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Condensed Pyrimidine Systems. XX. Purines Related to 6-Mercaptopurine and 
Thioguanine 
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RECEIVED SEPrEMDER 17, 1958 

’The syntheses of a number of new 8-substituted 6-1nerca~)topriririrs and a nrunber of S sub.itituted derivatives of 6-mer- 
The 8-substituted derivatives were prqnrct!  from thc 1,5-diaininopyriniidines 

The S-substitcited derivatives wrrc prqxirvd citlirr from the 6-ruercaptopurine 
R-Puririylthiocyaiiate is 

captopurine and thioguanine are reported. 
by fusion with an appropriate urea or amide. 
with an aryl or alkyl halide or by the reaction of 6-chloropurine with an appropriate iiicrcnptan. 
rapidly and quantitatively hydrol! zed to &mercaptopurine in aqueous alkaline solution. 

The synthesis of potential antagonists of the 
nucleic acid bases has been under way in these 
laboratories for a number of With 
the finding that 6-mercaptopurine and 6-thiogua- 
nine are inhibitory to a number of transplantable 
animal tumors6-’* as well as to human l e ~ k e m i a , ~ ~ . ~ ~  
an extensive program was undertaken to study the 
relationship of chemical structure to antitumor 
activity among purines related to 6-mercaptopurine 
and 6-thioguanine.I5,l6 ’The synthesis of some of 

Y = H, NHc 

SH 

N G N  \ ) + H s R - +  N + S  h.N 
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these compounds has been It  is 
the purpose of this paper to describe the methods 
of preparation of a number of additional derivatives, 
whose effects on Sarcoma 180 have been reported.I6 
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A group of purines was prepared in which the 
sulfur of 6-niercaptopurine and &thioguanine was 
replaced by alkylmercapto, benzylrnercapto and 
arylrnercapto groups. These compounds (Table 
I) were synthesized from the mercaptopurines by 
reaction with the appropriate halide in zlkaline 
medium or by the reaction of 6-chloropurine with 
the desired mercaptan. 

The ultraviolet absorption spectra of the alkyl- 
mercaptopurines differ strikingly from those of 
the parent ‘‘mercapto”  purine^."^^'.^* Whereas 
at pH 1.0, 6-mercaptopurine and 6-thioguanine 
have bands a t  325 and 347 mp, r e s p e c t i ~ e l y , ’ ~ ~ ~ ~  
S-alkyl derivatives absorb at 298 and 318 mp. 
At pH 11 the differences are less but still very 
pronounced. These observations suggest that  the 
parent substances have the lactam (thioamide) 
rather than the mercaptan configuration. This is 
supported further by the close resemblance of the 
spectra of 1 -methyl-6-purinethione and 6-niercapto- 
purine.22 It  is noteworthy also that  the magni- 
tude of the shift of absorption maximum with 
change in pH is diminished in the alkylmercapto 
derivatives. This might have been expected since 
in effect alkylation removes one potentially ioniz- 
able hydrogen atom. 

The reaction of 6-chloropurine and potassium 
thiocyanate in methanol led to the formation of 6- 
thiocyanopurine. This compound was found to be 
extremely unstable in dilute aqueous alkali, forming 
6-mercaptopurine extremely rapidly in 0.1 Nsodium 
hydroxide (Fig. 1). The compound is, however, 
quite stable in acid and neutral solution, in which 
it possesses a spectrum typical of a 6-substituted 
mercaptopurine. Isomerization to the isothio- 
cyanate, which was observed by Johnson and 
M c C o l l ~ n i ~ ~  when 4thiocyanopyrimidines mere 
heated with alcohol a t  reflux temperature, did not 
occur when the thiocyanopurine was heated under 
these conditions. 

Of interest in the correlation of structure with 
biological activity were derivatives containing a 
variety of substituents a t  the 8-position of the 
purine, e.g., methyl, hydroxyl, mercapto and 
methylmercapto. The 6-mercapto-8-methylpurine 
mas prepared in two ways: by ring closure of the 
sodium salt of 5-acetamido-4-amino-6-hydroxy- 
pyrimidine to 6-hydroxy-8-methylpurine followed 
by treatment with phosphorus pentasulfide, and 
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directly by heating 4,5-diarnino-B-mercaptopyrimi- 
dine with acetamide. I t  had been shown by Bred- 
ereck, et al.,24 that  4,5-diaminouracil and acet- 
amide give 8-methylxanthine. Fusion of the ap- 
propriate 4,5-diaminopyrimidines with urea or 
thiourea led to the corresponding 8-hydroxy or S- 
 mercaptopurine^.^^-^^ The 8-hydroxy derivative 
of thioguanine was prepared by treatment of 2- 
aniino-G-chloro-8-hydroxypurine with sodium hy- 
drosul fide. 

