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The reaction of 5-amino-4-chloro-6-hydrazinopyrimidine ( I )  with nitrous acid has been shown to give 8-amino-7-chloro- 
tetrazolo[ 1,5-c] pyrimidine (11). Reaction of I1 with diethoxymethyl acetate gave 4-azido-6-chloro-5-ethoxymethylene- 
aminopyrimidirie (V),  a result of tetrazole-azidoazomethine interconversion, and heating V in an inert solvent gave 6- 
chloro-8-ethoxypurine (IX). This sequence of reactions constitutes a new and novel purine synthesis. 

The reaction of 5-amino-4-chloro-6-hydrazino- 
pyrimidine (I) with formic acid has been shown to 
give 9-aminohypoxanthine,2 apparently because 
the initial reaction-formylation of the 2-nitrogen 
of the 4-hydrazino group-provided an in situ 
generated blocking group which then directed the 
ring closure to the 1-nitrogen of the 4-hydrazino 
group. The reaction of I with nitrous acid could 
give any one, or combination, of four products 
(11, 111, VI, or VII). I n  fact only one major 
product (A) was obtained. Hydrazmopyrimidines 
not containing an adjacent amino group have 
been shown to yield, on treatment with nitrous 
acid, tetraz~lopyrimidines~ in one case and azido- 
pyrimidines4 in another. 5-Amino-4-azido-6-chlo- 
ropyrimidine (111) could be eliminated from con- 
sideration for the structure A by the fact that A 
does not exhibit azide absorption in the 2160- 
2120-cm.-' region5 of its infrared spectrum. Actu- 
ally, some of the crude reaction products did show 
weak azide absorption at  2145 cm.-l indicating the 
presence of the azidopyrimidine I11 as a minor 
product of the reactiona6 However, paper chroma- 
tography indicated the presence of only one 
species in the purified material. Comparison of 
the ultraviolet spectrum of the product A with 
that of 7-chloro-3-ethyl-3H-v-triazolo [4,5-d]pyrim- 
idine (XVIII) indicated to us that 3-amino-7- 
chloro-3H-v-triazolo [4,5-d]pyrimidine (VI) was not 
likely either (see Experimental). 
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provided by the fact that  this same material was 
obtained from the reaction of 5-amino-4,6-di- 
chloropyrimidine (IV) and sodium azide. This 
reaction definitely eliminated structure VI from 
consideration as the initial product. Further, 
the reaction of I1 with diethoxymethyl acetateg a t  
room temperature gave an ethoxymethylene deriv- 
ative'o whose infrared spectrum in solution and 
in the liquid state exhibited strong azide absorp- 
tion indicating the structure V, which could not 
be formed from VI. The tetrazole-azidoazometh- 
ine equilibrium in the pyridine series has been 
investigated thoroughly by Boyer and co-workers7J 
who have established that electron-donating 
groups (such as the amino group) stabilize the 
tetrazole ring system, whereas electron withdrawing 
groups (such as the nitro group) destabilize the 
tetrazole ring system and stabilize the electron 
donating azido group. Apparently, the electron- 
donating property of the amino group of I1 is 
sufficiently diminished by conversion to the 
ethoxymethyleneamino group to  reverse the tetra- 
zole-azidoazomethine equilibrium to such an extent 
that only the azido form of V is isolated. 

Positive evidence for the structure I1 was 
provided also by the infrared spectrum of A. 
The presence of a primary amino group was indi- 
cated by typical absorption a t  3430, 3395, and 
3300 cm.-l due to NH stretching11p12 and a t  1620 
cm.-' due to NH deformation,12 and the presence 
of the tetraizole ring was indicated by bands at  
1075, 1060, and 1000.la 

Reaction of I1 with diethoxymethyl acetate in 
refluxing anisole gave a new compound IX, identi- 
fied as 6-chloro-8-ethoxypurine by stepwise hydrol- 
ysis first in acid to 6-chloro-8-hydroxypurinel4 (X) 
and then hydrolysis of X in base to 6,g-dihydroxy- 
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purine14 (XIII). This reaction of I1 to give IX 
via V not only provided additional evidencef or the 
structure of I1 and V but also constitutes a novel 
purine synthesis and, in fact, permitted the prep- 
aration of a purine whose preparation is not possi- 
ble by any of the conventional purine syntheses. 
This type of ring closure, involving intramolecular 
hydrogen abstraction, is known to give other hetero- 
cycles such as  carbazole^,^^ carboline, and thienoin- 
dole. 

