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recrystallized from 50 ml. water to yield 0.2 g. of yellow with that obtained from 6-chloro-7-methylpurine and alco-
needles, m.p. 280-283°. Mixed melting point and ultra- holic ammonia solution when heated on the steam-bath, 
violet absorption data indicated this product to be identical TBMPB, ARIZONA 
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A number of new 4,6-disubstituted pyrazolol3,4-d]pyrimidines have been prepared. The successful chlorination of 
4,6-dihydroxypyrazolo[3,4-d]pyrimidine (V) to give 4,6-dichloropyrazolo[3,4-d]pyrimidine (VI) has provided VI as an 
intermediate for the preparation of a large number of pyrazolo[3,4-d]pyrimidines previously unreported. Selective re
placement of the chlorine atoms of VI under carefully controlled conditions yields the 4-substituted-6-chloropyrazolo[3,4-d]-
pyrimidine. A preliminary study has been made with regard to the ease of nucleophilic displacement of various groups in 
the 4- and 6-positions of the pyrazolo [3,4-d] pyrimidine ring. 

The ant i- tumor activity3 '4 of several derivatives 
of the pyrazolo[3,4-d]pyrimidine ring system has 
prompted a more thorough investigation of these 
compounds. Although preliminary a t tempts 6 to 
convert 4,6-dihydroxypyrazolo[ 3,4-d Jpyrimidine 
(V) to 4,6-dichloropyrazolo[ 3,4-d Jpyrimidine (VI) 
were unsuccessful, it has now been discovered t ha t 
N,N-diethylaniline and phosphorus oxychloride 
convert 4,6-dihydroxypyrazolo [3,4-d] pyrimidine 
(V) to VI in 60-70% yield. 4,6-Dichloropyrazolo-
[3,4-d]pyrimidine (VI) has proved to be a very 
useful intermediate in the synthesis of a large num
ber of otherwise inaccessible 4,6-disubstituted de
rivatives in this series. When VI was t reated with 
the usual nucleophilic reagents under relatively 
mild conditions, the corresponding 4-substituted-
6-chloropyrazolo[3,4-d]pyrimidine was obtained. 
Thus VI and dilute sodium hydroxide gave 4-
hydroxy-6-chloropyrazolo[ 3,4-d Jpyrimidine (VII) . 
The structure of VII was established by refluxing 
VII with thiourea in ethanol to give 4-hydroxy-6-
mercaptopyrazolo (3,4-d)pyrimidine which has pre
viously been prepared5 by fusion of thiourea and 
3-amino-4-pyrazolecarboxamide. 4,6-Dichloro-
pyrazolo(3,4-d)pyrimidine (VI) when t reated with 
sodium hydrosulfide (0.5 N) at 0° gave 4-mercapto-
6-chloropyrazolo(3,4-d)pyrimidine ( X I I I ) . I t was 
evident by inspection of the ultraviolet absorption 
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spectrum of X I I I tha t the mercapto group was in 
position " 4 " since 4-mercaptopyrazolo(3,4-d)py-
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rimidine5 shows an absorption maximum at pH of 1, 
321 niyu and a t pH of 11, 314 my. The spectrum 
of X I I I shows an absorption maximum a t pH of 1, 
325 uifi and at pH of 11, 315 m/x. In all respects 
the spectra are remarkably similar. The structure 
of X I I I was further established by methylation 
with methyl iodide to give 4-methylmercapto-6-
chloropyrazolo (3,4-d) pyrimidine ( I I I ) . The un
ambiguous synthesis of I I I was accomplished by 
chlorination of 6-hydroxy-4-methylmercaptopy-
razolo(3,4-d)pyrimidine (I l ) with dimethylaniline 
and phosphorus oxychloride. 4-Methylmercapto-
6-hydroxypyrazolo(3,4-d)pyrimidine (II) was pre
pared by careful methylat ion of 4-mercapto-6-
hydroxypyrazolo(3,4-d)pyrimidine (I).6 

4 - Methylmercapto - 6 - chloropyrazolo(3,4 - d)-
pyrimidine (III) was also prepared by t rea tment 
of 4,6-dichloropyrazolo(3,4-d)pyrimidine (VI) with 
potassium methylmercaptide in methanol at 0°. 
Similarly VI and sodium ethylmercaptide gave 4-
ethylmercapto - 6 - chloropyrazolo (3,4 - d) pyrimidine. 
Another example of the selective replacement of 
the "4"-chloro a tom was the reaction of cold so
dium methoxide or cold sodium ethoxide with VI 
to give 4-methoxy-6-chloropyrazolo (3,4-d) pyrimi
dine (X) or 4-ethoxy-6-chloropyrazolo(3,4-d)py-
rimidine, respectively. 

The structure assigned X was established by 
t rea tment of X with aqueous methylamine which 
yielded 4 -methylamino - 6 - chloropyrazolo(3,4 - d)-
pyrimidine (XIV). 4-Methylamino-6-chloropyra-
zolo(3,4-d)pyrimidine (XIV) was also readily pre
pared from 4-methylmercapto-6-chloropyrazolo(3,-
4-d)pyrimidine ( I I I ) . Since the structure of I I I 
was established by independent synthesis, it follows 
t ha t X I V must be 4-methylamino-6-chloropyra-
zolo(3,4-d) pyrimidine. 

Trea tment of 4,6-dichloropyrazolo(3,4-d)pyrimi-
dine (VI) with various amines followed the ex
pected course. Trea tment of VI with an aqueous 
or alcoholic solution of a primary or secondary 
amine, heated briefly on the steam-bath, resulted 
in the preparation of the corresponding 4-sub-
s t i tu ted amino-6-chloropyrazolo(3,4-d)pyrimidine. 
For a number of these derivatives, see Table I . 
The assignment of the position of the substi tuted 
amino group in these compounds was made on the 



6408 ROLAND K. R O B I N S Vol. 79 

H 

H°l l| N 
N Il 

C H 3 I 
> 

O H -

H 
H 0 ^ N V N 

N 
N POCIs 

Cl 

SH 
I 

N, N-dimethylaniline 

H 

N 
N Il Il 

CH3SK 
>• 

H 
C H 3 S f N Y \ -

SCH3 

II 

P2S6 

H 

CH3SK 

SCH3 

III 

i 

POCl3 

N, N-dieth vlaniline 

H 

N I !I 
OH-

H 

N 

SCH3 

IV 

H 

N ale. XH3 

200° 

H 2 x / N Y N 
N 

Cl 
VI 

R2NRi 

f 
Rr 

R: 

