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tion of 10 g. (0.043 mole) of XVIII in 100 ml. of absolute 
alcohol cooled to 15" at such a rate that the temperature 
remained at about 15". After standing for 1 hr. a t  15", the 
precipitate was filtered, washed thoroughly with water, 
and recrystallized from benzene-ligroin (b.p. 30-60'). 

6Methylthio-4-( 1-methyk-propylidaehydrazino )-&car- 
bethoxypyrimidine. *4 solution of 0.50 g. (0.0021 mole) of 2- 
methylthio-4- ( l-methylhydrazino)-5-carbethoxypyrimidine 
and 0.50 g. (0.0086 mole) of propionaldehyde in 25 ml. of 
absolute alcohol was allowed to stand overnight a t  room 
temperature. The solution was then evaporated to dryness in 
a stream of dry air and the residue recrystallized from 
ligroin (b.p. 30-60") to give 0.37 g. (62%) of white solid; 
m.p. 66-67". 

Anal. Calcd. for C12HI8N402S: C, 51.04; H, 6.43; li, 19.85. 
Found: C, 50.99; H, 6.42; N, 19.38. 

%Methylthio-4-( 2-arylhydrazino)-6-carbethoxypyrimiines 
(111-IV). General method. A solution of 10 g. (0.043 mole) of 
XVIII in 150 ml. of absolute alcohol was added to a solu- 
tion of 0.088 mole of the arylhydrazine in the minimum 
amount of absolute alcohol. The resulting solution was 
heated a t  50" for 30 min., then allowed to stand 4 hr. a t  
room temperature. It was next diluted with twice its volume 
of water and refrigerated overnight a t  1 ". The precipitate 
was filtered, triturated with 300 ml. of 5% hydrochloric 
acid, washed thoroughly with water, and recrystallized from 
alcohol-water. 

2-Meth ylthio-4-( W-acetyGbphenylhydrazino)-5-carbethox y- 
pyrimidine (V). To a solution of 2.3 g. (0.015 mole) of 1- 
acetyl-1-phenylhydrazine16 in 55 mi. of absolute alcohol 
was added a solution of 1.8 g. (0.0075 mole) of XVIII in 25 
ml. of absolute alcohol. The resulting solution was allowed 
to stand 4 hr., diluted with an equal volume of water, and 
refrigerated overnight a t  1 '. The precipitate of 2-phenyl-6- 
methylthiopyrazolono(3,4-d)pyrimidine ( X )  was removed 
and 150 ml. of water was added to the solution. After several 
hours of refrigeration, the solution was filtered and the pre- 
cipitate recrystallized from water. 

Cyclization of hydrazinopyrinzidine (I-IV) to pyrazolono 
(3,4 d)pyrimidines (VI, VII, XVI, and XVII). General 
method. A solution of 1 g. of the hydrazinopyrimidine in 10 
ml. of 10% potassium hydroxide was boiled for 15 min., 
cooled, and acidified with acetic acid. The precipitate 
was washed with water and recrystallized from n-butyl 
alcohol. 

oxalate, 35 ml. of water, and 2.8 g. of potassium hydroxide 
was diluted with 350 ml. of alcohol and the precipitate 
of potassium oxalate removed by filtration. To the filtrate 
was added a solution of 2.3 g. (0.010 mole) of XVIII in 50 
ml. of alcohol and the solution warmed a t  60" for 30 min. 
After cooling, the solution was diluted with 500 ml. of water 
and placed in the refrigerator a t  1". The precipitate was 
filtered and recrystallized from n-butyl  alcohol. 

1 ,EDimethyl-6-methylthiopyrazolono( 33-d  ) p  yrimidine ( IS  ). 
A solution of 5.3 g. (0.088 mole) of 1,2-dimcthylhydrazine 
in 25 ml. of absolute alcohol was added slowly, with stirring, 
to 10 g. (0.043 mole) of XVIII dissolved in 125 ml. of ab- 
solute alcohol. The temperature was maintained a t  25' by 
cooling. U7hen the reaction subsided, the solution was 
allowed to stand for 4 hr. and diluted nith three volumes of 
water. After overnight refrigeration at  1 ', the preripitate 
was filtered, washed thoroughly with water, and recrystal- 
lized from benzene-ligroin (b.p. 30-60). 

bPhenyl-6-methylthiopyrazolono(3,4-d)pyrimidine (X). 
From XVIII. A solution of 9.5 g. (0.088 mole) of phenyl- 
hydrazine in 25 ml. of absolute alcohol was added elowly, 
with stirring, to 10 g. (0.043 mole) of XVIII dissolved in 
200 ml. of absolute alcohol. After standing 2 hr., the solu- 
tion was poured into three times its volume of 57, hydro- 
chloric acid and stirred for 1 hr. The precipitate was filtered, 
washed with water, and recrystallized from alcohol. 

