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Some time ago in this laboratory a number of 9-alkyl-9i/-purines 
were prepared for evaluation against experimental animal tumors.2 

Most of the 9-alkyl derivatives of 6-chloropurine and 6-mercapto
purine did indeed show marked inhibitory action against Adeno
carcinoma 755 s and some of them showed a lower order of activity 
against Sarcoma 180 and Leukemia L1210. More recently 9-ethyl-
6-mercaptopurine has shown activity against chronic adult human 
leukemias.4 

One of the major stumbling blocks to the successful treatment of 
human cancer today is the development of resistance5 to drugs such 
as 6-mercaptopurine. In one approach to the problem, we have eval
uated a number of compounds6 for cytotoxic effects against two sub
lines of human epidermal carcinoma (H. Ep-2) that is resistant to the 
action of 6-mercaptopurine.7 The 9-alkyl-9i?-purines have been 
found to be the most effective inhibitors of these cell lines.6 

In an effort to correlate the nature of the 9-substituent with the 
inhibitory activity of these compounds and to pinpoint the most 
effective member of this series, a number of new 9-substituted 9H-
purines have now been synthesized for evaluation. The required 
4-alkylamino-5-amino-6-chloropyrimidines (I) were prepared from 
5-amino-4,6-dichloropyrimidine (II) by convenient modifications of 
the usual procedure.2-8 Instead of bomb reactions used previously 
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with low boiling amines, a five-fold excess of amine in refluxing pro-
panol was employed for the smooth and rapid amination of II. Fur
thermore, the higher boiling amines produced monoaminated pyrim-
idines when employed in excess as both reactant and solvent at a 
temperature of about 100°. None of the 5-amino-4-(substituted-
amino)-pyrimidines (I) prepared were purified since the crude pyrim-
idines gave satisfactory yields in later conversions. 

Although the cyclization of compounds similar to I with ethyl 
orthoformate-acetic anhydride or diethoxymethyl acetate generally 
produces good yields of 9-substituted 6-chloropurines (III), only fair 
yields are obtained in some cases.2 The lower yields of III have been 
attributed to the detrimental but apparently required reaction tem
peratures which produce contaminants that are difficult to remove 
from the product.2 

The chloropurines described herein (Table I) were obtained in 
excellent yields by simply stirring solutions or suspensions of I in 
ethyl orthoformate overnight at room temperature in the presence of 
a slight excess of concentrated hydrochloric acid. The increase in 
yields of III over those of similar compounds prepared by other 
methods is probably due to the conditions of the reaction.9 The 
isolation of the three 6-chloro-9-propyl-9i7-purines from the reaction 
mixture as hydrochlorides is undoubtedly due to their insolubility 
rather than to greater basicity of the purines. 

The hypoxanthine, adenine and 6-mercaptopurine analogs listed 
in Table I were prepared by published procedures; the hypoxanthines 
from I and formic acid,2'10 and the adenines and 6-mercaptopurines 
from III and the appropriate nucleophile.2 In addition, 6-chloro-
9-propyl-9i?-purine was converted in refluxing formic acid to 9-
propylhypoxanthine, but this route offers no advantage if o-amino-6-
chloro-4-propylarriinopyrimidine is available. 

Typical ultraviolet and infrared spectra of the 6,9-disubstituted 
purines have been reported elsewhere and are not listed here.2 

Cell Culture Cytotoxicity.—Although none of the compounds de
scribed in this paper showed a higher degree of inhibition of the 6-
mercaptopurine-resistant H.Ep-2 cells than the cyclopentyl and 
cyclohexyl derivatives previously reported,6 the normal hexyl deriva
tives were the most effective inhibitors of 6-mercaptopurine-resistant 
Adenocarcinoma 755 cells in culture.11 Further studies on the effect 

(9) In the present work, the application of moderate heat for a short period in an attempted 
preparation of 6-chloro-9-hexyl-9ff-purine led to the complete hydrolysis of the chloro group 
and the production of 9-hexylhypoxanthine. 

(10) R. K. Robins and H. H. Lin, J. Am. Chem. Soc, 79, 490 (1957). 
(11) Dr. G. G. Kelley, personal communication. 
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of the various 9-alkyl-M/~purino in other (S-mereaptopurine-resistant 
biological systems is in progress. 

Experimental 

Amination of 5-Amino-4,6-dichloropyrimidine.—A solution of 5-amino-4,6-
dichloropyrimidine (50 g.), either in a five-fold excess of the amine or in propanol 
(ca. 500 ml.) containing a five-fold excess of the low boiling amine, was heated at 
100-110° in an oil bath for 2 hr. in an atmosphere of dry nitrogen. The residue 
obtained by evaporation of the volatiles in vacuo was treated by one of the follow
ing methods: (A) The residues containing the 4^propyl-, 4-pentyl-, 4-hexyl-, 
4-heptyl- and 4-octylaminopyrimidines were extracted with ether (4 X 1000 ml.) 
and the combined extracts evaporated to dryness to yield the crude pyrimidines. 
Further removal of amine from the 4-octylaminopyrimidine was effected by neu
tralization of an aqueous suspension of the crude pyrimidine with dilute hydro
chloric acid. The 4-propyIaminopyrimidine required a second ether extraction to 
remove excess amine hydrochloride. (B) The residues containing the 4-isopropyl-
and 4-cyclopropylaminopyrimidines were triturated with water (1000 ml.) and the 
crude pyrimidines collected by filtration. The 4-cycloheptylaminopyrimidine 
was isolated by ether extraction of a neutralized aqueous suspension of the residue. 

Cyclization of 5-Amino-6-chIoro-4-(substituted-amino)pyrimidines.—To 1 
mmole of the pyrimidine (I) dissolved in triethyl orthoformate (4 ml.) was added 
coned, hydrochloric acid (1.3 mmoles) in small increments with stirring. In 
some cases the hydrochloride of the pyrimidine precipitated. The solution or 
suspension was stirred overnight at room temperature to effect conversion to the 
6-chloropurine, which was isolated by one of the following methods: (A) The 
suspended hydrochloride of the 6-chloropurine was collected by nitration and 
recrystallized from the appropriate solvent (Table I). (B) The clear solution 
was concentrated under reduced pressure in a 60° oil-bath and the resulting gum of 
6-chloropurine was washed with Skellysolve C and distilled under high vacuum 
(Table I). Solid 6-chloro-9-cycloheptyI-9.ff-purine, obtained by washing the 
gum with Skellysolve C, was purified by ether trituration or recrystallization from 
ethyl acetate. 
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