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N-(Jw-Nitroanilino)-N'-phenylformamidine.—An excess (15 ml,; 
of aniline was added to 2 g. of la and the mixture was heated in a 
steam bath for 3 hr. After cooling, a dark red precipitate was 
obtained; it was removed by filtration and washed with ethyl 
ether. The product, m.p. 206-206.5°, was obtained by crystal
lization from ethanol, yield 47c- :. 

Anal. Calcd. for CI3H12X4()..: C, 00.9(1; H, 4.72: X. 21..s7. 
Found: C, 61.04; H, 4.91; N, 21.37. 

]-Aryl-4-arylamino-lH-l,2,4-triazolium (4) Chlorides (IV).— 
A suspension of 5 g. of the arylhydrazine hydrochloride (freshly 
recrystallized) in 50 ml. of EOF was heated, while being stirred, 
by distilling the ethanol and the low-boiling fractions as they were 
forming. In the case of IVa and b it was not convenient to distill 
the formed ethanol completely. The reaction mixture was 
filtered at once and the residue was washed on the filter with 
boiling EOF, in order to remove some by-products. In the case 
of phenylhydrazine hydrochloride the by-product (about 0.5 g.) 
was identified as I I I , m.p. 198-198.5°, already described.1- In 
the case of IVc the reaction was interrupted when 2 ml. of ethanol 
had distilled and reaction mixture was filtered in order to obtain 
the crude material. For IYd, the substance went into solution 
at the beginning of the reaction; as soon as a precipitate formed, 
the reaction mixture was filtered immediately. Compounds IV 
consist of crystalline colorless powders, slightly soluble in water 
and ethanol, practically insoluble in ether and acetone. Sol
vents of recrystallization are listed in Table I. 

Alkaline Degradation Products of IVa and b.—To a saturated 
aqueous solution of IVa and b, respectively, an equal volume of 
dilute aqueous ammonia was added in small portions with stirring. 
A yellow-orange precipitate was formed, which was filtered at 
once, washed thoroughly with water, and dried in vacuo. The 
crude material was crystallized repeatedly from ethyl acetate. 
Compound VI (R = H) was obtained as a white crystalline 
powder, m.p. 163-164° dec. 

Anal. Calcd. for C H M X J O : C, 66.13: H, 5.55; X, 22.03. 
Found: C, 66.20: H, 5.63; X, 21.79. 

Under the same conditions, VI (R = 4-CII3) was obtained as 
a white crystalline powder, m.p. 160-161 ° dec. 

Anal. "Calcd. for C,6H,8X40: C, 6S.06; H, 6.43: X, 19.S4. 
Found: C, 67.99; 11,6.59; X, 19.99. 

By oxidative hydrolysis of compounds VI (R = H and 4-CH:i) 
the corresponding formazans VII (It = H and 4-CH3) were ob
tained as follows: 1 ml. of &•'>% hydrogen peroxide was added 
drop by drop with stirring to 300 mg. of VI suspended in 5 ml. of 
2 Ar XaOH. The suspension was allowed to react while being 
stirred for 15-20 hr. A red mass was formed, which was filtered 
and crystallized.5 The identity of these compounds was proved 
by comparison of their ultraviolet spectra with those of the 
authentic samples. 

Hydrogenolysis of IVa and b.—A solution of 5 g. of IVa and b, 
respectively, in 500 ml. of ethanol was hydrogenated with 10'.e 

palladium on carbon (100 mg.) in a low-pressure apparatus. 
In 5-10 hr. the theoretical amount of hydrogen was absorbed. 
The completion of the reaction was indicated by the fact that a. 
sample of the solution, treated with 2 A XaOH, no longer gave 
a red color. The reaction mixture was filtered to remove the 
catalyst, and the ethanol was evaporated to dryness. In the 
case of IVa the residual oil was taken up in a mixture of ethyl 
ether and water (1:1). From the aqueous layer, by evaporating 
to dryness, aniline hydrochloride was recovered. Removing the 
solvent from the ether layer, an oil was obtained. The picrate 
of this substance (lemon yellow crystals, m.p. 160-160.5°, 
from water) was compared with an authentic specimen obtained 
from l-phenyl-lH-l,2,4-triazole (V, It = II), prepared according 
to the literature.13 The two picrates were found to give identical 
infrared spectra. 

