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A synthesis of 6-alkyl-4-hydroxypyrazolo [3,4-d]pyrmidines (VI) has been devised from the corresponding 5-acylamino- 
4-cyanopyrazoles (IV) which were in turn prepared from 5-amino-4-cyanopyrazoles (111). Evidence is presented to show 
that the 5-acylrtminopyrazoIe-karboxamide is an intermediate in this cycIization. ChIorination of the various 6-alkyl-4 
hydroxypyrazolo [:3,4-d]pyrimidines yielded the corresponding 6-alkyl-4-chloropyrazolo [3,4d ]pyrimidines (XI). Nncleophilic 
displacement of the chlorine atom in XI resulted in the preparation of a large number of 6-alkylpyrazolo [3,4-d]pyrimidines 
substituted in position 4. 

The d i s c o ~ e r y ~ ~ ~  of 6-amino-2-methylpurine (I, 
R = NH2, R' = CH,) and 6-hydroxy-2-methylpu- 
rine (I, R = OH, R' = CH3) as degradation prod- 
ucts of pseudovitamin BIZ prompted the investiga- 
tion of the preparation of the corresponding ana- 
logs in the pyrazolo[3,4-d]pyrimidine series (IT, R 
= NH2, R' = CH3, and R = OH, R' = CH3). 

R I  R I& 

The general synthesis of the pyrazolo[3,4-d]py- 
rimidine system previously developed in this labora- 
tory5t6 proceeds via the appropriate 5-amino-4-cy- 
anopyrazole (111). The ready accessibility of the 
corresponding 5-acylaminopyrazole led to  a study 
of the use of this compound in an effort to find a 
general synthesis of 6-alkyl-4-substituted pyrazolo- 
[3,4-d]pyrimidines. 

Bogert and Hand reported that the preparation 
of 2-methyl-4-hydroxyquinazoline could be accom- 
plished by the action of warm alkaline peroxide 
solution upon acylanthranilic  nitrile^.^ Following 
this lead it was found that when the 5-amino-4- 
cyanopyra~oles~~~ (111) were acylated by either ace- 
tic or propionic anhydride to give the correspond- 
ing 5-arylamino-5-cymopyrazoles (IT.'), these de- 
rivatives (IV) when treated with hydrogen peroxide 
in alkaline solution at 70-80" gave the desired 6- 
alky1-4-hydroxypf.r,2aole[3,4-d]pyrimidines (VI) in 
excellent yield. 
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In succeeding reactions it proved unnecessary 
to isolate and purify the 5-acylamino-4-cyanopyra- 
zole (IV). The crude syrupy residue (IV) remaining 
after distillation of the excess anhydride gave VI 
directly when treated with hydrogen peroxide in 
alkaline solution. 

The over-all yield of the desired 6-alkyl-4-hy- 
droxypyrazolo[3,4-d]pyrimidines (VI) obtained in 
this manner was even improved. 

In the case of acetylation of 5-amino-4-cyano-l- 
P-hydroxyethylpyrazole(II1, R1 = CHXHZOH), 
the acetylated product obtained was 1-@-acetoxy- 
ethyl-5-acetylamino-4-cyanopyrazole (IV, R, = 
CHzCH20COCH3). It is interesting to note that 
when his product was cyclized in the base-peroxide 
medium, the original R, group was regenerated and 
4-hydroxy-l-~-hydroxyethyl-6-methylpyrazolo [3,4- 
dlpyrimidine was the product obtained. 

The probable intermediate, 5-acylaniinopyrazole- 
4-carboxamide (V), could not be isolated during the 
process of cyclization. An attempt to  prepare 5- 
acetylamino-1-phenylpyrazole-4-carboxamide (V, 
R1 = C6H5, R = CH,) from 5-acetylamino-4-cy- 
ano-1-phenylpyrazole (IV, R1 = C6H5, RS = CH,) 
and concentrated sulfuric acid at  15-20" was un- 
successful. The product isolated was identified as 
5-amino-1-phenylpyrazole-4-carboxamide (VII). 
VI1 has previously been reported, prepared by the 
action of concentrated sulfuric acid on 6-amino-4- 
cyano-1 -phenylpyrazole,6 
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Another attempt to  prepare the suspected inter- 

mediate: 5-acetylamino-1-phenylpyrazole-4-carbox- 
amide from the acetylation of 5-amino-1-phenyl- 
pyrazole-4-carboxamide (VII) resulted in the for- 
mation of 6-methyl-4-keto-1-phenylpyrazolo [3,4-d]- 
5,7-oxazine (VIII). The formation of VI11 is not 
entirely unexpected since benzoxazines can be pre- 
pared by heating anthranilic acid, substituted an- 
thranilic acids and N-acetyl or N-benzoyl deriva- 
tives with acetic anhydrides 

Q 
N N, CH3Y/ Y N 

The desired intermediate, 5-acetylamino-1-phen- 
ylpyrazole-4-carboxamide (V) , was finally pre- 
pared from VI11 and alcoholic ammonia on the 
steam bath. Treatment of V with 10% potassium 
hydroxide cyclized the acetylated amide almost 
immediately to  4-hydroxy-6-methyl-1-phenylpy- 
razolo[3,4-d]pyrimidine (VI, RI = C6H6, Rz = 
CH,). 

