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4 -Ch lo ro im i dazo [4 ,5 -d ] - l , 2 , 3 - t r i a z i ne was  obtained by oxidative chlorinat ion f r o m  imidazo[4,5-d]-  
1 ,2 ,3 - t r i az ine-4- th ione ,  and its r eac t ion  with nucleophtlic agents and c leavage of the t r i az ine  r ing 
to give 5 -d i azo imidazo le -4 -ca rbon i t r i l e  we re  studied. The newly synthes ized diazoimidazole  was 
subjected to C-  and N-diazo coupling. I t  was es tab l i shed  that 3 -me thy l im idazo [4 , 5 -d ] - l , 2 , 3 - t r i a -  
z ine -4 - imtne ,  fo rmed  by reac t ion  of the diazo compound with methylamine ,  is capable  of r e c y c l i -  
zat ion to 4 -methy lamino imidazo  [4,5-d]- 1 ,2 ,3- t r iaz ine .  

The p resen t  paper  is devoted to the synthes is  of new compounds in the imidazo[4 ,5 -d ] - l , 2 ,3 - t r i az ine  
s e r i e s  that a r e  of in teres t  as 2 - aza  analogs of pur ines .  
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Inasmuch as the t r i az ine  r ing  of condensed 1 ,2 ,3 - t r i az tne -4 -ones  is des t royed  under the conditions of r e -  
p lacement  of the hydroxyl  group by a halogen a tom [2], we a t tempted to synthes ize  4 -ch lo ro imidazo[4 ,5 -d ] - l ,  
1 ,2 ,3- t r iaz ine  (II) under mi lde r  conditions f r o m  the cor responding  4- thio der iva t ive  (I). We were  able to obtain 
azapur ine  II  by reac t ion  of I with chlor ine  in 1 M hydrochlor ic  acid at reduced  t e m p e r a t u r e .  Azapurine II 
r ead i ly  undergoes nucleophilic substi tut ion with d imethylamine and a s y m m e t r i c a l  d imethylhydrazine to give, 
r e spec t ive ly ,  4 -d imethy lamino-  (III) and 4- (2 ,2-dimethylhydrazino)- imidazo [4,5-d]- 1 ,2 ,3- t r iaz ine  (I V). The 
introduction of a chlorine a tom in the 4 position of the molecule  leads to a considerable  reduct ion in the s t a -  

*See [1] for communicat ion IV. 
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bility of the t r iazine ring.  Because of this,  II on gentle heating in water is converted to 5 -d iazo imidazo le -4 '  
carbonitr i le  (V), which was isolated in solid form as a zwitterion.  

Like the spec t rum of the 5-d iazoimidazole-4-carboxamide  zwitteriou [3], the IR spec t rum of diazoimt-  
dazole V contains intense absorption bands at 2190 and 1380 cm -1 corresponding to the vibrations of the diazo 
group. In addition, the charac te r i s t i c  band of s t re tching vibrations of a nitr t le group appears at 2240 in the 
spec t rum of V, along with a CH band at 3100 cm -1, whereas tmidazole NH absorption is absent. In order  to 
identify the diazo compound we also accomplished its al ternative synthesis f rom 5(4)-aminoimidazole-4(5)car-  
bonitrile.  

Diazoimidazole V undergoes C- and N-diazo coupling with dtmethylaniline and 2-naphthol, as well as with 
aliphatic dimethylamine and dtethylamine, to give the corresponding azo dyes VI, VII, and 5(4}-(3,3-dialkyl-1- 
t r iazeno) imidazole-4(5)-carboni t r i les  (VIII, IX}. The nitr i le group in the dyes absorbed at 2240 cm -1, and the 
C-= N absorption band in the t r iazenes  is shifted slightly to the lower-frequency region (2225 cm-1). Diazo 
compound Vwas subjected to react ion with methylamine to obtain 5 (4) - (3-methyl - l - t r iazeno) imidazole-4(5)car -  
bonitri le (X). However, this react ion gave a compound having an IR spec t rum in which the C -  N absorption 
band is absent~ whereas there  is a band of s t re tching vibrations of an exocyclic C =N group at 1625 cm -1. On 
the basis  of the IR spec t rum it can be concluded that t r tazene X is converted to 3-methyl imidazo[4 ,5-d]- l ,2 ,3-  
t r t az ine -4 - tmine  (XI) under the conditions of the dtazo coupling reaction.  It is known that o-benzoni t r i le t r ia -  
zenes of s imi lar  s t ruc ture  are  cyclized to 3-substi tuted benzo- l , 2 ,3 - t r i az ine -4 - imines ,  which can be subjected 
to a react ion of the Dimroth r ea r r angemen t  type to 4-alkyl(aryl)amino derivatives of benzotr iazine [4]. Com- 
pound XI is also recyc l ized  to 4-methylaminoimtdazo [4 ,5-d]- l ,2 ,3- t r iaz ine  (XII) on heating in water;  this prod- 
uct differs f rom the s tar t ing  mater ia l  with respec t  to its melting point, chromatographic  mobtlities in two s y s -  
tems,  and IR and UV spec t ra  but is identical to a sample of XII that we previously obtained by amtnation of 
4-methyl thtoimidazo [4 ,5-d]- l ,2 ,3- t r iaz ine  [5]. 

