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ABSTRACT 

Acyclic analogues of pyrazofurin, including 4-hydroxy-3(5)-{[2-hydroxy- I-(hydroxymethyl)- 

ethoxy]methylj-IH-pyrazole-S(3)-carboxamide (36) and 4-hydroxy-3(5)-[(2-hydroxyethoxy)methyl]-lH- 

pyrazole-5(3)-carboxamide (27), that possess the side chains ofganciclovir and acyclovir, respectively, were 

prepared by heating methyl 4-acetoxy-l-acetyl-3-bromomethyl-lH-pyrazole-5-carboxylate (15) and sodi- 

um acetate in the requisite alcohols or, for 36, with the sodium alkoxide in dry tetrahydrofuran. These 

analogues have no antiviral activity, except 4-hydroxy-3(5)-[(3-hydroxypropoxy)methyl]-I H-pyrazole-5(3)- 

carboxamide (28). which exhibited slight activity against human cytomegalovirus. 

INTRODUCTION 

Pyrazofurin (I), a naturally occurring C-nucleoside antibiotic isolated’ from 

Streptom~~es candidus in 1969, has received considerable attention as a result of its 

various biological activities. As has been noted’, in addition to possessing broad- 

spectrum antiviral activity’-*, pyrazofurin has been evaluated against several tumor cell 

lines’.“, and clinically as an anticancer agenta.“-“. More recently, it has been found that 

1 has potent activity against influenza viruses A-CIJ and respiratory syncytial virus’5m’7. 

Although pyrazofurin and its analogues will continue to be pursued for their chemo- 

therapeutic value, the critical hurdle still to be overcome is the inherent toxicity of the 

drug’.‘. 

Several groups have reported syntheses of pyrazofurin”-I” since its initial prepa- 

rationlx in 1972. Derivatives of pyrazofurin have been prepared with the aim of 

increasing potency or reducing toxicity’.‘3~‘5, but with little success. Considerably 

reduced toxicity relative to that of the parent compound has been reported for the 

5’-phosphate and NAD analogues of pyrazofurir?. The synthesis of N-nucleoside 

congeners of pyrazofurin with variations at the carboxamide portion of the nucleoside 

has been reported. although none of these analogues demonstrated any promise as 

antitumor or antiviral drugs”. Recently, the synthesis of 3(5)-[(2-hydroxyethoxy)meth- 

yllpyrazole-5(3)-carboxamide (2) an acyclic analogue of 4-deoxypyrazofurin’” (3) that 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birhtday. 
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adenovirus 2, vesicular stomatitis, Venezuelan Equine Encephalomyelitis, and Rift 
Valley Fever viruses. Additionally, 16,18,19,21,27-30, and 36 were evaluated for their 

ability to inhibit human cytomegalovirus (AD169) in MRCS cells, utilizing a virus- 
yield-reduction assay. At the greatest non-cytotoxic dose ( ~OO,UM), 28 exhibited slight 

activity, reducing virus progeny yield by 1.2 (log,, plaque forming units). 

EXPERIMENTAL 

Melting points were determined on a Mel-Temp apparatus and are uncorrected. 
N.m.r. spectra (internal Me,Si) were recorded with a Nicolet NMC 300NB spectro- 

meter operating at 300.635 MHz for ‘H and at 75.6 MHz for 13C. Mass spectra were 
recorded with a Varian MAT 3 11A mass spectrometer in the f.a.b. or e.i. mode. 

Microanalyses were performed by the Molecular Spectroscopy Section of the Organic 
Chemistry Research Department at the Southern Research Institute. Chromatography 
column sizes are given as width x length. 