Nitrosation of 5-amino-4benzylidenehydrazino- 
6-chloropyrimidine in aqueous acetic acid gave 3- 
benzylideneamino - 7 - chloro - 3H -u-triazolo [4,5-d]- 
pyrimidine (XII), since the benzylidene blocking 
group precluded the tetrazole formation described 
above. However, a mixture of XI1 and J I  was ob- 
tained when the nitrosation reaction was carried 
out in a mixture of aqueous hydrochloric acid and 
dioxane. Apparently, I1 arose via I, formed by 
hydrolysis of the benzylidene group of XI .  Dilute 
acid treatment of XI1 gave 3-amino-3H-v-triazolo- 
[4,5-d]pyrimidin-7-01 resulting from hydrolysis of 
both the 7-chloro group and the benzylidene group 
of XII. The intermediate XV was not isolated 
but its acid solution was treated with sodium nitrite 
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which caused deamination to v-triazolo [4,5-d]py- 
rimidin-7-01 (8-azahypoxanthine) (XVI), a known 
compound. This sequence (XI1 + XV -+ XT'I) 
established the identity of XII. Treatment of XI 
with an aqueous solution of nitrous acid in N,N-di- 
methylformamide and glacial acetic acid instead of 
water resulted in ring closure with concomitant 
hydrolysis of the chlorine atoni of XI to give 3- 
benzylideneamino - 3H-v-triazolo [4,5 - dlpyrimidin- 
7-01 (XIV). The ultraviolet spectrum indicated that 
an aqueous basic solution of XI1 at room tempera- 
ture also formed XIV while hot base treatment of 
XI1 apparently ruptured the pyrimidine ring re- 
sulting in the formation of XT'II. This structure 
has not been established unequivocally. 

Experimental 
The melting points reported m-ere determined on a Kofler 

Heizbmk and are corrected. The ultraviolet spectra were 
determined in aqueous solution with a Cary Model 14 or 
with a Beckman DK-2 (optical densities at  the maxima with 
a Beckman DU). The infrared spectra were determined in 
pressed potassium bromide disks or when indicated, in 
solution, with a Perkin-Elmer Model 221 spectropho- 
tometer. 

8-Amino-7-chlorotetrazolo [ l,S-c]pyrimidine (II).-( A).  
A solution of sodium nitrite (450 mg., 6.52 mmoles) in water 
(2  ml.) was added with stirring at room temperature to a 
solution of 5-amino-4-chloro-6-hydrazinopyrimidine2 ( 1 .OO 
g., 6.26 mmoles) in water containing 1 equivalent of con- 
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centrated hydrochloric acid (0.53 ml.). The solid that de- 
posited was collected by filtration, washed with a small 
amount of water, and dissolved in dioxane (25 ml.). After 
removing some insoluble material, the dioxane filtrate was 
evaporated to dryness in vacuo and the residue purified by 
sublimation with slight deconiposition at 110-115° (1 mm.); 
yield 600 mg. (56 5%); m.p. 170--172" dec. with sublimation 
iwheu taken from 150"); A,,,, in mp ( E  X 10-3): pH 1-282 
(10,lj,  311 ( 7 . 3 ) ;  pH 7-282 (10.1), 311 (7.3); pH 13-285 
(unstable); Y in cm.-l: 3430, 3395, 3300, 3200, and 3110 
(NH and CH)11; 1620 ( S H ) ;  1600, 1550, and 1480 (C=C, 
C=N); 1075, 1060, and 1000 (tetrazole ring).13 In some 
samples a weak azido absorption band appeared at  2145 
cm. -1, indicating the presence of 5-amino-4-azido-6-chloro- 
pyrimidine. 

Anal, Calcd. for C4H3C1S6: c, 28.15; H, 1.76; c1, 
20.80; N, 49.25. Found: C, 28.37; H, 1.66; C1, 20.63; N, 
49.36. 

