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ABSTRACT 

The synthesis of 5’ -0-/3-D-glucopyranosyl and 5’ -O-/l-D-galactopyranosyl de- 
rivatives (13 and 15, respectively) of the antiviral agent ribavirin are described. 
Direct glycosylation of 2’,3’-0-isopropylideneribavirin with either tetra-O-acetyl-o- 
n-glucopyranosyl bromide (4) or tetra-0-acetyl-u-D-galactopyranosyl bromide (8) 
under Koenig+Knorr conditions (i.e., silver carbonate, silver perchlorate, and 
Drierite in dichloromethane) followed by 0-deacetylation of the reaction product 
gave the corresponding ortho esters. However, treatment of 2’ ,3’ -di-0-acetyl-5-O- 
tritylribavirin (11) with 4 under the Bredereck modification of the Koenigs-Knorr 
reaction (i.e., silver perchlorate and Drierite in nitromethane) and subsequent de- 
acetylation furnished the desired l-(5-O-/3-D-glucOpyranc1Syl-~-D-ribOfUranOSyl)- 
1,2,4-triazole-3-carboxamide (13). Similarly, reaction of 11 with 8 in the presence of 
AgC104, and deprotection of the condensation product, gave 5’ -O+D-galactopyra- 
nosylribavirin (15). The 8-anomeric configuration of the D-glucosyl and D-galactosyl 
groups of 13 and 15 was assigned by ‘H-n.m.r. studies. 
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INTRODUCTION 

The isolation of a novel group of disaccharide nucleosides from the fermen- 
tation broths of a strain of Brevihacterium ammoniagenes’. as well as of ’ Bacillus 

sp. 102, and their structural elucidation as 5’-0-hexosyl-inosine (1) and -guanosine 
(2) has prompted considerable interest in the chemical synthesis of 5’-0-glycosyl 
nucleosides3. “I. The interest in such compounds was further triggered by the iso- 
lation of a new antiviral antibiotic, namely, tunicamycin. from a strain of Strepro- 

myces lysosuperficus’ ’ and Streptomyces chartreusis’“. Tunicamycin, a uridine 
trisaccharide containing D-galactosamine and h;‘-acetyl-D-glucosamine, is active 
against enveloped viruses of plants and animals”.“. 

The synthetic antiviral agent ribavirin (I-b-D-ribofuranosyl-1,2,4-triazole-3- 
carboxamide, 3), prepared in and reported from our laboratory” in 19?2, has shown 
significant, broad-spectrum, antiviral activity against both DNA and RNA viruses 
in vitro and in viva’““‘. In early 1986, the FDA approved use of ribavirin aerosol 
for treating severe infections of respiratory syncytial virus (RSV), a disease often 
fatal to infants and children. It has been shown by single-crystal X-ray studies’s*‘v 
that the carbonyl oxygen atom and the amide nitrogen atom of the carbamoyl group 
in ribavirin are spatially similar to the O-6 and N-l atoms of inosine and guanosine. 

In view of these observations, the synthesis of ribavirin disaccharides was of 
particular interest. The synthesis of the desired rihavirin disaccharide derivatives 
may be envisaged as achievable either by (a) direct /V-glycosylation”’ of the ribavirin 
base precursor, methyl 1,2,4-triazole-3-carboxylate, with the appropriate disacchar- 
ide, or (b) by Y-O-glycosylation of ribavirin itself. Although the synthesis of di- 
saccharide nucleosides from a nucleobase and the respective disaccharide has long 
been realized”-2’, the possibility of this approach is limited by Ihe nonavailability of 
the parent disaccharide and the undesirability of separating the potential positional 
isomers on the triazole ring. Therefore, we explored rhe latter approach, (h) in order 
to prepare the desired ribavirin disaccharide derivatives. 

