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ABSTRACT

Acyclic analogues of pyrazofurin, including 4-hydroxy-3(5)-{[2-hydroxy-|-(hydroxymethyl)-
ethoxy]methyl}-1 H-pyrazole-5(3)-carboxamide (36) and 4-hydroxy-3(5)-[(2-hydroxyethoxy)methyl]-1 H-
pyrazole-5(3)-carboxamide (27), that possess the side chains of ganciclovir and acyclovir, respectively, were
prepared by heating methyl 4-acetoxy-1-acetyl-3-bromomethyl-1 H-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]-1 H-pyrazole-5(3)-
carboxamide (28), which exhibited slight activity against human cytomegalovirus.

INTRODUCTION

Pyrazofurin (1), a naturally occurring C-nucleoside antibiotic isolated' from
Streptomyces 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 agent®''""*. More recently, it has been found that
1 has potent activity against influenza viruses A—~C'* and respiratory syncytial virus'>™"".
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'’?* since its initial prepa-
ration” in 1972. Derivatives of pyrazofurin have been prepared with the aim of
increasing potency or reducing toxicity> *, 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 pyrazofurin®. 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

* Dedié;iéd to Professor Grant Buchanan on the occasion of his 65th birhtday.
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combines the structural features found in the latter and in acyclovir (4). was reported”
although no biological data were given. The synthesis of acychc nucleosides. structures
with the furanose ring replaced by an acyclic carbohydrate mowty. huas been a major
development in antiviral chemotherapy™. producing such important drugs as acvelo-
vir®, ganciclovir”, and (S)-dihydroxypropyladenine ™. We naw report the syathesis of
acychic pyrazofurin analogues, including the analogues of acyclovir(27) and ganaclovir
{36). and their evaluation as potential antiviral drugs.

RESULTS ANID DISCUSSION

Pyrazofurin (1), its x-epimer, 4-deoxypyrazofurin. and carbocvclic pyrazofurin
have been synthesized from I-substituted ribofuranosyl precursors. including 8. 67",
7.8, and 9" In each of these starting materials, the ribofuranosvl portion is intact
and elaboration of the pyrazole base was required. For the construction of acvelic
pyrazofurin analogues. itappeared more appropriate to attach side chains to 4 suitably
blocked pyrazole intermediate possessing functionalized one-carbon units. etther o
hydroxymethyl or a halomethyl group. at C-3, This approach would allow for the use of
both electrophilic and nucleophilic precursors to the wide chams. Following an os-
tablished method ™, methvl pyruvate (10) was condensed with ethy! hydrazimoacetate
hydrochloride to give the hydrazone 11 i nearly quantitative vield as one somer.
Although the geometry of 11 was not established rigorously. previous work™ would
indicate strongly the anti-(£) geometry based on the uptield chemicat shift (¢ 398 in
CDC1) for the resonance of the hydrazone NH [¢f. 4 ~ 10 for the son-{7) isomer’ |
Without crystallization. 11 was cyclized with sodium methoxide in methanot (o give the
crude pyrazole derivative 127 (80%). In order to mininize the amount of the 3-
carboxylic acid derivanve 13 formed in the reaction. it was necessary 1o acidity the
chilled reaction mixture prior to further processing. The derivative 12 was acetviated
with acetic anhydride-pyridine to afford the blocked pyrazole 14 (83963 Then. by
analogy with the method employed™ to produce acyclic anafogues of the C-nuckcoside
formycin A, 14 was treated with N-bromosuccinimide and benzoyv! peroxide in carbon
tetrachloride to give methyl 4-acetoxy-t-acetyl-3-bromomethyl- 1/ /-pyrazofe-5-carbo-
xylate (15.80--85%). Thus. infourstepsin 619 overall vield. an intermediate needed for
elaboration of a variety of acyelic side chains was prepared.

