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ABSTRACT

An efficient synthesis of 50-nor carbocyclic ribavirin (4) is described in 13 steps
from conveniently available (þ)-(1R,4S)-4-hydroxy-2-cyclopenten-1-yl acetate
(6). Compound 4 was evaluated against the following viruses: herpes simplex type
1 and 2, vaccinia, cowpox, smallpox, Ebola, hepatitis B, hepatitis C, adenovirus
type 1, influenza A (H1N1 and H3N2), influenza B, parainfluenza type 3,
Pichinde, Punta Toro A, respiratory syncytial, rhinovirus type 2, Venezuelan
equine encephalitis, yellow fever, and West Nile. No activity was found nor
was there any cytotoxicity to the viral host cells.
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INTRODUCTION

The synthetic nucleoside ribavirin (1) has gained prominence as a clinically use-
ful broad-spectrum antiviral agent[1–8] and has shown therapeutic potential towards
the orthopox viruses.[9] The most striking structural feature of 1 is the 1,2,4-triazole
ring, which is unique among nucleoside derived medicinal agents. To extend this
heterocyclic moiety to other nucleoside analogs, carbocyclic ribavirin (2) has been
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described,[10] but, to date, studies on its biological properties have been limited
(Fig. 1).[10a] As an outgrowth of our investigations of 50-nor carbocyclic nucleosides,
which have displayed significant antiviral activity[11] (for example, 50-noraristero-
mycin, (3)),[12,13] we sought 50-nor carbocyclic ribavirin (4). The synthesis and antiviral
analysis of 4 is presented here.

Scheme 1. Reaction conditions: a, Ac2O, TEA, DMAP, CH3CN, rt; b, NOBF4, pyridine,
CH3CN, �30 then to 0�C; c, Zn, HOAc, 10�C; d, TFA=H2O, rt; e, ethyl carboethoxyformi-
midate,17 NaHCO3, MeOH, 0�C; f, HC(OEt)3, toluene, 110�C; g, HCI/THF(1:1), 50�C;
h, saturated NH3=MeOH, rt.

Figure 1. Ribavirin and various carbocyclic nucleosides.
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RESULTS

Synthesis

In order to adapt a literature procedure[10] for the synthesis of 4, the protected
trihydroxycyclopentylamine 5 was identified as the appropriate starting material
and, consequently, obtained from the readily available (þ)-(1R,4S)-4-hydroxy-2-
cyclopenten-1-yl acetate (6)[14] via 7.[15] Protective acetylation of the secondary
alcohol of 5 to 8 was followed by nitrosation with nitrosonium tetrafluoroborate
to provide 9. Reduction of 9 led to the protected hydrazine derivative 10, which
was then subjected to acidic deprotection to 11. Derivatizing 11 for creating the
triazole ring was accomplished with ethyl carboethoxyformimidate[17] to 12. Ring
closure of 12 triethyl orthoformate to the ethyl 1,2,4-triazole-3-carboxylate 13 as
its 20,30-protected mixed orthoester was easily achieved. Acidic treatment of 13 to
14 was followed by amidation to the desired 4 (Sch. 1).

Antiviral

Compound 4 was evaluated for the effectiveness towards the following viruses:
herpes simplex type 1 and 2, vaccinia, cowpox, smallpox, Ebola, hepatitis B, hepa-
titis C, adenovirus type 1, influenza A (H1N1 and H3N2), influenza B, parainfluenza
type 3, Pichinde, Punta Toro A, respiratory syncytial, rhinovirus type 2, Venezeulan
equine encephalitis, yellow fever, and West Nile. No activity was found nor was
there any cytotoxicity to the viral host cells.[18]