HOOC H ' I  " 
X 4 IX 

The oxazone ring in 6-methyl-4-keto-1-phenyl- 
pyrazolo [3,4-d]5,7-oxazine is not very stable and is 
ruptured easily in basic solution to  form 5-acetyl- 
amino-1-phenylpyrazole-4-carboxylic acid (IX) 
which loses carbon dioxide readily on heating. It 
is interesting to note that the 5-acetylamino group 

(8) (a) Bredy and Hof, Ber., 33,29 (1900); (b) Bogert and 
Seil, J .  Am. Chem. SOC., 29, 517 (1907); (c) Lothrop and 
Goodwin, J .  Am. Chem. SOC., 65,  363 (1943); (d) Zentmyer 
and Wagner, J .  Org, Chem., 14,967 (1949); (e) Tomisek and 
Christensen, J .  Am. Chem. Soc., 70, 2423 (1948). 

was retained in warm alkaline solution but hydro- 
lyzed quite readily in the cold acidic medium. 

Justoni and Fuscog prepared "1 ',3'-diphenyl-G- 
hydroxy-2-methyl (pyrazolo - 5',4' : 4,s -pyrimidine) " 
which is the only 6-alkylpyrazolo[3,4-d]pyrimidine 
reported prior to  this work, from the dehydration of 
5-acetylamino-l , 3-diphenylpyrazole-4-carboxamide 
by heating with a direct flame. In this regard it is 
noteworthy that in the case of 5-acetylamino-l- 
phenylpyrazole-4-carboxamide a definite melting 
point could not be obtained on the Fisher-Johns 
melting point apparatus since thermal cyclization 
took place in a similar manner to  give l-phenyl-6- 
methyl-4-hydroxypyrazolo [3,4-d]pyrimidine. 

The preparation of the pyrazolo[3,4-d]pyrimi- 
dine ring system by the fusion of formamide with 
the corresponding 5-amino-4-cyanopyrazoles of 5- 
aminopyrazole-4-carboxamide has been employed 
quite e~tens ive ly .~ .~  Several attempts under vari- 
ous conditions to utilize acetamide or p-nitrobenz- 
amide in place of formamide in the fusion reaction 
to give the corresponding 6-methyl or 6-p-nitro- 
phenylpyrazolo[3,4-d]pyrimidine were unsuccess- 
ful. In both cases the unreacted pyrazoles mere re- 
covered. 

A methyl group substituted on the pyrazolo[3,4- 
dlpyrimidine ring a t  the position *'3''6 was also 
prepared in the 6-alkyl series by acylation of the 
corresponding 3-methyl-5-amino-4-cyanopyrazole 
followed by base-peroxide cyclization. 

Chlorination of the 4-hydroxy-6-alkyl-1-alkyl- 
(aryl)pyrazolo[3,4-d]pyrimidines was carried out 
under conditions similar to those employed for 
compounds having no alkyl substituent a t  the 6- 
position.6 However, for the chlorination of 4-hy- 
droxy-6-methylpyrazolo[3,4-d]pyrimidine (where 
the substituent a t  the 1- position is hydrogen) a 
considerable amount of N,N-dimethylaniline was 
required in addition to  phosphorus oxychloride to  
effect successful chlorination. A similar situation 
has been found with 4-hydroxypyrazolo[3,4-d]py- 
rimidine5 as compared to  the case of the 1-alkyl 
(aryl)-4-hydroxypyrazolo [3,4-d]~yrimidines.~ 

The compound, 4-amino-6-methylpyrazolo[3,4- 
dlpyrimidine, an analog of 6-amino-2-methylpu- 
rine, was prepared by heating XI with alcoholic 
ammonia in a bomb. Various substituted amino 
derivatives were prepared by the reaction of X I  
with various primary and secondary ami- es, 
heated in aqueous or alcoholic solution on the steam 
bath, as shown in the reaction scheme. These 
compounds are listed in Table 111. 

The 4-mercapto-6-alkylpyrazolo[3,4-d]pyrimi- 
dines (XII) were prepared by t\\ o methods-either 
by the thiation of the corresponding 4-hydroxy 
compound (VI) with phosphorus pentasulfide in tet- 
ralin or by the reaction of the 4-chloro compound 
(XI) with thiourea in alcoholic solution. Samples 

(9) Justoni and FUSCO, Gazz. chim. ital., 68, 66 (1938). 
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of products which were prepared by both methods 
mere identical. 