RESULTS 

Although the synthetic approach via glycosylation of the requisite 2’ ,3’-O-iso- 
propylidenenucleoside with an acylglycosyl halide under the Koenigs-Knorr condi- 
tions has been reported7, use of this method for 2’,3’XXisopropylideneribavirin’” 
(5) met with serious problems. Thus, reaction of 5 with tetra-O-acetyl-cu-o-gluco- 
pyranosyl bromide (4) in the presence of Ag2C01 and AgCIOJ in anhydrous dichlo- 
romethane gave a complex reaction-mixture. Flash chromatography on a column of 
silica gel of the reaction mixture provided a nucleoside product rhat was identified as 
the ortho ester derivative (6) of ribavirin. The assignment of‘ this srrucrure was based 
on the elemental analysis and the fact that the ‘H-n.m.r. spectrum of6 contained an 
additional methyl resonance, centered at b 1.45, that was assigned to the methyl 
group of the ortho ester function. The formation of such ortho e5trrs has been 
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documented in the literature’. Deacetylation of 6 with ethanoiic ammonia at 0” gave 
1-[5-0-(1,2-O-ethylidene-ar-~-glucopyranosyl)-2,3-O-isopropylidene-~-~-ribofura- 
nosyl]-1,2,4-triazole-3carboxamide (7), the ‘H-n.m.r. spectrum of which contained 
the ortho ester methyl resonance at 6 1.45. Attempted Odeisopropylidenation of 7 
with hot 80% acetic acid gave an intractable reaction-mixture from which ribavirin 
(3) was recovered as the major product after extensive chromatography on a column 
of silica gel. 
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Similar glycosylation of 5 with tetra-0-acetyl-ff-D-g~actopyr~osyl bro~de 
(8) under the Koenigs-Knorr conditions (i.e., silver carbonate, silver perchlorate, 
and Drierite in dichloromethane) also gave an ortho ester derivative, l-[5-O-(3,4,6- 
tri-O-acetyl-1,2-O-ethylidene-cY-o-galactopyranosyl)-2,3-O-isopropylidene-~-D- 
ribofuranosyll-I ,2,4-triazole-3-carboxamide (9), which was isolated in 54% yield. 
0-Deacetylation of 9 gave 1-[5-O-(1,2-O-ethylidene-cr-n-galactopyranosyl)-2,3-O- 
isopropy~idene-~-D-ribofur~osy~]-l,2,4-triazole-3-carboxamide (IO), the ‘?I-n.m.r. 
spectrum of which contained the methyl resonance of the ortho ester function at S 
1.41. 

In an effort to develop a synthetic procedure that would lead to the desired 
S-0-/3-o-glucopyranosyl and 5’-O-P-o-galactopyranosyl derivatives of ribavirin, 
use of the Bredereck modification *Gus of the Koenigs-Knorr reaction was consider- 
ed, This modified procedure has been found useful for the 5’ -O-glycosylation of 
pyrimidine 2’ -deoxy-ribonucleosides gv28 Treatment at ambient temperature of l- . 

(2,3-~-O-acety~-5-O-trity~-~-~-ribofur~osyl)- 1,2,4-tri~ole-3-c~box~ide (11) 



230 N. B. HANNA, R. K. ROBINS, 6. R. REVANKAR 

with 4 in the presence of AgCQ in an aprotic polar solvent, such as auhydrous 
nitromethaue~ gavea rather low yield of I -[2,3*di-~-acetyl-5-~-~2,3,4,6-tetra-~- 
acetyl-~-D-g~ucopyranosyl)-~-~-ribofuranosyl~-1,2,4-triazoIe-3-carboxamide (12). 
~eacetyfation of 12 with ethanolic ammonia gave 5~-~-~-o-g~ucopyranosyiribavirin 
(13). Similarly, when I1 was treated with 8 in the presence of AgCIO, in anhydrous 
nitromethaue, 1-[2,3-di-O-acetyI-5-0-(2,3,4,6-tetra-0_aopyrano- 
sy~)-~-D-ribofuranosy~)“i ,2,4-triazoie-3”carboxamide (14) was formed; on deacetyl- 
ation with ethanoiic ammonia, it furnished 5’-~-~-o”galactopyrauosylribavirin (15). 

