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Cyclizat ion of 5-d iazoimidazole-4- th ioamide  and -4-methyl thioamide gives derivat ives of 
a n e w  heterocycl ic  s y s t e m -  imidazo [4 ,5 -e ] -2 ,3 ,4 - th i ad i az ine -  which are  readily recyc l ized  
to 2-azapur ines .  4-Methyl th io imidazo[4 ,5-d]- l ,2 ,3- t r iaz ine  was synthesized,  and its react ions  
with amines and hydrazines were studied. 

Of the imidazo[4 ,5 -d] - l ,2 ,3 - t r i az ine  derivat ives,  which are  of in teres t  as 2-aza  analogs of purines,  
only the 4-amino and 4-oxo derivat ives have been descr ibed [2,3]. The present  paper  is devoted to the 
synthesis  of 4-thio derivat ives of imidazo[4 ,5-d] - l ,2 ,3 - t r i az ine  and to a study of their  react ion with al i-  
phatic amines and hydraz ines .  

As the s tar t ing compound for the synthesis of the azapurines we used 5(4)-aminoimidazole-4(5)- thio-  
amide (Ia) obtained by thionation of 5(4)-aminoimidazole-4(5)-carboxamide with P4S10 in dioxane, which 
enabled us to ra i se  the yield cons iderab ly  as compared  with known methods [4,5]. Reaction of Ia with 
nitrous acid gave a crys ta l l ine  substance (Ha), which in alkaline solutions is i r r eve r s ib ly  converted 
to IIIa, which has the same e lementary  composit ion as IIa but differs f rom it with respect  to its 
I1R, UV, and PMR spec t ra  (Table 1). The absence in the IR spec t ra  of IIa and IIIa of an absorption 
band in the region of s t re tching vibrat ions of the diazo group and the absence in the PMR spect ra  
of signals of protons of amino and thioamide groups indicate that the two compounds a re  different 
products  of in t ramolecular  cycl izat ion of 5-d iazoimidazole-4- th iomide .  In this case, the formation of 
only two heterocycl ic  sys tems  - imidazotr iazine and imidazo th iad iaz ine -  is possible .  A comparison of 
the spec t ra  of IIa, IIIa, and imidazo[4 ,5 -d ] - l ,2 ,3 - t r i az in -4 -one  (IV), synthesized by the method in [2], made 
it possible to establ ish that IIIa is imidazo[4 ,5-d] - l ,2 ,3 - t r i az in-4- th ione .  
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=aNHNH=; X R'=NCHa'NH2: XI R'=NHN~CHCsHs; XII R'=NCH3N-~-CHC6Hs 

The IR spec t ra  of IIIa and IV contain bands of s t retching vibrations of N --: N and C = N groups (endocyclie) 
at 1610-1630 em -1 and of the NH group of the imidazotr iazine r ing at 3480-3490 cm - t .  The imidazatr iazine  
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TABLE 1. Data f rom the IR, UV, and PMR Spectra of Imidazo[4, 5- 
e]-2,3,4-thiadiazine and Imidazo[4 ,5-d] - l ,2 ,3- t r iaz ine  Derivatives 

com- 
pound 

II~ 

lib 

III~ 
IIIb 

IV 

UV spe.ct~um in 0.1N HC1 

I ~,~ax, nm Ige 

220; 253; 
280; 327 
226; 256; 
283; 325 
237; 315 
240; 313 

247; 273 

4.16; 4,1,9; 
3~6~; 3,58 
4J3; •;06; 
3.7~,; 3,47 
3,8;7; 4,18 
4,01; 4,2~2 

3,58; 3,67 

IR spectmrn, cm "1 
PMR spectrum �9 
(CF3COOH), 6, ppm 

1585, 1660, 3110 9.00 (6H) 

1620, 1650. 3135 3,51 (NCH3) 
8,94 (6H) 

i610, 3120, 3480 9,40 (6H). 
1608, 3130 4,42 (NCH~) 

9,43 (6,H) 
1630, 1695. 3160 
3490 

s t ruc ture  of IIIa was also proved by chemical  react ions .  The establishment of the s t ruc ture  of IIIa made it 
possible to conclude that IIa is imidazo[4 ,5-e] -2 ,3 ,4- th iadiaz ine- l - imine .  TMs is confirmed by the fact 
that the IR spec t rum of the lat ter  contains bands of s tretching vibrations of ring N = N and C ----- N groups 
and of an exocyelic C ----- N group at 1585 and 1660 cm -1 . 