4-Alkoxy-6-alkyl derivatives (XIV) (Table 11) 
were prepared from XI and sodium alkoxide at  
comparatively low temperatures. The sulfur ana- 
logs, 4-alkylmercapto-6-alkyl derivatives (XIII) , 
mere prepared by either the reaction of XI and po- 
tassium alkyl mercaptide or by the alkylation of 
XI1 in basic media with methyl iodide. 

The presence of an alkyl group a t  the 6 posi- 
tion caused a definite hypsochromic shift in the 
absorption spectra in the ultraviolet region of the 
order of 2 to  10 mp. 

In the 6-alkyl-4-substituted pyrazolo[3,4-d]py- 
rimidines, ortho substitution of the aromatic ring 
a t  position 1 appears to cause interference to the 
conjugation of the pyrazole and the benzene ring. 
This was indicated by the ultraviolet absorption 
measurements as illustrated by strong absorption 
in ethanol for 4-chloro-6-methyl-1-phenylpyrazolo- 
[3,kd]pyrimidine (A,,, 238 mp, E = 28,200), 4- 
chloro-6 -ethyl- 1 - phenylpyrazolo [3,4-d]pyrimidine 
(A,,, 239 mp, E = 30,000), 4-chloro-B-methyl-l- 
p-tolylpyrazolo[3,4-d]pyrimidine (A,,, 249 mp, E = 
35,200), 4-chloro-6-methyl-1-p-chlorophenylpyra- 
solo[3,4-d] pyrimidine (A,,,, 249 mp, E = 60,000) 
and 4-chloro-6-methyl-l-p-bromopyrazolo[3,4-d]- 
pyrimidine (A,,, 251 mp, E = 40,400) ; whereas the 
corresponding 4-chloro-6-methyl-l-(o-chloro- 
phenyl)pyrazolo[3,4-d]pyrimidine exhibited a weak 
absorption peak at  264 mp (E = 7500). The latter 
compound showed rather closely the ultraviolet ab- 
sorption characteristic of the 1-alkyl series. Thus 
the absorption spectra for 4-chloro-6-methylpy- 
razolo[3,4-d]pyrimidine (A,,, 265 mp, E = 5050) 
and 4-chloro-1,6-dimethylpyrazolo[3,4-d]pyrim~- 
dine (A,,, 266 mp, E = 5470) are typical. The ab- 
sorption spectra of 4-chloro-6-methyl-l-(o-chloro- 
pheny1)pyrazolo [3,4-d]pyrimidine is probably due 
to  the hypsochromic shift of the interfered conju- 
gated absorption caused by the ortho substitution, 
thus revealing the original absorption due to the 
nucleus, which exhibits a rather low optical inten- 
sity. 

The screening of these compounds against tu- 
mors in mice thus far has not revealed any significant 
antitumor agents in this series. A full report of 
this testing has appeared. lo Some interesting ob- 
servations of these compounds in inhibiting the 
growth of ;Veurospora crassa has been observed.'l 
The compound 4-dimethylamino-6-methyl-l-(p- 
tolyl)pyrazolo[3,4-d]pyrimidine at  a low dosage 
showed relatively pronounced inhibition, however 
a t  larger dosages growth was supported by the 
same compound. Further microbiological testing 
is in progress. 

(10) Skipper, Robins, Thomson, Cheng, Brockman, and 

(11) Fuerst, Somers, and Hsu, J .  Bacteriol., 72,387 (1956). 
Schabel, Cancer Research, 17, 579 (1957). 
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EXPERIMENTAL 

All melting points are uncorrected and, unless otherwise 
stated, were taken on a Fisher-Johns melting point appara- 
tus. 

Preparation of l-alkyl(aryl)-5-acetyIamino-4-cyanopyra- 
zoles. See Table I. Example (1) 5-Acetylamino-4-cyanopyra- 
zole6 (IV, R1 = H, Rz = CH,). A mixture of 250 ml. of acetic 
anhydride and 80 g. of 5-amino-4-cyanopyrazole5 (111, RI = 
H )  was refluxed for 10 hr. Excess acetic anhydride was dis- 
tilled off under reduced pressure. The syrupy substance was 
poured into 30 ml. of benzene. The mixture was stirred for 
several minutes, and the product crystallized slowly. The 
solid was filtered and recrystallized from water to give 89 g. 
(76%) of white crystals, m.p. 214-218". A second recrys- 
tallization from water gave a m.p. of 221-222'. 

Anal .  Calcd. for CGHsNrO: C, 48.0; H, 4.02; N,  37.3. 
Found: C, 47.9; H, 4.36; Tu', 37.4. 

Example  (8 )  5-Acetylamino-4-cyano-l-?nethylpyrazoZe (IV, 
R1, R2 = CHB). The procedure was similar to that for the 
acetylation of 5-amino-4-cyanopyrazole. The crude product 
(yield 90%) was recrystallized from water to give a white 
powder, m.p. 210-211'. 