Whilst examining various approaches to certain target structures, it was dis-
covered that warming 15 in 2-propanol in the presence of sodium acetate resulted in
displacement of bromide by isopropoxide, and, after treatment of the product with
methanolic sodium methoside, 17 was isolated. Similar displacements occurred when
ethylene glycol. 1.3-dihydroxypropane, 2-hydroxyethyl ether. Z-mercaptocthanol. and
solketal (1.2-O-isopropylidenegliycerol) were emploved in the presence of sodium ace-
tate, and the acyclic pyrazole esters 18 22 were obtained in moderate to good viclds, A
similar attempt to prepare 23 from 15 by treatment with sodium acctate in 1.3-di-0-
benzylglycerol was unsuccessful. Only traces of 23 were obtained along with small
amounts of the compound produced by displacement of bromide by the acetate ion, An
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alternative procedure for the synthesis of 23 s discussed below. The hvdroxymethyl
derivative 16 was obtained {rom 15 in two steps. Treatment of 15 with sodium acetate
and benzyl alcohol gave 24, hvdrogenolysis (Pd:Cy of which in methano! afforded 16
(30% from 15). Compound 22 was hvdrolvzed with aqueous 80 acetic acid 1o give 25

OH
|5 L. ROH. NaOic RCHz\(l\\ COzMe  Cone, NH,OH
o o N—NH or NH,/MeOH
18 B = OH 286 R = B
17 R = OCHMe, 27 R =
18 R = O(CHp),0H 28 R = 0
18 R = O(CHp),0H 28 R =
20 R = {(OCH,CH,),0H 3R =
23 R = S(CH,),0H 31 R =
22 R = OCH;7——
o0
Hyo  CHg % R -
23 R = OCH{(CH,OBn), 33 8 -
24 R = OCHyPh 34 B = OUH,CHOHCH,OH
25 B = OCH,CHOHCH,OH 38 R = OCH(CH,0Bn),

= OCH(CH,0H),

In order to obtain the target compounds, it was necessary 1o convert the methy!
esters 18-22 and 24 into ther carboxamides and then to carry out deblocking reactions,
Ammonolysis was attempted first, using the ester 12 as o mode! compound When 12
was treated at room temperature with saturated mcthanelic ammona. linde o1 ne
reaction took place. [t was necessary to stir 12 incone. ammonta for 2 davs or heat itin g
steel bomb at 95 for S h'" in saturated methanolic ampionia in order 1o produce the
carboxamide derivative 26. in a similar fashion. the esters 18 22 and 24 were converted
into the corresponding amides 27 32 by reaction with cither cone, ummonia at raom
temperature or ammonia 1n methanol at elevated temperatures. Compounds 22 and 24
were more cleanly and cﬂlcxcuu}f ammonolyzed. via 31 and 32,11 thar blocking groups

were retained until after treavment with ammonia. Hvdrogenolysis o1 32 und hydrolvas
31 in aqueous 80% acetic actd gave 33 and 34, respectively,

As mentioned above. the zlcychc derivatve 23 with & protected gancictovir-like
side chain could not be produced by the general method, -‘\ mndcw \iu]d of 23 was
obtained by treating 13 with 3 equiv. of the sodium salt of 1 3-di-0-benzviglyeerol (from
sodium hyvdride in dry tetrahydrofuran). Crude 23 was m‘alcd d;rcuky with methanolie
ammoniainasteel bomb at 95 {or Sho give. alter chromatography, 38 (2%, from 18},
Removul of the benzyl groups from 35 by transfer hyvdrogenation in vvelohexene
ethanol with 20% palladium hydroxide on carbon ;’\,rmiu“cé the rarget compoeund 36,

Compounds 12, 14-18. 21. 26 3() 3234, and 36 woere mactive aainst HIV-1.

