
1026 Journal of  Medicinal Chemistry, 1976, Vol. 19, No. 8 

for this compound; Virazole is the ICN Pharmaceuticals, 
Inc., trademark. 

( 5 )  P. C. Srivastava, R. W. Mancuso, R. J. Rousseau, and R. 
K. Robins, J .  Med. Chem., 17, 1207 (1974). 

(6) G. A. Ivanovics, R. J. Rousseau, M. Kawana, P. C. Srivastava, 
and R. K. Robins, J .  Org. Chem., 39, 3651 (1974). 

(7) P. C. Srivastava, A. R. Newman, T. R. Matthews, and R. 
K. Robins, J .  Med. Chem., 18, 1237 (1975). 

(8) P. C. Srivastava, G. A. Ivanovics, R. J. Rousseau, and R. 
K. Robins, J.  Org. Chem., 40, 2920 (1975). 

(9) K. Mizuno, M. Tsugune, M. Takada, M. Hayashi, K. Atsumi, 
K. Asano, and T. Matsuda, J.  Antibiot., 27,775 (1974). (A 
zwitterionic structure for bredinin has been proposed based 
on x-ray crystallographic studies.) 

(10) E. Shaw, J.  Am. Chem. Soc., 80, 3899 (1958). 
(11) H. Guglielmi, Justus Liebigs Ann. Chem., 1286 (1973). 
(12) R. P. Panzica.and L. B. Townsend, J .  Org. Chem., 36, 1594 

(1971). 
(13) K. Suzuki and I. Kumashiro, U S .  Patent 3450693 (1969); 

Chem. Abstr., 71, 816982 (1969). 
(14) The thin-layer silica gel chromatograms were sprayed with 

a dilute ethanolic solution of 2,3-dichloronaphthoquinone 
and exposed to ammonia. A red to purple color indicated 
the positive test for thioamide: M. B. Devani, C. J. Shishoo, 
H. J. Mody, and P. K. Raja, J.  Pharm. Sci., 63,1471 (1974). 

(15) Compound 29 was conveniently synthesized in our labo- 
ratory by condensing the trimethyhilyl derivative (prepared 
by refluxing 5-fluoroimidazole-4-carboxamide in hexa- 

Reuankar et ai. 

methyldisilazane in the presence of ammonium sulfate 
catalyst) with 1,2,3,5-tetra-O-acetyl-P-D-ribofuranose in the 
presence of stannic chloride in dichloroethane. The dea- 
cetylation of the major fast-moving product, isolated by silica 
gel column chromatography, provided crystalline 29, mp 
159-160”: E. De Clercq, M. Luczak, J. C. Reepmeyer, K. 
L. Kirk, and L. A. Cohen, Life Sei., 17, 187 (1975); J. C. 
Reepmeyer, K. L. Kirk, and L. A. Cohen, Tetrahedron Lett.. 
4107 (1975). 

(16) B. Goz and W. H. Prusoff, Annu. Rev. Pharmacol., 10, 143 
(1970). 

(17) R. W. Sidwell and cJ. H. Huffman, Appl. Microbiol., 22,797 
(1971). 

(18) D. G. Streeter, J. T. Witkowski, G. P. Khare, R. W. Sidwell, 
R. J. Bauer, R. K. Robins, and L. N. Simon, Proc. Nat l .  
Acad. Sci. U.S.A., 70, 1174 (1973). 

(19) C. M. Smith, L. J. Fontenelle, H. Muzik, A. R. I’aterson, 
H. Unger, L. W. Brox, and J. F. Henderson, Biochem. 
Pharmacol., 23, 2737 (1974). 

(20) F. F. Snyder, J. F. Henderson, and D. A. Cook, Biochem. 
Pharmacol., 21, 2351 (1972). 

(21) G. R. Revankar, T. R. Matthews, and H. K. Robins, J.  Med. 
Chem., 18, 1253 (1975). 

(22) R. S. Gordee and T. R. Matthews, Antimicrob. Agents 
Chemother., 1967, 378 (1968). 