(B). A solution of 5-amino-4,6-dichloropyrimidine ( 10.0 
g., 61.0 mmoles) in dimethylformamide (100 ml.) containing 
sodium azide (5.0 g., 77 mmoles) was heated at  95-100' for 1 
hr. and poured into water (200 ml.). The solid that de- 
posited was collected by filtration, washed with water (2 X 
25 ml.), and dried in vacuo over phosphorus pentoxide; 
yield 8.9 g. (83 yo); m.p. 171-173" dec. with sublimation 
(when taken from 150'). 
4-Azido-6-chloro-5-ethoxymethyleneaminopyrimidine (V). 

--il suspension of 8-amino-7-chlorotetrazolo [l,j-c]pyrim- 
idine (1.00 g., 5.87 mmoles) in diethoxymethyl acet8ate (20 
ml.) was allowed to stand a t  room temperature under anhy- 
drous conditions. The solid was completely dissolved after 
standing overnight. ilt the end of 3 days the solution was 
evaporated to a small volume in vacuo, and the liquid distilled 
a t  about 123-126"/2 mm.; yield 1.00 g. (75Y0): one sample 
of the liquid that was not kept under anhydrous conditions 
decomposed to 8-amino-7-chlorotetrazolo[1,5-cjpyrimidine. 
A,,, in mp ( e  X 10-3): CzH50H-298 (10.0); v in cm.-' 
(CHC13): 3020 (aromatic CH); 2940 and 2900 (aliphatic 
CH); 2145 (-N3); 1640 (exocyclic C=Nj; 1620, 1590, and 
1530 (C=C, C = l ) ;  1470 and 1370 (aliphatic CH); 1245 
(=CHOC*Hs). 

Anal. Calcd. for C,H?ClN,O: C. 37.10: H. 3.09: C1. 
15.66; N, 37.10. Found: C,- 37.14; H, 3:li;' C1, 15.81; 
N, 37.17. 

6-Chloro-8-ethoxypurine (XX).-A solution of 8-amino-7- 
chlorotetraxolo [1,5-c]pyrimidine (500 mg., 2.93 mmoles) in 
anisole (10 ml.) containing diethoxymethyl acetate (4.0 ml.) 
was refluxed for 1.5 hr., evaporated to diyness in vacuo, and 
the residue recrystallized from water to give impure product; 
yield 360 mg. (62 70). The analytical sample was obtained 
by recrystallization of a small amount of the above solid 
from petroleum ether (b.p. 85-105") m.p. 187-190" dec with 
sublimation; A,,, in mp (E x 10-3): pH 1-274 (11.7); pH 
7-279 (11.3); pH 13-281 (11.6); i~ in cm.-1: 3070 (aro- 
matic CH); 2990, 2940, and 2880 (aliphatic CH); 2800- 
2400 (acidic H ) ;  1630, 1585, 1550 (C=C, C=N); 1455 and 
1370 (aliphatic CH). 

Anal. Calcd. for C,H,ClNO: C, 42.30; H, 3.53; C1, 
17.88; N, 28.20. Found: C, 42.42; H, 3.73; C1, 17.60; X, 
28.25. 

3-Benzylideneamino-7-chloro-3H-v-triazolo [4,5-d]pyrim- 
idine (=I).-Solid sodium nitrite (300 mg., 4.35 mmoles) 
was added with stirring to a suspension of 5-amino-4-beneyli- 
denehydrazino-6-chloropyrimidine (1.00 g., 4.04 mmoles) in 
20y0 aqueous acetic acid (20 ml.) and the whole stirred a t  
room temperature for 12 hr. The solid was collected by 
filtration, washed with water ( 5  ml.), and dried in vacuo over 
phosphorus pentoxide; yield 800 mg.; m.p. 184' dec. (with 
softening from 180"). 

A sample was purified by boiling in 1:l ethanol-water 
and drying the insoluble solid in uacuo over phosphorus pent- 

oxide; m.p. 191-192' dec. with sublimation. The ultra- 
violet spectrum indicated that this compound was converted 
to the corresponding 7-hydroxy compound in 0.1 N sodium 
hydroxide; Amax in mp ( E  x 10-3): pH 1,13-(unstable); 
pH 7-267 (20.4), 309 (15.7); 8 in cm.-': 1600, 1590, 1575, 
and 1510 (C=C, C=N); 765 and 690 (monosubstituted 
phenyl). 