12 R = AC 

13 R = n 

That compounds 13 and t5 were indeed 5’“U-glycosyi derivatives of ribavirin, 
and not the carbamoyl-substituted derivatives, was established by observing the 
carbamoyl resonance (2 broad singlets centered at 6 7.6 and 7.8) in the ‘H-n,m.r. 
spectrum [(C~~)~S~]. The ~-anomeric con~guration of the o-glucosyl and D- 
galactosyl groups of compounds 13 and 15, respectively, was evident from the large 
coupling constant (J; = ,zt6 7.8 Hz)“*~‘. 

~~~~~~~ ~~~~~ds. - MeI~ing points were d~termjned in a Thomas-hoover 
capillary melting-point app~atus and are uncorrected. ~Iemental analyses were per- 
formed by Robertson Laboratory, Florham Park, New Jersey. T.&c. was conducted 
on plates of silica gel 60 F-254 (EM Reagents). Silica gel (E. Merck; 230-400 mesh) 
was used for flash column chromatography. All soivents used were reagent grade. 
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Detection of nucLeoside components in t.1.c. was by U.V. light, and with 10% HzS04 
in MeOH spray followed by heating. Evaporations were conducted under dimi- 
nished pressure with the bath temperature below 30”. 1.r. spectra were recorded with 
a Beckman Acculab 2 spectrophotometer. ‘H-n.m.r. spectra were recorded at 300 
MHz with an IBM NR/300 spectrometer. The chemical-shift values are expressed in 
6 values (parts per million) relative to Me& as an internal standard. The presence of 
Hz0 as indicated by elemental analysis was verified by ‘H-n.m.r. spectroscopy. 

l-(S-0-(3,4,6-Tri-O-acetyl-1,2-O-ethy~idene-~-~-gIucopyranosyl)-2,3-O-~o~ 
propylidene-P-D-ribofuraraosyll_1,2,4-triazole-3-carboxa~ide (6). - A mixture of 
2’,3’-0-isopropyiideneribaviri~?~ (5; 1.14 g, 4 mmol), Ag,CO, (2.24 g, 8.3 mmol), 
and Drierite (4 g) in anhydrous CH2C12 (100 mL) was stirred for 1 h at ambient 
temperature under a nitrogen atmosphere. After cooling to 0” , AgCIOd (0.25 g, 1.24 

mmol) and tetra-O-acetyI-~-D-glucop~anosyl bromide (4; Sigma Chemical Co.; 
I .97 g, 4.1 mmol) were added with stirring. After 20 h, CH2C12 (140 mL) was added 
to the mixture, and, after filtering through Celite, the filtrate was washed with water 
(3 x 25 mL), dried (Na#O,), and evaporated to dryness. The residue was purified in 
a flash silica gel column (3 x 60 cm) packed in CHClr. Elution with CHCI,-MeOH 
(98:2, 95:5, and 9:1, v/v) gave 0.75 g (30%) of the titie compound as a gum; $,g 
3600-3200 (NH& 1740 (C = 0 of ester), and 1680 cm-’ (C = 0 of amide); ‘H-n.m,r. 
data [(CD&SO]: 6 8.78 (s, 1 H, H-5), 7.88 and 7.68 (2 s, 2 H, CON&, exchanged 
with DaO), 6.27 (s, 1 H, J&l’), 5.72 (d, 1 H, J5.0 Hz, H-l”), 2.01-2.06 (3 s, 9 H, 3 