Methyl 2-[(etho.~ycarbonylmethyl)hydrazono]propanoate (11). - Sodium ace- 
tate (6.36 g, 77.6 mmol) and methyl pyruvate (10; 7.92 g, 77.6 mmol) were dissolved in 

methanol (97 mL) and water (32 mL). Ethyl hydrazinoacetate monohydrochloride (12 
g, 77.6 mmol) was added and the solution was stirred at room temperature for 48 h. The 

solvents were evaporated and a solution of the residue in chloroform was washed with 

water. The pH of the water layer was adjusted to - 7 with M NaOH and the solution was 

extracted twice with chloroform. Thechloroform layers were combined, dried (MgSO,), 
and filtered, and the solvent was evaporated under reduced pressure to give a yellow oil 
that, on drying in uacuo over P,O,, crystallized as a pale-yellow solid. The yield of crude 
material, which could be used directly in the next step, varied between 80 and 100%. 
Crystallization from ether-light petroleum (b.p. 30-60”) (5:l) provided 11, m.p. 65”. 

E.i.-mass spectrum: m/z 202. ‘H-N.m.r. data (CDCI,): 6 1.29 (t, 3 H, CO&H,Cf,), 2.03 

(s, 3 H, CH,C =N), 3.82 (s, 3 H, CO,Me), 4.23 (m, 4 H, CH,CH,O and NHCFI,), 5.98 
(bs, 1 H, NHN); [(CD@O]: 6 1.22 (t, 3 H, CO,CH,CH,), 1.87 (s, 3 H, CH,C = N), 3.64 
(s, 3 H, CO&H,), 4.05 (d, 2 H, NHCH,CO,), 4.11 (q, 2 H, CO,CH,CH,), 7.67 (t, 1 H, 
NNHCH,). 

Anal. Calc. for C,H,,N,O,: C, 47.52; H, 6.98; N, 13.85. Found: C, 47.30; H, 6.97; 

N, 13.90. 
Methyl 4-hydro~y-3(5)-methyl-lH-pyrazole-5(3)-carboxyfate22 (12). - Sodium 

(3.10 g, 135 mmol) was added to cooled (Cr5”) MeOH (200 mL) and, after the sodium 
had reacted, crude lI(10.40 g, 51.4 mmol) was added in one portion. The solution was 
boiled under reflux for 4 h, then chilled in an ice-bath, and cont. HCl (11.2 mL) was 
added slowly during 10 min (if necessary, more cont. HCl or solid NaHCO, was added 

to bring the pH to near neutral as judged by wet pH paper). Most of the MeOH was then 
evaporated, the residue was dissolved in H,O, and the pH of the solution was adjusted to 
-7. The solution was extracted with EtOAc (7 x 40 mL) and the solvent was 
evaporated from the combined extracts to give a crude product (90%) that was 

adequate for use in subsequent reactions. An analytical sample, obtained by column 
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h, then filtered through Celite, and the solvent was evaporated in uucuo. The residue was 

purified by chromatography on silica gel (EtOAc-MeOH, 9X:2). The white solid, 

obtained after removing the solvent from the product-containing fractions, was tritu- 

rated with EtOH to provide 16 (650 mg, 30% from 15), m.p. 135-l 36.5”. F.a.b.-mass 

spectrum: m/z 173. ‘H-N.m.r. data [(CD&SO]: 6 3.79 (s, 3 H, CO,CH,), 4.41 (s, 2 H, 

CH,OH), 4.7-5.6 (bs, 1 H, HOCH,), 7.69.2 (bs, 1 H, HO-4), 12.7-13.2(bs, 1 H, NH). 

Anal. Calc. for C,H,N20,: C, 41.86; H, 4.68; N, 16.27. Found: C, 41.68; H, 4.95; 

N, 16.00. 

Methyl 4-hydroxy-3(5)-[(I-methylethoxy)methylj-lH-pyrazole-5(3)-carboxy- 

late (17). --- After following the general procedure with 15 (1.5 g, 4.7 mmol) and 

2-propanol, chromatography (2 x 20 cm column) with CHCl,-MeOH (98:2) followed 

by removal of solvents in uacuo and trituration of the residue with light petroleum (b.p. 

3~60”)-ether (60:40) gave 17 (500 mg, 50% over 2 steps), m.p. 74-75”. ‘H-N.m.r. data 

[(CIQSO]: 6 1.09 [d, 6 H, CH(CH,),], 3.63 (m, 1 H, CHO), 3.79 (s, 3 H, CO&H,), 4.37 

(s, 2 H, 0CH2), 8.6 (bs, 1 H, OH), 13.1 (bs, 1 H, NH). 

