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5-Azaadenine (1) has been prepared f r o m  3-amino-s- 
triazole ( 5 )  b y  initial conversion with triethyl ortho- 
formate to N,N'-bis(3-s-triazolyl)formamidine (7), fol-  
lowed bj* reaction with calcium cjanamide. Although 
hjdroljt ic deamination of 1 was not successful, 5- 
azahjpoxanthine (10) was prepared f r o m  5 by  reaction 
with potassium cyanate to give 3-amino-2-(amino- 
carbonjlj-s-triazole (12a), followed b y  cyclization with 
triethj.1 orthoformate. Chemical and spectroscopic evi- 
dence supporting these structural assignments are dis- 
cussed. 

Although many purine analogs must be converted 
to their ribosides in order to act as purine antagonists, 
numerous studies have shown that this is not a requisite 
for biological activity.4a-e It even appears probable 
that, in some cases, a potential purine antagonist may 
be rendered inactive by conversion in vivo to its riboside, 
and that retention of activity might result from blocking 
this conversion.4a In view of these considerations, 
derivatives of the s-triazolo[2,3-a]-s-triazine ring sys- 
tems appear to be attractive candidates for purine 

purine s-triazolo[2,3-a]-s-triazine 

antagonists. Since the purine ring N-H grouping is 
missing, conversion to a normal riboside is impossible 
and derivatives of this system might thus show anti- 
tumor activity because of their inability to become 
deactivated by ribosidation. Furthermore, the sug- 
gestion has recently been madela that, in the purine 
series, positions 3 and/or 7 are the most likely sites for 
bonding to the receptor sites of enzyme systems utiliz- 
ing the respective purines. In adenine and adenine 
analogs, position 1 may also be important as a bonding 
site. This bonding is presumably a consequence of the 
basicity of the 1,3- and/or 7-nitrogen atoms, i.e., a 
sharing of the free electron pair on nitrogen with an 
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electron acceptor site on the enzyme surface. Con- 
sideration of the formal resonance hybrid structures 
for the adenine derivative 1 derived from the s-triazolo- 
[2,3-a]-s-triazine ring system indicates a negatively 
charged periphery, with part of the driving force for 
charge delocalization being the acquired (4n + 2) 
electronic distribution possible for the six-membered 
ring. The amino group in position 5 should assist 
in this charge separation through delocalization of the 
positive charge imposed upon the bridgehead nitrogen 
(structure l f ) .6  
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Extensive previous work in this laboratory7 has 
shown that o-aminonitriles may be utilized as inter- 
mediates for the preparation of fused 4-aminopyrimi- 
dines by the sequence of reactions outlined below, in 
which the final cyclization step involves the nucleophilic 

"2 
H 

H 
addition of an amino group (in this instance, incorpor- 
ated as a part of the formamidino side chain) to the 
o-situated nitrile. A literally interpreted extrapolation 
of this reaction sequence to the preparation of the 
desired 5-azaadenine (1 )  would proceed via the inter- 
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mediate 2, which would require 2-cyano-3-amino-s- 
triazole (3) as the starting material; however, numerous 
difficulties can be foreseen in the preparation of this 
unknown precursor. On the other hand, a possible 
modification of the above synthetic principle which 
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would lead to the same end product 1 would be the 
utilization of an isomer of 2 in which the nitrile group 
is incorporated into the formamidino side chain, and 
the amino group is incorporated into the s-triazole 
ring system. Thus, the intermediate 4 should likewise 
be capable of intramolecular cyclization to 1. This 
intermediate in turn should be available from 3-amino- 
s-triazole (5) by initial conversion to the intermediate 6 
in which the substituent grouping X is capable of 
elimination with its bonding electron pair. A search 
for readily accessible compounds of this type revealed 
that the ethoxymethylenamino derivative 6 (X = 
OC2Hs) is not known, but that the N,N'-disubstituted 
formamidine 7 is known8; it is, in fact, the product 
formed from 3-amino-s-triazole (5) and triethyl ortho- 
formate, a reaction which commonly leads to ethoxy- 
methylenamino derivatives. We thereforet reated 7 
with calcium cyanamide in the form of the commercially 
available "Temposil" ( 1/3 calcium cyanamide and 2 /3  

citric acid by weight). The reaction proceeded 
smoothly to give 5-azaadenine (1) in good yield. The 
absence of a nitrile band in the infrared spectrum of the 
product indicates that cyclization of 4 had indeed taken 
place. 