Inasmuch as the in t ramolecular  cyclization of the diazoimidazolethioamide proceeds unusually and the 
result ing unstable heteroeycle  (IIa) has not been previously described, we synthesized the c loses t  analog 
of I a -  5(4)-aminoimidazole-4(5)-[N-methyl] thioamide (Ib) - in o rder  to investigate yet  another example 
of the cyclization.  Compound Ib was obtained by react ion of ethyl 5(4)-ni t roimidazole-4(5)-carboxylate  [6] 
with methylamine, reduction of the result ing 5(4)-ni t roimidazole-4(5)-carboxylate  [6] with methylamine, 
reduction of the result ing 5(4)-ni t roimidazole-4(5)-(N-methyl)carboxamide with starmous chloride, and 
subsequent thioanation of 5(4)-aminoimidazole-4(5)-(N-methyl}carboxamide with P4SI0 in dioxane. Under 
conditions s imi lar  to those in the synthesis of thiadiazine IIa, thioamide Ib gave 1-methyliminoimidazo[4,  
5-e]-2,3,4-thiadiazine (lib}, the UV spect ra  of which pract ical ly  coincides with the spect rum of IIa. The 
LR spec t rum of thiadiazine IIb contains bands of N ---- N and C = N groups at 1620 and 1650 cm -1, In al- 
kaline solution, IIb is converted to 3-methyl imidazo[4 ,5-d] - l ,2 ,3- t r iaz ine-4- th ione  (IIIb), the UV spect rum 
of which is s imi lar  to the spect rum of imidazotr iazine IIIa, whereas its IR spec t rum contains a band of 
stretching vibrations of the N = N group at 1608 cm -1 but does not contain a band at 3480-3490 cm -1 co r -  
responding to vibrations of the NH group in the tr iazine ring of IIIa and IV. 

In order  to study some chemical  proper t ies  of the new heterocycl ic  imidazothiodiazine sys tem we 
made a comparat ive investigation of the react ivi t ies  of IIa and IIIa. The formation of a dye is not observed 
when thiadiazine lia is heated in t r i f l uo roace t i c  acid with 2-naphthol, and the final product  is imidazo- 
tr iazine IIIa. The tr iazine r ing of Ilia is not opened under the conditions of the Sandmeyer reaction, while 
IIa reacts  with Cu2CI 2 in HC1 to give 5(4)-chloroimidazole-4(5)-thioamide.  The resul ts  of these react ions 
show that tMadiazine IIa has cryptodiazonium proper t ies .  This is apparently responsible for the fact  that 
IIa, b are  i r r eve r s ib ly  cycl ized to t r iazines IIIa, b in both acidic and alkaline media.  

In order  to obtain new 2-azapurine derivatives,  we attempted to repace the thione group in IIIa by 
alkylamino and hydrazino groups.  However, in contras t  to benzo- l ,2 ,3 - t r iaz ine- [7] ,  Ilia does not 
undergo nucleophilic substitution react ions even under severe  conditions. 4-Methyl thioimidazo[4,5-d]- l ,  
2 ,3- t r iaz ine  (V), obtained by methylation of IIIa with methyl iodide in a methanol solution of sodium meth-  
oxide, is a more  react ive compound. Methyl mercaptan is evolved in the react ion of V with ammonium 
hydroxide, and the known [2, 8] 4-aminoimidazo[4 ,5-d] - l ,2 ,3- t r iaz ine  (VI) is formed.  New 2-azapurine 
d e r i v a t i v e s -  4-methylamino-  (VII), 4-dimethylamino-  (VIII), 4-hydraz ino-  (IX), and 4-(1-methyl)hydra-  
z inoimidazo[4,5-d]- l ,2 ,3- t r iaz ine  (X) - were synthesized by react ion of V with the appropriate amines and 
hydrazines.  Hydrazines IX and X reac t  with benzaldehyde to give easily crysta l l ized benzylidene deriva-  
tives XI and XII. 