The G-hydroxyl group of two derivatives, 6- 
hydroxy-8-methyl- and G-hydroxy-8-mercaptopu- 
rine, could be converted directly to a 6-mercapto 
group by treatment with phosphorus pentasulfide 
using tetralin as the s01vent.'~ This method failed 
with 2-amino-6-hydroxy-8-mercaptopurine; how- 
ever, when this was first methylated to the 8- 
methylmercapto derivative, the desired 2-amino- 
G,S-dimercaptopurine was obtained. (The re- 
placement of an alkylmercapto by a niercapto 
group in this reaction had been observed earlier 
in the pyrimidine series.28) In  later work, after 
+;;e superiority of pyridine over tetralin as a sol- 
vent for the preparation of thioguanine had been 
discovered, l 9  the reaction of 2-amino-B-hydroxy-8- 
mercaptopurine with phosphorus pentasulfide was 
restudied using pyridine as the solvent, and the 
aminodiinercapto derivative was thus obtained 
directly. I t  seems probable that pyridine would 
prove superior in all the above reactions. 

In Table I1 are given the ultraviolet absorption 
spectra of the various 8-substituted purines. As 
could be anticipated, the introduction of an 8- 
methyl group has little or no effect on the ultra- 
violet absorption spectrum of 6-mercaptopurine 
or hypoxanthine. The 8-hydroxyl group produces 
a bathochromic shift a t  PH 1 of about 7 mp in the 
longer wave length band of G-mercaptopurine, 
whereas the 8-mercapto group produces a batho- 
chromic shift of considerably larger magnitude : 
30-35 mp for derivatives of hypoxanthine, guanine, 
6-mercaptopurine and 6-thioguanine at pH 1, 
and ca. 25 nip at pH 11. The bathochromic shift 
produced by the 8-methylmercapto group is some- 
what less than that caused by the 8-mercapto group. 

Experimental 
Melting points were determined in a copper block appa- 

ratus preheated to  within 10" of the melting temperature. In  
a number of instances a micro hot-stage apparatus also was 
used. No corrections were applied. 

6-Alkylmercaptopurines (2  = H or NH2). General 
Method.-To a solution of B-mercaptop~rinel~ or 2-amino-6- 
mercaptopurine19 in 2 molecular equivalents of 0.3 N sodium 
hydroxide (either aqueous or 5070 aqueous methanol) is 
added 1.1 molecular equivalents of an alkyl halide(bromide or 
iodide) and the mixture is heated in a sealed tube at 120" for 
18 hours. The reaction mixture is then cooled, acidified 
to  p H  5 with hydrochloric acid and the precipitate collected. 
The product is recrystallized from water or ethanol, as in- 
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Fig. 1.-The rate of decomposition of 6-thiocyanopurine 
to 6-mercaptopurine a t  25' as determined spectrophoto- 
metrically in 0.1 N sodium hydroxidc, 0-0-0, and in 
pIi 11 buffer, 0-  -0- -0- -0. Fur details see text. 

dicated in Table I .  The preparation of 2-amino-6-ethylmer- 
captopurine is described in the example givcii below. 

Carboxymethl-lthiopurines were prepared by a somewhat 
atypical technique which also is illustrated. The 2-amino4i- 
methylmeicaptopurine w:is prepared by the portionwise ad- 
dition of dimethyl sulfate (in loc;% excess of thc calculated 
quantity) t o  the alkaline solution of thioguanine a t  room 
temperature, according to the procedure previously de- 
scribed for the methylation of 6-mer~aptopurine. '~ 
2-Amino-6-ethylmercaptopurine.--.4 mixture of 4 g.  (0.024 

mole) of thioguanine, 21 ml. of 2 A' sodium hydroxide, 2.8 
g. (0.026 mole) of ethyl bromide and 150 nil. of mater w:is 
heated a t  120' for 18 hours in a scaled vessel. The reaction 
mixture was acidified to pH 5 with hydrochloric acid, chilletl 
and the precipitate was recovered by filtration. The crude 
reaction product was suspended in 150 ml. of water heated t o  
boiling and filtered hgt froin some unreacted thioguanine. 011 
chilling 2.55 g.  of product precipitated, was collected, waslied 
and dried in a vacuum desiccator. The compound was re- 
crystallized for analysis by two additional recrystallizations 
from water. 
6-Carboxymethylthiopurinee.-To a solution of 5 g. of F- 

mercaDtoDurine hvdrate (0.0294 mole) in 60 ml. of 1 iV 
sodium hydroxide-was added 3 g. (0.0317 mole) of chloro- 
acetic acid and the solution was heated to boiling for a few 
minutes and then acidified to pH 3-1 with 13 ml. of 2 A' 
hydrochloric acid. The mixture was dllowed to cool for 1 
hour, chilled and filtered. The pale ycllow crystalline pre- 
cipitate (4.55 g.) was recrystallized from 1 1itt.r of boiling 
water and then was collected. washed with water and dried 
at 100" (3.7 g.). 

