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THE SYNTHESIS OF CERTAIN 7-SUBSTITUTED 
TRIAZOLOPYRIMID INES 

INTRODUCTI ON 

From the time of their discovery, purines and re- 

lated compounds have been under continual investigation 

as inhibitors, entinietebolites, bacteriostatic agents, 

carcinostatic- and carcinogenic agents, etc. In 1955, 

interest in these compounds was reintensified by the 

characterization and synthesis of 6-furfurylaminopurine 

(kinetin) by Miller, Skoog, an coworkers (12, p. 1392), 

and its identification as the active principle of the 

"growth factor" first described by Overbeek in 1941 

(19, p. 350-351) and known for some time as the"eoeonut 

milk factor". The fact that kinetin activates the 

process of cell-division (and hence of growth) is of 

special interest to those engaged In cancer research, 

as carcinoni niay be looked upon as essentially a problem 

of growth and its control. 

Thus the elucidation of the nature of kinetin re- 

suited In the preparation by 

analogs, principal attention 

eminopurine (3, p. 119-120), 

(14, p. 404-408), 6-mercapto 

7-8), 6-chioropurine and its 

(15, p. 490-494), and a vide 

many workers of kinetin 

having been given to 2,6-di- 

its N-alkylated derivatives 

purine (1, p. 766-769; 4, p. 

9-alkylated derivatives 

variety of six-substituted 
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emmo purines (18, p. 2843-2846; '7, p. 411-414; 9, p. 

2648; 1?, p. 5097-5100). Other purines which have reo- 

ently shown some evidence of oaneer-inhibitin activity 

are 2-fluoroadenine (13, p. 4559) and the guanine analog 

of pyrazolo (3,4-d) pyrimidine (18, p. 2843-2846). 

Interest in the 1-v-triazolo(d)pyriniidines began 

when Roblin and coworkers prepared several triazolo 

analogs of the oomon purines for bacteriostatie screening. 

The subsequent discovery of the carcinostatic properties 

of 8-azaguanine (8, p. 1030-1033) stimulated further 

interest in these and related compounds. 

This Laboratory had previously prepared a series of 

6-alkyleminopurines for carcinostatic screening, and it 

was decided to complement this with the preparation of an 

analogous series of 7-substituted triazolopyrimidines*. 

The general preparative scheme followed that employed 

earlier by Daly and Christensen (5, p. 179-179) (see 

Table I). 

Pyrimidine-4,6-dione was prepared by the method of 

Hull (11, Ip. 2214), involving the condensation of zualono- 

diamide with ethyl acetate. 

The procedure originally given for the nitration of 

pyrimidine-4,6-dione (2, p. 96-102; 5, p. 177-179) was 

Because of the special numbering system employed 
for purines, a 6-substituted purine is an analog 
of a '7-substituted triazolopyrimidine. 
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found to be somewhat unreliable in that the reaction 

could not always be started and once started was fra- 

quently too rapid. The method finally devised consisted 

of adding the pyrimidine to the nitrating mixture 25 

volume-percent fuming nitric acid in glacial acetic acid), 

keeping the temperature below 250, and then adding excess 

fuming nitric acid and allowing the temperature to rise. 

This differed from the original procedure in that the 

twenty minute warming period following the addition of 

the pyrimidine was eliminated, the fuming nitric acid 

being added immediately, without any such waiting period. 

The chlorination of the nitropyrimidine employed 

phosphoryl chloride and dimethylaniline, but the 85% yield 

claimed by Boon, Jones, and Ramage t2, p. 96-102) could 

not be reproduced; however, fairly consistent yields of 

approximately 20% were obtained several times. The 

trouble apDears to be due possibly to the hydrolysis of 

the dichioride, which occurs very readily due to the ac- 

tivation of the chlorine atoms by the adjacent nitro 

group. In the original procedure the reaction mixture is 

Poured on ice, liberating considerable local heat from the 

hydrolysis of undistilled phosphoryl chloride. Since the 

reaction mixture is a heavy sticky mass, it is difficult 

to achieve good mixing, severe local heating occurs, and 

considerable ice melts. This mixture of ice, water, and 
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product Is then extracted with ether and the produet re- 
covered. In the modified version, the reaction mixture 

