4 cells were infected
for 1h with HIV-1 (LAV-1) at a 50%-tissue culture infective dose
(TCID,) of 0.001/cell. Then, the cells were washed and resuspended at
1 x 103 cells/ml in RPMI-1640 medium. The cell suspension (200 ul/well)
was cultured for 5d in a 96-well culture plate containing various
concentrations (12 doses, maximum 1000 yug/ml and minimum 0.49
ug/ml) of the drugs. Control assays were performed, without drugs,
with HIV-1-infected and -uninfected cultures. On day 5, the inhibitory
concentration (IC) of the test sample required to prevent completely the
HIV-1-induced cytopathic effect (CPE) was determined through an
optical microscope and the cell growth was examined to obtain the
cytotoxic concentration (CC) that reduces the viability of MT-4 cells.
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