(23) The filtrate was found to be the mixture of 7 and the 
corresponding carboxamide compound 8 and was utilized 
for the isolation of 8. 

Synthesis and Anti-DNA Virus Activity of the 5’-Monophosphate and the Cyclic 
3’,5’-Monophosphate of 9-(~-D-Xylofuranosy~)guanine 

Ganapathi R. Revankar,* John H. Huffman, Robert W. Sidwell, Richard L. Tolman, Roland K. Robins, 
and Lois B. Allen 
ICN Pharmaceuticals, Inc., Nucleic Acid Research Institute, Iruine, California 92715. Received February 13, 1976 

9- (,B-bXylofuranosy1)guanine (xylo-G) was converted chemically to the 9- @-Dxylofuranosyl)guanine 5’-monophosphate 
(xylo-GMP) and 9-(,B-D-xylofuranosyl)guanine cyclic 3’,5’-monophosphate (c-xylo-GMP). These compounds were 
tested against a variety of DNA viruses in tissue culture in parallel with 9-(,B-D-arabinofuranosyl)adenine (ara-A). 
This evaluation revealed that xylo-G, xylo-GMP, and c-xylo-GMP were all moderately active but less effective than 
ara-A. When the four compounds were administered intracerebrally as a treatment for herpes virus, type 1 induced 
encephalitis in mice, c-xylo-GMP exhibited superior activity to that shown by the other three. When administered 
intraperitoneally, c-xylo-GMP was found to have a therapeutic index of about 4, which is less than that for ara-A 
(-30) in the same system. 

Nucleosides possessing either D-arabinofuranosel or 
D-xylofuranose2 in place of D-ribofuranose moieties have 
received increasing attention in recent years as antime- 
tabolites. Of particular importance in antiviral and an- 
titumor studies of such nucleoside analogues are ~ - (P -D-  
arabinofuranosy1)cytosine (ara-C),3 9-(P-D-arabino- 
furanosy1)adenine (ara-A),4 and g-(@-D-xylofuranosyl)- 
adenine.5 The observation that most of the nucleoside 
analogues must be converted to nucleotides116 before they 
are biologically active, coupled with the increased water 
solubility of such nucleotides over the corresponding 
 nucleoside^,^ has prompted considerable activity toward 
the synthesis and biological evaluation of phosphorylated 
compounds of the above claws 

The importance of guanine nucleotide metabolism in a 
variety of microbiological and mammalian systems has 
been comprehensively r e ~ i e w e d . ~  Antimetabolites have 
proved to be unique biochemical tools in probing enzy- 
matic transformations. The biological resistance to purine 
and pyrimidine antimetabolites is ascribed to high levels 
of a deaminase4b or lack of enzymatic phosphorylation of 
the nucleosides.10 This problem could be overcome by 
using 5’-monophosphates of the nucleosides. However, the 
free nucleotides a t  physiological pH carry two negative 

charges and in general’l penetrate the cell as an intact 
nucleotide in very small amounts. The exogenous ade- 
nosine cyclic 3’,5‘-monophosphate (c -AMP)’~~ and gua- 
nosine cyclic 3’,5’-monophosphate (c-GMP)I3 may exert 
specific biological effects of c-AMP or c-GMP, respectively, 
on the cell membrane12b and the metabolic pathways inside 
the cell. The interesting biological activity reported for 
9-(P-D-~ylofuranosyl)purines~~ suggested the synthesis of 
9-(~-D-xylofuranosy~)guanine 5’-monophosphate and the 
cyclic 3’,5’-monophosphate as potential antiviral agents. 
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For the synthesis of 9-(P-D-xylofuranosyl)guanine (1 ), 
the method reported by Lee and co-~orkers ’~  via the 