Anal .  Calcd. for C?H8X40: C, 51.1; H, 4.91. Found: C, 
51.1; H, 4.91. 

Example  ( 3 )  5-8cetylantino-4-cyano-l-phenylpyrazole (IV, 
RI = CGHS, Rz = CHa). One hundred fifty g. of 5-amino-4- 
cyano-1-phenylpyrazoles (111, RI = CGHs) was treated with 
200 ml. of acetic anhydride and refluxed for 19 hr. Excess 
solvent was taken off under reduced pressure. To the syrupy 
residue was added a small amount of benzene and skelly- 
solve (b.p. 60"). The product crystallized gradually. I t  
was filtered and JTashed with a little benzene and was re- 
crystallized from water to give 171 g. (924i,) of a white crj-s- 
talline compound which melted at 171-172". 

Anal .  Calcd. for C12H,&&2: C, 63.6; €1, 4.45. Found: 
C, 63.2; H, 4.44. 

Preparation of 5-ainino-l-phenylp~raiole-~-carboxaniidc 
(VII) by the actzon of concentrated sulfuric acid o n  6-acetyl- 
amino-4-cyano-1-phenylpyrazole. To 120 ml. of concentrated 
sulfuric acid cooled in icebath was gradually added, with 
continuous stirring, 30 g. of finely pode red  5-acetylamino- 
Pcyano-1-phenylpyrazole. The inside temperature was 
maintained a t  15-20". After the reaction was complete, the 
clear solution \vas allowed to stir for 30 miri. It was then 
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pourec' with vigorous stirring, onto 1 kg. of crushed ice. 
The solution was then neutralized wit,h concentrated am- 
monium hydroxide. A white precipitate which formed in- 
stantly was filtered and washed with water, dried, and 
recrystallized from benzene and methanol to give 20 g. 
(78%) of a white solid, m.p. 171-172'. Recrystallization 
from ethanol and water raised the melting point of t,he 
product to 172-175'. 

Anal. Calcd. for ClOHloNJ3: X, 27.7. Found: W, 27.9. 
A mixture of this compound and the compound prepared 

from the hydrolysis of 5-amino-4-cyano-1-phenylpyrazole~ 
showed no depression in melting point. 

6-,l~ethyl-4-keto-l-phenylpyrazolo [3,4-d] -5, ?-oxazine ( TrIII). 
A mixture of 20 g. of 5-amino-1-phenylpyrazole-4-carbox- 
amide and 200 ml. of acetic anhydride was refluxed for 15 
hr. Excess anhydride was distilled under reduced pressure. 
The residue solidified on cooling. It was recrystallized from 
a mixture of benzene and heptane to give 15 g. (675;) of a 
yellow solid, m.p. 184.5-185.5' (sublimed a t  145"). 

Anal. Calcd. for C~ZH~N~OZ:  C, 63.6; H, 4.00; N,  18.j. 
Found:C,63.3;H,4.11;N,18.6. 

6-Acetylamino-l-phenylpyrazole-4-carboxylic acid (IX). 
Two and one-half g. of 6-methyl-4-keto-1-phenylpyrazolo- 
[3,bd]-5,7-oxazine were mixed with 200 nil. of water con- 
taining 2 g. of potassium k ide. The mixture was kept 
a t  room temperature for 2 id then hcated on a steam 
bath for 10 hr. and finally abluLued with glacial acetic acid. 
.2 white precipitate gradually formed. The compound was 
filtered and reprecipitated from base with acetic acid to 
give 2 g. (7475) of white needles, m.1). 201-202" (with 
evolution of gas). 

Found: C. 58.7: H. 4.37: N. 17.1. 
Anal. Calcd. for C12HI1X303: C, 58.9; El, 4.52; T, 17.2. 

, ,  I ,  

Preparation of 5-acetylamino-l-phe1zyipyrazole-4-carbox- 
amide (V). Two g. of 6-methyl-4-keto-l-phenylpyrazolo[3,4- 
d]-5,7-oxazine were added to 100 ml. of alroholic ammonia. 
The mixture was allowed t,o st.and at  room temperature for 
30 min. ITith occasionally shaking. It was then heated 
briefly on a steam bath until a solid product precipitated 
from the alcoholic solution. The product was filtered, and, 
the product dried at  100" for 5 hr. The m.p. nas  301-302'. 
Owing to the relative instability of this compound, it was 
analyzed xvithout further purification. 

Anal. Calcd. for C1gH12X&2: C, 59.1; H, -1.94; X, 22.0. 
Found: C, 59.6; H, 5.06; X, 23.0. 