CH8ONa 

H 

1 N 

# v N \ 
N 
Il 

r l ^ N v N x 

OH 
VII 

RNH 2 

H H 

p IV^ N N / N \ 
I Il N 

N || Il 
1 ^ 

OH 
VIII 

H2N, 

N 

P2S5 

H 

N 

RiNR2 

IX 
OCH8 

X 
REACTION SCHEME I 

OH 
XI 

SH 
XII 

X 
or 
VI 

CH3NH2 CH3NH2 m 

HNCH 5 

XIV 

basis of comparison of the ultraviolet absorption 
spectra a t pH 11 with the corresponding 4-alkyl-
aminopyrazolo(3,4-d)pyrimidines.6 In all cases the 
spectra were remarkably similar. This would be 
expected if the alkylamino group was in position 
" 4 " since it has been noted throughout this work 
t ha t the "6"-chloro a tom effects little change in 
the ultraviolet spectrum. The preparation of X I V 
from VI and aqueous methylamine confirms the as
signed structure of the compounds in Table I since 
the structure of X I V has been independently deter
mined by its preparation from I I I . The replace
ment of the 4-chloro atom' took place usually from 
10 to 20 minutes after heating the solution on the 
s team-bath. The completion of this reaction was 
often evidenced by the appearance of the product as 
a precipitate in the hot solution. Prolonged 
heating from 24 to 36 hr. with an excess of the amine 
resulted in the corresponding 4,6-bis-(substituted-
amino)-pyrazolo(3,4-d)pyrimidine ( IX) . The 4,-
6 - bis - (substituted-amino)-pyrazolo(3,4-d)-pyrimi-
dines prepared are listed in Table I I . The 
only exception encountered in the reaction of VI 
with amines was with aqueous dimethylamine. 
In this case 4,6-bis-(dimethylamino)-pyrazolo(3,-
4-d)pyrimidine (IX, Ri, R2 = CH3) was the only 
compound tha t could be isolated. All a t t empts 
to isolate 4-dimethylamino-6-chloropyrazolo(3,4-d)-
pyrimidine failed. This bis compound resulted in 
a reaction t ime of less than 5 minutes with very 
dilute solutions of dimethylamine. This type of 

reaction with dimethylamine previously has been 
noted in other condensed pyrimidine systems which 
contain active chlorine atoms.6 

The selective replacement of the chlorine atoms 
in VI in a stepwise fashion by various amines gave 
rise to a number of interesting substituted-amino 
derivatives. For example, t r ea tment of X I V with 
aqueous dimethylamine on the s team-bath gave 4-
methylamino-6-dimethylaminopyrazolo (3,4- d) pyri
midine (XV). 
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In a similar manner 4-benzylamino-6-dimethyl-
aminopyrazolo(3,4-d)pyrimidine (XVII) was pre
pared from 4-benzylamino-6-chloropyrazolo(3,-
4-d)pyrimidine (XVI) and aqueous dimethylamine. 

XVII 

The t rea tment of 4,6-dichloropyrazolo(3,4-d)-
pyrimidine (VI) a t higher temperatures and for a 
longer period of reaction t ime with an excess of the 
nucleophilic reagent as in the case of the amines 

(6) R. K. Robins and G 
(1956). 

H. Hitchings,. THIS JOURNAL, 78, 973 
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usually gave rise to disubstitution. Alcoholic am
monia and VI at 100° gave 4-amino-6-chloropy-
razolo(3,4-d)pyrimidine (XVIII). The structure of 
XVIII was assigned because of the similarity of 
the ultraviolet absorption spectra of XVIII and 4-
aminopyrazolo(3,4-d)pyrimidine.4 Alcoholic am
monia and VI at 200° gave 4,6-diaminopyrazolo-
(3,4-d)pyrimidine (XIX) as the only product. 
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The preparation of XIX also was accomplished 
by a similar treatment of III or 4-chloro-6-methyl-
mercaptopyrazolo(3,4-d)pyrimidine6 with alcoholic 
ammonia at 200°. 

Treatment of 4,6-dichloropyrazolo (3,4-d) pyrimi
dine (VI) with an excess of sodium methoxide in 
boiling methanol 36 hr. gave 4,6-dimethoxypyra-
zolo(3,4-d)pyrimidine. Sodium methylmercaptide 
under similar conditions gave 4,6-bis-(methyl-
mercapto)-pyrazolo(3,4-d)pyrimidine (IV). This 
compound was also prepared from 4-methylmercap-
to-6-chloropyrazolo(3,4-d)pyrimidine (III) in a sim

ilar manner by the use of sodium methylmercap
tide. The preparation of IV has recently been re
ported by Falco and Hitchings7 by methylation 
of 4,6-dimercaptopyrazolo(3,4-d)pyrimidine. Al
though good agreement was obtained in com
parison with the ultraviolet absorption spectra re
corded for IV and that obtained in this Laboratory, 
the melting point of an analytically pure sample 
was 196-197° as compared to 189-190° as re
corded by Falco and Hitchings.7 

Thiourea and VI heated in ethanol on the steam-
bath gave 4,6-dimercaptopyrazolo(3,4-d)pyrimi-
dine.6'7 

Compounds of formula XX present an interest
ing study with regard to nucleophilic displacement. 
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Cl, OCH3, SCH3, SH, 
OH, NH2, HNCH3 

Y XX 
As in other condensed pyrimidine systems8 it can 

be stated generally that the '4"-position is more 
(7) E. A. Falco and G. H. Hitchings, T H I S JOURNAL, 78, 3145 

(1956). 
(8) (a) R. K. Robins and G. H. Hitchings, ibid., 77, 2256 (1955); 

(b) R. K. Robins and G. H. Hitchings, ibid., 78, 973 (1956), and other 
work listed in these references. 
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susceptible to nucleophilic a t tack than is position 
" 6 . " Since the course of any given reaction is also 
dependent on the particular group being replaced, 
compounds of the formula X X could react with a 
nucleophilic reagent to give displacement of the 
group " Y " in position " 4 " or the "C l" a tom of 
position " 6 . " All nucleophilic reagents which 
were tried with X X , Y = Cl, gave, as expected, 
replacement of the chlorine a tom in position 
" 4 . " Most of these reactions already have been 
discussed. The case Y = OCH 3 is an interesting 
one since Bunnet t and Zahler9 list the methoxyl 
group as much less readily replaced b y nucleophilic 
a t tack than the chlorine atom. However, when 
4-methoxy-6-chloropyrazolo(3,4-d)pyrimidine(XX, 
Y = OCH3) was treated with alcoholic am
monia at 100°, 4-amino-6-chloropyrazolo (3,4-d) -
pyrimidine (XVII I ) was the only compound iso
lated. Similarly, aqueous methylamine heated on 
the s team-bath with X X , Y = OCH3 , gave 
4 - methylamino - 6 - chloropyrazolo (3,4-d) pyrimidine 
(XIV). As the case with VI when 4-methoxy-6-
chloropyrazolo(3,4-d)pyrimidine was heated with 
aqueous dimethylamine, the only product isolated 
was 4,6-bis-(dimethylamino) -pyrazolo(3,4-d)pvrim-
idine (IX, Ri, R2 = CH3) . 

When 4 - methylmercapto - 0 - chloropyrazolo(3,-
4-d)pyrimidine (XX, Y = SCH3) was t reated with 
alcoholic ammonia or aqueous alkylamines, the 
methylmercapto group was similarly removed pref
erentially. I t is interesting to note t ha t the " 4 " -
methylmercapto group can be replaced in this in
stance by simply heating an aqueous amine on the 
s team-bath. In the purine series replacement of 
the methylmercapto group10 by amines has been 
achieved in sealed tubes at elevated temperatures. 
I t would therefore seem that, the chlorine atom in 
position " 6 " of I I I exerts a definite activating in
fluence on the methylmercapto group in position 
" 4 . " 

Reaction of I I I and boiling normal sodium hy
droxide gave 4-hydroxy-6-chloropyrazolo (3,4-d) -
pyrimidine (VII) . As with X X , Y = OCH3, 
4 - methylmercapto - 6 - chloropyrazolo(3,4 - d)py
rimidine ( I I I ) and aqueous dimethylamine gave 
4,6-bis - (dimethylamino) -pyrazolo (3,4-d) pyrimidine 
(IX, Rj, R2 = CH3) as the only product isolated. 