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  of KBr pellets of the compounds were recorded  witha UR-20 spec t rometer .  The UV 
spect ra  were recorded  with a Pe rk in -E lm er  402 spectrophotometer .  The PMR spect ra  were recorded  
with a Jeol  JNMR-MH-100 spec t rometer  at 100 MHz with te t ramethyls i lane as the internal standard. 
Chromatography was ca r r i ed  out on Silufol plates in the following sys tems:  the Rf values were determined 
with butanol -  acetic a c i d - w a t e r  (4 : 1 : 1), and the R'f values were determined with p ropano l -0 .2  M NH4OH 
(3 :I). 
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T A B L E  2 

, ' ~  1TIp, 
~=~loc 

v 
VI >350' 

DII 255 

VIII 225 

IX 198-- 
--g00 

X 298-- 
--230 

XI 240 
XII 254--- 

--055 

Rt 

I m i d a z o [ 4 , 5 - d ] - l , 2 , 3 - t r i a z i n e s  

FoUnd , % Calc., % Empiric- 
al for- 
m.u_!_ a. _. 

R'j. 
C H i  N 

I 

ff6810.671CsH~NsS 38,9 3,0 4,1,8 
3,1 61,0 0.51 10.591C4H4,N6 35,1 5,1 
4,1 56,,9 0,56 10.,52 [ CsHeaN6 4~0,3 

3.29 [0~,591C~HsNe 44~3 51~6 

0,18 0,531C4.Hs~ '" 28,714,0157,9 

O,.47]O,40ICsHrNr 36,514,1 !5@,2 

0,5710,50 I C,,HgNz 55~6/4,040,7 
/ 

C H N 56,614,4 38.6 0.5810,801 ~2 H, ; 
L 

C H N 

35,913,0 41,81 234; 290 
35,3 2,9 61,71 214" 25~ 

270'---~t 
r 4,0 56.01 218; 26@; ,303 

43,9 4,9 51,21 2,1:4,; 269; 316 

28,,414.2 58,0 218; 268 
] 

36.3 4.3 5,9,4 2,1& 27'5 

55,2 3,8141,,0 2~4; 249; 329 
I 

156.9/4,3/38.71 225; 251 

UV spcctrum in water 

~ nm . . . .  lee /~ 

4,1~I; 3,92 ZI,0 
4,2~,; 3,87; 63,0 
3;69 
4,13; 3~96; 9&0 
3,25 
4,15; 4,10; 81,,5 
3,84 
4,19:3,91 59,8 

4,12; 3,98 81,0" 

4,30; 4,08; 96,0 
4,41 
4~26; 4,2~: 91.~ 
4.,40 

*The me l t i ng  point  and UV s p e c t r u m  w e r e  in a g r e e m e n t  with the  data  
in [8]. 
{" Shoulder .  

5 (4 ) -Ni t ro imidazo le  4 (5 ) - (N-Methy l}ca rboxamide .  A solut ion of 3 g (16.2 mmole )  of ethyl 5 (4 ) -n i t r o -  
i m i d a z o l e - 4 ( 5 ) - c a r b o x y l a t e  [6] in 25 ml  of 22% aqueous m e t h y l a m i n e  was  held at  r o o m  t e m p e r a t u r e  for  72 
h, a f t e r  which it was  v a c u u m - e v a p o r a t e d  to d r y n e s s .  The r e s idue  was  d i s so lved  in 15 ml  of water ,  and the 
solut ion was  ac id i f ied  to pH 3 with c o n c e n t r a t e d  HC1. The r e su l t i ng  p rec ip i t a t e  was  r e m o v e d  by f i l t ra t ion  
and c r y s t a l l i z e d  f r o m  w a t e r  to give 2.4 g (85%} of a p roduc t  with mp  273 ~ Rf  0.53, and R~ 0.46. Found:  
C 35.4;  H 3.8%. C5H6N403. Ca lcu la t ed :  C 35.3;  H 3.5%. 