COC&), and 1.31-l-53 (3 s, 9 H, 3 CH,, isopropylidene + orthoester group). 

Anal. Cdc. for C2sHs4N4014 (614.56): C, 48.86; H, 5.58; N, 9.12. Found: C, 
48.59; H, 5.66; N, 8.84. 

1-~5-o-(~,2-o-~t~y~ide~thyricaene-rY-I>-glucopyranosy~~2,3-O-~op~o~ylide~e-~-D- 
ribo~ura~o~~-Z,2,4-trjazole-3~carboxa~jde (7). - A solution of 6 (1.23 g, 2 mmof) 
in ethanolic ammonia (50 mL, saturated at 0’) was stirred overnight at O”, and then 
evaporated to dryness. The residue was dissolved in MeOH, and adsorbed onto 
silica gel (10 g). The excess of solvent was evaporated and the concentrate was 
placed on top of a flash silica gel column (1.5 x 20 cm) packed in CHCl+ The 
column was eluted with CHCls-MeOH (82, 7:3, v/v). The appropriate fractions 
were pooled, and evaporated to yield 0.40 g (41%) of 7; ‘H-n.m.r. data [(CD&SO]: 
6 8.77 (s, 1 H, H-5), 7.90 and 7.67 (2 s, 2 H, CON&), 6.24 (s, 1 H, H-l’), 5.59 (d, 1 
H,J4.5Hz,~-1),5.27and5.09(2d,2H,J4.0Hz,OH-3”,4”),5.18(d,lH,J4.5 
Hz, H-3”), 4.89 (m, 1 H, H-4”), 4.64 (t, 1 H, O&5”), 4.32 (dd, 1 H, H-3’), 4.12 (m, 
1 H, H-2’), 3.58 (m, 3 H, 11-4’) + C&5’), 3.44 (m, 3 H, H-2” + C&-S”), 1.49 

and 1.32 (2 s, 6 H, isopropylidene), and 1.45 (s, 3 H, orthoester). 
Anal. Calc. for C1~H2sN40r1~0.5 Hz0 (497.45): C, 45.87; H, 5.86; N, 11.26. 

Found: C, 45.88; H, 5.97; N, 10.95. 
1-[5-0-(3,4,S-Tr-O-acetyf-I,2-O-ethylidtine-at-D-ga~actopyra~osyl~-2,3-O-is~ 

pro~yi~de~e-B-D-ribofuranosylf-1,2,4-triazole-3-carboxamide (9). - A mixture of 5 
(2.27 g, 8 mmol), Ag$03 (4.48 g, 16.6 mmol), and Drierite (8 g) in anhydrous 
CH&$ (200 mL) was stirred for 1 h at room temperature under a nitrogen atmos- 
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phere. After cooling to O”, AgCK_& fO.5 g, 2.48 mmol) and tetra-O-acetyl-cu-o- 
g~actopyranosyi bromide (8; Sigma Chemicai Co.; 3.93 g, 8.16 mmol) were added, 
and the mixture was stirred for 20 h. The mixture was worked-up as described for 6, 
to give 2.65 g (54%) of 9 as a foam; pmar KBr 3500-3200 {NH& 1730 (C = 0 of ester), and 
1680 cm-’ (C=O of amide): ‘H-n.m.r. data [(CD&SO]: 6 8.77 (s, I H, H-5), 7.87 
and 7.64 (2 s, 2 H, CON&, exchanged with DzO), 6.24 (s, I H, H-l’). 5.74 (d, I H, 
J 4.9 Hz, H-l”), 2.0-2.12 (3 s, 9 H, 3 CUCH3), and 1.32-1.49 (3 s, 9 H, 3 CH?, 
isopropylidene + orthoester group}. 

Anal. Caic. for Cz5H34N@t4 (614.56): C, 48.86; I-i, 5.58: N, 9.12. Found: C, 
48.61; H, 5.61; N, 9.00. 

r-(5-O-fl.2-O-Er~y~~de~idene-fu-D-g~~~cto~y~an~sy~-2~3-O-~s~propy~~de~e-~-~- 
r~~~~u~~~~sy~ - f,2,4 - tr&ole - 3 - c~r~~x~~~d~~l~~. - Aso~ution of 9 (0.61 g, I 