Compound X X , Y = SH, presents an interesting 
case since nucleophilic replacement of the mercapto 
group in position " 4 " of the pyrazolo (3,4-d) -
pyrimidine ring already has been reported.7 Treat 
ment of 4-mercapto-6-chloropyrazolo(3 )4-d)pyrimi-
dine (XX, Y = SH) with aqueous methylamine 
on the steam-bath resulted in replacement of the 
"6"-chloro a tom to give 4-mercapto-6-dimethyl-
aminopyrazolo(3,4-d)pyrimidine (XXI) instead of 
the bis compound IX, Ri, R2 = CH3 . 

Confirmation of the structure assigned to X X I 
was obtained by treat ing 4-hydroxy-6-dimethyl-
aminopyrazolo(3,4-d)pyrimidine (XXII ) with phos
phorus pentasulfide in pyridine to yield a compound 
identical to X X I . 

4 - Hydroxy - 6 - dimethylaniinopyrazolo (3,4-d) py
rimidine (XXI I ) was prepared by t rea tment of 

(9) J. F. Bunnett and R. E. Zahler, Chem. Reus., 49, 273 (1951). 
(10) G. B. Elion, E. Burgi and G. H. Hitehings, T H I S JOURNAL, 74, 

411 (1952). 

4-hydroxy-6-chloropyrazolo(3,4-d)pyrimidine (VII) 
with aqueous dimethylamine for 24 hr. on the 
s team-bath. Aqueous methylamine and other 
amines reacted with VII under similar conditions. 
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Table I I I lists the 4-hydroxy~6-substituted-
aminopyrazolo(3,4-d)pyrimidines prepared in this 
manner. Reaction of VII and alcoholic ammonia 
heated to 200° gave a good yield of 4-hydroxy-6-
aminopyrazolo(3,4-d)pyrimidine (VIII) , the an
alog of guanine. Thiat ion of V I I I in a manner 
similar to tha t employed by Elion and Hitehings1 1 

for the preparation of "6-thioguanine" gave 4-
mercapto-6-aminopyrazolo(3,4-d)pyrimidine (XII ) . 
A preliminary report12 describing the properties 
of a compound assigned the structure VI I I has al
ready appeared. Later studies carried out in this 
Laboratory have revealed t ha t this compound is in 
reality 4-amino-6-hydroxypyrazolo (3,4-d) pyrimi
dine, the analog of isoguanine. 

A careful comparison of the ultraviolet absorp
tion spectra of 4-amino-6-hydroxypyrazolo (3,4-d) -
pyrimidine previously synthesized5 by fusion of 4-
amino-3-cyanopyrazole and urea and tha t reported 
for 4-hydroxy-6-aminopyrazolo(3,4-d)pyrimidine12 

revealed the compounds to be identical. Paper 
chromatographic analysis carried out in two dif
ferent solvent systems showed identical Ri values 
as further confirmation. The erroneous prelim
inary report12 was based on the reaction of aqueous 
ammonia at 100° with 4-methylmercapto-6-chloro-
pyrazolo(3,4-d)pyrimidine ( I I I ) . I t was at first 
expected in earlier experiments t ha t I I I and aque
ous ammonia a t 100° would give 4-methylmer-
capto-6-aminopyrazolo(3,4-d) pyrimidine (XXIV) . 
Since a compound was obtained which analyzed 
for C6H7N6S, it was assumed to be X X I V . The 
product thus obtained has now been shown to be 
4 - amino - 6 - methylmercaptopyrazolo (3,4-d) pyrimi -
dine (XXII I ) rather than the expected isomer, 
6 - amino -4 -methylmercaptopyrazolo (3,4-d) pyrimi
dine (XXIV) . The structure X X I I I was es
tablished by comparison of ultraviolet and infrared 
spectra of this preparation and the compound, 
4-amino-6-methylmercaptopyrazolo(3,4 - d)pyrimi-
dine, previously reported5 prepared from 4-chloro-
6-methylmercaptopyrazolo(3,4-d)pyrimidine and 

(11) G. B. Elion and G. H. Hitehings, ibid., 77, 1676 (1955). 
(12) R. K. Robins, / . Org. Chem., 21, 4S9 (1956). 
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aqueous ammonia. The reaction product of III 
and aqueous ammonia at 100° when treated with 
nitrous acid at 80° gave 4-hydroxy-6-methyl-
mercaptopyrimidine6 as final evidence of structure 
XXIII . 

This reaction of 4-methylmercapto-6-chloropy-
razolo(3,4-d)pyrimidine (III) and aqueous ammonia 
at 100° would appear to involve either a rearrange
ment of some type in the pyrimidine ring or con
ceivably nucleophilic displacement of the methyl-
mercapto group in position "4" followed by dis
placement of the chlorine atom in position "6" by 
the CH 3 S - ion which is not permitted to escape 
from the sealed container. A number of experi-
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ments are presently being conducted to investigate 
this reaction further. 

The isomeric compound 4-methylmercapto-6-
aminopyrazolo(3,4-d)pyrimidine(XXIV) has now 
been prepared successfully by methylation of 4-
mercapto-6-aminopyrazolo(3,4-d)pyrimidine (XII) 
with methyl sulfate. Since XXIII was obtained 
from III with aqueous ammonia at 100° instead of 
XXIV, it is readily explained why hydrogen perox
ide oxidation of the reaction product gave the iso-
guanine analog XXV instead of the guanine analog 
VIII. 

A further consideration of nucleophilic attack 
on XX, Y = OH, NH2 and HNXH3 has shown that 

replacement of the "6"-chloro atom occurred be
fore replacement of group "Y." This is not unex
pected since the groups OH, NH2 and HNCH3 are 
not replaced readily by nucleophilic reagents. 

In view of the ease of replacement of "Y" in 
compounds of the type XX when "Y'' was the 
methoxyl or methylmercapto group, several addi
tional experiments were carried out with com
pounds of the general formula XXVI. 

CH3S-

H 
/ N \ 
I N 

XXVI, Y = OCH3, SCH3 

Y 

The synthesis of XXVI, Y = OCH3, has pre
viously been reported.6 Aqueous methylamine and 
aqueous dimethylamine and XXVI, Y = OCH3, 
heated on the steam-bath resulted in the prepara
tion of 4-methylamino-6-methylmercaptopyrazolo-
(3,4-d)pyrimidine and 4-dimethylamino-6-methyl-
mercaptopyrazolo (3,4-d) pyrimidine,6 respectively. 
Similarly, with XXVI, Y = SCH3, under identical 
reaction conditions, the 4-methylmercapto group 
was replaced to yield the same 4-substituted-
amino - 6 - methylmercaptopyrazolo(3,4 - d)pyrimi-
dines as obtained with XXVT, Y = OCH3. In the 
case of the reactions of XXVI with aqueous di
methylamine only the group in position "4" was 
replaced in contrast to the reaction of VI, III and 
X with dimethylamine under the same experimen
tal conditions. 4-Methylamino-6-methylrnercap-
topyrazolo(3,4-d)pyrimidine also was synthesized 
by the reaction of 4-chloro-6-methylmercapto-
pyrazolo(3,4-d)pyrimidine and aqueous methyl
amine in a manner previously described6 for the 
preparation of 4-substituted-amino-6-methylmer-
captopyrazolo(3,4-d)pyrimi dines. 

The ultraviolet absorption spectra of a number 
of the 4,6-disubstituted pyrazolo(3,4-d)pyrimidines 
are described in Table IV. When compared with 
the spectra of the corresponding purine analogs 
where data are published, there is marked similar
ity in most instances. 