g-(&D-xylofuranosyl)guanine Phosphates 

Table I. 
Ara-A, Xylo-G, Xylo-GMP, and c-Xylo-GMP 

Comparative in Vitro Antiviral Activity of 

Virus ratingsa 
Min 

KB cell 
cyto- 

Herpes Herpes Vac- toxic 
virusb virus cinia dose, 

Compd type 1 type 2 virus pglml 
Ara-A 0.9 0.8 0.8 3.2 
Xylo-G 0.6 0.2 0.5 10.0 
Xylo-GMP 0.6 c 0.4 3.2 
c-Xylo-GMP 0.5 0.4 0.5 32.0 

a The virus rating (VR)  was determined by comparing 
CPE development in drug-treated cells (T) and virus con- 
trol cells (C). The CPE value (0-4) assigned to T for each 
drug level was subtracted from that of C, and the differ- 
ences (C - T )  were totaled. If partial toxicity was evident 
at any drug level, the C - T of that level was divided by 2. 
The sum of all C - T values was then divided by ten times 
the number of test cups used per drug level. Minimum 
inhibitory concentrations for compounds in this experi- 
ment are as follows: ara-A, 3.2 pg/ml; xylo-G, 1 0  pg/ml; 
xylo-GMP, 1 0  pg/ml; and c-xylo-GMP, 32 pglml. Not 
determined. 

coupling of the trimethylsilyl derivative of 2-amino-6- 
chloropurine with 2,3,5-tri-0-acetyl-D-xylofuranosyl 
bromide followed by the conversion of the condensed 
product, 2-amino-6-ch~oro-9-(2,3,5-tri-O-acetyl-/3-D-xy~o- 
furanosyl)purine, with mercaptoethanol in the presence 
of sodium methoxide in methanol was used. The enzy- 
matic phosphorylation of 1 using nucleoside phospho- 
transferase (from Pseudomonas trifolii16) and p-nitro- 
phenyl phosphate as the phosphate donor has been 
reported17 to yield 9-(/3-D-xylofuranosyl)guanine 5‘- 
monophosphate (2), isolated as the ammonium salt. 
However, the direct chemical phosphorylationscJ8 of 1 
using phosphoryl chloride in trimethyl phosphate at  -10’ 
for 2 h followed by hydrolysis furnished a mixture of 2 and 
9-(/3-D-xylofuranosyl)guanine cyclic 3’,5’-monophosphate 
(3), which was separated by ion-exchange chromatography 
(Dowex 1) and isolated in free acid form. The purity of 
2 and 3 was assured by the homogeneity in several 
thin-layer systems and on paper electrophoresis (phosphate 
buffer, pH 7.2, and borate buffer, pH 9.2). 

Antiviral Evaluation, Inhibition of the virus-induced 
cytopathic effect (CPE) was used as the initial indicator 
of antiviral activity. CPE was observed in human car- 
cinoma of the nasopharynx (KB) cells after infection with 
type 1 (HV/l) or type 2 (HV/2) herpes virus or vaccinia 
virus (VV). In this system, monolayers (18-24 h) of cells 
were exposed to 320 CCIDso of virus and concentrations 
of each compound ranging in one-half log dilutions from 
1000 to 1 pg/ml were added within 15 min. The degree 
of CPE inhibition and compound cytotoxicity were ob- 
served microscopically after 72 h of incubation at  37O and 
scored numerically in order to calculate a virus rating (VR) 
as previously described.lg Significance of antiviral activity 
in terms of VR’s has been assigned as follows: K0.5, slight 
or no activity; 0.54.9, moderate activity; and 11.0, marked 
activity. The results of a single experiment in parallel with 
ara-A are shown in Table I. Of the compounds tested, 
ara-A possessed the best activity against all viruses with 
the xylopurines having comparable slight to moderate 
antiviral activity against HV/1 and VV but none had 
appreciable activity against HV/2. 