Punta Toro. vellow fever. pinchinde. Japanesc Fm‘cpl’:;!%ihm send v fever, vaceima.,
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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 MRC5 cells, utilizing a virus-
yield-reduction assay. At the greatest non-cytotoxic dose (100uMm), 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 ">C. Mass spectra were
recorded with a Varian MAT 311A mass spectrometer in the fa.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-f (ethoxycarbonylmethyl ) 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. The chloroform layers were combined, dried (MgSO,),
and filtered, and the solvent was evaporated under reduced pressure to give a yellow oil
that, on drying in vacuo over P,Q, crystallized as a pale-yellow solid. The yield of crude
matenal, which could be used directly in the next step, varied between 80 and 100%.
Crystallization from ether—light petroleum (b.p. 30-60°) (5:1) provided 11, m.p. 65°.
E.i.-mass spectrum: m/z 202. '"H-N.m.r. data (CDCl,): 6 1.29(t, 3 H, CO,CH,CH,), 2.03
(s, 3H, CH,C=N), 3.82 (s, 3 H, CO,Me), 423 (m, 4 H, CH,CH,0 and NHCH,), 5.98
(bs, 1 H, NHN); [(CD,),SO]: 6 1.22(t,3 H, CO,CH,CH,), 1.87 (s, 3H,CH,C=N), 3.64
(s. 3 H, CO,CH,). 4.05 (d, 2 H, NHCH,CO,), 4.11 (q, 2 H, CO,CH,CH,), 7.67 (t, 1 H,
NNHCH,).

Anal. Calc. for CH,\N,0,: C,47.52; H, 6.98; N, 13.85. Found: C, 47.30; H, 6.97;
N, 13.90.

Methyl 4-hydroxy-3(5 )-methyl-1H-pyrazole-5(3)-carboxylate® (12). — Sodium
(3.10 g, 135 mmol) was added to cooled (0—5°) MeOH (200 mL) and, after the sodium
had reacted, crude 11 (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 conc. HCI (11.2 mL) was
added slowly during 10 min (if necessary, more conc. HCI 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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chromatography on silica gel (230-400 mesh) with chloroform methanol (9:1). had
m.p. 154-155" Iit”” m.p. 140 142 . E.i-mass spectrum: »'z 156, '"H-N.m.r. data
[(CDy),SO): 4 2,10 (s. 3 H. CH,)L 3.77 (5. 3 HL CO,CHL). 8.79 and 8.56 (hs. | H. OH)
(tautomers), 12.76 (bs, 1 H. NH).

Anal. Cale. for CHN.O: C, 46,15 H.5.16: N.17.94. Found: C.45.82: H. 5.36:
N, 17.89,

Methyl 4-acetoxy-1-acetvi-3-methyl-1H-pyrazole-S-carboxylate (14). A solu-
tion of crude 12 (5.78 g, 37 mmol) in acetic anhydride (50 mLYand pyridine (27 mL) was
heated at 90" for 3 h. then cooled. The solvents were evaporated. and a solution of the
residue in ether was washed with H/O (2 = 30mL.). dried Na.SO ). and filtered, and the
ether was evaporated. The orange-tinted residue was triturated with cold ether, to give
14 (7.55 g two crops. 85% ). as fine white needles, m.p, 75 77 . E.i.-mass spectrum: /1.2
240. N.m.r. data [(CD,).SO} 'H, 8 2.33 (s, 3 H, COCH,). 2.4 (5. 3 H, COCH,). 2.68 {5. 3
H. CH,). 3.84 (s, 3 H, CO,CHy): PCL 6 10.64 (3-CH Ly 20,03, 22 39 (OCOCH, and
NCOCH,)L 5210(COCH )L 134,38, 134,56, 136,61 {C-3 4.3, 16023 (COCH ), 16833,
171.38 (NCO and OCO).

Anal. Cale. forC H N.O:CU50.02 HL 5000 NOTEHET. Found: CL49 73, HL 5015
N, 11.66.

Methyl 4-acetoxy-1-uceryl-3-bromomethvi-1H-pyrazole-3-carboxyviare (18). - A
mixture of 14(3.0 g, 12.5 mmol), benzoyl peroxide (250 mg. 1.03 mmaol). V-bromosucci-
nimide (4.90 g. 27.5 mmol}. K.CO, (1.0 g. 7.23 mmol). and CCI, (120 ml ) was boiled
underreflux for 2 h, thenchilled to 5§ 107, and filtered. and the solvents were evaporated
in vacuo. The residue was triturated with 2-propanol to give 7 (328 g 829%), m.p.
94 96 . F.a.b.-mass spectrum: a2 319 "H-Nomur. data [(CD,),SOL 6 2 38 (5. 3 H. OAQ).
273 (s, 3 H.NAc), 3.87 (5. 2 H.CO.CH,). 4.86 (5. 2 H. BrCH.).