EXPERIMENTAL METHOD 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The UV 
spectra were recorded with a Perkin-Elmer 402 spectrophotometer. Chromatography was carried out on Silu- 
fol UV-254 plates in the following systems: butanol-acetic acid-water (4.+ 1 : i) (Rf) and propanol-0.2 N 
NH4OH (3 : l)(R'f). The physical constants, the yields, and the results of analysis of II-Xll are presented in 

Table I. 

4-Chlorotmidazo[4~5-d]-l,2,3-triazine (H). Chlorine was bubbled with stirring for 1 h through a cooled 
(to-4 ~ suspension of 1 g (5.95 mmole) of [mtdazo[4,5-d]-l,2,3-triazine-4-thione in 8 ml of 1 N HCI 9 and the 
resulting precipitate was removed by filtration, washed with water and alcohol, and dried over P205. 

4-Dimethylaminoimidazo[4,5-d]-l,2:3-triazine (iII). A 0.2-g (1.15 mmole) sample oflI was added with 
stirring to 3 ml of a 33% aqueous solution of dimethylamine. The reaction mixture was vacuum evaporated to 
dryness, and the residue was crystallized from water. 

4-(2,2-Dimethyi)hydrazinoimidazo[4,5-d]-l,2,3-triazine (IV). A 0.8-ml sample of l,l-dimethylhydrazine 
was added to a suspension of 0.5 g (2.88 mmole) of H in 8 ml of methanol, and the mixture was refluxed for 30 
rain. It was then vacuum evaporated to dryness, and the residue was crystallized from water. 

5-Diazoimidazole-4-carbonitrile (V). A) A 0.4-g (2.3 mmole) sample of H was heated to the boilingpoint, 
after which the mixture was cooled, and the diazoimidazole was extracted with chloroform (i0" 20-ml portions). 
The extract was dried with sodium sulfate and evaporated. The residue was suspended in 5 ml of ether, and 
the mixture was filtered. The light-yellow crystals were dried over P205 to give 0.i g (30.5%) of product. 

B) A solution of 1.2 g (17.4 mmole) of sodium nitrite in 5 ml of water was added dropwise with vigorous 
stirring at-2 ~ to a solution of 1 g (6.92 mmole) of 5(4)-aminoimidazole-4(5)-carbonitrile [6] in 15 ml of 2 N 
HCI, after which the mixture was allowed to stand at this temperature for 30 rain. The mixture was worked up 
as in the preparation of diazo compound V by method A to give 0.4 g (48%) of product. The compounds isolated 
by methods A and B were identical with respect to their melting points and UV and IR spectra. 

5 (4)- (4-Dimethylamtnophenylazo)imidazole-4 (5)-carbonitrile (VI). A 0.3-ml sample of dimethylaniline 
was added to a solution of 0.1 g (0.84 mmole) of diazo compound V ha I0 ml of water, and the mixture was 
stirred for 30 rain. The precipitated dye was removed by filtration and crystallized from 50% ethanol. 

5(4)-(2-Hydroxy-l-naphthylazo)imidazole-4(5)-carbonitrile (VII). A solution of 0.13 g (0.90 mmole) of 
2-naphthol in II ml of 0.01 N NaOH was added to a solution of 0.I g (0.84 mmole) of diazoimidazole V in I0 ml 
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of 0.01 N HC1, and the mix tu re  was s t i r r e d  for 30 rain. It was then acidif ied to pH 4 with HC1, and the p r ec ip -  
i tated dye was r e m o v e d  by f i l t ra t ion and c rys ta l l i zed  f r o m  307o acetone.  

. 5 (4 ) - (3 ,3 -Dia lky l - l - t r i azeno) imidazo le -4 (5 ) -ca rbon i t r i l e s  (VIII, IX). A total  of 20 ml  of a 207o solution of 
dimethylam[ne or diethylamine in methanol  was added dropwise in the dark  at - 2  ~ to a solution of 0.4 g (3.36 
mmole)  of diazo compound V in 40 ml  of ch loroform.  The mix ture  was vacuum evapora ted  to d ryness ,  8 ml 
of water  was added to the r e s idue ,  and the resu l t ing  c ry s t a l s  were  r emoved  by f i l t ra t ion,  washed with ethanol 
and e ther ,  and dried in the dark  over  P205. 

3 -Me thy l imidazo [4 ,5 -d ] - l , 2 ,3 - t r i a z ine -4 - imine  (XI). A total  of 40 ml  of a 2070 solution of methylamine  
in methanol  was added dropwise  in the da rk  at - 2  ~ to a solution of 0.8g (6.72 mmole)  of d iazoimidazole  V in 80 
ml  of ch lo ro fo rm,  af ter  which the mix tu re  was allowed to stand for 30 rain. The re su l t ing  prec ip i ta te  was r e -  
moved by f i l t rat ion.  Im[ne IX was r ep rec ip i t a t ed  f r o m a  solution of 0.1 N HC1 by the addition of sodium ace-  
ta te .  

4 -Methy lamino imidazo[4 ,5 ,d ] - l , 2 ,3 - t r i az ine  (XII). A suspension of 0.3 g (2.0 mmole)  of XI in 15 ml of 
water  was ref iuxed for 30 rain, a f te r  which it was cooled, and the prec ip i ta te  was r emoved  by f i l t ra t ion and 
c rys t a l l i zed  f r o m  water .  
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