5 ( 4 ) - A m i n o i m i d a z o l e - 4 ( 5 } - ( N - m e t h y l ) c a r b o x a m i d e  H y d r o c h l o r i d e .  An 8 - g  (48 mmcle )  sample  of 
5 ( 4 ) - n i t r o i m i d a z o l e - 4 ( 5 ) - ( N - m e t h y l } c a r b o x a m i d e  was  added with s t i r r i n g  at 5 ~ to a solut ion of 32 g (142 
mmole )  of  s tannous  ch lo r ide  in 60 ml  of c o n c e n t r a t e d  HC1, af ter  which the m i x t u r e  was  held at 10 ~ for  2 
h and at 0-5 ~ for  12 h. The r e su l t i ng  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t ion  and d i s so lved  in 150 ml of  
wa te r ,  and hydrogen  sulf ide was  p a s s e d  th rough  the  solut ion until  the t in had been  comple t e ly  p rec ip i t a t ed .  
The p r ec ip i t a t ed  tin sulf ide was  r e m o v e d  by f i l t ra t ion ,  the f i l t r a te  was  vacuum e v a p o r a t e d  to d ryness ,  and 
the r e s idue  was  c r y s t a l l i z e d  f r o m  ethanol  to give 5 g (60.5gD of a p roduc t  with mp  252-253 ~ and Rf 0.16. 
Found:  C1 19.9; N 31 .6~ .  CsHsN40 "HC1. Ca lcu la t ed :  C1 20.1;  N 31.8%. 

5 (4 ) -Amino imidaz01e -4 (5 ) - th ioamide  H y d r o c h l o r i d e  (In). A 72-g  (325 m m c l e )  s amp le  of P4S10 was  
added with s t i r r i n g  at 70 ~ to a suspens ion  of  40 g (246 mmole )  of  5 ( 4 ) - a m i n o i m i d a z o l e - 4 ( 5 ) - e a r b o x a m i d e  
h y d r o c h l o r i d e  [9] in 400 ml  of  dioxane,  a f t e r  which the m i x t u r e  was  r e f l ~ e d  with cons tan t  s t i r r i n g  for  4 h.  
It was  then cooled,  and the r e su l t i ng  p r e c i p i t a t e  was  r e m o v e d  by f i l t ra t ion  and d i s so lved  in 1 l i t e r  of bo i l ing  
1 N HC1. The solut ion was  d e c o l o r i z e d  with c h a r c o a l  and v a c u u m  e v a p o r a t e d  to 40 ml .  The concen t r a t ed  
solut ion was cooled,  and the r e su l t i ng  p rec ip i t a t e  was  r e m o v e d  by f i l t r a t ion  and washed  with ethanol and 
e the r  to give 25 g (57%) of  a p roduc t  with mp  260 ~ ( f rom water)  (mp 260 ~ [4]). 

5 ( 4 ) - A m i n o i m i d a z o l e - 4 ( 5 ) - ( N - m e t h y l ) t h i o a m i d e  H y d r o c h l o r i d e  (Ib). This  compound,  with mp 244-  
246 ~ ( f rom water)  and Rf  0.38, was  s i m i l a r l y  obta ined  in 43% yie ld .  Found:  C 29.9;  H 4.4;  C1 18.7%. 
CsHaNtS" HC1. Ca lcu la t ed :  C 30.2;  H 4.7; C1 18.4%. 

I m i d a z o [ 4 , 5 - e ] - 2 , 3 , 4 - t h i a d i a z i n e - l - i m i n e  (IIa). A suspens ion  of 2 g (14.1 mmole )  of  b a s e  Ia and 
1.18 g (17.6 mmole)  of sod ium n i t r i t e  in 20 ml  of  w a t e r  was  added g radua l l y  with s t i r r i n g  a t -  1 ~ to 25 ml  
of  3 N HC1, a f t e r  which the m i x t u r e  was  s t i r r e d  fo r  15 rain and f i l t e red .  The f i l t r a t e  was  made  alkaline to  
pH 4-5  with s a t u r a t e d  sod ium ace ta te  solut ion,  and the r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by  f i l t ra t ion  and 
r e p r e c i p i t a t e d  f r o m  0.1 N HC1 by  the addi t ion of sod ium ace ta t e  to give 1.48 g (69.5%) of a p roduc t  with 
mp  183 ~ (dec.  explos ive ly) .  Found:  C 31.6;  H 2.1;  N 45.4; S 20 .6%.  C4H3NsS. Ca lcu la t ed :  C 31.3; H 2.0;  
N 45.7; S 20.9%. 