Anal. Cale. for C H, BrN.Oy: CL37.64: H. 347 N 8.7% Found: ¢, 3773 H.
3.63: N, 8.64,

General procedure for the preparation of the esters 1622 and 25, - A homogenc-
ous solution or a heterogencous mixture of 15 (0.16M) in the requisite alcobol with 5
equiv. of NaOAc was heated at 90 for 2 h. Following cooling and filtration of cach
mixture. the alcohol wus evaporated in vacuo at 40-85 {depending on the boiling point
of the alcohol). A 0.16Mm solution of each residue in MeOM was stirred in the presence of
2equiv. of NaOMe for 0.5 b a1 room temperature, then neutralized with M HCL and the
solvent was evaporated i reciwo. Fach residue was puritied by chromatography on
Silica Gel 60 (70-230 mesh) and crystallized from, or triturated with, the indicated
solvent to provide analytical samples. Where exceptions occurred or where deblocking
was necessary, conditions are given. In this manner, the following compounds were
prepared.

Methyl d-hydroxy-3(5 j-hydroxymethyl-1H-pyrazole-51 3 i-carboxyiate (16)
The ester 24 was prepared from 15 (4.0 g 12,5 mmol) and benzyl alcohol. then
chromatographed (4 x 22 em column) with CHCl, MeQH (97:3) to provide a clear o1l
(2.66 g) that was homogencous by t.Le. A solution of this oil in MeOH {100 mL) was
stirred under H. (1 atm) with 10% Pd/C (1.0 g) and a catalvtic amount of CHCL  for 16
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h, then filtered through Celite, and the solvent was evaporated in vacuo. The residue was
purified by chromatography on silica gel (EtOAc-MeOH, 98:2). 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. 135-136.5°. F.a.b.-mass
spectrum: m/z 173. 'TH-N.m.r. data [(CD,),SOJ: 4 3.79 (s, 3 H, CO,CH,), 4.41 (s, 2 H,
CH,OH), 4.7-5.6 (bs, 1 H, HOCH,), 7.6-9.2 (bs, 1 H, HO-4), 12.7-13.2 (bs, 1 H, NH).

Anal. Cale. for CH,N,O,: 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 )methyl]-1H-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 vacuo and trituration of the residue with light petroleum (b.p.
30-60°)-ether (60:40) gave 17 (500 mg, 50% over 2 steps), m.p. 74-75°. '"H-N.m.r. data
{(CD,),SOL: 61.09[d, 6 H, CH(CH,),], 3.63 (m, 1 H, CHO), 3.79 (s, 3 H, CO,CH,), 4.37
(s, 2 H, OCH,), 8.6 (bs, | H, OH}, 13.1 (bs, 1 H, NH).

Anal. Calc. for C;H ,N,O,: 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]-1H-pyrazole-5(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 vacuo and trituration with EtOAc gave 18 (560 mg, 41% over 2
steps), m.p. 122-123°. '"H-N.m.r. data [(CD,),SO]J: § 3.3-3.6 (m, 4 H, OCH,CH,0), 3.79
(s, 3H, CO,CH,), 4.42 (s, 2 H, ring CH,), 7.5-9.0 (bs, 2 H, 2 OH), 13.2 (bs, 1 H, NH).

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

Methyl 4-hydroxy-3(5)-f ( 3-hydroxypropoxy Jmethyl]-1H-pyrazole-5(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, 70-230 mesh silica gel) with
EtOAc-MeOH (98:2) followed by removal of solvents and some residual 1,3-propane-
diol in vacuo 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 231.

Methyl  4-hydroxy-3(5)-{[2- (2-hydroxyethoxy Jethoxy [methyl}- 1H-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 5cm 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.