mmol) in ethanolie ammonia (30 ml,, saturated at 0’) was created as described for 7, 
to give 0.2 g (441%) of 10; ‘H-n.m.r. data [(CD&SO]: 6 8.75 (s, 1 H, H-51, 7.87 
and 7.64(2s, 2H, CON&), 6.21 (s, 1,&&l’), 5.59(d, l,f3.1 Hz, H-l”), 5.23and 
4.80 (2 d, 2 H, J4.0 Hz, 0&3”,4”), 5.18 (d, 1 H, J4.5 Hz, H-3”). 4.88 (d, 1 H, J 
4.0 Hz, H-4”), 4.66 (t, 1 H, W&S’), 4.35 (m, 1 H, H-3’), 4.09 (m, 1 H, H-2’), 3.62 
(m, 3 H, H-4’ + C&-5’), 3.48 (m, 3 H, H-2” + C&5” 1, 1.50 and I .32 (2 s, 6 H, 
isopropyiidene), and 1.41 (s, 3 H, orthoester). 

Anal. Calc. for CPJH~RN~O,~-O.~ Hz0 (497.45): C, 45.87; H, 5.86; N, 11.26. 
Found: C, 45.67; H, 5.77; N, 11.04. 

I-f2,3-Di-O-acetyl-S-0-trityl-8-D-rib~f~ranosyl)-1,2,4-triazole-3-carboxamide 

(111. - A solution of ribavirin’” (3; 10 g, 41 mmol) and chlororriphenylmetbane 
(12.6 g, 45 mmol) in anhydrous pyridine (100 mL) was heated for 3 h at IOO”, and 
cooled to room temperature; acetic anhydride (80 mL, 840 mmol) was added, and, 
after 20 h, the solution was slowly added to vigorously stirred ice-water (1 L), giving 
a gummy precipitate. The precipitate was collected, washed with water, and purified 
on a flash silica gel column (5 x 50 cm), using CHQ-MeOH (98:2, 95:5, v/v) as 
eluant, to give 20 g (85%) of 11; ~2:; 3500-3300 (NH*), 1740 (C = 0 of acetyl), and 
1700 cm-’ (C=O of amide); ‘H-n.m.r. data [(CD&SO]: S 8.86 (s, 1 H, H-S), 7.66 
(s, 2 H, CON&), 7.28 (m, 15 H, 3 C&& 6.30 (d, 1 21, J 5.2 HI., N-l’), and 
2.0-2.08 (2 s, 6 H, 2 COCHX). 

Anal. Calc. for CRfH3nNJ07 (570.61): C, 65.25; H, 5.30; N, 9.82. Found: C, 
64.99; H, 5.44; N, 9.75. 

1-[2,3-Di-O-acetyl-S-O-(2,3,4,6-tetra-O-acetyl-~-D-gl~cop_~ru~~.~y~)-~-D-ribo- 
furanosy,/ - f,f, 4 - trhole- 3 - carboxamide (12). - A mixture of 1 I (1. I4 g, 2 mmol), 
AgC104 (0.46 g, 0.96 mmol), and Drierite (0.5 g) in anhydrous nitromethane (6 ml) 
was stirred for 20 min at room temperature. To the cooled (O-5”) mixture was added 
4 (0.9 g, 2.2 mmoi), and stirring was continued for 30 min at 20”. The precipitated 
solid was collected by filtration, and washed with nittomethane (2 x 5 mt). The 
filtrates were combined, washed with aqueous saturated NaHCQ? solution (25 mL), 
and extracted with CHCI3 (2 x 25 mL). The extracts were combined, washed with 
water (2 x 10 mt), dried (Na$O& and evaporated to dryness. The residue was 
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purified in a flash silica gel column (3 x 30 cm) using CHC&-MeOH (98:2, 97:3, 
and then 96:4, v/v) as the eluant, and crystallized from 1:l (v/v) diethyl ether- 
hexane, to yield amorphous, solid 12, 0.18 g (15%); VIE 3500-3350 (NHZ), 1750 