6-Benzylmercaptopurines (2 = H or "2). General 
Method.-To a stirred solution of 6-mercaptopurine or 2- 
amino-6-mercaptopurine in 2 molecular equi\Talents of 2 9 
sodium hydroxide diluted with 6 volumes of water or CiO(ib 
aqueous methanol is added slowly, over a 2- or 3-hour 
period one molecular equivalent (5  to 1Oyo excess in some 
cases) of the appropriate benzyl bromide or chloride. The 
reaction mixture is kept a t  room temperature and the stir- 
ring is continued for at least 5 hours or longer if solution is 
not complete. The product is precipitated by acidification 
to  p H  5-6 with hydrochloric acid and recrystallized as in- 
dicated. The yields and properties of the compounds are 
given in Table I, Examples of the procedure follow. 

2-Amino-6-( 2'-chlorobenzylmercapto)-purine.-To a solu- 
tion of thioguanine (4 g., 0.024 mole) in 24 ml. of 2 N so- 
dium hydroxide and 150 ml. of 50% aqueous methanol was 
added, with stirring over a 2-hour period, 3.85 g. (0.024 
mole) of o-chlorobenzyl chloride and stirring was continued 
for 3 hours. The acidity was adjusted to  pH 5 by the addi- 
tion of 2 N hydrochloric acid, and the mixture was chilled 
and the precipitate collected and washed with water. After 
recrystallization from 300 ml. of aqueous methanol, 
the product (4.9 g . )  precipitated as colorless needles, m.p. 
200' dec. An additional 0.2 g. of product was obtained 
by dilution of the filtrate with 250 mi. of water. 

6-(4'-Chlorobenzylmercapto)-purine.-To a solution of 
8 g .  (0.047 mole) of 6-mercaptopurine in 47 ml. of 2 N so- 
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TABLE I 
S-SUBSTITUTED DERIVATIVES UF 6-MERCAPTOPURINE AND THIOGUANINE 

“0 u. 
- 9  Ultraviolet absorption Bc p H 1  p H 1 1  Hydrogen, 

% NitnBgen, Yield, 2 b M.p., Empirical E m  E m  Carbon, Yo 
7/0 82 OC. formula Amax X los  Amax X 10’ Calcd. Found Calcd. Found Calcd. Found 
43 
52 

47 
70 

60 
0 5  
23 
69 
57 
88 
34 
87 

55 

14 

31 

84 

92 

86 

73  

76 

65 

61 

77 

55 

83 
85 

64 
53 
70 

SCN 90 

A 106-187 CrHsNiS 298 15.6 292 15.9 46.7 46 .6  4 . 4  4 . 2  31 .1  31 .3  
A 301 d. CiHsNiOS.Hz0 293 1 5 . 2  228 1 1 . 9  26 .1  26 .3  

C 150-151 CsHizNiS 298 1 6 . 3  292 15 .6  51 .9  5 2 . 3  5 .8  5 . 3  26.9 27 .1  
A 184-186 CsHsNiOS.‘/~H20 227 13 .0  227 10.9 25.8 25.9 

291 15.7 

230-240 d. 
199-200 

163 
197-198 
233-236 

198 
143-144 
205-206 

CiH6NiOzS 
CizHsN4CIS 
CiiHiNiClS 
CnHsNCIS 
CizHioNiOS 
C I zH Q Ns OaS 
CitHi2NiS 
CsH7NaS.HzO 

A 203-204 CIHVNKS 

A 169-190 CsHiiNsS 

A,B 200-202 CoHisNsS 

H > 3 0 0 d .  CiHiNsOlS 

A 198-199 CaHsOXiaS 

E 205-207 CiiHnNd3 

C 198-200 d. CiiHioNsClS 

B 229-230 CizHioNaCIS 

D 223-224 CitHiaNrS 

A 178-180 CirHiaNsS 

C 261-203 CitHirNaS 

1‘ 230 d CizHsNoClzS 

G 244-245 CiiHsNiS 
G 248-250 C I I H ~ N ~ C I S  

1) 165-160 d .  CizHioNiS 
D 214-215 CitHioNiS 
D 239-240 d. CiiHioNiS 
A 2 3 5 d .  CsHsNaS 

300 
287 
293 
293 
295 
294 
292 
295 
242 
273 
318 
275 
318 
277 
318 
276 
318 
240 
268 
319 
270 
318 
276 
320 
274 
320 
275 
318 
275 
319 
275 
320 
275 
320 
274 
320 
295 
2 50 
?92 
-195 
29.5 
295 
277 

1 4 . 9  288 1 4 . 3  
14 .5  292 15 .1  4 0 . 0  
16.5 292 15 .0  52 .1  
16 .3  293 10 2 
1 5 . 5  293 1 4 . 9  62 .1  
17 .7  294 1 9 . 4  
19 .5  291 1 7 . 8  5 0 . 2  