Methyl 4-hydroxy-3(5)-{[ 2-hydroxyethyl) thio Jmethyl}-1H-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 vacuo 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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was stirred at room temperature overnight (18 h). After the solvents had been evaporat-
ed in vacuo with mild heating, the residue was triturated with 2-propanol. the solution
was decanted, and the solvent was evaporated. The residue was triturated with light pe-
troleum, then treated with 2 equiv. of sodium methoxide in methanol to effect deucetyla-
tion. The residue was extracted with ethyl acetate (Soxhlet) for 2 davs. The ethyvlacetate
was evaporated and the residue was purified by chromatography (4.4 = 39 cmi colummn.
230- 400 mesh silica gel) with chloroform methanol (95:5)to produce 21 (2.9 2. 63% as
a yellow o1] that crystallized on standing, and had m.p. 94 95 0 F g hoomass spectrum:
m = 233 'H-N.m.r. data [{CD,).SO} 6 2.58 (1 2 H HU('“H ('H;)“ FE00(L 2 HL
HOCH.CH.), 3.68 (5.2 H ring SCHL) 378 (s. 3 H, COOCH 1. 478 (. T HL JIOCH )
8.31 and 8.85 (HO-4). 1301 (bs. NH).

Anal. Cale. for C, P NOS C 437 H.OS 20N 12,06 Found: C 41 .63 H, S.44:
N.12.04.

Methyl 3¢5 i-f[ (2 2-dimethyi-1,3-dioxolan-4-yi imethox y fmethyi}-4-nydroxy-
IH-pyrazole-5¢ 3 j-carboxvlate (22). - A mixture of 15(6.0 g, 8.8 mmol). soltketat (110
mk. ). and sodium acetate (7.71 g. 94 mmol) was heated at 90 for 1.5 h, then filtered. and
the solvent was evaporated /» racuo at 85 . The resulting burgundy ol was triturated
with ethyl acetate, then filtered. and the product in the filtrate was purified by chromu-
tography (70--230 mesh silica gel. 6.8 x 16 cm column) with CHCL MeOH (99:1). Two
compounds were isolated and idenufied by la.b-mass spectrometry as 22 and the
partially deblocked 4-acetoxy derivative. The lutter fraction was treated with 1 equiv. of
sodium methoxide in methanol at room temperature for 1.5 b The solution was
neutralized with Dowex S0W-X4d (H ") resin and filtered. the methanol was evaporuted
mvacuo, and the residue was c:ombmcd with 22 from above to give a pale-vellow ot (4]
g, 75%). F.a.b.-mass spec["mn‘ myz 247,

Methyl  3(3.-[2 3-dihvdroxypropoxy imethyl }-4-hy rﬁm i /Hﬂv\ razole-503
carboxyviare (25). »\ solution of 22 in aqueous 80% acetic acid (100 mLj was stirred at
55 for 3 h. The solvent was evaporated in racuo. the residual mlcworfmﬂc ol was
triLurated with ether and applied to a column (54 » 270 mm) of silica gel (300 mi.

230 mesh). and cluted with CHCl- MeOH (7:1). Fractions containing 32 were
Lombmud. the selvent was evaporated o1 racuo, and a solution of the resulting yellow oil
{2.46 g.53% from 15)in water wasapplied toa column {28 = 130 mm) of BioBeads SM-

4 (20--50 mesh, BioRad). The column was washed with water ro remone slveerol and
then with methanol to clute 25. The methanol was evaporated w1 recio and the residue

was triturated with ether to give a pale-vellow oil that erystallized o ,\umdm“t give 25,
m.p. 80- 827 F.a.b-mass spectrum: sz 247 "H-Nomur. data 1CD).SOE 0 3.2 3.5 0m. 4
H, HOCH,CHIOH)C/L,Gy. 256 [m, | H. HOCH.CAHOH)CH O} 3.7% 5. & 11
COCH,). 449 (s. 2 H, ring CH ). 4,47 and 4.65 [bs. 2 H. HOCH.CHIOINCH O 8 49
and 8.87 (bs, | H.ring OHj. 13.13 (bs. | H. NH). v -

Anal. Cale. for CH NO - Co43.90: FL S 73N L3R Found: €L 4395 H. S.80:
N, 11.50

General procedure for the preparation of the amides 260 36, A 0148 solution of
the appropriate ester in conc. NH,OH was stirred at room temperature for 64 h. when
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0-10% of the starting material remained. The solvent was evaporated in vacuo 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 (5-10 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.