(C=O of ester), and 1690 cm-’ (C=O of amide); ‘H-n.m.r. data [CDC13]: 6 8.59 
(s, 1 H, H-5), 7.26 (s, 2 H, CONZ&), 6.10 (d, 1 H, 54.1 Hz, H-l’ of ribose), 4.61 (d, 
1 H,J8Hz,H-1” ofglucose), and2.01-2.13 (m, 18H,6COC&). 

Anal. Calc. for C26H34N4016 (658.57): C, 47.42; H, 5.20; N, 8.51. Found: C, 
47.25; H, 5.45; N, 8.42. 

I-(5-0-8-~-Glucopyranosyl_P-D-~~ofuranosyi)-i,2,4-triazole-3-carboxa- 
mide (13). - A solution of 12 (0.66 g, 1 mmol) in ethanolic ammonia (70 mL) was 
treated as described for 7, to give 0.2 g (42%) of 13; ~5:; 3500-3300 (OH, NH2), and 
1680 cm-’ (C=O of amide); ‘H-n.m.r. data [(CD&SO]: 6 8.55 (s, 1 H, H-5), 7.80 
and 7.58 (2 br s, 2 H, CON&), 5.84 (d, 1 H, 52.8 Hz, H-l’ of ribose), and 4.24 (d, 1 
H, 57.8 Hz, H-l” of glucose). 

Anal. Calc. for Cr4HZZN401e~0.5 Hz0 (415.35): C, 40.48; H, 5.58; N, 13.48. 
Found: C, 40.25; H, 5.64; N, 13.23. 

I-[2,3-Di-O-acetyl-5-0-(2,3,4,6-tetra-~-acetyi-~-D-ga~actopyran~y~)-~-D- 
ribofuranosylj-1,2,4-triazole-3-carboxamide (14). - In a similar manner as for 12, 
compound 14 was prepared by using 11 (11.4 g, 20 mmol), AgC104 (4.6 g, 9.6 
mmol), Drierite (5 g), and 8 (9 g, 22 mmol) in nitromethane (60 mL), to yield after 
crystallization from 1:l (v/v) diethyl ether-hexane 3.0 g (22%) of 14 as an amor- 
phous solid, v:“,’ 3500-3300 (NH$, 1740 (C = 0 of ester), and 1690 cm-’ (C = 0 of 
amide); ‘H-n.m.r. data [CDC13]: S 8.65 (s, 1 H, H-5), 7.26 (s, 2 H, CON&), 6.11 
(d, 1 H, J 4.2 Hz, H-l’ of ribose), 4.58 (d, 1 J 7.9 Hz, H-1” of galactose), and 
2.0-2.2 (m, 18 H, 6 COC&). 

Anal. Calc. for C26H34N4016.H20 (676.58): C, 46.16; H, 5.36; N, 8.28. 
Found: C, 46.25; H, 5.16; N, 8.54. 

1-(5-O-~-D-Galactopyranosyl-~-D-ribofuranosyl)-l,2,4-triazole-3-carbox- 
amide (15). - A solution of 14 (0.67 g, 1 mmol) in ethanolic ammonia (70 mL) was 
treated as described for 7, to give 0.12 g (30%) of 15; VIE 3450-3300 (OH, NH3, 
and 1670 cm-’ (C=O of amide); ‘H-n.m.r. data [(CD&SO]: 6 8.85 (s, 1 H, H-5), 
7.88and7.63(2brs,2H,CONH2),5.82(d, lH,J3.2Hz,H-l’ofribose),and4.14 
(d, 1 H, J 7.8 Hz, H-l” of galactose). 

Anal. Calc. for Cr4HzzN401e (406.34): C, 41.38; H, 5.46; N, 13.79. Found: C, 
41.18; H, 5.59; N, 13.57. 

REFERENCES 

T. MUNAICATA, Jpn. Kokai (1972) 72-23,599; Chem. Abstr., 78 (1973) 27,900r; T. HAYA~I-II, K. 
SRIRAHATA, AND 1. MATSUBARA, Abstr. Pap. Jpn. Chem. Sot. Meet., Tokyo (April 1973) 4L44. 
I. NOGAMI, Y. ARAI, AND M. YONEDA. Jpn. Kokai (1974) 74-117,689; Chem. Abstr., 82 (1975) 
153,800d; Abstr. Pap. Pharm. Chem. Sot. Meet., Tokyo (March 1973) 1 J-14. 
K. KITAHARA, B. KRASKA, Y. SANEMITSU, AND F. W. LICHTENTHALER, Nucleic Acids Res., Spec. 