7 . 5  312 10 9 3 6 . 1  
15.6 283 15 .1  tm.0 

10 .2  
12 .7  
11.9 313 11 .8  4 3 . 1  
1 5 . 6  
10.2 313 11.5 45.9 
14.2 
10.5 313 11 .4  3 8 . 4  
14 .6  
9 . 2  312 1 0 . 8  3 7 . 3  

1 0 . 3  
1 2 . 8  
9 . 0  230 14 .4  

10 .1  311 9 . 0  
9 . 5  315 1 1 . 3  56 .0  

14 .6  
10 .6  316 10 .9  49 .4  
14.7 
1 0 . 2  315 11 .3  49.4 
14.9 
10.6 315 11.6 57.6 
15.4 
10.4 313 12 .0  57.6 
16.1 
11 1 313 12 .3  57.6 
1 7 . 1  

13.7 
14 .9  293 15 .0  57 .9  
6 . 8  294 14.7 50 .3  

15.8 
10.7 293 1 6 . 9  5 9 . 5  
15 7 293 16 .2  59 .5  
14 8 293 15 .0  5 9 . 5  
12.1 40 9 

9 . 8  316 9 . 3  

3 9 . 0  2 . 7  2 . 9  26.7 26 .4b  
52 .0  3 . 3  3 . 5  20 .3  2 0 . 4  

2 0 . 3  2 0 . 2  
52 .4  3 . 3  3 . 3  20 .3  20.4 

21.7 2 1 . 2  
5 0 . 8  3 . 1  3 . 3  
6 1 . 1  4 . 7  4 . 0  21.9 22 .3  
3 0 . 3  4.5 4 .6  3 5 . 1  34.7 

43 2 4 . 6  4 . 4  35 .9  3 5 . 3  

46 0 5 . 3  5 . 4  33 .5  33.3c 

3 8 . 3  6 . 8  5 . 7  31.4 3 1 . 8  

37 .0  3 . 1  3 . 5  31 .1  3 0 . 5  

31 .3  3 1 . 5  

5 5 . 0  4 . 3  4 . 4  27.2 27.0 

4 9 . 8  3 . 4  3 . 4  24.0 24.2 

49 .2  3 . 4  3 . 6  24.0 23.Gd 

5 7 . 8  4 . 8  4.9 25 .8  2 5 . 8  

5 7 . 5  4 . 8  4 . 9  25 .8  25.6 

57 .8  4 . 8  4 . 8  25 8 25 .5  

21.5 21 .5  

5 7 . 6  3 . 5  3 . 7  24.6 24.4 
,50 1 2 . 7  2 . 8  21.3 21.6 

59 .8  4 . 1  4 . 2  23.2 23.2 
59 .7  4 . 1  4 . 3  23.2 23.6 
33.8 4 . 1  4 . 3  23.2 23 .5  
40 .9  1 . 7  1 . 6  39 .5  3 9 . 7  

a Solvents of recrystallization: A,  water; B, 959” ethanol; C, 50yo aqueous methanol; D, precipitated from ethanol by 
addition of water; E, 50y0 aqueous acetone; F,  precipitated from acetone by addition of water; G, absolute ethanol; 11, 
dissolved in alkali and precipitated with acetic acid, * Anal. Calcd.: S, 15.2. Found: S, 15.2. e Anal. Calcd.: S, 15.2. 
Found: S, 14.9. Anal. Calcd.: S, 11.0. Found: S, 10.5. 

dium hydroxide and 250 ml. of water was added, with stirring 
at room temperature, 8.4 g. (0.052 mole) of p-chlorobenzyl 
chloride over a 2-hour period. After 5 hours of stirring, 
hydrochloric acid was added until a PH value of about 6 
was reached. The mixture was chilled, filtered and washed 
well with water. The precipitate (9.0 g., m.p. 193-195”), 
after recrystallization from 150 ml. of 95% ethanol and de- 
colorization with Darco, melted a t  197-198” dec. 

6-Phenylmercaptopurines. General Method.-A solution 
of equimolecular amounts of 6-chloropurinezg and the ap- 
propria& thiophenol in 2 equivalents of 2 N sodium hydrox- 
ide was allowed to stand a t  room temperature from 4 to  18 
hours. In  some cases, e.g., 9-chlorophenylmercaptopurine, 
the mixture was then heated to 60” for 1 hour. The acidity 
was adjusted to pH 5 and the product collected and purified 
3s indicated in Table I. 

6-Phenylmercaptopurinee-A solution of 2 g. (0.013 mole) 
of 6-chloropurine and 1.4 g. (0.013 mole) of thiophenol in 13 
ml. of 2 N sodium hydroxide was allowed to stand a t  room 
temperature for 4 hours. The mixture was acidified to  pH 5 
by the addition of acetic acid and the crude precipitate col- 

(29) A. Bendich, P. Russell and J. Fox, TEE JOURNAL, 76,6073 (1954). 

lected and recrystallized from 250 ml. of absolute ethanol 
with the addition of Darco. 