4-Hydroxy-3(5)-methyl-1H-pyrazole-5(3 )-carboxamide (26). — Ester 12 (1.5 g,
9.6 mmol) was treated with conc. 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,),S0O]: 6 2.12 (s, 3H, CH,), 6.7-9.4
(bs, 3 H, OH and NH,), 12.54 (bs, | H, NH).

Anal. Cale. for CCH,N,0O,: 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 |- IH-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. 134-136°. F.a.b.-mass spectrum: m/z
202. 'H-N.m.r. data [(CD,),SO]: 6 3.47 (m, 4 H, OCH,CH,0), 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]-1H-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. 116-122°. F.a.b.-mass spectrum: m/z 216. '"H-N.m.r. data [(CD,),S0], § 1.65 (m, 2
H, CH,CH,CH,), 3.35-3.55 (m, 4 H, CH,CH,CH,), 4.38 (s, 3 H, HOCH, and ring
CH,0), 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 CH ,)N,0,: 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-hydroxyethoxy )ethoxy Jmethyl}-1H-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,0CH,CH,), 4.42 (s, 2 H, 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. Cale. 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-Hydroxy -3(5)-{[(2- hydroxyethyl)thio Jmethyl} - IH-pyrazole -5(3) - carbo-
xamide (30). — Compound 21 (1.56 g, 6.7 mmol) was treated with conc. NH,OH (25
mL), as described above, for 3 days. The product was purified by chromatography (4.4
x 12 cm column, 230400 mesh silica gel), using chloroform~methanol (7:1). The
resulting yellow oil crystallized upon standing and was coevaporated with isopropyl
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alcohol and ethanol to give 30 (539 mg. 37%), m.p. 121 122 . "H-N.m.r. data [(CD,)
ISO}: (52.7() (t. 2H. HOCH.CH,). 3.33 (1. 2 H. HOCH.C'H.). 3 (>! (\' 2 H.ring SCH..
4.6-5.0 (bs. I H. HOCH,), 6.5-9.7 (bs. 3 H. NH. and ring ()H) K (bs. T H.NH)

Anal. Cale for C-H /NLO.S: CO38.70; H. S 10N 1934 F ound. L3886 HL 5 54
N, 19,11,

305000 2 2-Dimethyi-1 3-dioxolan-4-vl jmerfoxy [metivl <4-fivdroxy-TH-pyra-
zole-50 3 ~carboxamide (31). A solution of crude 22 (4.6 ¢, 14 mmol) i saturated
methanolicammonia (100 mL) was heated at 90 for 4 b The solvent was evaporated /o
vacuo, and the re%ulling y ol was purified by chromatography on Sihica Gel 60 (6.5 = Sem
column. 70230 mesh) with CHCIL-MeOH (95:5). The preduct-contaimmng fractions
were combined and thc sotvents were evaporated in cacuo o give a colorless onl (1.0 g,
75% based on 2.0 g of recovered starting material) that was used divecty 1o prepare 34.
F.a.b.-mass speetrum: neiz 272,

303 p-Benzvioxvmethvl-4-hydroxy-iH-pyrazole-303 ~carboxeamide (32, Com-
pound 24 was prepared from 18 (4.0 g. 12,5 mmoli as deseribed v the general
procedure, and without purification was treated with NH OH as deseribed ubove,
Chromutography (4 < 15 ¢m column) of the product with F1OA¢ gave 320 which
crvstallizved from the column fractions (1.89 g, 61%) with mp. 166 167 . F o b-mass
spectrum: m:z 248 'H-Nom e data [(CD.SOL 0 4.5 s 4 L CHLOCH 1 7.2 T4, S
H. aromatic H's). 6.9- 7.7, 8.7, 9.5 (bs. 3 H. NH. and O 1293 and 13.03 (bs. | H.
NH).