(after distillation of excess phosphoryl chloride) is 
extracted directly with ether. evaporation of the ether 

and recrystallization result in a much cleaner product 

in more than twice the original yield. 
Animation of the dichloronitropyriniidine was by the 

method of Boon, Jones, and Ramage (2, p. 96-102) and in- 

volved the direct action of &nnonia. The resulting 
4.-amino-5-nitro-6-chloropyrimidine was used as the start- 
ing material for the preparation of the various derivatives. 
The pyrimidine was treated directly with the desired amine 

and the aminolysis of the 6-chioro group proceeded with- 

out difficulty. The reduction of the 5-nitro group of 

the resulting compound was readily effected by direct hy- 

drogenetion, using Raney W-2 nickel catalyst (10, p. 180- 

183). 

Cyclization of the 6-substituted diaminopyrimidines 

was easily accomplished by treatment with sodium nitrite 
In acid solution. As was noted previously (6, p. 171-177), 

a colored intermediate is usually formed which gradually 

becomes colorless as the reaction proceeds. 

The derivatives prepared were the xaorpholino-, benz- 

ylamino-, anilino-, methylamino-, isobutyleniino-, and 



piperidino-triazolopyrimldines. 

Physically, this series of triazolopyrimidines fornas 

white crystals of an eitremely light and fluffy nature, 

which begin to decompose above 270_3000 but show no sharp 

melting or decomposition points. They show no tendency 

to explode on heating. 

Unsubstituted triazolopyrinildine itself is very sol- 

uble in water, but as in many N-heteroaromatic molecules 

having a high N:C ratio, the addition of electron-donating 

groups (e.g., the sec-amino group) lowers the solubility 

greatly (16, p. 126); this series of derivatives is prao- 

tically insoluble in water. 

The ultraviolet spectra all show maximum absorptions 

at somewhat greeter wavelengths than that of the unsubs- 

tituted parent compound (16, p. 134), which absorbs at 

270 in over the pH range 3.5-6. 



IPBIMNTL 

4,6.-Pyrimidinedlone. Ma1onod1m1de (102 grams) was 

added to a solution of 46 grams of sodiifln. metal in 1500 

ml of absolute alcohol. To this mixture (still hot from 

the reaction with sodium) was added, over a period of an 

hour, 120 ini of ethyl formate. The mixture was heated by 

means of a water bath for about two hours and then allowed 

to stand for 12 hours, by which time a large quantity of 

white material had settled out. The white crystals were 

washed with absolute ethanol and redissolved in 500 ml of 

water. This aqueous solution was acidified with concen- 

trated hydrochloric acid; after standing for several hours 

the yellow crystals were collected and washed with water 

and then with alcohol. The yields were fairly uniform and 

amounted to 40-45 grams (35-40% yIeld). 

5-NItro-pyrimidine-6-dione. Twenty-two grams of 

4,6-pyrimidinedione was added in small portions to 100 ml 

oÍ' a nitrating mixture (26 volume-percent of fuming nitric 
acid in glacial acetic acid) cooled by an ice bath and ag- 

itated by a magnetic stirrer. The best rate of addition 

was judged by observing the rate of nitrogen dioxide evol- 

ution and the temperature rise, which was not permitted to 

exceed 25°. On completion of this stage the ice bath was 



removed and 50 ml of fuming nitric acid rapidly added. 

The bright red mixture was allowed to react smoothly, 

while stirring was continued for several hours following 

the transition to a pale yellow color which denoted the 

completion of the reaction. The solid compound was col- 

lected, washed several times with cold water, then with 

ethanol, and finally air-dried. Yield, 70%. 