6-Purinylthiocyanate.-A mixture of 32 g. (0.206 mole) 
of 6-chloropurine and 21 g. (0.217 mole) of potassium thio- 
cyanate in 600 ml. of methanol was heated under reflux con- 
ditions for 6 hours. The reaction mixture was chilled and 
filtered. The crude precipitate was collected and recrys- 
tallized from 13 liters of hot water. The product decom- 
poses a t  about 235” when put into a preheated melting point 
apparatus. Its decomposition point depends on the rate of 
heating. 

When the compound was dissolved in 1 N sodium hy- 
droxide, i t  was essentially instantaneously converted to 
mercaptopurine. Time studies were carried out spectro- 
photometrically a t  PH 11 (in a Sdrensen glycine-sodium 
hydroxide buffer) and in 0.1 N sodium hydroxide to deter- 
mine the rate of hydrolysis of thiocyanopurine to 6-mercapto- 
purine. The amount of 6-mercaptopurine formed was de- 
termined by the increase in ultraviolet absorption a t  310 
mp, a t  25” and a concentration of 8.08 mg. per liter. The 
pertinent data are given in Table 111. From these the trans- 
formation to  6-mercaptopurine in percent was calculated 
for each interval and the results were plotted in Fig. 1. 



April 20, 1959 P U R I N E S  RELATED TO 6 - M E R C A P T O P U R I N E  A N D  THIOGUANINE 1901 

TABLE I1 6-Mercapto-8-methylpurine. A. From 6-Hydroxy-8- 
methylpurine.-A mixture of 4 g. of 6-liydroxy-8-metliyl- 

A~3SoRPT10N SPECTRA OF 8-SURST1TUTED purine, 20 g. of freshly ground phosphorus pciitasulfide and 
PURINES 200 ml. of tetralin was heated a t  210" for 3 hours. Thc 

--Purine substituents- 
2 6 

OH 

SH 

SI1 

S H  
OH 

NIIz OH 

NHz OII 

NHz SI-I 

NIIz S H  

0 Inflection. 

8 

S H  

SH 

OH 

CHa 
CHI 
SH 

SCHI 

SH 

011 

--pH 1- I 

Amas, E m s  

233 7 . 9  
288 22.0 
270 17.7 
357 32 .0  

m r  X 10' 

237 13 .2  
290" 6 . 3  
333 19 .5  
326 18.6 
248 12 .5  
269 16.4 
303 15 .6  
263 12 .9  
291 15 .5  
272 25.4 
372 35.0 

250 8 . 6  
350 22.0 

--PH 
x m . i .  
ma 

233 
289 
241 
260 
333 
237 
310 

311 
260 
237 
300 
265" 
290 
251 
273 
347 
240 
325 

11- 
E m s  x 10' 

26.7 
21 .8  
12. 6 
14 .7  
31 .4  
17 .8  
22 .9  

19.4 
11 .6  
16 .8  
15 .3  
9 . 9  

12 .7  
16 .8  
14.6 
25 .0  
15 .4  
17 .0  

TABLE 111 

CHANCE IN ULTRAVIOLET ABSORPTION SPECTRUM OF &THIO- 
CYANOPURINE WITH TIME 

Time 
in min. 

0 
1 
3 
5 
8 

10 
12 

Optical density at Optical density at 
310 mr 310 mr 

0.1 A; Tim,e 0.1 .A' 
NaOH fiH 1 1  in min. NaOH OH 1 1  

a 0.125 16 0.875 0.166 
0.175 ,135 20 ,875 ,175 

.540 . . . 30 . . .  ,202 
,665 . . . 60 . . .  ,257 
,810 . . . 135 . . .  ,345 
,850 . . . 205 . . .  ,405 
. . .  .152 355 . . .  .478 

a Changing rapidly. 

5-Acetamido-4-amino-6-hydroxypy~idine.-A mixture 
of 10 g. (0.057 mole) of 4,5-diamino-6-hydroxypyrimidine 
sulfate,17 4.67 g. (0.057 mole) of anhydrous sodium acetate 
and 5.85 g. (0.057 mole) of acetic anhydride in 200 ml. of 
glacial acetic acid was heated under reflux conditions for 6 
hours. The reaction mixture was evaporated to  dryness 
under reduced pressure and the residue was washed well 
with water and dried a t  110'. The crude product (9.6 9.) 
was used for the preparation of 6-hydroxy-8-methylpurine 
without further pnrification. A sample was purified for 
analysis by two recrystallizations from 30 parts of water, 
with the use of Darco for decolorization. I t  was dried in a 
vacuum desiccator. The water of hydration was lost a t  140' 
but was taken up again on exposure to air. 

Anal. Calcd. for C ~ H ~ N , O Z . ~ / ~ H Z O :  C, 40.7; H ,  5.1; 
H20 ,  5.1. Foiind: C, 40.4; H ,  4.9; HzO (140°), 4.5. 