From V .  A solution of 0.5 g. (0.0015 mole) of V in 30 ml. 
of 2y0 hydrochloric acid was refluxed for 30 min., cooled, 
and made just basic to litmus with 10% sodium hydroxide. 
After 1 hr. in the refrigerator a t  lo, the precipitate was 
filtered, washed with water, and recrystallized from alcohol 
to give 0.21 g. (56%) of white solid; m.p. 276-278". Mixed 
melting points, infrared and ultraviolet spectra showed 
this material to be identical with that from the preceding 
preparation. 
2-Ary1-6-methylthwpyrazolono(S,~-d)pyrimidines (XI-XV). 

General method. A solution of 2.3 g. (0.01 mole) of XVIII 
in 25 ml. of absolute alcohol was added to a solution of 0.02 
mole of the arylhydrazine in the minimum amount of 
absolute alcohol. The resulting solution was warmed at  
50-60" for 30 min. and allowed to stand for 4 hr., diluted with 
three times its volume of water and refrigerated overnight 
a t  1". The precipitate was filtered, washed with water, and 
recrystallized from n-butyl alcohol. 

1 -Isoprop yl-6-methylthiop yrazolono( 3,4-d)pyrimidine 
(VIII). A solution of 3.3 g. (0.020 mole) of isopropylhydrazine BUFFALO 14, N. Y. 
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Some 6-alkoxy-2-aminopurines have been prepared from 2-amino-6-chloropurine. 

As a part of our general program to investigate (Table I) have been prepared. Although they are 
purines in search of more effective anticancer closely related to guanine(2-amino-6-purinol) (11) , 
agents, a number of 6-alkoxy-2-aminopurines (I) they cannot be prepared from this substance di- - 

(1) Affiliated with Sloan-Kettering Institute. 
(2) This work was supported by funds from the National 

Institutes of Health, Contract No. SA-43-ph-1740, and from 
the C. F. Kettering Foundation. For paper XXIV of this 
series see J. A. Montgomery and C. T. Temple Jr., J .  Am. 
Chem. Soc., in press. 

rectly. Traube and Dudley3 found that treatment 
of guanine in aqueous-alcoholic sodium hydroxide 
solution with iodomethane gave 7-methyl- and 
1,7-dimethyIguanine. 

(3) W. Traube and H. TV. Dudley, Ber., 46, 3844 (1913). 
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The work of Huber4 on 6-alkoxypurines sug- 
gested that 6-alkoxy-2-aminopurines (I) could 
be obtained readily from 2-amino-6-chloropurine 

The classical chlorination procedure using phos- 
phoryl chloride has only recently been successfully 
applied to guanine to give IIP; we obtained 
I11 by treating thioguanine (2-amino-6-purinethiol) 
(IV) in methanolic suspension with chlorine, a 
slight modification of a process described in a British 
patent.6 This procedure permitted us to isolate the 
hydrochloride of I11 in 50-60% yield from the 
reaction mixture. The free base could be obtained 
by treating an aqueous suspension of the hydro- 
chloride with sodium hydroxide solution. 

2-Amino-6-chloropurine (111) is more resistant to 
hydrolysis than is 6-chloropurine7 : The conversion 
to guanine (11) is'complete after six hours in boiling 
0.1N hydrochloric acid, whereas after boiling in 
0.137 sodium hydroxide solution, more than 75% 
of I11 (by ultraviolet absorption) remained un- 
changed; the corresponding figures for the hy- 
drolysis of 6-chloropurine to 6-purinol(hypoxan- 
thine) are one hour in boiling 0.1N hydrochloric 
acid and four hours in boiling 0.1N sodium hy- 
droxide.7 

However, boiling the hydrochloride of I11 in 
methanol in the presence of a catalytic amount of 
water leads to the formation of 2-amino-6-meth- 
oxypurine (Ia) (identified by ultraviolet absorp- 
tion spectrum). 