With regard to biological activity of the com
pounds described here, to date only the guanine an-
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TABLE IV 

ULTRAVIOLET ABSORPTION- SPECTRA OF SOME 4 , 6 - D I S U B -

STITUTED PYRAZOI.O(3,4-D)PYRIMIDINES 

H 

Ri 

Cl 
SCH3 

SCH3 

OH 
OH 
HXXH3 

H3CXCH3 

SC2H5 

XCH3 

HNCH 3 

OCH3 

SH 
OCH3 

SH 

NH2 

NHCC6H6 

H3CNCH3 

NH2 

SH 

SH 

SCH8 

K-2-

R J 

Cl 
Cl 

OH 

Cl 
NH2 

Cl 
H3CXCH3 

Cl 

H3CNCH3 

SCH3 

Cl 
Cl 
OCH3 

NH2 

Cl 

H3CNCH3 

SCH3 

NH2 

HNCH 3 

H3CNCH3 

NH2 

N Ii y 
R. 
* max 

PH 1 
271 
228 
297 
259 
316 
253 
252 
278 
270 

297 

264 

235 
275 
276 
325 
261 
233 
258 
327 
265 

265 
240 
275 
255 

235 
265 
328 
240 
269 
330 

285 

N 

E 

7,600 
13,000 
13,000 
7,850 
7,300 
8,500 
7,200 

11,900 
27,900 

15,800 
6,800 

13,000 

14,600 
21,500 
12,000 
18,400 
14,900 
12,800 
7,500 

18,500 
10,000 

22,000 
11,500 
20,600 
21,100 

16,200 
9,300 

18,000 
18,700 
11,900 
17,200 

19,800 

PH 11 

278 
254 
292 
260 
310 
263 
251 
278 
242 
284 
255 
293 
235 
284 
244 
275 
260 
315 
262 
250 
277 
328 
265 
289 
240 
246 
280 
255 
274 
233 
284 
314 
236 
255 
292 
321 
300 

E 

6,200 
6,400 

12,000 
7,300 
9,100 
9,900 
9,100 

12,500 
21,800 

8,900 
14,100 

29,000 
11,400 
25,400 
14,200 
8,400 

15,200 
9,500 
8,700 

10,500 
16,400 
10,000 
10,000 
25,700 
25,000 
14,200 
8,100 
9,400 

25,100 
16,500 
14,000 
26,000 
14,200 
17,500 
12,500 
8,700 

alog 4-hydroxy-6-aminopyrazolo (3,4-d) pyrimidine 
(VIII) has shown significant anti-tumor activity.4 

However, further screening is in progress, the de
tailed results of which will be reported elsewhere. 
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bia University, for their helpful assistance and sug
gestions relative to this work. 

Experimental13 

Preparation of 4,6-Dichloropyrazolo(3,4-d)pyrimidine 
(VI).—To a 3-liter 3-necked round-bottom flask was added 
200 g. of purified and finely powdered 4,6-dihydroxypyra-
zolo(3,4-d)pyrimidine (V),5 1300 ml. of redistilled'phos
phorus oxychloride and 500 ml. of C p . N,N-diethylaniline 
(mono free). The flask was equipped with three condensers 

(13) All melting points are uncorrected and were taken on a Fisher-
Johns melting point apparatus. 

and the reaction mixture cautiously heated. When the 
vigorous initial reaction had subsided, the reaction mixture 
was gently refluxed for 2 hr. By this time all the solid 
material had gone into solution. Approximately 900 ml. of 
excess phosphorus oxychloride was removed under reduced 
pressure using a steam-bath as a source of heat. The dark, 
sirupy residue was carefully poured, with stirring, onto 
crushed ice and water. The cold aqueous solution was ex
tracted with ether (3 X 1000 ml.). The ethereal solution 
was washed well with water and dried over anhydrous sodium 
sulfate. Removal of the ether by distillation left 128 g. of 
crude, tan product, m.p. 143° dec. This product was 
further purified by extraction in a Soxhlet extractor for 5 
hr. with a solvent mixture consisting of 250 ml. of dry ben
zene and 250 ml. of cyclohexane. This solution was then 
evaporated to 200 ml. and poured slowly, with stirring, 
into one liter of low boiling petroleum ether. The yield of 
light-yellow solid was 105 g., m.p. 145° dec. This product 
was used directly for most of the reactions described in 
this paper. Recrystallization from a benzene-heptane mix
ture gave colorless crystals melting with decomposition at 
145°. 

Anal. Calcd. for C5H-N4Cl2: C, 31.8; H, 1.1; N, 29.6. 
Found: C, 31.7; H, 1.3; X, 29.6. 

Preparation of 4-Hydroxy-6-chloropyrazolo(3,4-d)pyrim-
idine (VII). Method (1).—To 400 ml. of a boiling and 
vigorously stirred 2 AT solution of potassium hydroxide was 
carefully added, a little a t a time, 40 g. of purified 4,6-di-
chloropyrazolo(3,4-d)pyrimidine (VI). The addition took 
15 minutes, after which time charcoal was added, and the 
solution was gently boiled and stirred for 15 minutes more. 
The solution was then filtered and the hot filtrate acidified 
with acetic acid and allowed to cool to 30°. The light-
green solution was then filtered from approximately 1 g. of 
solid impurities and the filtrate further cooled for 48 hr. in 
the refrigerator. The yield of almost colorless product was 
24.1 g. The ultraviolet absorption spectrum showed this 
material to be approximately 9 5 % pure, judged on the basis 
of extinction coefficients. This material was recrystallized 
from water to give colorless crystals, m.p . >300°. This 
compound was dried at 130° for analysis. 

Anal. Calcd. for C6H3N4OCl: C, 35.2; H, 1.8; N , 32.9. 
Found: C, 35.4; H, 2 .1; N, 33.0. 

VII also was obtained in 60% yield when I I I was refluxed 
3 hr. with normal sodium hydroxide solution. 

Preparation of 4-Methylmercapto-6-hydroxypyrazolo(3,-
4-d)pyrimidine (II).—To 3 liters of water was added 135 g. 
of 4-mercapto-6-hydroxypyrazolo(3,4-d)pyrirnidine.5 To 
this suspension was added 100 g. of solid potassium hydrox
ide, and the solution was stirred for 1 hr. By this time all 
the 4-mereapto-6-hydroxypyrazolo(3,4-d)pyrimidine had 
dissolved, and the temperature of the solution was 32°. 
Then 115 g. of C p . methyl iodide was added and the solu
tion vigorously stirred for 45 minutes. During this time 
the temperature rose to 37°. The solution was then care
fully warmed to 50° and then neutralized with acetic acid 
and the product filtered immediately. The crude precipi
tate was washed with water and dried at 100° to give a 
yield of 120 g. A small sample was recrystallized from 
water for analysis. 

Anal. Calcd. for C6H6N4OS: C, 39.5; H, 3.3. Found: 
C, 39.1; H, 3.6. 

Preparation of 4-Methylmercapto-6-chloropyrazolo(3,-
4-d)pyrimidine (III). Method 1.—To 1200 ml. of redistilled 
phosphorus oxychloride were added 108 g. of 4-methylmer-
capto-6-hydroxypyrazolo(3,4-d)pyrimidine (II) and 100 ml. 
of N,N-dimethylaniline. The solution was refluxed gently 
for 1 hr. and then treated as for the isolation of 4,6-dichloro-
pyrazolo(3,4-d)pyrimidine (VI) to yield 63 g. of a tan prod
uct, m.p. 185-190° dec. This product was recrystallized 
from toluene to give 49.5 g. of light-tan needles, m.p. 197-
199° dec. A second recrystallization from toluene gave an 
analytically pure sample, white needles, m.p. 200-201° dec. 