6-Hydroxy-8-rnethylpurine.-A solution of 9.25 g. (0.055 
mole) of 5-acetamido-4-amino-6-hydroxypyrimidine in 27.5 
ml. of 2 N sodium hydroxide was evaporated to  dryness 
under reduced pressure. The dry sodium salt was heated 
a t  260-280' for 3 hours, during which time water was 
evolved. The residue was dissolved in 150 nil. of water, 
filtered and acidified with acetic acid (pH 5). The pre- 
cipitate was collected, washed with water and dried a t  120" 
(6.5 g., 79%). A portion was recrystallized from 160 parts 
of hot water and decolorized with Darco. I t  was dried a t  
140' before analysis. 

Anal .  Calcd. for C ~ H ~ N I O :  C, 48.0; H ,  4.0. Found: 
C ,  47.5; H ,  3.7. 

mixture was cooled, filtered and the insoluble residue was 
washed with benzene and petroleum ether. The solid was 
boiled with 300 ml. of water for 15 minutes and filtered hot. 
Ammonium hydroxide was added to the filtrate until pH 5 
was reached and then the solution was evaporated to  dry- 
ness under reduced pressure. The residue was leached with 
100 ml. of cold water and then recrystallized by solution in 
250 ml. of hot water, and concentration of the aqueous solu- 
tion to  GO ml. The yellow precipitate (1.7 g., 39%) did 
not melt below 3TO" .  

A n d .  Calcd. for C6116N4S: c, 43.3: €1, 3.6; N ,  33.7. 
Found: C, 43.2; H ,  4.0; N, 33.4. 

B. From 4,5-Diamino-6-mercaptopyrimidine.--i\n inti- 
mate mixture of 5.1 g. (0.036 mole) of 4,5-diamino-G-mer- 
captopyrimidine18 and 15 g. of acetamide was heated a t  230' 
for 1.5 hours. The melt was cooled, 150 ml. of water was 
added and the orang? precipitate (2 g.) of 6-nicrcapto-8- 
methylpurine was collected. An additional 1 g. of crude 
product was obtained after concentration of the filtrate to 
50 ml. in an air stream. 
8-Hydroxy-6-mercaptopur~e.-A mixture of 4.2 g. of 

4,5-diamin0-6-merCaptopyrimidine'~ and 4 g. of urea was 
heated a t  175" for 25 minutes. The mixture melted, 
evolved ammonia and resolidified. After cooling, the 
melt was dissolved in 50 ml. of 1 N sodium hydroxide, fil- 
tered and the filtrate acidified to pH 5 with acetic acid. 
The precipitate was collected, washed with water and dried 
a t  110'. The product crystallizes with one-half molecule 
of water. On heating a t  140' a portion of this water is lost 
but even this is regained rapidly on exposure to air. 

Anal. Calcd. for C~H,NIOS.I/~HZO: C, 33.9; H ,  2.8; 
N, 31.6; S, 18.1; HzO, 5.1. Found: C, 33.6; H,  2.4; 

6-Hydroxy-8-mercaptopurine.-A mixture of 11 g. of 
4,5-diamino-6-hydroxypyrimidine sulfate,17 4.9 g. of an- 
hydrous sodium acetate and 9 g. of thiourea was heated a t  
200" for one hour. The melt resolidified while still hot. 
After cooling, the melt w3s leached with 100 ml. of cold 
water to  remove excess thiourea and inorganic salts. The 
insoluble residue was dissolved in 200 ml. of 0.2 N sodium 
hydroxide and filtered into 600 ml. of hot dilute excess acetic 
acid. The acidified solution was heated to boiling, filtered 
to remove a small amount of brown precipitate and than 
chilled. The product deposited as orange flaky crystals 
which lost their crystalline structure and became tan in 
color when dried a t  140' (5.95 g., 56%). A portion was re- 
crystallized from 140 parts of hot water and the precipitate 
dried a t  60" in  vacuo before analysis. This material showed 
a tendency to  be slightly hygroscopic. 

Anal.  Calcd. for CSHINIOS.~ /~H~O:  C, 33.0; H,  3.0; 
N, 30.9; H20 ,  7.5. Found: C, 33.4; H ,  3.1; N, 31.4; 

6,8-Dimercaptopurine. A. From 6-Hydroxy-8-mercapto- 
purine.-A mixture of 6.8 g. (0.040 mole) of &hydroxy-& 
mercaptopurine, 8 g. of "liver of sulfur," 35 g. of freshly 
pulverized phosphorus pentasulfide and 200 nil. of tetralin 
was heated a t  200" for 6.5 hours. The reaction mixture 
was cooled, filtered and the solid material was washed with 
benzene and petroleum ether. The crude product was 
boiled for 15 minutes with 300 ml. of water and then made 
alkaline with ammonium hydroxide. The ammoniacal 
solution was filtered, acidified to  pH 5 with acetic acid, 
cooled and the precipitate of 6,8-dimercaptopurine (4.95 
g., 55.5%) was collected. The product was identical with 
the one prepared by method B. 