Anal. Calc. for C,H ,4N204: C, 50.46; H, 6.59; N, 13.08. Found: C, 50.18; H, 6.70; 

N, 13.32. 

Methyl 4-hydroxy-3(5)-[ (2-hydroxyethoxy)methyl]-IH-pyrazole-S(3)-carbo- 

xylate (18). - After following the general procedure with 15 (2.0 g, 6.3 mmol) and 

1,2_ethanediol, chromatography (2.5 x 15 cm column) with EtOAc followed by 

removal of solvents in uacuo and trituration with EtOAc gave 18 (560 mg, 4 1% over 2 

steps), m.p. 122-123”. ‘H-N.m.r. data [(CD,),SO]: 6 3.3-3.6 (m, 4 H, OCH,CH,O), 3.79 

(s, 3 H, CO,CH,), 4.42 (s, 2 H, ring CHJ, 7.5-9.0 (bs, 2 H, 2 OH), 13.2 (bs, 1 H, NH). 

Anal. Calc. for C,H ,,NzO,: C, 44.44; H, 5.60; N, 12.96. Found: C, 44.36; H, 5.69; 

N, 12.96. 

Methyl 4-hydroxy-3(5)-[(3-hydroxypropoxy)methylJ-1H-pyrazole-S(3)-carbo- 

xylate (19). ~ After following the general procedure with 15 (3.0 g, 9.4 mmol) and 

1,3_propanediol, chromatography (6.5 x 5 cm column, 7&230 mesh silica gel) with 

EtOAc-MeOH (98:2) followed by removal of solvents and some residual 1,3-propane- 

diol in uacuo gave 19 as a clear, homogeneous oil that was used without further 

purification for the synthesis of amide 28. Some transesterification occurred during this 

reaction. F.a.b.-mass spectrum: m/z 23 1. 

Methyl 4-hydro”~y-3(5)-1[2-(2-hydroxyethoxy)etho,~y]methyl)-lH-pyrazole- 

5(3)-carboxylate (20). ~ After following the general procedure with 15 (3.5 g, 11 mmol) 

and bis(2-hydroxyethyl) ether, chromatography (6.5 x 5 cm column) with chloroform- 

methanol (5: 1) gave 20 as an oil (-2.5 g) that was used without further purification in 

the preparation of amide 21. Some transesterification occurred during this reaction. 

F.a.b.-mass spectrum: m/z 261. 

MethJll 4-hydroxj>-3(S)-{[2-hydroxyethJj1) thio]methyl)-lH-pyrazole-5(3)-car- 

boxylate(21). -A mixture of compound 15 (6.50 g, 20.4 mmol), sodium acetate (8.37 g, 

94 mmol), and 2-mercaptoethanol (36 mL) was heated at 60” for 1 h. Residual 

2-mercaptoethanol was evaporated in uacuo with mild heating. The residue was dis- 

solved in dry pyridine (18 mL), acetic anhydride (36 mL) was added, and the suspension 
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O-IO% of the starting material remained. The solvent was evaporated in uacuo at 35” 

(bath), and the residue was adsorbed on a small amount of silica gel by evaporating the 
solvent from a mixture of a methanolic solution of the residue and Silica Gel 60 (_S-10 g, 

70-230 mesh). The residue was applied to a column of the same silica gel and eluted with 
the appropriate solvent. Evaporation of the solvents and trituration of the residue with 

the indicated solvent gave an analytical sample of the product. In this manner, the 

following compounds were obtained. 
I-Hydroxy-3 (5) -methyl-IH-pyrazole-5 f 3) -carboxamide (26). - Ester 12 (1.5 g, 

9.6 mmol) was treated with cont. NH,OH and without chromatography, the product 
was triturated with water to give crystalline 26 (800 mg, 59%) m.p. 245-247” (dec.). 
F.a.b.-mass spectrum: m/z 142. ‘H-N.m.r. data [(CD&SO]: 6 2.12 (s, 3 H, CH,), 6.7-9.4 
(bs, 3 H, OH and NH,), 12.54 (bs, 1 H, NH). 