Anal. Calcd. for C6H6N4ClS: C, 35.9; H, 2.5; N, 27.9. 
Found: C, 36.1; H, 2.7; N , 28.1. 

Method 2.—A solution of 5.0 g. of potassium hydroxide 
and 100 ml. of methanol and 20 ml. of methanethiol was 
cooled to 0°. To this solution was added 4.0 g. of 4,6-di-
chloropyrazolo(3,4-d)pyrimidine (VI). The solution was 
kept at 0° for 15 minutes. Finally 50 ml. of ice-water was 
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added and the solution acidified immediately with acetic 
acid. A yellow precipitate appeared which was filtered, 
dried and recrystallized from toluene. The yield of color
less needles was 3.5 g., m.p . 198-199° dec. A second re-
crystallization from toluene raised the m.p . to 200-201° 
dec. A mixed m.p. of this compound and the 4,6-bis-
methylmercaptopyrazolo(3,4-d)pyrimidine (IV) was 165-
170°. Mixed m.p . of this compound and that prepared by 
method 1 was 200-201° dec. 

Anal. Calcd. for C6H6N4ClS: C, 35.9; H, 2.5. Found: 
C, 35.9; H, 2.4. 

Method 3.—To 100 ml. of water containing 4.4 g. of so
dium hydroxide cooled to 10° were added 5.0 g. of 4-mer-
capto-6-chloropyrazolo(3,4-d)pyrimidine (XI I I ) and 6 g. 
of methyl iodide. This solution was vigorously shaken for 
10 minutes, stirred with charcoal and filtered. The filtrate 
was acidified with acetic acid and the product filtered to 
give 3.6 g. of crude I I I . Two recrystallizations from tolu
ene gave 1.1 g. of pure material, m.p. 200-201° dec. Mixed 
m.p. data and ultraviolet absorption spectra showed this 
compound to be identical to that prepared by methods 1 and 
2. 

Preparation of 4-Mercapto-6-chloropyrazolo(3,4-d)pyrim-
idine (XIII).—To 200 ml. of 0.5 N sodium hydroxide pre
viously saturated with hydrogen sulfide and cooled to 0° was 
carefully added 5.0 g. of powdered 4,6-dichloropyrazolo-
(3,4-d)pyrimidine (VI). The solution was stirred for 15 
minutes at 0° and then gradually allowed to warm to 10°. 
A small amount of charcoal was added and the solution 
filtered. The cold filtrate was immediately acidified with 
acetic acid and the yellow product filtered and washed with 
water. The yield was 4.9 g. A small quantity was pre
cipitated with acetic acid from a hot very dilute sodium 
hydroxide solution to give an analytically pure sample after 
drying a t 130°. 

Anal. Calcd. for C6H3N4ClS: C, 32.2; H, 1.6. Found: 
C, 32.5; H, 1.3. 

Preparation of 4-Methylamino-6-chloropyrazolo(3,4-d)-
pyrimidine (XIV). Method 1.—To 75 ml. of 2 5 % aqueous 
methylamine was added 5.0 g. of 4,6-dichloropyrazolo(3,-
4-d)pyrimidine (VI). The solution was heated for 20 min
utes on the steam-bath, and the initially clear reaction mix
ture gradually deposited yellow crystals. The solution was 
filtered hot and the precipitate washed with water. The 
crude yield was 3.9 g., m.p . >300°. The product was dis
solved in dimethylformamide and a small amount of water 
added. The solution was boiled with charcoal, filtered and 
cooled to yield white crystals, 3.1 g. 

Anal. Calcd. for C6H6N6Cl: C, 39.2; H, 3.3; X, 38.1. 
Found: C, 39.4; H, 3.3; X, 37.7. 

Method 2.—4-Methylmercapto-6-chloropyrazolo(3,4-d)-
pyrimidine ( I I I ) and aqueous methylamine were allowed to 
react as in method 1 to give 8 5 % yield of XIV. 

Anal. Calcd. for C6H6X6Cl: X, 38.1. Found: X, 
38.3. 

Method 3.—4-Methoxy-6-chloropyrazolo(3,4-d)pyrimi-
dine (X) and aqueous methylamine were allowed to react as 
in method 1 to give an 80% yield of XIV. The products 
obtained by methods 1, 2 and 3 showed identical ultraviolet 
absorption spectra at pH 1 and 11. 

Preparation of 4-Methoxy-6-chloropyrazolo(3,4-d)pyrim-
idine (X).—To a solution of sodium methoxide made by dis
solving 5.0 g. of sodium in 150 ml. of absolute methanol were 
added, in small portions, 6.0 g. of 4,6-dichloropyrazolo(3,-
4-d)pyrimidine (VI). The solution was warmed until all the 
VI had dissolved. The insoluble sodium chloride was fil
tered and the filtrate immediately evaporated to dryness 
under reduced pressure. To the residue was added 100 
ml. of water, and the clear, yellow solution was then acidi
fied with acetic acid. After cooling overnight, the solution 
was filtered to give 4.8 g. of crude product, m .p . 175-180°. 
Recrystallization from benzene raised the m.p . to 181-182°. 

Anal. Calcd. for C6H6N4ClO: C, 39.0; H, 2.7. Found: 
C, 39.4; H, 2.8. 

Preparation of 4-Ethoxy-6-chloropyrazolo(3,4-d)pyrim-
idine.—Five grams of VI was treated with sodium ethoxide 
in ethanol in a manner similar to that employed in the 
preparation of X. After recrystallization from benzene, 
1.8 g. of product was obtained, m.p . 212-214°. 

Anal. Calcd. for C7H7X4ClO: C, 42.4; H, 3.5. Found: 
C, 42.1; H, 3.6. 

Preparation of 4,6-Bis-methylmercaptopyrazolo(3,4-d)py-
rimidine (IV). Method 1.—To a solution of 5 g. of potas
sium hydroxide, 10 ml. of methanethiol and 100 ml. of water 
was added 2.0 g. of 4-methylmercapto-6-chloropyrazolo-
(3,4-d)pyrimidine ( I I I ) . The solution was heated on the 
steam-bath for 30 minutes and then acidified with acetic 
acid. The product was filtered, dried and recrystallized 
from toluene to give 1.1 g., m.p. 197-198°. 

Falco and Hitchings7 record 188-189° for this compound. 
The mixed m.p. of this product and I I I was 165-170°. 

Anal. Calcd. for C7H8N4S2: C, 39.6; H, 3.8; X, 26.4. 
Found: C, 39.5; H, 3.8; X, 26.5. 

Method 2.—To an aqueous solution of 10 g. of potassium 
hydroxide, 100 ml. of water and 15 ml. of methylmercaptan 
was added 5.0 g. of 4,6-dichloropyrazolo(3,4-d)pyrimidine 
(VI). The solution was heated on the steam-bath for 4 hr. 
The solution was acidified with acetic acid and the product 
filtered, dried and recrystallized from toluene as in method 
1 to yield a product, m .p . 197°; mixed m.p. of this com
pound and that prepared by method 1 showed no depression. 

Anal. Calcd. for C7H8X4S2: X, 26.4. Found: X, 26.4. 
Preparation of 4,6-Dimethoxypyrazolo(3,4-d)pyrimidine. 