Anal. Calcd. for C , , H , C ~ ~ ; G :  c, 51.00; H, 2.71; c1, . .  
13.72; N ,  32.50.  Found: C, 50.Ri; H, 2.83; C1, 33.65; 
N, 32.59. 

v-Triazolo 14.5-dl ovrimidin-7-01 (XVI) from 3-Benzvli- . a ,.. 
deneamino - 7 - chloro - 3H-v - triazolo[4,5-d]pyrimidhe 
(XII).-The ultraviolet spect,rum of an aliquot from a 
suspension of 3-benzylideneamino-7-chloro-v-triazolo[4,5- 
d]-pyrimidine in 1 S hydrochloric acid which had been 
refluxed for 1 hr. indicated that the chlorine atom had been 
replaced by a hydroxy group. Steam distillation of the 
acidic Polution removed the benzal group as benzaldehyde. 

The acidic solution was next concentrated on the hot 
plate, the insoluble material removed by filtration, and the 
filtrate treated with excess sodium nitrite. After warming 
for 30 min., the solution was evaporated to dryness in vacuo. 
The residue was shown to be impure v-triazolo- [4,5-d] pyrimi- 
din-7-01 by comparison of its ultraviolet spectrum and chro- 
matographic characteristics with that of an authmtic sam- 
ple. 

3-Benzylideneamino-3H-v-triazolo [4,5-d]pyriddin-7-01 
(XIV).-A solution of sodium nitrite (600 mg., 8.70 mmoles) 
in water (5 ml.) was added with stirring at  room temperature 
to a solution of 5-amino-4-benzylidenehydrazino-6-chloro- 
pyrimidine* (2.00 g., 8.08 mmoles) in 3 : l  dimethyl- 
formamide-glacial acetic acid (40 ml.). At the end of 1 hr. 
the mixture was diluted with water (100 ml.), and the solid 
(1.35 g.) collected and recrystallized from 1 : 1 water-di- 
methylformamide (120 ml.); yield 970 mg. (507,);  m.p. > 
260"; A,,, in mp (E X 10-3): pH 1-252 (15.0), 298 (20.4), 

(22.4); pH 13-251 (17.4), 275 (11.3), 317 (3.02); 8 in cm.-l: 
3420, 3180, and 3140 X-H); 3065 (aromatic CH); 1715 
(C=O); 1610, 1600, 1590, 1565, and 1490 (C=C, C=S); 
770 and 690 (monosubstituted phenyl). 

Anal. Calcd. for C1,H8NeO: C, 55.00; H, 3.33; X, 35.00. 
Found: C, 54.84; H, 3.37; N, 34.64. 

7-Chloro-3-ethyl-3H-v-triazolo[4,5-d] pyrimidine (XVIII). 
-To a solution of 5-amino-6-chloro-4-ethylaminopyrimidine 
(500 mg., 2.90 mmoles) in 10: 1 n-ater-acetic acid ( 5  ml.) was 
added with stirring at  room temperature a solution of sodium 
nitrite (220 mg., 3.18 mmoles) in water (1.0 ml.). After foul 
minutes the white solid that deposited was collected by filtra- 
tion, washed with water (3  X 3 ml.), and dissolved in ether 
(25 ml.). The ether solution was treated with magnesium 
sulfate, the ether removed in vacuo (room temperature), 
and the white solid dried in vacuo over phosphorus pentoxide; 
yield 280 mg. (52.5 %); m.p. 77-78'; A,,, in mp ( E  X 
10-3): pH 1-264 (9.3); pH 7-263 (9.2); pH 13-unstable; 
8 in cm.-l: 2985 and 2940 (aliphatic CH); 1590 and 1570 
(C=C, C=N, N=S).  

Anal. Calcd. for C&,Cl?j6: C, 39.25; H, 3.27; C1, 19.35. 
Found: C, 39.40; H,  3.38; C1, 19.22. 

305 (sh.) (19.9); pH 7-252 (13.1), 300 (sh.) (22.3), 305 
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