It should be pointed out at this time that a definite 
ambiguity exists as to the actual structure of the com- 
pound which we have designated as 5-azaadenine. 
First of all, it is possible that intramolecular cycliza- 
tion of the intermediate 4 could have taken place by 
participation of N-4 rather than N-2, giving rise to the 
isomeric s-triazolo[4,3-a]-s-triazine derivative 8.j We 

8 

feel that involvement of N-2 is more likely because of 
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its greater basicity; it is adjacent to nitrogen rather 
than electron-deficient carbon (C-5). Secondly, the 
possibility exists that compound 7, which has been 
assumed to have the structure assigned,8 could alter- 
nately be represented by 7a. Attempts to resolve this 
structural question by n.m.r. were inconclusive. If 
7a were correct, reaction with calcium cyanamide 
could take the course indicated below and lead to 
2-amino-5-azapurine (7-amino-s-triazolo[2,3-a]-s-tri- 
azine (9)), a second structural isomer of 1. Supporting, 
although not conclusive, evidence in favor of structure 
1 as opposed to 8 or 9 is found in a comparison of the 
ultraviolet spectra of the reaction product (X~,'," 
261 mp;  A,":: 258 mp) with the spectra of ade- 

max 262.5 mp, Xi:: 260.5 mp)ga and 2- 
aminopurine (A::: 84 237 and 314 mp, X::: 236 
and 305 mp).gb Thus, although we have been unable 
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to design experiments which would distinguish un- 
equivocally among these three isomeric structures, we 
feel that a reasonable choice can be made in favor of 
structure 1 for our azaadenine product. 

Attempts to convert 1 to 5-azahypoxanthine (10) 
were unsuccessful. Compound 1 was stable to nitrous 
acid and to cold nitrosyl sulfuric acid and was de- 

HN 1 N-N 
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composed at higher temperatures by the latter reagent. 
The desired hypoxanthine analog 10 was, however, 
obtained by an independent synthetic sequence which 
is outlined below. 

Reaction of 3-amino-s-triazole (5) with potassium 
cyanate in acid solution gave a monoureido derivative 
which could be considered to have any of the structures 
lla-d. In spite of the arguments advanced by Wil- 
liams'O that (in acid solution) the exocyclic nitrogen 
in 3-amino-s-triazole (5) is the most nucleophilic of the 
four nitrogen atoms, and contrary to the report of 
Kaiser and Peters' that 3,5-diamino-s-triazole gives 
the 3,5-diureido derivative, we were able to show con- 
clusively that our monoureido derivative did not 
possess structure lld. This latter structure has two 
separate N-H groups and one NH, group, and its 
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n.m.r. spectrum would therefore be expected to exhibit 
a single, sharp, C H  peak and three broader N H  peaks 
in the ratio 1 :  1 : I  :2. The monoureido derivative 
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obtained in the above reaction, however, showed one 
C H  peak and two N H  peaks in the ratio 1 :2:2. Struc- 
ture lld is thus excluded, although this evidence can- 
not be used to distinguish among the other three 
possibilities. 

Structure llc was eliminated as a result of the follow- 
ing experiment. Treatment of the monoureido deriva- 
tive (lla, llb, or llc) with triethyl orthoformate gave a 
cyclized derivative which must be either 10 or 12. 
This result firmly excludes structure llc which cannot 

12 

undergo cyclization with triethyl orthoformate. Of 
the two isomeric cylization products 10 and 12, we 
prefer the former for the same reasons which were 
previously advanced in favor of 1 as opposed to 8.  
This assignment receives support in the striking simi- 
larity of the ultraviolet spectra of 10 ( X ~ n ~ ; v H c l  247 
mp: 250 mp (broad), and X~~, . ' -h""H 244 (sh) 
and 257 mp) with the spectra of hypoxanthinega 
(A::,'," '"' 248 mp, 249.5 mp, and X ~ , ~ ~ ~ "  258.5 mp). 