—The preparation of this compound was carried out in a 
manner identical to that for the preparation of 4-methoxy-6-
chloropyrazolo(3,4-d)pyrimidine (X), except that the reac
tion mixture was refluxed 36 hr. on the steam-bath, then 
evaporated to 50 ml., and 100 ml. of water was added. The 
solution was then acidified with acetic acid and allowed to 
cool. The yield from 5.0 g. of VI was 3.2 g., m.p. 210-214°. 
Recrystallization from a benzene-ethanol mixture raised 
the m.p . to 222-223°. 

Anal. Calcd. for C7H8X4O2: C, 46.7; H, 4.4; X, 31.1. 
Found: C, 46.5; H, 4.5; X, 31.5. 

Preparation of 4-Hydroxy-6-arninopyrazolo(3,4-d)pyrim-
idine (VIII).—Ten grams of 4-hydroxy-6-chloropyrazolo-
(3,4-d)pyrimidine (VII) was added to 100 ml. of alcoholic 
ammonia (absolute ethanol saturated with dry ammonia 
at 0°). The solution was placed in a high pressure bomb 
and heated at 200° (inside temperature) for 12 hr. The 
solution was cooled and filtered. The white product was 
further purified by suspending the material in 300 ml. of 
boiling water followed by the addition of just enough con
centrated hydrochloric acid to effect solution. To the clear 
solution was carefully added ammonium hydroxide until a 
pH of 9 was reached. The product was immediately fil
tered from the hot solution and washed with distilled water. 
The yield of purified product was 7.6 g. 

Anal. Calcd. for C6H6X6O: C, 39.8; H, 3.3; X, 46.4. 
Found: C, 39.6; H, 3.4; X, 46.2. 

Preparation of 4-Mercapto-6-aminopyrazolo(3,4-d)pyrim-
idine (XII).—Six grams of 4-hydroxy-6-aminopyrazolo-
(3,4-d)pyrimidine (VIII) was finely powdered and mixed 
with 35 g. of powdered phosphorus pentasulfide. This 
mixture was added to 300 ml. of C P . pyridine and the solu
tion refluxed for 3 hr. The solids went into solution upon 
heating, and gradually a yellow solid precipitated from the 
hot solution. The reaction mixture was allowed to cool and 
was then filtered. The yellow solid thus obtained was 
added to 500 ml. of water and heated on the steam-bath 
overnight. Then 50 ml. of concentrated ammonium hydrox
ide was added and the solution heated on the steam-bath 
until the odor of ammonia no longer could be detected. 
The cooled solution was filtered and the solid added to 700 
ml. of boiling water, and concentrated ammonium hydrox
ide was carefully added until solution was effected. The 
solution was boiled with charcoal and the hot filtrate acidi
fied with acetic acid to yield 4.1 g. of light-green needles, 
m.p. > 300°. 

Anal. Calcd. for C6H6X5S: C, 35.9; H, 3.0; X, 41.9. 
Found: C, 36.0; H, 3.2; X, 42.3. 

Preparation of 4-Hydroxy-6-mercaptopyrazolo(3,4-d)py-
rimidine from 4-Hydroxy-6-chloropyrazolo(3,4-d)pyrimidine 
(VII).—Two grams of 4-hydroxy-6-chloropyrazolo(3,4-d)-
pyrimidine (VII) and 4.0 g. of thiourea were added to 100 
ml. of absolute ethanol. The solution was heated for 4 hr. 
then cooled and filtered. The ultraviolet absorption spec
tra a t p~H 1, as previously reported,6 showed a maximum at 
248 mn, and 287 mju at pK 11. 4-Hydroxy-6-mercapto-
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pyrazolo(3,4-d)pyrimidine prepared by fusion of thiourea 
and 3-amino-4-pyrazolecarboxamide5 and the product ob
tained from VH exhibited identical ultraviolet absorption 
spectra. 

Preparation of 4-Substituted-arnino-6-chloropyrazolo-
(3,4-d)pyrimidines Listed in Table I. Method A.—Five 
grams of 4,6-dichloropyrazolo(3,4-d)pyrimidine (VI) were 
carefully powdered and added carefully to 150 ml. of 20-
40% aqueous solution of the appropriate primary amine. 
The clear solution was then heated on the steam-bath for 
10 to 30 minutes. During this time a precipitate of the 
product usually appeared in the hot solution. The solu
tion was allowed to cool and then filtered. The yield re
corded is the crude yield obtained at this point. For puri
fication the compound was recrystallized from the indicated 
solvents. Xone of these products possessed a definite 
melting point. Decomposition gradually occurred above 
200°. 

Method B.—The procedure employed was to dissolve the 
appropriate amine, 10-15 g., in absolute ethanol and then 
add 5.0 g. of VI and heat on the steam-bath for 15 to 30 
minutes. The cooled solution yielded the product. 

Preparation of 4,6-Bis-(substituted-amino)-pyrazolo(3,-
4-d)pyrimidines Listed in Table II.—The synthesis of these 
compounds is probably best illustrated by the method used 
in the preparation of 4,6-bis-(methylamino)-pvrazolo(3,-
4-d)pyrimidine(IX, R1 = H, R2 = CH3). One gram of 4,6-
dichloropyrazolo(3,4-d)pyrimidine (VI) and 150 ml. of 
30% aqueous methylamine were heated on the steam-bath 
for 12 hr. The initial precipitate of XIV slowly dissolved. 
More methylamine was added and the solution heated an
other 12 hr. on the steam-bath. The resulting, clear solu
tion was cooled overnight to yield 0.7 g. of white crystals, 
m.p. 245-247°. Recrystallization from water raised the 
m.p. to 248-250°. 

Anal. Calcd. for C7H10X6: C, 47.2; H, 5.6; X, 47.2. 
Found: C, 46.8; H, 5.6; X, 47.2. 

Preparation of 4-Hydroxy-6-substituted-aminopyrazolo-
(3,4-d)pyrimidines Listed in Table III.—The general method 
of synthesis can be illustrated by the preparation of 4-hy-
droxy-6-methylaminopyrazolo(3,4-d)pyrimidine (XI , R1 = 
H, R2 = CH3). Two grams of 4-hydroxy-6-chloropyrazolo-
(3,4-d)pyrimidine (VH) was added to a solution of 150 ml. 
of 40% aqueous methylamine. The solution was heated 
for 8 hr. on the steam-bath; 100 ml. more of 40% aqueous 
methylamine was added and the solution heated 8 hr. more. 
This process was repeated again for a total of 24 hr. reaction 
time. The solution was then cooled and filtered and the 
crude product washed with water and recrystallized from a 
mixture of dimethvlformamide and water and finally dried 
at 130°. 

Anal. Calcd. for CH-X 5 O: C, 43.7; H, 4.2; X, 42.4. 
Found: C, 43.3; H, 4.5; X, 42.8. 

Preparation of 4-Methylamino-6-dimethylamiaopyrazolo-
(3,4-d)pyrimidine (XV).—Three grams of 4-methylamino-
0-chloropyrazolo(3,4-d)pyrimidine (XIV) was heated with 
150 ml. of 20%, aqueous solution of dimethylamine on the 
steam-bath for 8 hr. Then 100 ml. more of aqueous di
methylamine was added and the reaction heated an addi
tional 8 hr. The solution was then filtered from a very 
small amount of insoluble material and the filtrate allowed 
to cool. The solid was filtered and recrystallized twice 
from an ethauol-water mixture to yield 1.9 g., m.p. 272 -
273 \ 

Anal. Calcd. for C8H11X6: C, 50.0; II, ti..'i: X, -1-3.7. 
Found: C, 50.4; H, 6.4; X, 43.4. 