PubI., 1(1975)s21-24. 
F. W. LICHTENTHALERAND K. KITmmA.Angew. Chem., Int. Ed. Engl., 14 (1975) 815-816. 



274 N, B. HANNA, R. K. ROBINS, G. R. REVANKAR 

5 F. W. LICHTENTHALER, K. KITAHARA, AND W. Rress, Nucleir Acids Res*, Spec Publ., 4 (1978) 
~115-118. 

6 W. RIESS AND F. W. LICHTENTHALER, NucleicAcidsHes., Spec. Pubi., 4 (1978)s191-194. 
7 F. W. LICHTENTHALER, Y. SANEMITSU, AND T. NOHARA, Angew. Cbem., Inr. Ed. Engl.. 17 

( 1978) 772-774. 
8 B. KRASKAANDF. W. LICHTENTHALER, Chem. Ber., 114(1981) 1636-1648, 
9 N. D. CHKANZKOV AND M. N. PREOBRAZHENSKAYA, Bioosg. Khim., 6 (I 980) 67-69. 

10 N. D. CHKANIKOV AND M. N. PREOBRAZHENSKAYA, J. C:arboh_vdr. .Nucfeos. Mtcieot., 8 (1981) 
391-421. 

1 f A. TAKATSUKI, K. ARIMA, ANDG. TAYURA, J. Antibior., 24 (1971) 215-223. 
12 R. L. HAMILL(ELI LILLY Co.), US. Puts. (1980)4,237,225; (1982)4,336,333. 
13 R. J. SUHADOLNIK, Nu~ieosidesusBiolagicaiProbes, Wiley, New York, N.Y.. 1979, pp. 4-19. 
14 H. D. KLENKANDR. T. SCHWARZ, AntiviralRes.,2(1982) 177-190. 
15 J. T. WITKOWSKI, R. K. ROBINS, R. W. SIDWELL, AND 1.. N. SIMON, J. Med. Chem., IS (1972) 

1150-1154. 
16 R. A. SMITH AND W. KIRKPATRICK (Eds.), Ribuvirin, A Broad Spectrum Antiviral Agent, 

AcademicPress, New York, N.Y.. 1980. 
I7 R. A. SMITH, V. KNIGHT, AND J. A. D. SMITH (Eds.). Cii~icuf App~~~~t~on.~ of Ribuviri~i, Aca- 

demic Press, New York, N.Y., 1984. 
18 P. PRUSINERAND M. SUNIJARALINGAM, Nature New Bioi., 244 (1973) 116-I 17. 
19 P. PRUSINER AND M. SUNDARALINGAM, Acta Crystailogr., Sect. B, 32 (1976) 419-426. 
20 U. NIEDBALLAANDH. VORBR~~GGEN,J. Org. Chem., 39(1974)3664-3667. 
21 M. L. WOLFROM, P. MCWAIN, F. SHAFIZADEH, AND A. THOMPSUN, J. Am. Chem. Sot.. 81 

(1959) 6080-6082. 
22 N.YAMAoKA,K.Aso,ANDK.MATsuDA,./.O~~. Chem.,30(1965)149-152. 
23 C. L. STEVENS AND P. BLUMBERGS, J. Org. Chem., 30 (1965) 2723-2728. 
24 L. M. LERNER, .J. Org. Chem., 32 (1967) 3663-3665. 
25 M. FUERTES, J. T. WITKOWS~, D. G. STREETER. ANII R. K. ROBINS. J. Med. Chem., 17 (1974) 

642-645. 
26 H. BREDERECK, A. WAGNER, G. FABER, H. OTT, AND .I. RAUTHER, C&em. Ber., 92 (1959) 

1135-1139. 
27 N. D. CHKANIKOV, V. N. TOLKACHEV, AND M. N. PREOBRAZHENSKAYA, Bioorg. Khim., 4 (1978) 

I620- 1626; Chem. A bstr., 90 (1979) 204,408g. 
28 N. D. CHKANIKOV, V. N. TOLKACHEV, AND M. N. PREOBRAZHENSKAYA, in ,lovosti Khimii 

NucleozidoviNucleotidov, Zinatne, Riga, 1978, p. 73; Chem. Abstr., 90 (1979) 152,529a. 
29 M. J. CAMARASA, P. FERNANDEZ-RESA, M. T. GARCIA-LOPEZ, F. G. DF. LAS HERAS, AND P. P, 

MENDEZ-CASTRILLON, Nucteos. ffuc&xx ,5 ( 1986) 413-42 I _ 