For the preparation of 6-alkoxy-2-aminopurines 
(I) we treated the hydrochloride of I11 with a solu- 
tion of a ten-fold excess of sodium alkoxide in the 
corresponding alcohol. After the solutions had been 
refluxed for eighteen hours, the compounds listed 
in Table I were isolated in yields ranging from 

(111). 

(4) G. Huber, Chem. Ber., 90,698 (1957). 
(5) M. H. von Saltza, Ph. D. thesis, University of Wis- 

consin 1958. 
(6) Wellcome Foundation, Ltd., British Patent, 767,216, 

Jan. 30, 1957. Note Added in Proof: R. K. Robins has re- 
cently published a similar procedure for the preparation of 
2-amino-6-chloropurine from 2-amino-6-methylthiopurine 
[ J .  Am. Chem. SOC., 82, 2633 (1960)l. 

(7) A. Bendich, P. J. Russell, Jr., and J. J. Fox, J. Am. 
Chem. Soc., 76, 6073 (1954). 

40% (Ie) to 85% (Ia) (yields of purified product). 
The 6-alkoxy-2-aminopurines are crystalline, white 
materials, soluble in alcohols and hot water; 
the lower members do not melt without decom- 
position. 

EXPERIMENTAL 

bAmino-tS-chloropurine (111) hydrochloride. A suspension 
of thioguanine (500 mg. 3.3 mmoles) in methanol (25 ml.) 
was cooled to  2" in an ice bath. Dry chlorine gas was bubbled 
through the mixture a t  such a rate that the temperature 
did not rise above 15". As soon as the temperature began to  
drop, the stream of chlorine was replaced by a stream of 
dry nitrogen. When the clear solution was almost colorless, 
it was filtered and evaporated until crystallization set in. 
The crystals were collected, washed with ether, and dried 
in vacuo over phosphorus pentoxide; yield, 415 mg. (61 %). 
8peCtTd data: A,, in mp (e  X 10-8): pH 1, 239 (6.32), 
318 (6.80); pH 7, 242 (6.06), 308 (6.80); pH 13, 309 (5.82); 

Anal. Calcd. for CsH4C1Na.HC1: C, 29.15; H, 2.44; C1, 
34.42; N, 33.99. Found: C, 29.22; H, 2.76; C1, 34.26; N, 
33.74. 

8-Amino-6-chf!o~opurine (111). 2-Amino-6-chloropurine 
hydrochloride (1.1 g., 5.3 mmoles) was suspended in 10 ml. 
of water; aqueous sodium hydroxide solution was added 
dropwise until the reaction mixture was slightly basic. The 
clear solution was filtered and neutralized with hydrochloric 
acid. The precipitate was recrystallized from aqueous 
ethanol, yielding 880 mg. (97%) of the free base (111). 
Spectral data: Am,,= in mfi ( e  X pH 1, 238 (6.83), 316 
(7.25); pH 7, 241 (6.23), 308 (6.96); pH 13, 273 (3.25), 309 

Anal. Calcd. for CsH4CIK;,: C, 35.41; H, 2.38; N, 41.30; 
C1, 20.91. Found: C, 35.48; H, 2.58; N, 41.56; C1, 20.51. 

6-Alkoxy-&aminopurines. 2-Amino-6-chloropurine hydro- 
chloride (500 mg., 2.4 mmoles) was added to a solution of 
metallic sodium (550 mg., 24 mmoles) in the appropriate 
alcohol (20 ml.) and the mixture kept a t  reflux temperature 
for 18 hr. The reaction mixture was cooled to room tempera- 
ture, the calculated amount of glacial acetic acid (1.2 ml. 
20 mmoles) was added, and the volatile material were re- 
moved in vacuo. The residue was recrystallized from the 
solvent specified in Table I. The physical constants of the 
compounds and their analyses are summarized in Table I. 
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CHsOH, 243 (6.68), 314 (6.37). 

(6.30); CHI OH,^ 43 (7.10), 309 (7.16). 
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