B. From 4,5-Diamino-6-mercaptopyrimidine.-A mix- 
ture of 5 g. of 4,5-diami1io-6-mercaptopyrimidine and 5 g. of 
thiourea was heated a t  210' for 15 minutes. X c l eu  melt 
formed and after 15 minutes the evolution of gas ceased and 
the melt resolidified. The solid was treated with 25 ml. of 
2 N sodium hydroxide and 150 ml. of water and a small in- 
soluble residue was removed by filtration. The solution 
was acidified with acetic acid whereupon the 6,8-dimercapto- 
purine hydrate (3.6 g., 51%) precipitated as a bright yellow 
precipitate. A sample was purified for analysis by recrys- 
tallization from 250 parts of boiling water, and drying a t  
50' in vacuo. Tlic monohydrate loses its water of crystalli- 
zation a t  140' but the water is regained on exposure t u  air. 

N ,  31.8; S, 17.6; H20 (140°), 3.3. 

HzO (140°), 7.7. 
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Anal.  Calcd. for C5H,N&.HtO: C,  29.7; H ,  2.97; 5-6, a yellow precipitate formed. This precipitate was 
N,  27.6; S, 31.6; HsO, 8.9. Found: C, 30.0; H, 3.13; collected and purified by re-solution in 500 ml. of water 
N, 27.3; S, 31.5; Hz0 (140'), 9.2. containing 25 ml. of ammonium hydroxide, filtration and 

2-Amino-6-hydroxy-8-mercaptopurine .-A powdered mix- acidification to pH 5 (9.3 g., 31%). The compound was 

rimidine sulfate and 30 g. of thiourea was heated at 190-200" 2 - A m i n o - 6 - c h l o r o - & h y ~ o ~ u ~ e  was prepared from 2- 
for 30 minutes. The melt was cooled and dissol,,ed in 600 alnino-6,8dihydroxypurine by the method of Fischer,m 
ml ,  of water and 60 of 17 sodium hydroxide. After with a slight modification. After the chlorination was com- 
filtration, the product was precipitated by acidification of plete, the phosphorus oxycliloride was removed under re- 
the solution to p~ 5 with acetic acid, filtered, washed aIld duced pressure and the residue was treated with ice-water. 

After collection of the initial orange-colored precipitate, the 
filtrate w a s  kept cold and treated with ammonium hydroxide dried in a vacuum desiccator (16 g., 67%). 

A n d .  Calcd. for CsH&NaOS.l/zHzO: C, 31.3; H, 3.1; until a pH of 4 was reached. This resulted in the precipita- 
N, 36.5; H20, 4.7. Found: C, 31.9; H ,  3.1; N,  36.7; tion of a large amount of additional 2-amino-6-chloro-8- 
HzO (140'), 4.4. hydroxypurine. This product was collected, washed, dried 

2 ~ ~ ~ ~ ~ 6 ~ ~ y ~ r 0 ~ y ~ 8 ~ m e ~ ~ y ~ e r c a p t o p ~ e ~ ~ T o  a solu- and used for the next step without further purification. 
tion of 9.4 g. (0.0515 mole) of 2-amino-6-hydroxy-8-mer- 2-Amino-8-hydroxy-6-mercaptopurine.-A mixture of 
captopurine in 2 2 ~  ml. of o . ~  sodium hydroxide was 25 g. of crude 2-amino-6-chloro-8-hydroxypurine~ and 300 
added slowly, with shaking, 8 g. (0.0563 mole) of methyl ml. Of aqueous 'Odium hydrosulfide was heated in a 
iodide. After one hour at temperature, the mixture sealed vessel a t  100' for 16 hours. After cooling, the mix- 
was acidified to PH 5 with acetic acid and the precipitate ture, which already contained a considerable amomit of 
collected. ~h~ product was purified by solution in dilute precipitate, was acidified to  PH 5 with acetic acid and fil- 
sodium hydroxide and reprecipitation by acid twice tered. The precipitate was dissolved in 40 nil. of 2 N 
,nore (7.2 g , ,  fi5y0), It was dried in a vacuunl desiccator sodium hydroxide and 200 ml. of water and the alkaline 
The  water of hydration is lost at 1400 but regained rapidlJ solution was filtered to  remove a small amount of sulfur. 

Cpon acidification to  PH 5, the 2-amino-8-hydroxy-6- 
mercaptopurine which had precipitated %vas. collected, on exposure to air. 