Anal. Calcd. for CsM,X:rCBH:,N":,07: C, 44.94: H, 2.69: 
X, 22.46. Found: C, 44.S3; H, 2.60; X, 22.62. 

The hydrochloride of V (R - II), m.p. 179-179.5° (subl.i, 
was also prepared. 

Anal. Calcd. for C8HSC1N3: C, 52.90; H, 4.44. Found: 
C, 53.03; H, 4.54. 

In the case of IVb, the residue was solid and was taken up in 
200 ml. of water; the suspension so obtained was stirred and 
filtered. The residue was crystallized from diluted methanol 
(1:3), giving white needles, m.p. 67-67.5°. Compared as above 

•'12) W. Baker , \V. I>. Oliis, ami V. 1). I'ouie, ./. Che. 
\.VS) G. Pellizzal'i, G'ujz. chim. Hal.. 24, 222 USUI) . 

with an authentic samole,11 the compound proved to lie the !-/>-
tolyl-lH-l,2.4-triazole(V, R = 4-0 Hs). 

Anal. Calcd. for C9HSN3: C, 67.94; II, 5.79; N, 26.11. 
Found: C, 67.S1; 11,5.60; X, 26.51. 

By evaporating the filtrate to dryness, /j-toluidine hydrochlo
ride was obtained. 
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The purpose of this work was to prepare derivatives 
of (5-trifluoromethylpyrazolo[3,4-d]pyrimidine as part 
of a general program in these laboratories to synthesize 
potential anticancer agents containing the fluoro 
and trifluoromethyl groups. Prior to this work fluo
rine-containing derivatives of the pyrazolo [3,4-G?]-
pyrimidine ring system had not been reported. 

The method of synthesis outlined in Scheme I is 
analogous to the route used bv Cheng and Robins-
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TABLE I 
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for the preparation of 6-alkyl-4-substituted pyrazolo-
[3,4-d]pyrimidines. o-Amino-4-cyanopyrazole3 (I) was 
acylated by trifiuoroacetic anhydride to give the 
corresponding 4-cyano-5-trinuoroacetamidopyrazole 
(II). Cheng and Robins found that the 5-acylamino-
4-cyanopyrazoles gave the desired 6-alkyl-4-hydroxy-
pyrazolo[3,4-d]pyrimidines directly when treated 
with hydrogen peroxide in alkaline solution at 70-80°. 
They were unable, however, to isolate the probable 

(3) R. K. Robins, J. Am. Chem. Hoc, 78, 784 (1956). 

intermediate, 5-acylaminopyrazole-4-carboxamide, dur
ing the cyclization process. In contrast, when alkaline 
peroxide was employed at 10-15° with the trifiuoro-
acetamido derivative (II), only the cyclization inter
mediate, 5-trifluoroacetamido-4 -pyrazolecarboxamide 
(III), was obtained. Subsequently, thermal ring 
closure of III provided 4-hydroxy-6-trifluoromethyl-
pyrazolo [3,4-rf]pyrimidine (IV). 

Chlorination of IV with phosphorus oxychloride in 
dimethylaniline afforded 4-chloro-6-trifluoromethylpy-
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razolo[3,4-rf]pyriinidiiie (V). The reaction of V with 
ammonia and various primary amines provided the 
corresponding 4-amino (VI) and 4-alkylamino (VII X) 
derivatives, respectively. The 4-mercapto deriva
tive (XI) was synthesized from V and thiourea. The 
physical properties and chemical analyses of these com
pounds appear in Table I. 

Screening by the Cancer Chemotherapy National 
Service Center has revealed no significant antineo
plastic activity in this group thus far. A summary 
of this test data is presented in Table II. 

Experimental4 

4-Cyano-5-trifluoroacetamidopyrazole (II).—To 300 ml. of 
cooled trifluoroacetie anhydride was added in portions with 
stirring 5-amino-4-cyanopyrazole3 (42 g., 0.39 mole). The mix
ture was heated for a short time at 40° and was then poured onto 
flaked ice. Crystallization of the resulting solid from water 
provided II (73 g., 9lc/i_) as colorless needles, m.p. 204-205°. 