The melting point of this compound \vas the same as t.hat 
for 4-hydroxy-6-methyl-1-phenylpyrazolo [ 3,4-d] pyrimidine. 
A mixed melting point indicated no depression. However, 
the ultraviolet absorption spect,ra for t,he carboxamide (in 
neutral solution, Amax 230 mp) and that, for the cyclized 
pyrazolo [3,4-d]pyrimidine (in neutral solution, Am,, 233 
mp, 269 mp) were different. So were the analyses of these 
two compounds. This indicated that t'hc cwboxamide cy- 
clized at  elevated temperature during the meking point det,er- 
mination. The thermal cyclization was further confirmed by 
the determination of ultraviolet absorption spectra of the 
acetylated carboxamide after heating a t  350" for 30 min. 
The spectra were found to be identical to that of $-hydroxy- 
6-methyl-l-phenylpyrazolo [ 3,4-d] pyrimidine. 

Preparation of I-alkyl(aryl)-l+-hydroxy-6-methylpyrazolo- 
(SJ4-d) pyrimidines  (VI).  See Table 11. ,$-Hydroxy-6-niethyl- 
p y r a z o l o [ S , ~ - d ] p y r i ~ n i d i n e  (5-1, RI = H, RZ = CHa). A mix- 
ture of 1.5 g. of 5-acetylamino-4-cya1iopyrazole, 7 ml. of 
10yc potassium hydroxide, and 15 ml. of 3cc hydrogen 
peroxide was warmed on a water bath for 30 min. The tem- 
perature of the bath was kept a t  70-75". The mixture was 
then acidified with glacial acetic acid. ;\ white precipitate 
was formed gradually from the clear solution. I t  was filtered 
and reprecipitated from dilute potassiiim hydroxide and 
acetic acid to  give 1.1 g,  (?Ac;)  of ivhitc. powder, m.p. 
336-838" (dec.). The melting point, \ T ~ P  cictrrminrd on  a 
copper block. 

dnal .  Calcd. for CtiHCXJJ: C, 48.0; H, 4.00; K, 37.3. 
Found: C, 18.3; H, 3.98; X, 37.1. 
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4-Hydroxy-1 ,6-dirriethylpyrazolo[S,4-d]pyrimidine (VI, R1, 
Rz = CH3). One hundred twenty-one g. of 5-acetylamino- 
I-methyl-4-cyanopyraeole were added to a mixture of 1500 
ml. of 3y0 hydrogen peroxide and 400 ml. of 10% potassium 
hydroxide. The mixture was warmed a t  70" for 10 hr. It was 
then filtered and acidified to yield light yellow crystalline 
precipitate. The crude product was recrystallized from 
ethanol to give 103 g. (7353)  of needles, m.p. 277-278" (sub- 
limed a t  1.80"). 

Anal. Calcd. for C,H&aO: C, 51.2; H, 4.90; N, 34.2. 
Found: C:, 51.2; H, 4.88; N, 34.2. 

4-Ilydrox yb-methyl-1 -phen y l p  yrazolo( S,4-d )pyrimid ine 
(VI, It, := CGH5, R, = CH,). Method (1): 5-Acetylamino-4- 
cyano-1-phenylpyrazole (14.5 g.) was dissolved in a solu- 
t'ion of 5 g. of potassium hydroxide and 200 ml. of 39; 
hydrogen peroxide. The mixture was warmed a t  70-75' 
for 5 hr. I:t was then acidified with glacial acetic acid to give 
a white precipitate. The product was recrystallized from 
ethanol to give 14 g. ( 9 i T { )  of white needles which melted 
a t  298-3110'. Another recrystallization raised the melting 
point to 301-302". 

Anal. Calcd. for CIZH~ONIO: C, 64.0; H, 4.42; N, 24.8. 
Found: C, 63.7; H, 4.33; N, 24.6. 

Method (2) : One g. of 5-acetylamino-l-phenylpyrazole-l- 
carboxamide w-as added to 100 ml. of 10% potassium hy- 
droxide solution. The mixture was heated on a water bat.h 
(70") for 20 min. and then acidified with glacial acetic 
acid. The white precipitate which formed immediately was 
filtered and washed with water. Recrystallization from 
ethanol gave 0.8 g. of white needles which melted a t  301'. 
The mixed melting point of this product and that prepared 
by Method (1) showed no depression. The ultraviolet ab- 
sorption spectra of this compound and the compound made 
from Method (1) m-ere identical. 

