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Experimental Section 

Isobutyl N-Ch1oroethylcarbamate.-Ethylenimiiie (7  g )  irr dry 
c-hloroform (20 ml) iddeti diiriiig 2 hr to H stirred soliition of 
imhiityl chloroformate (21 .%5 g)  iii chloroform (150 nil) kept at 
0-2". The solution was then warmed t o  30' arid kept a1 this 
trmperat \ire for 3 hr. After removing the solvelit iriider rediiced 
pressure at :;(lo the residiial oil was extracted a i t h  t K o  230-in1 
port ious of petrolerini ether (bp :3(lk4O0). Uistillation of the 
material coutained iii this extract afforded aii oil, bp 76" (0.04 
mm), yield 20 g. 

.lnal. Calcd for CjHIKlNOr: C, 46.8; H, 7.9; C1, 1 O . i ;  
N, 7 . 8 .  Foiind: C, 46.8: H, 7.9: C1, 19.2; N, 7.9. 

Isobutyl N-Chloroethyl-N-nitros0carbamate.-Sodium nitrite 
(20 g )  in water (125 ml) wa:, added during 1 hr to a st,irred solu- 
tion of the above carbamate (18 g)  in formic acid (125 nil) keeping 
the temprature below 5'.  After standing for 4 hr at  S o ,  the 
solritioii was diliited with water (125 ml) and extracted with two 
2,X-nil portions of petroleum ether (bp 60-80"). On concentrat- 
iiig and distilling the dried (CaCl?) solution, an oil, bp 74" 
(0 .02  mm), was obtained, yield 1.5 g. It shoived 9troirg ahwrption 
at 1400 cm-l (KO). 

Anal .  Calcd for  C;H&lNs03: C, 40.3; H, 6.3; C1, 17.0; 
K, 13.4. Found: C, 40.4; H, 6.6;  C1, 17.3: ?;, 13.0. 
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Purine derivatives are the most promising immuno- 
suppressive agents tested to date.2 Their activity 
has been ascribed to the purine moiety which is capable 
of blocking the interconversion of nucleotides, particu- 
larly from inosinic acid to adenylic acid, thus interfering 
with the synthesis of nucleic acids.3 Although many 
studies on immunosuppressive activity have been 
carried out with 6-mercaptopurine (6-MP) and its 
S-substituted derivatives, 2-amino-&mercaptopurine 
(TG) seems to be the only ring substituted 6-RIP re- 

The present investigation details the syn- 
thesis of 2-aniino-6-mercapto-8-phenylpurine (8-PTG) 
and the experimental data on the immunosuppressive 
studies of 8-PTG and of 6-mercapto-8-phenylpurine 
(8-PMP) which we synthesized previ~us ly .~  

2,4-Dia1nino-G-hydroxy-5-benzaniidopyriniidine, 
which was prepared by benzoylation of 2,4,5-triamino- 
6-hydroxypyrimidine in alkaline solution,j was dehydro- 
cyclized with polyphosphoric acid4 to the hydroxy- 
purine. Treatment of the hydroxypurine with phos- 
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phorus oxychloride in the presence of N,N-diethyl- 
aniline afforded 2-amino-6-chloro-8-phenylpurine. Sub- 
sequent thiatioii of the cbhloro compound with thiourea 
in absolute ethanol gave a nearly quantitative yield of 

A\\lodification of thc riiercapto group of 6-AIP pro- 
duced 6-alkyl-, &aryl-, 6-purinyl-, and 6-imidazolyl 
mercaptopurinesG which retained or, in some cases, 
showed an enhancement of the immunosuppressive 
activity.2c-e,6 The only ring-substituted compound 
tested, TG, was found to be as potent as 6-MP but was 
more t ~ x i c . ~ c ~ ~ ~ ~  The 8-phenyl substituted G-XP and 
TG in our present studies showed no immunosup- 
pressive property as measured by the inhibition of anti- 
body production in mice. The activity of the S- 
substituted 6-NP is considered to be unsheathed only 
after in vivo hydrolysis or reduction with liberation of 
the free niercapto group.8 By this hypothesis, 8-PIIP 
and 8-PTG should retain at  least some of the activity 
because of the intact free mercapto group. The in- 
activity of 8-PlIP and 8-PTG seems to show that a free 
8 position is ako essential for immunosuppressive 
activity. 

A11 the active immune suppressors are also antitumor 
agents even though the reverse is not always true.2c 
This indicates a certain duality of action which is dis- 
played by some of the chemical agents, including 6-XP 
and TG. Various 8-substituted purines showed some 
degree of inhibition toward experimental animal tumors 
although most of them are only moderately a ~ t i v e . ~ . ~  
Our present observation of the abolition of immuno- 
suppressive activity of 6-AIP and TG by 8-phenyl 
substitution is noteworthy. However, both 8-PAIP 
and 8-PTG showed moderate inhibitory activity in the 
KB-line cell culture, IDSO a t  30 and 20 pg/nil, respec- 
tively.'O These details mill be reported with other 
antineoplastic data elsewhere. Substitutions on dif- 
ferent positions in the 6-MP nucleus would be of in- 
terest for studies on the chemical structure-biological 
activity relationship and the pharmacodynamics of 
the immunosuppressive processes. Judicious choice 
of substitutions could also lead to derivatives of 8--1IP 
and other purines, some of which might be of significant 
biological importance. 

8-PTG. 

Experimental Section11 

t-Amin0-6-hydroxy-8-phenylpurine.-To a mixture of 3 g of 
dry 2,4-diamino-6-hydroxy-5-benzamidopyrimidine6 and 25 g of 
P20s, cooled to O", was added 18 ml of 85% H3P04. The mixture 
was then heated to 160-170" and itirred for I..? hr. By this time, 
the slowly dissolving amidopyrimidiiie had gone into solution. 
After cooling to room temperature, the thick syrup was poured 
with vigorous stirring onto crushed ice. The precipitate was 
allom-ed tmo stand at, 4' for 18 hr and was then filtered and washed 
thoroughly with water and ether. The crude product was 
recrystallized from 2.7 1. of 2 S HC1 to give 2.7 g (64%) of orange 
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