EXPERIMENTAL SECTION

General Methods

Melting points were recorded on a Meltemp II melting point apparatus and
are uncorrected. Combustion analyses were performed by Atlantic Microlab, Inc.,
Norcross, GA. 1H and 13C NMR spectra were recorded on a Bruker AC 250 spectro-
meter (operated at 250 and 62.5 MHz, respectively) and are referenced to internal
tetramethylsilane (TMS) at 0.0 ppm. The spin multiplicities are indicated by the
symbols s (singlet), d (doublet), t (triplet), m (multiplet), and br (broad). Optical
rotations were measured on a Jasco P-1010 polarimeter. Reactions were monitored
by thin-layer chromatography (TLC) using 0.5-mmWhatman Diamond silica gel 60-
F254 precoated plates with visualization by irradiation with a Mineralight UVGL-25
lamp. Yields refer to chromatographically and spectroscopically (1H and 13C NMR)
homogeneous materials.

(1S,2R,3S,4R)-1-Acetoxy-2,3-(isopropylidenedioxy)-4-(tert-butoxycarbonyl amino)-

cyclopentane (8). To a solution of 5 (0.93 g, 3.4mmol), p-(dimethylamino)pyridine
(209mg, 1.71 mmol) and triethylamine (0.95mL, 6.81mmol) in dry CH3CN (45mL)
was added anhydrous acetic acid (0.8mL, 8.51mmol). The reaction mixture was
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stirred for 2 h at room temperature, poured into ice H2O and extracted with EtOAc.
The organic-layer was washed with a saturated sodium bicarbonate solution and
H2O, dried (MgSO4) and filtered. The filtrate was evaporated in vacuo and the resi-
due purified by column chromatography (hexanes-EtOAc, 2.5:1) to give 8 (1.07 g,
100%) as a white solid: mp 69�C; 1H NMR (CDCl3) d 1.26 (s, 3H, CH3), 1.42
(s, 3H, CH3), 1.45 (s, 9H, C(CH3)3), 1.72 (m, 1H, H-5), 2.10 (s, 3H, CH3COO),
2.40 (m, 1H, H-5), 4.13 (m, 1H, H-4), 4.52 (s, 2H, H-1, H-2), 4.80 (br s, 1H, NH),
5.11 (d, 1H, H-2); 13C NMR (CDCl3) d 21.4 (C(CH3)3), 24.0 (C(CH3)2), 26.4
(OCOCH3), 28.5 (C-5), 33.8 (C-4), 56.6 (OC(CH3)3), 79.9 (C-1), 84.3 (C-3), 85.8
(C-2), 111.0 (C(CH3)2), 155.0 (NHCO), 169.6 (CH3COO). Anal. Calcd. for
C15H25NO6: C, 57.13; H, 7.99; N, 4.44. Found: C, 57.17; H, 8.01; N, 4.46.

(1S,2R,3S,4R)-1-Acetoxy-2,3-(isopropylidenedioxy)-4-[N-nitroso-N-(tert-butoxy-
carbonyl)amino]cyclopentane (9). To a stirred solution of 8 (1.43 g, 4.53 mmol), and
anhydrous pyridine (0.73mL, 9.06 mmol) in dry CH3CN (60mL), cooled to �30�C,
was added NOBF4 (1.22 g, 10.44mmol). The solution was maintained at �30�C
under N2 for 30min. This was followed by stirring at 0�C for another 1.5 h and
the solution then added to CH2Cl2 and ice. The organic layer was further extracted
with cold H2O and dried (MgSO4) and the solvent eliminated in vacuo without heat-
ing. The residue was purified by column chromatography (cold hexanes-EtOAc, 3:1)
to give 9 (1.56 g, 100%) as a yellow oil: 1H NMR (CDCl3) d 1.26 (s, 3H, CH3), 1.49
(s, 3H, CH3), 1.65 (s, 9H, C(CH3)3), 1.91 (m, 1H, H-5), 2.0 (s, 3H, CH3COO), 2.46
(m, 1H, H-5), 4.78 (m, 2H, H-1, H-4), 4.98 (m, 2H, H-2, H-3); 13C NMR (CDCl3) d
21.1 (C(CH3)3), 25.2 (C(CH3)2), 27.9 (OCOCH3), 33.5 (C-5), 53.9 (C-4), 78.4
(OCC(CH3)3), 81.0 (C-1), 83.9 (C-3), 86.1 (C-2), 113.1 (C(CH3)2), 151.8 (NCO),
170.5(CH3COO). Anal. Calcd. for C15H24N2O7: C, 52.32; H, 7.02; N, 8.13. Found:
C, 52.01; H, 7.07; N, 7.77.