Methylation of 10 by treatment of its silver salt with 
refluxing methyl iodide, or by reaction in ethereal 
slurry with diazomethane, or with dimethyl sulfate in 
ethanol, was shown to give the 6-methyl derivative 13 

0 

0 
II 

by means of the following sequence of reactions. 
Mild alkaline hydrolysis of the monomethyl derivative 
13 gave a product whose microanalysis indicated the 
addition of one molecule of water. The same product 
was obtained by reaction of 10 with dimethyl sulfate in 
aqueous sodium hydroxide solution. This hydrolysis 
product was shown to have structure 14 by examination 
of its n.m.r. spectrum, which exhibited (in dimethyl 
sulfoxide) four peaks (exclusive of the methyl peak 
which was obscured by solvent) in the ratio 1 : 1 : 1 : 1, 
due to two single N-H protons, one forniamide C-H 
proton, and one aromatic C-H proton. Dilute acid 
hydrolysis of this formylamino derivative 14 resulted in 
loss of the formyl group to give the methylamide 15 
which on further acid hydrolysis gave 3-amino-s-tiiazole 
( 5 ) .  Finally, treatment of the latter compound with 
methyl isocyanate regenerated the methylamide 15. 
This reaction sequence not only firmly establishes the 
position of methylation on the nitrogen atom adjacent 
to the oxygen in 10 (or 12), but suggests that structure 10 
is probably correct, since the reaction of 3-aniino-s- 
triazole with methyl isocyanate to give a methylamide 
should lead to 15 rather than the corresponding product 
derived from 12 because of the anticipated greater 
basicity of N-2 as contrasted with N-4. 

Experimental'* 
5-Ami1zo-s-triazo10[2,3-a]-s-triarine (5-Azaadenine) (1). 

A mixture of 9.0 g. of N,N'-bis(3-~-triazoIyl)formami- 
dine,8 56 g. of Lederle "Temposil" calcium cyan- 
amide and * i3  citric acid by weight), and 200 ml. of 
dimethylformamide was heated under reflux for 24 hr. 
with mechanical stirring. It was then filtered hot and 
the residue was extracted with two 50-ml. portions of 
hot dimethylformamide. The combined filtrate and 
extracts were evaporated to dryness under reduced 
pressure and the dry residue was sublimed at  240" 
(0.05 mm.) to give 4.0 g. ( 5 8 z )  of a white solid. Re- 
crystallization from water then gave fine white needles: 
m.p. 320" dec., Ag:;T'aoH 249 and 274 (sh) mp ( E  X 

11.5 and 6.0), 261 mp ( E  X 7.8) .  
Anal. Calcd. for C1H4N6: C, 35.29; H, 2.96; N, 

61.75. Found: C, 35.43; H, 3.14; N,61.80. 
3-Amino-2-(aminocarbon~l)-s-triazole (lla). A solu- 

tion of 8.4 g. of 3-amino-s-triazole and 8.1 g. of potas- 
sium cyanate in 150 ml. of water containing 8.5 nil. of 
concentrated hydrochloric acid was stirred at  room 
temperature for 2 hr. During this period the product 
separated out as white crystals. The cooled mixture 
was filtered and the collected product was washed with 
cold water and dried to  give 9.8 g. (7773. Recrystal- 
lization from water gave white crystals: m.p. 172-174" 
dec., 236 mp ( E  X 7.0), Xu mnx ' """ 222 mP 

Anal. Calcd. for C3H5N50:  C, 28.35; H, 3.97; N ,  
55.10. Found: C, 28.35; H,  3.88; N ,  54.92. 
s-Triazolo[2,3-u]-s-triazin-5(6H)-one (5-Azahypoxun- 

thine) (10). A slurry of 50.8 g. of 3-amino-2-(aminocar- 
bony1)-s-triazole in 450 ml. of triethyl orthoformate was 
heated on a steam bath for 18 hr. with mechanical 
stirring. The ethanol which was formed in the cycli- 

(e x 10-3 8.5). 