Anal. Calcd. for CsH7S60S.1120: C, 3 3 . 5 ;  H, 4.2; washed and dried at room temperature. This niaterial 
1320, 8.4. Found: C, 33.6; H,  4.2; H20 (140°), 7.4. (10.8 g.) was 97% pure as judged by its ultraviolet absorp- 

2-A-o-6,8-d~ercaptopurine, A .  From 2-Amino-6- tion spectrum, but was brown in color. In  order to obtain 
hydroxy-8-mercaptopu*ne,-.~ mixture of 10 g, of 2-amino- a Pure sample it was found necessary to employ an ion- 
6 ~ 1 1 ~ d r o r y ~ ~ ~ m e r c a p t o p u r ~ n e ,  3o g. of powdered phosphorus exchange column, followed by fractional crystal1iz:ition. 
pentasulii~c and 500 ml.  of pyridine was heated under re- A 5-g. portion, dissolved in 22 ml. of 2 N sodium hydroxide 
f111x conditions for 16 j lo i l r s .  PlUS 300 ml. of water, was passed through a Dowex-1 (for- 

,)f 
effluent was added 10 1111. of 2 N liydrochloric acid, where- 

ture of 25 g. (0.125 mole) of 6-hydroxy-2,4,5-triaminopy- identical with that prepared by method A above. 

.4fter removal of the 
tinder reducetl I,rcssure, the residue !vas boiled with 400 ml Ina te )  colunlli ( l '  diameter x 50 mm. high). To the  

for  15 n i i l l t l ~ c s  and filtered ,vhile hot. The iIlstd: 
ubie resitiIle (8.6 g . ,  ;q,) consisted of 2 ~ a m ~ r t o ~ 6 , ~ ~ d ~ n ~ c r ~  upon an  amorl,llous brown precipitate formed and was re- 
ca,,top,,rille g;~lc pur i t s .  On cooling of the  nioved by filtration and discarded. T h e  yellom filtrate 

R n  additinil  2,85 g ,  ,vas obtained, of 3 5 ~ ;  purity as was acidified by the addition of 13 mi. of 2 N hydrochloric 
,Lldgecj by its ultraviolet absorption spectrum, :reid and the rellow precipitate (2.8 e . )  was collected, 
o f  of di- washed with water and acetone and dried in a vacuum &sic- 

water, ~ - \ f ~ ~ ~  centr i fugat ion precipitate \\,aslied on exposure to air. A n  additional 0.4 g. of the product was 
,vitll 'IYatCr a l ld  31c01101 and dried in  a vacuulil desiccator. recovered from the Domex-1 column by elution with 0.3 iJr 
I'lle product forins a monoll~,,tlrate whicll loses only sodium formate solution and acidification with hydrochloric 
fourtlis of its water of liydratiun a t  140' and regains this on acid' 
exposure to  air. A n d .  Calcd. for C6HsNb0S.l/rH20: C, 31.2; H ,  3.1; 

II?O, 8.3. Found: N, 32.2; S, 29.8; H 2 0  (140°), 6.2. 

rn;,in b:ltcll was pllrilie,-l by s o ~ u t i o r l  i n  
rnetiiylforiri:iniiLle, filtration anrl dijution with 20 volumes uf cator* The water of hydration was lostat  140' and regaine' 

d g n n i ,  ca lcd ,  fo r  c ~ H ~ ~ ~ s ~ . H ~ ~ :  N, 3 2 . 2 ;  s,  20,;;  x, 36.5; HzO, 4.7. Found: C, 31.3; HI 3.3; N,  35.9; 
€ 1 2 0  (1400), 4.7. 

Ultraviolet absorption spectra were determined with a 
nccknian DU sIicclroi)hntometer a t  a concentration of 10 
1 ~ " "  a t  $1' 1.0 (0.1 ,' ll~drochloric acid) and PH 11 
(S(jrensen g ! ~ ' ~ ~ ~ ~ : ~ ~ ~  buffer). 
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B,  From 2 ~ A m i n o ~ 6 ~ ~ y ~ r o x y ~ 8 ~ n l e t h y l m e r c a p t o p u r i r ~ , ~  
Iliix.ilre of 2y,5 g. (0,1,6 mole) of %-amino-6-hydrox!.8- 

riic.tityiriiercaptoptirine and 90 g. c;f pliospliorus peritasulticic 
i n  2 . ~  nil .  of tetralin was lieated at 2000, ivitli stirring, for 
3.5 Iintirs. The niixturc \\'as cooled, iiitcriTd and waslied 
wit11 benzene. The solid residue was boiled with 801) ml. nf 
\ \ ; i ter  for 15 minuter ar:d the hot mixture was filtered. 
T!ie water-insoluble residue was treated with 300 mi. of i n  s\-lltllescs to p. R. v. Raker, 
water and 250 inl. of concentrated arnrnoniitm hydroxide 
:ind filtered to remove a sni:Jl insoluble residue. The fil- 
trate was brought to p H  8 . 5  by tlic addition of conceritrated 
liydrochloric acid and filtered once mort to remove a sniall 
dark precipitate. Upon acidification of the filtrate to p H  

__ 
( X J J  I i .  Pischpr, Der., 31, 2 l j l Q  (1898). 