The moderate in vitro anti-DNA virus activity observed 
for this class of synthetic compounds led us to the eval- 
uation of their efficacy as antiviral agents in vivo. En- 
cephalitis was induced in 18-20-g Swiss mice by intra- 
cerebral (ic) inoculation of an LD75 of HV/1, strain 123. 
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Table 11. Effect of Intracerebrally Administered Xylo-G, 
Xylo-GMP, c-Xylo-GMP, or Ara-A on Herpes Virus Type 1 
Induced Encephalitis in Mice 

Compd Dosage, mg/kg Survivors/total 
~ ~~ 

Experiment 1 
Saline 0.03c 6/24 
Xylo-G 5.0 4/10 
Xylo-GMP 1.25 4/10 
c-Xylo-GMP 1.25 9/1oa 
Ara-A 3.2 5/9 

Experiment 2 
Saline 3/20 
c-Xylo-GMP 1.25 6/10b 

0.31 5/10b 
a Probability <0.01, Fisher’s exact test. Probability 

<0.05, Fisher’s exact test. ml. 

Table 111. Effect of Intraperitoneallf Administered 
c-Xylo-GMP on Herpes Virus Type 1 Induced 
Encephalitis in Mice 

Toxicity 
Drug dosage, controls Infected 

Saline 2/21 
104  4 /5  2/10 

52 5 /5  5/10b 
26 C 3 /gd  

mg/kg/day (survivors/total) (survivors/total) 

a b.i.d. x 9, starting 4 h postvirus inoculation. 

This dose extended survival by 2.4 days (p < 0.02, f 

Proba- 
bility (p) < 0.02, Fisher’s exact test. 

test). 

A single treatment with the maximum tolerated dose 
(MTD) of each drug was administered ic at  6 h postvirus 
inoculation.8d c-Xylo-GMP increased the number. of 
surviving animals to the greatest extent with xylo-G, 
xylo-GMP, and ara-A being similar (see Table 11, exper- 
iment 1). These observations suggest that the cyclic 
nucleotide could be the active form, since xylo-G and 
xylo-GMP would have the same potential for conversion 
to other nucleotides (a di- or triphosphate). The c- 
xylo-GMP activity was further verified in a second ex- 
periment with the compound being active at  its MTD and 
MTD/4 (0.31 mg/kg). Thus, in this experiment c-xylo- 
GMP demonstrated a marked ability to protect mice from 
HV/1 encephalitic deaths with the compound having a 
therapeutic index (TI = MTD/minimum inhibitory dose) 
of 14. This activity stimulated an additional experiment 
to determine the effect of intraperitoneal administration 
of c-xylo-GMP on the encephalitic deaths. c-Xylo-GMP 
was found to have a narrow range of effectiveness (Table 
111). The only dose (52 mg/kg/day) which increased 
survivors caused a marked weight loss in both toxicity and 
infected animals. In addition, the lowest dose significantly 
increased survival time. The TI  of about 4, observed for 
c-xylo-GMP, was much lower than that usually found for 
ara-A (-30)8e and probably resulted from the greater 
toxicity. Since c-xylo-GMP was more toxic and com- 
paratively less active than other potential anti-DNA virus 
agents,8c no further studies have been planned. 
Experimental Section 

Melting points were taken on a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. Specific rotations 
were measured in a 1-dm tube with a Perkin-Elmer Model 141 
automatic digital readout polarimeter. Nuclear magnetic res- 
onance (lH NMR) spectra were recorded a t  60 MHz on a Hitachi 
Perkin-Elmer R-20A spectrometer in MezSO-ds as well as in 
D20-NaOD using DSS as an internal standard. Ultraviolet 
spectra (uv, s = shoulder) were recorded on a Cary Model 15 
spectrophotometer. Elemental analyses were performed by 

Not determined. 
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Galbraith Laboratories, Inc., Knoxville, Tenn., and the results 
are within *0.4% of the theoretical values. Thin-layer chro- 
matography was run on a silica gel F-254 (EM Reagents) plates 
and developed with either solvent system: A, 2-propanol-con- 
centrated ammonium hydroxide-water (7:1:2, v/v); B, 2- 
propanol-concentrated ammonium hydroxide-water (5.5:1.03.5, 
v/v); C, 1-butanol-acetic acid-water ( 5 2 3 ,  v/v); and D, aceto- 
nitrile-0.2 M aqueous ammonium chloride (7:3, v/v). Evapo- 
rations were carried out under reduced pressure with bath 
temperature below 30’. 
%(&D-Xylofuranosyl)guanine 5’-Monophosphate (2) and  