Anal. Calc. for C,H,N,O,: C, 42.55; H, 5.00; N, 29.77. Found: C, 42.42; H, 5.33; 
N, 29.68. 

4- Hydroxy-3(5)-[ (2-hydroxyethoxy)methyl]-ZH-pyrazole-5(3)-carboxamide (27). 

- Ester 18 (1.3 g, 6.0 mmol) was converted into 27, which was eluted (4 x 8 cm column) 

with EtOAc-MeOH (96:4) and crystallized as the chromatographic solvents were being 
removed, to give a white solid (627 mg, 50%) m.p. 134-l 36”. F.a.b.-mass spectrum: m/z 

202. ‘H-N.m.r. data [(CD,),SO]: 6 3.47 (m, 4 H, OCH,CH,O), 4.43 (s, 2 H, ring OCH,), 
4.1-9.7 (bs, 4 H, 2 OH and NH,), 12.9 (bs, 1 H, NH). 

Anal. Calc. for C,H,,N,O,: C, 41.79; H, 5.51;N, 20.89. Found: C,41.84; H, 5.66; 
N, 20.76. 

4-Hydroxy-3(5)-((3-hydroxypropoxy)methyl]-lH-pyrazole-5(3)-carboxamide 

(28). - Ester 15 (3.0 g, 9.4 mmol) was converted into 28, which was eluted with 
EtOAc-MeOH (98:2). Trituration of the product with EtOAc gave 28 (899 mg, 45%), 
m.p. 116122”. F.a.b.-mass spectrum: m/z 216. ‘H-N.m.r. data [(CD,),SO], 6 1.65 (m, 2 

H, CH,CEI,CH,), 3.35-3.55 (m, 4 H, CH,CH,CH,), 4.38 (s, 3 H, HOCH, and ring 
CH,O), 6.92, 7.35-7.7, 8.66, 9.4 (bs, 3 H, ring OH and NH,), 12.8-13.0 (bs, 1 H, NH). 

Anal. Calc. for C,H,,N,O,: C, 44.65; H, 6.09; N, 19.53. Found: C, 44.66; H, 6.34: 

N, 19.57. 

4-Hydroxy-3(5)-{[2-(2-hydroxyethox~~)ethoxy]methyl}-IH-pyrazole-5(3)-car- 

boxamide (29). -Ester 20 (600 mg, 2.4 mmol) was converted into 29, which was eluted 

with EtOAc-MeOH (98:2) and triturated with EtOAc to give 29 (197 mg, 34% over 2 
steps), m.p. 130-132”. F.a.b.-mass spectrum: m/z 246. ‘H-N.m.r. data [(CD,),SO]: 
6 3.3-3.6 (m, 8 H, HOCH,CH,OCH,CH,), 4.42 (s, 2H, ring OCH,), 4.59 (bs, 1 H, 

HOCH,), 6.8-9.6 (bs, 3 H, ring OH and NH,), 12.89, 12.95 (bs, 1 H, NH). 
Anal. Calc. for C,H,,N,O,: C, 44.08; H, 6.17; N, 17.13. Found: C, 43.82; H, 6.27; 

N, 17.31. 
4-H_ydroxy -3(5) - (/(2- hydroxyethyl) thiolmethyl) - lH-pyrazole -5(3/ - carbo- 

xamide (30). - Compound 21 (1.56 g, 6.7 mmol) was treated with cont. NH,OH (25 
mL), as described above, for 3 days. The product was purified by chromatography (4.4 

x 12 cm column, 23@400 mesh silica gel), using chloroform-methanol (7:l). The 
resulting yellow oil crystallized upon standing and was coevaporated with isopropyl 
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Methyl 3(5)-{[2-benzylo.~~v-l-(benzyIo~~ymethyl)etho~~y~methy~-4-hy~lroxy- 

lH-pyrazole-.5(3)-carboxylate (23) and 3(5)-{[2-benzyloxy-l-(benzyloxymethyl)- 

ethoxy]methyl}-4-hydro,~y-lH-pyrazole-5(3)-carboxatnide (35). - A solution of 1,3- 

di-0-benzylglycerol (Aldrich; 17.07 g, 42.66 mmol) in dry tetrahydrofuran (20 mL) was 

added dropwise during 0.5 h at room temperature to a stirred suspension of 60% NaH 