(12) All melting points were determined on a Thomas-Hoover sili- 
cone-bath apparatus and are uncorrected. Microanalyses were per- 
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zation reaction was removed by distillation under re- 
duced pressure and the residual mixture was cooled in 
ice. The precipitated solid was collected by filtration 
and dried to give 47.6 g. which upon recrystallization 
from water gave white crystals of the hemihydrate, 
map. 244" dec. 

Anal. Calcd. for C4H3Na0.0 .5Hz0:  C, 32.85; H, 
2.74. Found: C, 32.44; H, 3.03. 

Drying the hemihydrate at 100" in vacuo for 6 hr. 
over phosphorus pentoxide gave 34 g. (62%) of the 
anhydrous product: m.p. 271" dec *, A' max '*OH 244 
(sh) and 257 mp (e  x 10-3 6.6 and 7.1), A::;vHc1 247 
mp (e  X 5.3). 

Anal. Calcd. for C4H3N50:  C, 35.04; H, 2.21; N, 
51.09. 

Hydrolysis of this material either with hot 6 N hydro- 
chloric acid or with hot 1 N sodium hydroxide resulted 
in ring cleavage to give 3-amino-s-triazole in approxi- 
mately 50 % yield. 

6-Methyl-s-triazolo[2,3-a]-s-triazin-5(6H)-one (1- 
Methyl-5-azahypoxanthine) (13). Method A .  A solu- 
tion of 10 g. of 5-azahypoxanthine in 1 1. of water at ca. 
65 " was treated with aqueous silver nitrate until no 
further precipitation occurred. The mixture was then 
cooled in ice, filtered, and the collected solid was dried 
to give 17.0 g. (98 %) of the silver salt as a white powder. 
Ten grams of this material was then heated under reflux 
with 50 ml. of methyl iodide for 12 hr. with constant 
stirring. Excess methyl iodide was evaporated by means 
of a stream of air and the pale yellow, dry residue was 
extracted in a Soxhlet extractor with dioxane. The 
residual yellow residue was again treated with methyl 
iodide and the reaction product was treated again as 
described above. This process was repeated until no 
further product could be obtained by dioxane extrac- 
tion. The combined dioxane extracts were then evapo- 
rated to dryness to give 2.85 g. (4573, m.p. 213-217' 
dec., which upon recrystallization from dioxane gave 
white crystals: m.p. 220-222" dec., A2:ah:no1 257 mp (e 
X 10-33.5),X:,',"HC'254m~(e X 10-36.5). 

Anal. Calcd. for C5H5N50:  C, 39.73; H, 3.33; 
N,46.34. 

Method B. A solution of 1 g. of 5-azahypoxanthine 
in 20 ml. of ethanol containing 0.34 g. of sodium was 
treated dropwise over a period of 15 min. and with 
shaking with 1.0 ml. of dimethyl sulfate. The mixture 
was then heated under reflux for 5 min., cooled, and 
neutralized with dilute hydrochloric acid. The pre- 
cipitated solid was collected by filtration, washed with 
water, dried, and sublimed at 160" (0.05 mm.) to give a 
white product, m.p. 185-195" dec. Recrystallization 
from dioxane then gave white crystals, m.p. 220-222" 
dec., identical with the material prepared by method A, 
as determined by a comparison of infrared spectra. 

Method C. A slurry of 10.0 g. of 5-azahypoxanthine 
in 100 ml. of ether was treated with an ethereal solution 
of diazomethane (from 25 g. of Du Pont's EXR-101 
precursor). The reaction mixture was stirred at 0" for 2 
hr. and filtered to give 10.3 g. (93%) of a tan solid, m.p. 
220-222" dec., identical with the material prepared by 
methods A and B, as described above, as determined by 
a comparison of infrared spectra. 