4, 6-Dichloro-5-nitropyrimidine. Dimetbylaniline (82 

ini) was added slowly to a suspension of 5-nitro-4,6-pyr- 
irnidinedione (78 gin) in phosphoryl chloride (O0 ml); the 

mixture was heated in an oil bath at l25-l30° for one hour 
under nitrogen. The excess phosphoryl chloride was then 

removed under reduced pressure, and the reaction mixture 

extracted three times with 300 ml portions of ether. The 

extractions were performed as follows: the ether was 

slowly added to the rapidly agitated mixture, which was 

stirred for an hour following the final addition of ether. 

The extracts were evaporated to dryness and the solid pro- 

duct recrystallized from petroleum ether. The yields were 

around 50-55% and gave a much cleaner product than the 

method of Boon, et al. 

4-Amino-5-nitro-6-chloropyriniidine . To 4 , 6-dichioro- 

5-nitropyrimidine (39 gin) dissolved in 500 ml of ether 

was added with stirring, over a period of one hour, a 

solution of 8.9 gin of animonia In 30 ml of methanol. The 



stirring was continued another hour and a solid, consist- 
Ing of 4,6-diamino-5-nitropyrimidine, was renioved, washed 

with ether, and extracted with two loo ml portions of hot 

ethylacetate. The united residues obtained by concen- 

tration of the ether-raethanol filtrate and the ethyl ac- 
etete extracts were re-extracted with hot mixed heptanes 
to remove unchanged starting material. The remaining solid 
residue was crystallized from benzene, yielding 17 gin. (M% 

yield) of product, mp 155_1560. 

4-Amino-5-nitro- 6-benzylaminopyr mid me. 4-Chloro- 
5-nitro-6-amlnopyrlmidine (8 gin) was added to a solution of 
16 gin of benzylamine in 150 gin of butanol, and the mixture 
refluxed for two hours. The hot mixture was filtered and 

the rapidly-appearing crystals redissolved and recryst- 
allized from fresh butanol. Yield, 5.25 gin, mp 197-199°. 

4, 5-Dianiino-6-benzylaminopyrimidine. Five grains of 

4-smino-5-nitro-6-benzyleniinopyriniidine was dissolved in 
375 nil of methanol and hydrogenated at 52 psi overnight, 
using seven grams of Raney nickel W-2 catalyst. The mix- 

ture was acidified with dilute sulfuric acid, and the pure 
white crystals of the insoluble sulfate collected and washed 
with methanol. 

7-Benzylamino-v-triazolopyrimidjne. 4, 5-Diemino- 

6-benzylaminopyriniidmne sulfate (2.6 gin) was dissolved in 
800 ml of warm water and the pii adjusted to 3 by addition 
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ot ammonium hydroxide. The clear solution was allowed 

to cool at 40 overnight, by which time it had become yel- 

lowish in color. Sod1u nitrite (1.7 g, twice the 

theoretical amount) was added to the cold solution. Within 

one minute a fine white precipitate began to form, which 

became pink-grey in about three minutes. The mixture was 

stirred for an hour and cooled in the refrigerator over- 

night, and the crude product collected and dried. The 

fluffy precipitate was recrystallized from methanol-diox- 

ane-water (1:9:3) and washed with water. Yield, 1.5 gin. 

Anal. Celc'd. for C11H10N6: 0, 58.4; if, 4.45. Found: 

C, 58.0; H, 4.60. 

4-Amino-5-nitro-6-norpholinopyrimidine. 4-Chloro-5- 

nitro-6-aminopyririiidine (8 gin) was added to a solution of 

16 gin morpholine in 150 ini of butanol. After refluxing for 

l hours and cooling, the crystals were collected and re- 

crystallized from butanol. Yield, 11 grams (86%). 

4,5-Diamino-6-morpholinopyrimidine. Five grams of 

4- amino- 5-nitro- 6-morpholinopyrimidine 
of methanol and hydrogenated at 0 lbs 

hours, using Raney nickel, 7-8 grams. 

salt of the morpholino compound is not 
the methanol solution was diluted with 

used directly in the next step. 

was added to 360 nil 

pressure for 20 

Since the sulfate 

isolable (5, p. 179), 

water to 750 ml and 



6-Morpbolino-v-triazolopyrimidine. The aqueous- 

methanolic solution of the diamino ooiv.pcund from the last 

step was treated with two grams of sodiuzu nitrite at 10°. 