Preparotion of l-alliyl(aryl)-4-chloro-6-methylpyrazolo[S,4- 
d ]  pyrimidines (XI) .  See Table 11. 4-Chloro-6-ntethyZpyrazolo- 
[Y,4-d]pyrimidine (XI,  R, = H, R, = CH,). Fifty g. of finely 
powdered 4-hydroxy- 6 - methylpyrazolo [3,4 - dlpyrimidine 
were addtd to a mixture of 140 ml. of N,N-dimethylaniline 
(mono-free) and 1 1. of phosphorus oxychloride. The mix- 
ture was refluxed for 2 hr. until all the solid went into solu- 
tion. Excess phosphorus oxychloride was distilled under 
reduced pressure, and the syrupy residue was poured onto 
crushed ice with vigorous stirring. The aqueous suspension 
was extracmted with ether (6 1. required). The ethereal extract 
was washed well with water until absolutely free from acid. 
The ether extract was dried over magnesium sulfate for 12 
hr. and finally distilled slowly from a water bath. The last 
trace of ei,her was removed with a stream of air. This pro- 
cedure W L ~ S  necessary to avoid the decomposition of the 
chloro- compound by overheating. The crude compound 
\\-as recryr,tallizeti from dry benzene to give 35 g. (62%)) of 
the product which decomposed xithout melting a t  135- 
140". 

Anal. Calrd. for C6HJaCI: C, 42.7; H, 2.70; X, 33.3. 
Found: C, 42.5; H, 2.91; S', 33.6. 

4-Chloro-l,6-din~ethylpyrazolo[3,/t-d] pyrimidine (XI,  RI, 
Rz = C&). Twenty-five g. of 4-hydroxy-1,6-dimethj-l- 
pyrazolo [3,4-d] pyrimidine and 400 ml. of phosphorus oxy- 
chloride kvere refluxed for 2 hr. Excess solvent \vas distilled 
from the clear solution. The syrup, which contained a small 
amount of phosphorus oxychloride so that it could he 
poured 0111, easily, \vas poured slowly onto 1 kg. of crushed 
ice with vigorous Ptirring. The cold aqueous suspension 
was allowed to stand for 16 min. and thcn extracted with 
chloroform. The ext,r.net was dried over anhydrous sodium 
sulfate overnight,. Chloroform \vas distilled :it room tem- 
perature and a browiish yellow liquid resulted which solidi- 
fied on cooling, The product was recrystallized from 7 ~ -  
heptane to give 24 g. (87%)  of white needles, m.p. 74". 

Anul. C.tlcd. for C7H7N4CI: C, 46.1; H, 3.84; N, 30.7. 
Found: C, .15.9; H, 4.01; N, 30.6. 

4-Chloro-6-methyl-i-( p-ni2rophenyl)pyrazolo [5,4-d] pyriini- 
diae (SI, Itl = p-S02C&, R, = CH3). To 250 ml. of 

phosphorus oxychloride were added 20 g. of powdered 4- 
hydroxy-6-methyl-1- ( p  - nitrophenyl)pyrazolo[3,4 - dlpyrim- 
idine. The mixture was refluxed for 3 hr. Excess phos- 
phorus oxychloride was then distilled at reduced pressure, 
and the syrupy residue was added cautiously, a little at. a 
time, onto finely crushed ice with vigorous stirring. The 
resulting solid product was filt'ered and washed \veil with ice 
water followed by ether. It was recrystallized from toluene 
to give 17.5 g. (827,) of light yellow powder, m.p. 184'. 

Anal. Calcd. for CI2BsS50~C1: N, 24.2. Found: N, 24.2. 
Preparation of l-alkgl(aryl)-6-alkyl-4-naercaptopyrazolo[3,4- 
dlpyriinidines (XII). See Table 11. Q-?/lercapto-6-n~ethyl-l- 
1-phenylpyrazolo(SJ4-d)yyrirrLidine ( X I ,  It, = C6H5, RZ = 
CH3). Method (1).  ,4 mixture of finely powdered, intimately 
mixed 4-hydroxy-6-methyl-l-phenylpyrazolo[3,4-d]pyrim~- 
dine (11 g.) and phosphorus pentasulfide (50 g.) was added 
portionwise to 400 ml. of tetralin, preheated to 165". Dur- 
ing the addition, which required 45 min., the temperature 
\vas allowed to rise to 185'. The reaction mixture was then 
heated to 190-195' for 6 hr., with continuous stirring. The 
solution was then cooled overnight and filtered. The product 
was rsashed with Skellysolve "B," and finally dissolved in 
dilute potassium hydroxide solution. Precipitation of the 
product with acetic acid gave 5.5 g. (46.653), m.p. 266-268". 

For analytical purposes part of the product, was recrys- 
tallized from ethanol to give a light yellow solid, m.p. 
268.5'. 

Anal. Calcd. for CIPHIONIS: C, 59.5; H, 4.16; XI 23.1. 
Found: C, 59.4; H, 4.16; N,  23.4. 

Xethod (2). A mixture of 14 g. of 4-chloro-6-methyl-l- 
phenylpyrazolo [3,4-d] pyrimidine and 14 g. of C.P. thiourea 
in 120 ml. of absolute ethanol was refluxed for 4 hr. A light 
yellow solid separated on cooling. The product was filtered 
and washed well with cold ethanol and water. The product 
was further purified by precipitation from a hot basic solu- 
tion Tvith acetic acid t,o give 11.5 g. (83.3y0) of a white solid, 
m.p. 268.5". .4 mixed melting point of the product and the 
one prepared by method (1) indicated no depression. Their 
ultraviolet absorption spectra n-ere identical. 