(1S,2R,3S,4R)-1-Acetoxy-2,3-(isopropylidenedioxy)-4-[N-(tert-butoxycarbonyl)-
hydrazino]cyclopentane (10). Compound 9 (3.76 g, 10.91mmol) was dissolved
in glacial AcOH (100mL) and the solution brought to 10�C. Zinc dust (6.41 g,
98.19mmol) was added slowly to the solution. The reaction was stirred at room
temperature for 40min. The precipitate was separated by filtration and washed
with EtOAc. The filtrate and the washings were combined and this solution washed
with cold saturated sodium carbonate solution (3� 100mL) and brine (2� 100mL),
dried (MgSO4), filtered and the filtrate evaporated in vacuo. The residue was
purified by column chromatography (hexanes-EtOAc, 2.3:1, 1.5:1, 1:1) to give
10 (3.1 g, 86%) as a colorless syrup: 1H NMR (CDCl3) d 1.30 (s, 3H, CH3), 1.47
(s, 3H, CH3), 1.54 (s, 9H, C(CH3)3), 1.89 (m, 1H, H-5), 2.06 (s, 3H, CH3COO),
2.42 (m, 1H, H-5), 3.79 (br s, 2H, NH2), 4.45 (m, 1H, H-4); 4.57 (m, 1H, H-1),
4.81 (m, 1H, H-3), 5.0 (m, 1H, H-2); 13C NMR (CDCl3) d 21.2 (C(CH3)3), 25.1
(C(CH3)2), 27.3 (OCOCH3), 28.5 (C-5), 34.3 (C-4), 61.8 (OCO(CH3)3), 78.0
(C-1), 81.03 (C-3), 84.3 (C-2), 112.3 (C(CH3)2), 156.8 (NCO), 170.5(CH3COO).
Anal. Calcd. for C15H26N2O6: C, 54.53; H, 7.93; N, 8.48. Found: C, 54.56; H,
8.04; N, 8.10.

1998 Tuncbilek and Schneller



(10R,20S,30R,40S)-1-[40-Acetoxy-20,30-(ethoxymethylidenedioxy)cyclopent-10yl]-1H-

[1,2,4]triazole-3-carboxylicAcidEthyl Ester (13). Asolution of 10 (1.13 g, 3.42mmol)
in CF3COOH-water (9:1, v=v, 20mL) was stirred for 50min at room temperature
and concentrated. The residue was coevaporated with MeOH (3� 40mL) to give
a yellowish oil. To the crude amine salt 11 in dry MeOH (50mL) at 0�C were added
NaHCO3 (0.53 g, 6.3mmol) and ethyl carboethoxyformimidate (0.94 g, 6.3mmol).
The mixture was stirred at 0�C for 30min and the solvent was evaporated at room
temperature. The residue was chromatographed (EtOAc-MeOH, 12:1) to give 1.46 g
(79%) of 12 as a yellowish viscous liquid. To a solution of 12 (1.43 g, 4.94mmol) in
anhydrous toluene (35mL) was added triethyl orthoformate (11mL) and the solu-
tion was heated at 110�C for 4 h. After removal of the solvent, the residue was
purified by column chromatography (hexanes-EtOAc, 2:1, then 1:1) to give 13