%(@-D-Xylofuranosyl)guanine Cyclic 3’,5’-Monophosphate 
(3). To a solution of phosphorus oxychloride (2.9 ml) in freshly 
distilled trimethyl phosphate (20.0 ml) cooled in an icesalt bath 
(-10’) was added 9-(P-D-Xy10furanOSyl)ganine’5 (1, 3.0 g, 0.0105 
mol, dried at  80’ for 15 h over P205 under vacuum). The contents 
of the stoppered flask was stirred at -10”. Within 25 min a clear 
solution was obtained. Stirring was continued for 2 h before the 
resulting, slightly orange-colored solution was poured into ice- 
water (150 d) containing sodium hydrogen carbonate (2.5 g) with 
stirring and external cooling. The mixture was occasionally stirred 
in an ice bath for 1 h, and the pH was monitored a t  5-6 by adding 
solid sodium hydrogen carbonate when needed. The pH stabilized 
solution was extracted with ether (3 X 50 ml) and the aqueous 
phase was concentrated in vacuo until salts began to crystallize. 
Enough water was added to achieve solution; the pH was adjusted 
to 6-7, before it was applied to a column containing Dowex 1 X2 
(100-200 mesh, formate form, 100 ml). The resin was washed 
with water (3 1.) to remove unreacted 1 and the inorganic salts 
before using gradient elution (0.5 M formic acid to water). The 
eluent containing the product was pooled, frozen, and lyophilized 
to yield 2.95 g of a cream-colored solid which was found to be a 
mixture of 2 and 3. 

The above mixture was dissolved in water (25 ml) and the pH 
was checked (6-7) before it was rechromatographed on a freshly 
generated Dowex 1 X2 resin column (10+200 mesh, formate form, 
100 ml). The column was first washed with water (2 1.) before 
the nucleotides were eluted using a gradient (0.25 M formic acid 
to water). The first fraction was pooled and concentrated to - 15 
ml. Ethanol (50 ml) was added and refrigerated overnight. The 
white solid that separated was collected, washed with ethanol, 
and dried over P2O5. It was crystallized from aqueous ethanol 
as needles to yield 2.45 g (63.7%) of 9-(P-D-xylofuranosyl)guanine 
cyclic 3’,5’-monophosphate (3),  mp >235’ dec, which was 
homogeneous on paper electrophoresis and on paper chroma- 
tography (solvent A): [cuIz5D -48.5’ (c 1.0, water); ‘H NMR (D2O) 
6 7.98 (s, CsH), 5.99 (s, C1 H); uv X max (pH 1) 255 nm (c 13 4601, 
275 s (9400); X max (pH 7) 252 nm ( e  15 140), 269 s (11 100); X 
rnax (pH 11) 256-268 nm (c  12800). Anal. ( C ~ O H I ~ N ~ O ~ P ” ~ ~ ,  
363.22) C, H, N. 

The second fraction containing the homogeneous product was 
pooled and concentrated to -3 ml. Ethanol (25 ml) was added 
and refrigerated overnight. The white amorphous solid that 
separated was collected, washed with ethanol, and dried over P205 
a t  60” to yield 0.35 g (8.0%) of 9-(P-D-xylofuranosyl)guanine 
5’-monophosphate (2), mp >250° dec, which was homogeneous 
on paper chromatography (solvent A): [cuIz5D -40.3’ (c  1.0, water); 
‘H NMR (Me2SO-d6-DzO) 6 7.90 (s, CsH), 5.85 (d, J = 2.5 Hz, 
C1.H); uv X max (pH 1) 255 nm ( e  12700), 274 s (8600); X max 
(pH 7 )  252 nm ( E  13800), 270 s (9700); X max (pH 11) 256-267 
nm ( c  11960). Anal. (CloH14NsOsP.3H20, 417.26) C. H,  N. 
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