Anal. Calcd. for GeH8F3>.\0: C, 35.30: H, I.4.N. Found: 
C, 36.09; H, 1.68. 

5-Trifluoroacetamido-4-pyrazolecarboxamide (III).—To 
2.55 ml. of 10';J potassium hydroxide solution and 550 ml. of 3 r , 
hydrogen peroxide at 10-15° was added with stirring 73 g. (0.36 
mole) of II. The yellow solution was kept at 10-15° for 2 hr. 
and was then acidified with glacial acetic acid. A recrystal-
lization of the precipitate from water afforded III (67 g., S4("() as 
colorless prisms, m.p. 221°. 

Anal. Calcd. for C6Hr,F;fN4()2: C, 32.44: H, 2.27; X, 25.22. 
Found: C, 32.70; H, 2.13; N, 24.49. 

4-Hydroxy-6-trifluoromethylpyrazolo 13,4-d] pyrimidine (IV).— 
The earboxamide III (32 g., 0.14 mole) was heated at 210--
260° for 0.5 hr. The product was extracted with hot meth
anol and the extract was decolorized with carbon. The con
centrated filtrate slowly deposited IV as pale green prisms. 

4-Chloro-6-trifluoromethylpyrazolo [3,4-d] pyrimidine (V).—- A 
mixture of IV (5.6 g., 0.027 mole) and phosphorus oxychloride 
(25 ml.) in N,N-dimethylaniline (5.6 ml.) was heated at refiux 
for 2 hr. The excess phosphorus oxychloride was removed 
by distillation under reduced pressure and the residue was poured 
onto crushed ice. The mixture was extracted with ether which 
was then removed by distillation. Recrystallization of the 
ether residue afforded V as colorless needles. 

4-Amino-6-trifluoromethylpyrazolo[3,4-(i]pyrimidine (VI).— 
A solution of V (1 g., 0.0045 mole) and ammonia (3 g.) in 25 ml. 
of ethanol was heated in a stainless steel reactor at 100° for 3 hr. 
The solvent was removed under reduced pressure and the 
residue was washed with water. Crystallization gave VI as 
colorless needles. 

4-Alkylamino-6-trifluoromethy]pyrazoIo [3,4-r/l pyrimidines 
(VII-X).—To a solution of 4-ehloro-6-trifiuoroinethylpyrazolo-
[3,i-d\pyrimidine (V) (2.5 g., 0.011 mole) in methanol (20 ml.) 
was added a 30 r , solution of methylamine (2.5 g., 0.024 mole) in 
methanol (20 ml.). The mixture was heated at reflux for 3 hr. 
The crystals that, separated were collected and washed with 
water. Recrystallization from ethanol gave 4-methylamino-6~ 
trifluoromethylpyrazolo[3,4-r/Jpyrimidine (VI) as white crystals. 

The other 4-alkylamino derivatives listed in Table I were pre
pared from the appropriate amines by essentially the same 
method. 

4-Mercapto-6-trifluoromethylpyrazolo [ZA-d 1 pyrimidine 
(XI).—A mixture of the 4-chloro derivative V (3 g., 0.0L3 mole) 
and thiourea (1.2 g., 0.016 mole) in methanol (100 ml.) was heated 
at reflux for 3 hr. The solvent was removed under reduced 
pressure. The residue was then triturated with a small amount 
of water. The product was precipitated from a sodium hy
droxide solution with acetic acid. The mixture was extracted 
with ether and the ethereal extracts were dried over anhydrous 
sodium sulfate. After the removal of the ether under reduced 
pressure, a recrystallization of the residue provided XI as yellow 
needles. 

(4) All melting points were determined in a Thiele-Dennis apparatus. 
.Much of this work was completed in 1961. The samples and melting point 
apparatus used at that time were not available for melting point correction 
at the submission date of this manuscript. Elemental analyses were con
ducted by Schwarzkopf Microanalytical Laboratory. 
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Styrylquinolines effective against Walker 'ioti tumor 
have had an amino group on the 4-posifion of the 
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