(0.85 g, 48%) as a yellow viscous liquid: 1H NMR (CDCl3) d 1.27 (t, 3H, OCH2CH3),
1.43 (t, 3H, OCH2CH3), 2.08 (s, 3H, OCOCH3), 2.41 (m, 1H, H-50), 2.92 (m, 1H,
H-50), 3.67 (q, 2H, OCH2CH3), 4.48 (q, 2H, OCH2CH3), 4.77 (m, 1H, H-10), 5.03
(m, 2H, H-20, H-40), 5.28 (m, 1H, H-30), 5.93 (s, 1H, OCHOCH2CH3), 8.28 (s, 1H,
H-5); 13C NMR (CDCl3) d 14.4 (OCH2CH3), 15.1 (OCH2CH3), 21.0 (CH3COO),
34.9 (C-50), 61.8 (OCH2CH3), 62.2 (OCH2CH3), 65.0 (C-10), 76.7 (C-40), 83.6
(C-20), 83.9 (C-30), 118.2 (CHOCH2CH3), 144.5 (C-5), 155.8 (C-3), 159.8
(CO2CH2CH3), 170.2 (OCOCH3). Anal Calcd. for C15H21N3O7: C, 50.70; H, 5.96;
N, 11.83. Found: C, 50.92; H, 6.01; N, 11.60.

(10R,20S,30R,40S)-1-[20,30,40-Trihydroxycyclopent-1-yl)-1H-[1,2,4]triazole-3-carbox-
ylic Acid Ethyl Ester (14). A solution of 13 (0.85 g, 2.39mmol) in %5 HCl-THF
(1:1, v=v, 50mL) was stirred for 13h at 50�C and concentrated. The residue was co-
evaporated with MeOH (3� 30mL). The obtained material was purified by column
chromatography (CH2Cl2-MeOH, 20:3) to give 14 (0.43 g, 69%) as pale yellow
foam: 1H NMR (DMSO-d6) d 1.30 (t, 3H, OCH2CH3), 1.79 (m, 1H, H-50); 2.56
(m, 1H, 1H-50), 3.70 (br s, 1H, OH), 3.88 (br s, 1H, OH), 4.31 (m, 3H, H-10,
OCH2CH3), 4.63 (q, 1H, H-40), 4.94 (m, 1H, H-20), 5.08 (m, 2H, H-30, OH), 8.69
(s, 1H, H-5); 13C NMR (DMSO-d6) 14.1 (OCH2CH3), 36.1 (C-50), 60.9 (OCH2CH3),
63.6 (C-10), 73.0 (C-40), 75.6 (C-20), 76.6 (C-30), 145.7 (C-5), 153.9 (C-3), 159.5
(CO2CH2CH3). Anal Calcd. for C10H15N3O5�0.3 MeOH: C, 46.31; H, 6.07; N,
15.73. Found: C, 45.98; H, 6.20; N, 15.50.

(10R,20S,30R,40S)-1-[20,30,40-Trihydroxycyclopent-10-yl)-1H-[1,2,4]triazole-3-carbo-

xylic Acid Amide (4). A solution of 14 (0.35 g, 1.36mmol) in dry MeOH (25mL)
saturated with NH3 was kept at room temperature for 2 days in a Parr Stainless steel
sealed reaction vessel. The solvent was evaporated under reduced pressure and the
residue recrystallized from MeOH-EtOAc to give 4 (0.19 g, 61%) as a white solid: mp
141�C; [a]21.9D –67.43� (c 0.294, H2O); 1H NMR (DMSO-d6) d 1.80 (m, 1H, H-50),
2.56 (m, 1H, H-50), 3.70 (br s, 1H, OH), 3.86 (br s, 1H, OH), 4.26 (m, 1H, H-10),
4.63 (q, 1H, H-40), 4.93 (m, 1H, H-20), 5.07 (m, 2H, H-30, OH), 7.56 and 7.76 (2 br s,
1H, NH2), 8.60 (s, 1H, H-5); 13C NMR (DMSO-d6) d 36.1 (C-50), 63.3 (C-10),
73.1 (C-40), 75.5 (C-20), 76.7 (C-30), 144.8 (C-5), 156.9 (C-3), 160.6 (CONH2).
Anal. Calcd. for C8H12N4O4: C, 42.10; H, 5.30; N, 24.55. Found: C, 42.19; H, 5.37;
N, 24.59.
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