A slight precipitate formed, and the solution was eveporat- 

ed to 250 nil, filtered, and acidified with dilute suirurie 
acid. A creamy yellowish precipitate formed, which was 

crystallized from dioxane-water. Yield, 1.2 grams. 

Anal. Calc'd. for C8H100N: C, 46.6k li, 4.88. 

Found: C, 46.5; II, 4.74. 

4-mino-5-nitro-6-an11inopyrimidine. Seven grams Of 

4-chloro-5-nitro-6-aminopyrimidine was added to a solution 

of 16 grems of aniline in 150 ml of butanol. An intenso 

yellow precipitate immediately formed, which almost entire- 

ly dissolved after l hours of refluxing, at which time the 

mixture was cooled and the crystals collected, washed and 

recrystallized from dioxane-water. Yield, 6.4 grams, 45%. 

4, 5-Diamino-6-anilinopyrimidine. Seven grams of 

4- amino- 5-nitro-6- anilinopyr imidine was bydro genated in 

methanol at 35 psi for 12 hours, using Haney nickel catal- 

yst. The medium was acidified with dilute sulfuric acid 

and the amine sulfate crystals collected and washed in cold 

methanol. Yield, 6.4 gin (95%) of 4,5-diamino-6-anilino- 

pyrlinidine sulfate. 

6-.Anillno-v-triazolQpyrimidine. Three grams of 
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6-anilino-4,5-diaininopyrlmidine suirate was dissolved 
in approxiivately 1400 ini of water. Two grams of sodium 

nitrite was added to the acidic solution and a pink 

precipitate rapidly rornied. After standing in the refrig- 
eretor for several days, the pink solid product was ob- 

tamed (together with an intensly red mother liquor). 
Yield, 1.3 grams, which was recrystallized froni methanol- 
dioxane-water to give pure white crystals. 

Anal. Calc'd. for C10118N5: C, 56.'?; H, 3.81. Found: 

C, 56.6; H, 3.68. 

4-Aniino-5-nitro-6-methylarainopyrmmidine. Eight grams 

of 4-emino-5-nitro-6-chloropyrmmidine was dissolved in 120 

In]. of dioxane, to which the theoretical amount of 40% 

aqueous methylaxuine was added. After stirring at room 

temperature for an hour and then refluxing briefly, the 

solution was cooled in the refrigerator overnight and the 

crystals collected and washed, then recrystallized from 

aqueous dioxane. Yield, 4 grams. 

4, 5-Diamino-6-metbylaminopyriiiiidine . 4-Amino-5-nitro- 
6-methylaminopyrimidine (3.5 gni) was dissolved in 120 ml 

of methanol and reduced with Raney nickel ('7-8 gm) and 

hydrogen at 35 psi over a period of 12 hours. The methan- 

olic solution was then acidified with dilute sulfuric acid 

and the insoluble salt of the amine collected and washed 



in cold methanol. Yield, ,O rams oÍ colorless eryst- 

als. 

7-Methylamlno-v-triazolopyrlmidine . Three grams of 

4,5-diin1no-6-rnethy1ani1nopyrimidine was treated with 1.5 

grams of sodium nitrite in 200 ini of ice water. Since the 

amine was in the form of its sulfate salt, the solution 

was acidic and a white precipitate appeared immediately, 

which soon became lavender, yielding 1.9 gin of light- 
brown product. Recrystallization from methanol-dioxane- 

water gave only 0.3 gin of pure white product. Â brownish 

soluble residue was obtained from the mother liquor, which 

was not further investigated. 

Anal. Çalc'd. for C5H6N6: C, 40.0; H, 4.00. Found: 

C, 39.9; H, 3.84. 

4-.Ainino-5-nitro-6-isobutylsminopyrimidine. Five grains 

of 4-emino-5-nitro-6-ebloropyrimidine was treated with ex- 

cess isobutylanilne in 120 ml of butanol. After 1* hours 

of ref luxing the mixture was cooled and the crystals col- 

lected. Yield, 4.6 grams, which, when recrystallized from 

butanol, gave pure white crystals melting sharply at 170°. 