All the other Pmercapto derivatives were prepared by 
essentially the same procedure as Method ( 2 ) .  

Preparation of l-alkyl(aryl)-fi-alkyl-4-alkylnzercaptopyra- 
zolo [3,4-d]pyrirrridines (XIII). See Tablc 11. 1 $-Dimefhyl- 
4-methylmercaptopyrazoZo(S,4-djpyrimid~ne (XIII, R,, Rz, 
Ra = CHs). A mixture of 1 3  g. of 1,6-dimet,hyl-4-mercapto- 
pyrazolo [3,4-d]pyrimidineJ 40 ml. of 4 4  potassium hy- 
droxide, 18 g. of methyl iodide, and 30 ml. of methanol was 
shaken vigorously in a separatory funnel for 30 min. The 
contents were allowed to  stand overnight, at 40'. The white 
solidwas filtered and recrystallized from dilute methanol. 
The yield was 12.5 g. (90.2yo), m.p. 74-75', 

Anal. Calcd. for CsHl&aS: N,  28.8. Found: N, 28.7. 
4-Ethylrnercapto-6-ni~ethyl-l-phenylpyrazolo [3,4-d]pyrin~i- 

dine (XIII, Ri = C6H5, Rz = CHp, R3 = CzHj). Sine g. of 
4 - mercapto-6-methyl- 1 -phenylpyrazolo [3,4-d ]pyrimidine 
was added to 200 ml. of water containing 15 g. of potassium 
hydroxide and 21 g. of ethyl iodide. To this mixture was 
added 100 ml. of ethanol to make the solut'ion homogeneous. 
The mixture was refluxed for 5 hr. It was then reduced in 
volume until an oily product. appeared which solidified 
don-ly on standing. The product was filt'ered, washed well 
with water, and rerrystallized from dilute ethanol. The 
yield of slightly yellow needles was 3 g. (SO(,:;), m.p. 86-88'. 

Anal. Calcd. for CI4H,&TIS: N, 20.7. Found: K, 20.9. 
Preparation of 4-alkoxy-l-aZkyl (aryl)-6-niethylp!/razolo [3,& 

dlpyrini idines  (XIV). See Table 11. 4-E'thosy-6-rnrthyl-i-p- 
tolylpyrazolo [3,4-djpyrirttidine (XIV, Itl = p-CH&Fta, 
R, = CH,, RB = C2Hj). To a solution of 100 ml. absolute 
ethanol and 5.5 g. of 4-chloro-6-methyl-l-(p-tolyl)pyraxolo- 
[3,4-d]pyrimidinc was added, slowly, with shaking, a solu- 
tion prepared by dissolving 2 g. of sodium in 70 ml. of 
ethanol. The mixture was allowed to  stand at room tem- 
perature for 2 hr., wit,h occasional shaking. It m-as then 
heated on a steam bath for 40 min. and sodium chloride 
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filtered f'rom the hot reaction mixture. To the filtrate was 
added 50 ml. of water, and the clear solution was cooled 
overnight. Whit.e, fluffy long needles were formed the second 
day, which were filtered and recrystallized from dilute 
ethanol to give 3.1 g. (53%) of the desired product, m.p. 
93-94 O .  

iinal. Calcd. for ClsH16NaO: N, 20.0. Found: N, 20.8. 
The other 4-alkoxy compounds were prepared by essen- 

tially the same method. 
Preparation of 6-alkyl-4-,~-substituted aininop yrazolo [3,4- 

dlpyrimidines (SV). See Table 111. General Method (A). 
This method is illustrated by the following example. &Amino- 
6-methylpyrazolo [3,4-d]pyrimidine (XV, R1, Ra, Rg = H, 
R2 = CH3). A mixture of 10 g. of 4chloro-6-methylpyra- 
zolo[3,4-d]pyrimidine (XI, R1 = H, RP = CHI) and 120 ml. 
of alcoholic ammonia was heated in a bomb at 160' for 8 hr. 
The reaction product was evaporated on a steam bath t.0 
dryness. The residue 11-as boiled with dilute hydrochloric acid. 
The solution n-as treated gi th  charcoal and filtered. The 
product II-as reprecipitated by the addition of ammonium 
hydroxide. The product was then filtered and recrystallized 
from di1ut.e ethanol to  give 6.5 g. (7373  of light yellow 
needles, m.p. > 300". 

dnal. Calcd. for CGH~N:: C, 48.3; H, 4.60; N, 4i.O. 
Found: (3, 48.4; H, 4.95; N, 46.7. 