Anal. Cale for C H NLO L COS829: HL 5300 N6 99 Found: CL 58 320 HL 350
N. 17.04.

4-Hydroxy-3¢5 )-hvdroxymethyl-1H-pyrazole-37 3 i-carboxamide (33). - A solu-
tion of 32 (1.06 g, 4.3 mmol) in EtOH (50 mLj was stirred under H. (7 atmdy with 10%,
Pd.C (230 mg) and a catalvtic amount of CHCL for 1R b, then filiered through Celite.
and the solvent was evaporated i cacuo. Trituration ()i the residue with FrOH- E1OAc
(1) gave 33 (680 mg. 100%), m.p. > 250 tdec.y Fabomass specirim: oz 138
"H-N.m.r. data [(CD).SOJ: ¢ 4.42 (s, 2 H. HO(’H:). 4./.\. S 14 ths. fHO HOCH.),
6.5-9.5 (bs, 3 H. ring OH and NH. 1274, 12,81 (bs. T HL NHY

Anaf Cale. for CCH.N, O Co3822: H.4.49: NO26.74 Found: C 3807 HL 4.61;
N. 26.34.

3(5)-f¢2.3-Dihivdroxypropoxy jmethyi [ -4-hvdroxy - iH-pyrazele-503 i-carboxa-
mide (34). -- A solution of 31 {1 g, 3 mmol) in aqueous 80%, aceuc acid (20 mly was
stirred at room temperature overnight. The acetic acid was evaporated in racvo and the
resulting colorless oi was azcotroped with cyclohexane to remove residual acetic acid
The oil crystallized from ethanol to give 34 (509 mg. 4% over 4 <tc;xx)~ mop. 136137
F.ab-mass spectrum: sz 232 'H-Nomor, data [(CDO.SOE o 32 ded {m 5 H.
CHOH)CHIOM)CH O} 4.41 (5. 2 H.oning CH.). 4,49 and 4.65 (bs. 2 ML 2 aliphatie
OHY. 691 and 7.46¢hs, 2 HLCONH ) 8.4-9.6 (by, T Hormg OFDYL 1297 (e 1 1L NHY

Anal. Cale, for CH, N OAO2SEIOM: €L 42,060 Ho 602 N T 3T Found: CL
41.73: H, 6.03: N. 17.25.
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Methyl  3(5)-{f 2-benzyloxy-1-(benzyloxymethyl )Jethoxy Jmethyl /}-4-hydroxy-
IH-pyrazole-5( 3 )-carboxylate (23) and 3(5)-{[2-benzyloxy-1-(benzyloxymethyl)-
ethoxy Jmethyl}-4-hydroxy-1H-pyrazole-5(3 )-carboxamide (35). — A solution of 1,3-
di-O-benzylglycerol (Aldrich; 17.07 g, 62.66 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 N,. The mixture was stirred for 15 min at room
temperature, the temperature was raised to 60° for 0.5 h, the mixture was cooled in anice
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 HOAc 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, 70-230 mesh), first with CHCI, 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 CHCI, was filtered and
chromatographed on silica gel (3 x 25 cm column, 230400 mesh). More (1.4 g)
1,3-di-O-benzylglycerol was eluted with CHCl,-MeOH (98:2) followed by a small
amount of 23. Elution with CHC1,-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 [(CD,),SO]: 3.52[m, 4 H, (CH,),CH], 3.80 (bs, | H,CHOCH,). 4.47 (s,
4H,2CH,Ph),4.56(s,2H, CHOCH,),7.31 (m, 10H, 2 Ph), 7.33-7.7 (m, 2 H, CONH,),
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(5)-{[ 2- hydroxy- I-( hydroxymethyl Jethoxy Jmethyl}- IH-pyrazole-
5(3)-carboxamide (36). — A mixture of 35 (520 mg, 1.26 mmol), 20% palladium
hydroxide on carbon (100 mg), and 1:1 EtOH-cyclohexene 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]: § 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 CH;;N,0,: C,41.56; H, 5.67; N, 18.17. Found: C, 41.10; H, 5.83;
N, 18.29.
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