4,5-Diemino-6-isobutylaminopyrimidine. Four grams of 

4- emino-5-nitro- 6-isobutyl aniinopyr irnidine was hydrogenated 

for 10 hours at 32 psi in 360 ml of methanol using six 

grams of Baney nickel W-2. The product was isolated as the 

sulfate salt by treatment of the methanolic reaction miture 



14 

with dilute sulfuric acid. The dieniine sulfate separated 

out as creem-colored crystals, 3.7 grass. 
Anal. Calc'd. for (C8H15N5)2504: C, 34.4; H, 6.12. 

Found: 0, 34.4; II, 6.00. 

7-Isobutylamino-v-triazolopyriiaidine. 4, 5-Diamino- 6- 

isobutylaininopyrimidine sulfate (3.5 n) was treated with 

two grams of sodiuni nitrite in 400 ini of ice water, result- 

in in the rapid formation of a white precipitate. Yield, 

1.7 grains of product which was recrystallized from dioxane- 

water. 

4-mino-5-nitro-6-piperidino-pyriniidine. Five grams 

of 4-amino-5-nitro-6-chloropyrimidine in 125 ml of butanol 

was treated with excess piperidine. The reaction was un- 

usually rapid; the mixture was therefore refluxed for 
only 30 minutes. The yellow crystalline product obtainéd 

by cooling in the deep-freeze was collected. Yield, 7.3 

grams, mp 1380. 

Anal. Calc'd. for C9H130N5: C, 48.5; II, 5.68. 

Found: C, 48.6; H, 5.87. 

4,5-Diamino-6-piperidinopyrimidine. Five grams of 

4-amino-5-nitro-6-piperidinopyrirnidine was reduced in 350 

nil of methanol for 24 hours with hydrogen at 32 psi and 

Raney nickel (6 gm). The dianiine could not be isolated as 

its sulfate salt, an experience observed in the case of 

the corresponding morpholino compound. 
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7-Piperidino-v-triazolopyrimidine. Since the di- 

amino compound from, the preceeding step could not be iso- 

lated, the acidified (sulfuric acid) methanolic solution 

of the diaminopyrimidine was partially evaporated and di- 
luted with water, cooled to 10°, and treated with two grams 

of sodium, nitrite. Considerable trouble was experienced 

in achieving the correct pH for precipitation of the tri- 

ezolo comDound; the initial reaction mixture was too 

acidic and it was necessary to partially neutralize with 

ammonium hydroxide. Only 0.1 grani of product was obtained, 

which was recrystallized from dioxane-water. 

Anal. Calc'd. for C9H12N6: C, 53.0; II, 5.89. Found: 

C, 52.7; II, 5.76. 

Ultraviolet absorption spectra. Ultraviolet absorp- 

tion data were obtained for all the triazolopyrimidines 
prepared. AU. were run in water, pH 5, except in the case 

of the isobutylamino derivative, which, due to its insol- 

ubility, was run In 50% aqueous ethanol. The instrument 

employed was a Beckman model DU spectrophotometer using 

silica cells. Concentrations were 8 mg per liter of sol- 

ution except in those cases where the solubility of the 

compound was less than this. The Individual absorption 

spectra are shown in the following figures (where the 

abbreviation "T.A.P." stands for triazolopyriinidine) and 
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7-substituted 
triazoloyrimidine max log e min log e 

morpholino- 295 4.01 246 3.33 

benzylamino- 279 3.87 236 3.10 

anilino- 289 3.69 245 3.36 

methylaraino- 277 3.71 254 3.47 

isobutylarnino- 278 - - 236 - - 

piperidino- 295 - - 240 - - 

Table II. Ultraviolet absorption maxima 
(in millimierons) of the derivatives prepared. 

the data are swnmarized in Table I] wavelengths of the 
maximum and minimum absorptions are given, and extinction 
coefficients are calculated where solubilities are known. 
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