(2.51 g, 62.64 mmol) in dry tetrahydrofuran (60 mL). After an additional hour, a 

solution of 15 (4.5 g, 14.1 mmol) in dry tetrahydrofuran (20 mL) was added in one 

portion at room temperature under Nz. The mixture was stirred for 15 min at room 

temperature, the temperature was raised to 60” for 0.5 h, the mixture wascooled in an ice 

bath, and HOAc (3.7 g, 62.66 mmol) was added dropwise with deep reddening of the 

solution. The solvents were evaporated and the residue was partitioned between H,O 

and EtOAc. The resulting emulsion was treated with a small amount of H0,4c and 

extracted with EtOAc (4 x 50 mL). The solvent was evaporated from the combined 

extracts to give a semi-solid residue that was chromatographed on silica gel (8.5 x 4.5 

cm column, 7&230 mesh), first with CHCl, to elute most of the excess of 1,3-di-O- 

benzylglycerol and then with EtOAc to elute 23 as part of a complex mixture (transester- 

ification and some deacylation occurs in these reactions). The solvent was evaporated 

from the combined product-containing fractions and a solution of the residue (4.5 g) in 

cold saturated methanolic ammonia (-25 mL) was transferred to a steel bomb with 

minimal rinsing. The mixture was heated at 95” for 5 h, then cooled, and the solvent was 

evaporated. A solution of the residue in a small amount of CHCl, was filtered and 

chromatographed on silica gel (3 x 25 cm column, 230-400 mesh). More (1.4 g) 

1,3-di-0-benzylglycerol was eluted with CHCl,-MeOH (98:2) followed by a small 

amount of 23. Elution with CHCl,-MeOH (95:5) then gave a clear oil that solidified on 

standing to give 35 (740 mg, 35% per step over 2 steps). F.a.b.-mass spectrum: m/z 412. 

‘H-N.m.r. data [(CDJ$O]: 6 3.52 [m, 4 H, (CHJ2CH], 3.80 (bs, 1’H. CHOCH,). 4.47 (s, 

~H,~CII$‘~),~.~~(S,~H,CHOCN,),~.~~ (m, lOH,2Ph), 7.33-7.7(m,2H,CONHI), 

8.69 and 9.38 (bs, 1 H, HO-4), 12.89 and 12.96 (bs, 1 H, NH) (the double peaks for NH 

and HO-4 reflect the presence of tautomers). 

4-Hydroxy-3(S)-([2- hydroxy- I-(h~droxymethyl)ethoxyJmethyl~-lH-pyrazole- 

5(3)-carhoxamide (36). - A mixture of 35 (520 mg, 1.26 mmol), 20% palladium 

hydroxide on carbon (100 mg), and 1: 1 EtOHGcyclohexene was boiled under reflux for 

16 h. Because the reaction was incomplete, more catalyst (20 mg) was added and boiling 

under reflux was continued for 8 h. The mixture was cooled and filtered through Celite, 

the solvent was evaporated, and acetone was distilled several times from the residue to 

leave 36 (239 mg, 82% in 2 crops), m.p. 134-136”. F.a.b.-mass spectrum: m/z 232. 

‘H-N.m.r. data [(CD&SO]: 6 3.2-3.7 [m, 5 H, (CH&CH], 4.56 (s, 2 H, ring OCH,), 6.86 

[bs, 1 H, H of CONH,], 7.44 [bs, 2 H, HO-4 and H of CONH,], 12.84 (bs, 1 H, NH). 

Anal. Calc. for C,H,,N,O,: C, 41.56; H, 5.67; N, 18.17. Found: C, 41.10; H, 5.83; 

N, 18.29. 