Preparation of 4-Benzylamino-6-dimethylaminopyrazolo-
(3,4-d)pyrimidine (XVII).—To 100 ml. of 30% aqueous di
methylamine was added 2.0 g. of 4-benzylamino-6-chloro-
pyrazolo(3,4-d)pyrimidine (XVI). This solution was 
heated on the steam-bath for 8 hr. An additional 100 ml. 
of aqueous dimethylamine were added and the solution 
heated an additional 16 hr. on the steam-bath. The solu
tion was then cooled and filtered and the crude product re
crystallized from ethanol and water to give 1.5 g., m.p. 255-
256°. 

Anal. Calcd. for C14H16X6: C, 62.7; H, 6.0. Found: 
C, 62.5; H, 6.3. 

Preparation of 4-Amino-6-chloropyrazolo(3,4-d)pyrimi-
dine (XVIII). Method 1 .—To 100 ml. of alcoholic ammonia 
(absolute ethanol saturated with dry ammonia at 0°) was 

added 12.0 g. of 4,6-dichloropyrazolo(3,4-d)pyrimidiiie (Vl) . 
The solution was heated in a bomb at 100° (inside tempera
ture) for 12 hr. The cooled solution was filtered and the 
product washed with water. The crude product was sus
pended in 800 ml. of boiling water. Just enough potassium 
hydroxide was added to effect solution, and the solution was 
boiled gently with charcoal for 10 minutes. The hot filtrate 
was acidified with acetic acid and the product filtered imme
diately to yield 6.4 g. of white crystals. This product was 
above 90 % pure as judged by the ultraviolet absorption 
spectra. Further purification was effected by repreeipita-
tion from hot dilute basic solution. Finally, for analysis a 
sample was recrystallized from dimethylformamide and 
water. The compound gradually decomposed above 250°. 

Anal. Calcd. for C6H4X5Cl: C, 35.4; H, 2.4; X, 41.3. 
Found: C, 35.8; H, 2.8; X, 41.6. 

Method 2.—Two grams of 4-methoxy-6-chloropyrazolo-
(3,4-d)pyrimidine (X) was heated with alcoholic ammonia 
at 100° in a bomb for 8 hr. and the product isolated as in 
method (1) to yield 1.1 g. of purified product. 

Anal. Calcd. for C5H4X6Cl: X, 41.3. Found: X, 41.8. 
4-Methylmercapto-6-chloropyrazolo(3,4-d)pyrimidiue 

( I I I ) under similar conditions yielded the same product 
XVIII as judged by the ultraviolet absorption spectra of the 
product and that obtained by methods 1 and 2. 

Preparation of 4,6-Dimercaptopyrazolo(3,4-d)pyrimidine 
from 4,6-Dichloropyrazolo(3,4-d)pyrimidine (VI).—A solu
tion of 10 g. of thiourea, 150 ml. of ethanol and 5.0 g. of 
VI was refluxed 3 hr. on the steam-bath. The cooled solu
tion was filtered to yield 4.1 g. of yellow 4,6-dimercapto-
pyrazolo(3,4-d)pyrimidine. The product was identified 
by its ultraviolet spectra.5'7 

Preparation of 4-Mercapto-6-dimethylaminopyrazolo-
(3,4-d)pyrimidine (XXI). Method 1.—Two grams of 4-
mercapto-6-chloropyrazolo(3,4-d)pyrimidine (XlV) and 100 
ml. of 20% aqueous dimethylamine were heated on the 
steam-bath for 6 hr. The solution was then cooled and 
filtered to give 1.8 g. of crude product. Recrystallization 
from water and dimethylformamide gave an analytically 
pure sample. 

Anal. Calcd. for C7H9X5S: C, 43.1; H, 4.6; X, 35.9. 
Found: C, 43.0; H, 4.2; X, 35.8. 

Method 2.—Three grams of 4-hydroxy-6-dimethylamino-
l>yrazolo(3,4-d)pyrimidine (XXII ) and 15 g. of phosphorus 
pc.itasulfide were added to 500 ml. of pyridine. The solu
tion was refluxed for 0 hr. and the excess pyridine removed 
under reduced pressure using a steam-bath as a source of 
heat. To the residue was added 300 ml. of water and the 
solution warmed gently on the steam-bath. The solution 
was cooled and filtered and the product purified by repre-
cipitatiou from hot dilute base and finally recrystallized from 
water and dimethylformamide to yield 0.8 g. of product. 
This material and that obtained by method 1 were shown to 
have identical ultraviolet absorption spectra at pli 1 and 
H-

Preparation of 4-Amino-6-methylmercaptopyrazolo(3,-
4-d)pyrimidine (XXIII). Method 1. From 4-Methylmer-
capto-6- chloropyrazolo(3,4- d)pyrimidine (III).—Three 
grams of 4-methyhnercapto-6-chloropyrazolo(3,4-d)py-
riniidiue ( I I I ) , m.p. 199-200° d e c , and 100 ml. of concen
trated ammonium hydroxide were placed in a bomb and 
heated at 100° (inside temperature) for 8 hr. The cooled 
solution was filtered and the white product washed with 
water. The crude yield was 2.5 g. of product, m.p. 2SO -
285°. Two reervstallizations from ethanol raised the m.p. 
to 297-298°. 

Anal. Calcd. for C6H7X3S: C, 39.7; II, 3.9; X, ;iS.(i. 
Found: C, 39.4; H, 3.7; X, 39.0. 

Method 2. From 4-Chloro-6-methylmercaptopyrazolo-
(3,4-d)pyrimidine.—The preparation of 4-amiuo-0-methyl-
mercaptopyrazolo(3,4-d)pyrimidine (XXII I ) from 4-chloro-
6-methylmercaptopyrazolo(3,4-d)pyrimidine with aqueous 
ammonia heated on the steam-bath already has been re
ported.5 Because of the relatively low yield obtained, this 
reaction was repeated with concentrated ammonium hy
droxide at 100°. 

Three grams of 4-chloro-6-methylmereaptopyrazolo(3,-
4-d)pyrimidiue,5 m.p. 178-179° d e c , was added to 100 ml. 
of concentrated ammonium hydroxide and the solution 
heated at 100° for 8 hr. in a bomb. The cooled solution 
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was filtered to give 2.6 g. of white product which melted at 
297-298° when recrystallized from ethanol. 

The mixed melting point of this product and that pre
pared by method 1 showed no depression. The ultraviolet 
absorption spectra of these two preparations at pH 1 and 11 
were identical as were the infrared spectra. 

Anal. Calcd. for C6H7X6S: C, 39.7; H, 3.9. Found: 
C, 39.6; H, 4.0. 

Preparation of 4-Hydroxy-6-methylmercaptopyrazolo-
(3,4-d)pyrimidine from 4-Amino-6-methylmercaptopyrazolo-
(3,4-d)pyrimidine (XXIII).—One gram of X X I I I was added 
to 250 ml. of boiling water and enough hydrochloric acid 
added to effect solution (3 ml.) . To the hot solution were 
carefully added 3 g. of sodium nitrite and the solution heated 
on the steam-bath for 10 minutes and then allowed to cool. 

Filtration yielded 0.4 g. of 4-hydroxy-6-methylmercapto-
pyrazolo(3)4-d)pyrimidine which was identified by ultra
violet absorption spectra5 at pH 1 and 11. 