Found: C, 35.04; H, 1.87; N, 51.40. 

Found: C, 39.71; H, 3.61; N,45.77. 

3-Form ylamino-2-(methylaminocarbonyl)-s-triazole 
(14). Method A .  To a mixture of 12.2 ml. of 6 N 
sodium hydroxide (2 equiv.) and 73 ml. of water, main- 
tained at 0", was added 5.0 g. of 5-azahypoxanthine. 
During a 10-min. period, 4.6 g. of dimethyl sulfate was 
added while the solution was stirred at 0". After an 
additional 10 min. of stirring, the mixture was neu- 
tralized with 6 N hydrochloric acid and the precipitated 
solid was collected by filtration to give 0.5 g. which 
upon recrystallization from acetonitrile gave white 

239 mp ( e  X needles; m.p. 163-164" dec., X",,'," "OH 

10-3 6.7), A:,'," 222 rnp ( E  X 11.4). 
Anal. Calcd. for CjH7NjOZ: C, 35.50; H, 4.17: N, 

41.41. Found: C, 35.35; H, 4.15; N,41.50. 
Acidification*of the reaction filtrate to pH 4 resulted 

in the separation of 2.4 g. of unchanged starting material. 
Method B. A solution of 3.6 g. of 6-methyl-s-tri- 

azolo[2,3-a]-s-triazin-5(6H)one in 40 ml. of 0.5 N 
sodium hydroxide was allowed to stand at room temper- 
ature for 20 min., cooled to 0", and neutralized with 
hydrochloric acid. The product which separated was 
collected by filtration to give 2.7 g. of a white solid, 
m.p. 163-164", identical with the product obtained by 
method A above. 

3-Amino-2-(methylaminocarbonyl)-s-triazole (15). 
Method A .  A mixture of 0.8 g. of 3-formylamino-2- 
(methylaminocarbony1)-s-triazole in a solution of 4 
ml. of 6 N hydrochloric acid and 40 ml. of water was 
heated under reflux for 30 rnin., cooled to room temper- 
ature, and neutralized with dilute sodium hydroxide. 
The precipitate which separated upon cooling was 
collected by filtration to give 0.4 g. of product. Evap- 
oration of the filtrate to dryness and sublimation of the 
residue at 160" (0.5 mm.) gave an additional 0.14 g. 
of product; total yield, 0.54 g. (81%). Recrystalli- 
zation from water followed by vacuum sublimation 
gave a white crystalline product: m.p. 191-193" 
dec., A,,, 235 mp (e X 7.9). 

Anal. Calcd. for C4H7NjO: C, 34.04; H,  5.00; 
N, 49.63; NCH3, 10.63. Found: C, 34.31; H,  

To a mixture of 8.4 g. of 3-amino-s- 
triazole in 100 ml. of water containing 8.5 ml. of con- 
centrated hydrochloric acid was added 5.7 g. of methyl 
isocyanate dissolved in 50 ml. of ethanol, and the 
solution was stirred for 48 hr. at room temperature. 
The precipitated solid was collected by filtration to give 
2.1 g. (15%), m.p. 191-193" dec., identical with the 
product obtained by method A above. 

Hydrolysis of 3-Amino-2-(methylaminocarbonyl)-s- 
triazole (15). A solution of 0.55 g. of 3-amino-2- 
(methylaminocarbony1)-s-triazole in 8 ml. of concen- 
trated hydrochloric acid was heated on a steam bath 
for 2 hr. and then evaporated to dryness. The residue 
was dissolved in water, neutralized with sodium hy- 
droxide, and again evaporated to dryness. The residue 
was extracted with ethanol and the extract was con- 
centrated to ca. 5 ml. and cooled to give a small amount 
of solid which was discarded. Evaporation of the 
filtrate to dryness and recrystallization of the residue 
from a small amount of ethanol then gave 0.30 g. (9 1 %) 
of 3-arnino-s-triazole, identical with an authentic sample. 

ethanol 

4.86; N, 49.65; NCH3, 10.63. 
Method B. 
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