General Jlethod (B) .  This method is illustrated by the 
following specific examples. 4-n-Butylumino-6-?1~ethylpyra- 
zolo[3,4-tl]pyrin~idines (XV, R1, R4 = H, R, = CHI, RE, = 
CH2-CH2-CH2-CH~). Five g. of 4-chloro-6-methylpyra- 
zolo(3,4-d)pyrimidine \?.as added to  a mixture of 7 g. of 
n-butylamine and 120 ml. of absolute ethanol. The mixture 
TTBS refluxed on a steam bath for 7 hr., light yellow needles 
formed in the hot solution. The product was filtered and 
recrvstallized from ethanol to give 3 g. (49.1%) of white - - 
needles, :n.p. 220-222". 

Anal. Calcd. for ClnHI,S~:  K, 34.2. Found: N, 34.5. 
4- (p-Chloroanzlzno)-6-methyl-l-phenylpyrazolo [S,4-d Ipyrim- 

zt lzne (XV, Itl = C&, R = CHI, R4 = H, Rs = p-C1- 
C6H4) ,' Five g. of 4-chloro-6-methyl-1-phenylpyrazolo [3,4d]- 
pyrimidine was added to a mixture of 8 g. of p-chloroaniline 
and i 5  nil. of absolute ethanol. The mixture was refluxed on 
a water bath for 40 min., and a yellow solid separated from 
the hot solution. The mixture, after cooling in an ice bath 
for 3 hr. was filtered. The crude product, 6.2 g., m.p. 220- 
'2%3", wtls recrystallized from dilute ethanol t,o give 5.6 g. 
(si:/;) 01 white needles, m.p. 226-226.5'. 

Anal. Calcd. for ClsHl,X,C1: C, 64.4; H, 4.21;.N1 20.9. 
Found: 13, 64.0; H, 4.33; K, '20.7. 

1 - (p..Chlorophenyl)-6-nzethyl-4-(p-phenylethylan~ir~o)p yru- 

zolo[3,4-d]pyrimzdine (SV, Itl = p-C1-C8H4, RP = CHJ, 
Ra = H, R j  = CHZ-CHZ-C~H~). Nine g. of 4-chloro-l- 
(p-chlorophenyl)-6-methylpyrazolo[3,4-d]pyrimidine was 
added to 160 ml. of absolute ethanol containing 10 g. of p- 
phenylethylamine. The mixture &-as boiled gently on a 
steam bath to near dryness. To the residue was added 20 
ml. of methanol. The solid produce was filtered and recry- 
stallized from ethanol to give 11 g. (947;) of white needles, 
m.p. 175-176". 

Anal. Calcd. for CPoH18SjCI: C, 66.0; H, 4.98; X, 19.3. 
Found: C, 65.7; H, 5.12; N, 19.7. 

General Method (C) is illustrated by the following es- 
amples. 4-Furf~rylanaino-1~6-dznzethyIpyrazolo [S,d-d]p yrzmz- 
dine (SV,  Rl, Rz = CH,, Ra = H, Rs = CH2-CdH30). 
A mixture of 5.5 g. of 4-chloro-1,6-dimethplpyrazolo [3,4- 
dlpyrimidine, 5.5 g. of furfurylamine, and 200 ml. of absolute 
ethanol was heated on a steam bath for 8 hr. The mixture 
was then evaporated, and the syrupy residue was stirred 
with 30 ml. of 10% potassium hydroxide solution so as 
to neutralize the hydrochloride salt. The alkaline solution 
was decanted, and the syrup was boiled with 100 ml. of 
benzene for 2 hr. The hot benzene solution was filtered and 
evaporated to dryness. The light yel1oFy solid remaining 
was recrystallized twice from ethanol t o  give 4 g. (54.6%) 
of white needles, m.p. 140-141 5". 

Anal. Calcd. for C12H13X40: N, 28.8. Found: IT, 28.6. 
~-Benzylurnino-6-ethyl-l-phenylpyrazolo [3,4-d ]pyrimidine 

To a solution of 13 g. of 4-chloro-6-ethyl-1-phenylpyrazolo- 
[3,4d]pyrimidine in 150 ml. of absolute ethanol was added 
slowly, xi th  stirring, a solution of 13 g. of benzylamine in 
50 ml. of absolute ethanol. The mixture was refluxed for 12 
hr. Excess ethanol was evaporated, and the syrupy produrt 
was treated u;ith benzene and several drops of methanol. 
The compound solidified slowly after refrigeration. The 
product was recrystallized from a mixture of ethanol and 
benzene to  give 8 g. (48.5%) of white crystals, m.p. 129- 
129.5'. 

(XV, R1 = CgHj, RP = CzHj, Ra = H, R j  CHZ-CIHL). 

Anal. Calcd. for C ~ ~ H ~ Q N ~ :  S, 21.3. Found: S,  21.4. 
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