Preparation of 4-Amino-6-hydroxypyrazolo(3,4-d)pyrim-
idine (XXV) from 4-Amino-6-methylmercaptopyrazolo(3,-
4-d)pyrimidine (XXIII).—To 100 ml. of water was added 1.5 
g. of X X I I I prepared by method 1, 10 ml. of concentrated 
hydrochloric acid and 10 ml. of 30% hydrogen peroxide. 
The solution was boiled for 20 minutes and then carefully 
neutralized while hot with concentrated ammonium hydrox
ide. The solution was filtered immediately and the pre
cipitate washed with water to j-ield 0.8 g. of white product^ 

Anal. Calcd. for C5H5NO: C, 39.8; H, 3.3; N, 46.4! 
Found: C, 39.8; H, 3.5; X, 46.2. 

A paper chromatogram of this compound was made using 
an 18-hr. descending method with propanol and ammonium 
hydroxide and Whatman #1 paper as described by Hanes 
and Isherwood.14 An Rt value of 0.036 was obtained for 
this compound and 4-amino-6-hydroxypyrazolo(3,4-d)-
pyrimidine6 prepared by fusion of urea and 4-amino-3-
cyanopyrazole. The Rt value for these two compounds in 
a concentrated hydrochloric acid-isopropyl alcohol-water 
system described by Wyatt16 was found to be 0.50. The 
ultraviolet absorption spectra at p~H 1 and 11 of XXVTII 
and that previously reported5 for 4-amino-6-hydroxypy-
razolo(3,4-d)pyrimidine were found to be identical. 

Preparation of 4-Methylamino-6-methylmercaptopyrazolo-
(3,4-d)pyrimidine (XXVI, Y = HNCH 3 ) . Method 1.— 
Two grams of 4-methoxy-6-chloropyrazolo(3,4-d)pyrimi-
dine5 and 100 ml. of 30% aqueous methylamine were heated 
on the steam-bath for 4 hr. The solution was then cooled 
and filtered and the crude product recrystallized from eth-
anol-water to yield 1.2 g., m.p. 253-254°. 

Anal. Calcd. for C7H9N5S: C, 43.1; H, 4.6; N, 35.9. 
Found: C, 42.9; H, 4.8; N, 35.7. 

Method 2.—To 100 ml. of 30% aqueous methylamine was 
added 1.5 g. of 4,6-bis-methylmercaptopyrazolo(3,4-d)py-
rimidine (IV). The solution was heated on the steam-bath 
for 4 hr., then cooled and filtered. The crude product was 
recrystallized from 90% ethanol-water to give 0.9 g., m.p. 
254-255°. Mixed m.p. of this compound and that pre
pared by method 1 showed no depression. 

Method 3.—Three grams of 4-chloro-6-methylmercapto-
pyrazolo(3,4-d)pyrimidine5 and 150 ml. of 30% aqueous 
methylamine were heated for 4 hr. on the steam-bath. The 
solution was cooled, and the crude product filtered and re
crystallized from dimethylforrnamide and water to give 1.7 
g., m.p. 254-255°. The mixed m.p. of this product and 
that prepared by methods 1 and 2 showed no depression. 

(14) C. S. Hanes and F. A. Isherwood, Nature, 164, 1107 (1949). 
(15) O. R. Wyatt, Biochem. J., 48, 584 (1951). 

The ultraviolet absorption spectra of all three preparations 
were identical at pK 1 and also at pH 11. 

Preparation of 4-Dimethylamino-6-methylmercaptopyra-
zolo(3,4-d)pyrimidine (XXVI, Y = N(CHs)2). Method 1. 
—Two grams of 4-methoxy-6-methylmercaptopyrazolo-
(3,4-d)pyrimidine was heated with 130 ml. of 30% aqueous 
dimethylamine on the steam-bath for 1 hr. A precipitate 
appeared from the hot solution. The solution was cooled 
and filtered and the crude product recrystallized from eth
anol-water to yield 1.1 g., m.p. 262-265°. 

Anal. Calcd. for C8HnN5S: C, 45.8; H, 5.3; N, 33.5. 
Found: C, 46.2; H, 5.6; N, 34.0. 

Method (2).—To 100 ml. of 30% aqueous dimethylamine 
was added 1.5 g. of 4,6-bis-methylmercaptopyrazolo(3,4-d)-
pyrimidine (IV). The solution was heated on the steam-
bath for 3 hr. and the product isolated and recrystallized 
as in method 1 to give 0.8 g., m.p. 263-265°. 

Anal. Calcd. for C8HnN5S: C, 45.8; H, 5.3; N, 33.5. 
Found: C, 45.4; H, 5.8; N, 33.7. 

The melting point for 4-dimethylamino-6-methylmercap-
topyrazolo(3,4-d)pyrimidine previously has been reported5 

as 263-265°. The ultraviolet absorption spectra of the 
product prepared by methods 1 and 2 corresponded with 
that for the earlier reported5 product. 

Preparation of 4-Ethylmercapto-6-chloropyrazolo(3,4-d)-
pyrimidine.—Three grams of VI was added to a solution of 3 
g. of sodium hydroxide in 100 ml. of ethanol containing 15 
ml. of ethanethiol. The solution was allowed to stand 30 
minutes at room temperature and acidified with acetic acid. 
The crude product was filtered and dried and recrystallized 
from benzene-heptane mixture to give 1.6 g. of white needles, 
m.p. 149-150°. 

Anal. Calcd. for C7H7N4ClS: C, 39.1; H, 3.3; N, 26.1. 
Found: C, 39.5; H, 3.6; N, 26.3. 

Preparation of 4-Methylmercapto-6-aminopyrazolo(3,-
4-d)pyrimidine (XXIV).—One gram of 4-mercapto-6-amino-
pyrazolo(3,4-d)pyrimidine (XII) was dissolved in 30^ml. of 
water'containing 2.0 g. of sodium hydroxide. To this solu
tion was added 0.5 ml. of dimethyl sulfate, and the solu
tion was stirred for 20 minutes. The solution was then 
carefully acidified with acetic acid and allowed to stand. 
The crude product, 0.8 g., m.p. 235-237°, was filtered and 
recrystallized from water to raise the m.p. to 240-241°. 

Anal. Calcd. for C6H7N5S: C, 39.7; H, 3.9. Found: 
C, 39.3; H, 3.9. 

Preparation of 4,6-Diarninopyrazolo(3,4-d)pyrimidine 
(XIX).—Six grams of 4,6-dichloropyrazolo(3,4-d)pyrimi-
dine (VI) was added to 50 ml. of alcoholic ammonia (abso
lute ethanol saturated with dry ammonia at 0°) and the 
solution placed in a bomb and heated to 200° (inside tem
perature) for 24 hr. The solution was then evaporated to 
dryness on the steam-bath and the residue dissolved in 100 
ml. of water containing 5 g. of sodium hydroxide. This 
solution was boiled with charcoal and the hot filtrate neu
tralized with acetic acid. The filtrate, after standing, de
posited white needle-like crystals. This product was re
crystallized from water and then dried in the oven at 130 
for analysis. 

Anal. Calcd. for C5H6N6: C, 40.0; H, 4.0; N, 55.9. 
Found: C, 39.8; H, 3.9; N, 55.3. 

The preparation of X I X also was accomplished in a simi
lar manner when 4-methylmercapto-6-chloropyrazolo(3,-
4-d)pyrimidine ( I I I ) or 4-chloro-6-methylmercaptopyrazolo-
(3,4-d)pyrimidine5 was substituted in this reaction for VI. 
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