1 - M e t h y l i m i n o i m i d a z o [ 4 , 5 - e ] - 2 , 3 , 4 - t h i a d i a z i n e  (IIb). This  compounds ,  with nap 258 ~ (dec. exp los i -  
vely)  and Rf  0.39, was  obta ined  by the  me thod  used  to p r e p a r e  I Ia .  Found:  C 35.9;  H 3.0;  N 41.9; S 19.4%. 
CsHsNsS. Ca lcu la t ed :  C 35.9;  H 3 .0 ;  N 41.9;  S 19.1%. 

I m i d a z o [ 4 , 5 - d ] - I , 2 , 3 - t r i a z i n e - 4 - t h i o n e  (Il ia) ,  A solut ion of  1 g (6.54 mmole )  of  th iadiaz ine  Ha in 20 
ml  of  5~ NH4OH was v a c u u m - e v a p o r a t e d  to d r y n e s s ,  and the r e s idue  was  c r y s t a l l i z e d  f r o m  wa te r  to give 

9 9 7  



0.85 g (76%) of a product  with mp 190 ~ (dec. explosively)  and Rf 0.78. Found: C 28.3; H 2.9; N 41.1; S 18.7% 
C4H3NsS "H20. Calculated:  C 28.1; H 2.9; N 40.9; S 18.7%. 

3 -Methy l imidazo[4 ,5 -d ] - l , 2 ,3 - t r i az ine -4 - th ione  (IIIb). This  compound, with mp 239 ~ ( f rom water)  and 
Rf 0.79, was obtained in 85~ yield f rom thiazine IIb as descr ibed  above.  Found: C 36.3; H 3.3; N 41.9; S 
19.2%. C6H5NsS. Calculated:  C 36.9; H 3.1; N 41.9; S 19.2%. 

4 -Methy l th io imidazo[4 ,5 -d] - l ,2 ,3 - t r i az ine  (V). A 4-g  (25.8 mmole)  sample  of t r i az ine  IIIa and 3.8 
g (26.8 mmole)  of methyl  iodide were  added at 10 o to a solution of sodium methoxide,  obtained by dissolving 
0.6 g (25.8 mmole)  of sodium in 150 ml  of methanol  at 10 ~ af ter  which the mix tu re  was held at 10-18 ~ for  
18 h. It  was then vacuum -evapo ra t ed  to d ryness ,  and the res idue  was dissolved in 25 ml  of water .  The 
solution was acidified to pH 3 with concentra ted  HC1 and cooled, and the resu l t ing  p rec ip i t a te  was r emoved  
by f i l t ra t ion and c rys t a l l i zed  f rom wate r .  PMR spec t rum (in CD3OD) , 5, ppm: 2.94 (SCH3) and 8.80 (6H). 

4 -Amino imidazo[4 ,5 -d ] - l , 2 ,3 - t r i az ines  (VI-VIII, Table  2). A solution of 3.59 m m o l e  of V in 30 ml  
of 22% ammonium hydroxide,  aqueous methylamine ,  o r  33% aqueous d imethylamine ,  r espec t ive ly ,  was 
heated in a sea led  tube at 140 ~ for  14 h, a f t e r  which it was vacuum-evapo ra t ed  to d ryness ,  and the res idua l  
VII and VIII we re  c rys t a l l i zed  f rom water ;  VI was r ep rec ip i t a t ed  f r o m  sodium carbonate  solution by the 
addition of hydrochlor ic  acid.  

4 -Hydraz ino imidazo[4 ,5 -d ] - l , 2 ,3 - t r i az ines  (IX and X, Table  2). A solution of 3 m m o l e  of V in 5 ml  
of hydrazine hydra te  or  methylhydrazine  was heated at 100 ~ for  15 h, a f t e r  which it was v a c u u m - e v a p o r a t e d  
to dryness ,  and the res idue  was c rys ta l l i zed  f rom wate r .  

4-Benzyl idenehydrazino-(XI)  and 4-Benzyl idene(1-methyl )hydraz ino imidazo-  [4, 5-d]- ]  2 , 3 - t r i a z i n e  
(XII). A 0 .7 -mmole  sample  of benzaldehyde was added to a solution of 0.6 mmole  of the appropr ia te  hy- 
drazine (IX or X) in 25 ml  of 50% aqueous ethanol, and the mix tu re  was ref luxed for  1 h. It  was then 
vacuum-evapo ra t ed  to dryness ,  and the res idue  was c rys t a l l i zed  f rom water  (XI) o r  f rom ethanol (XII). 

5(4) -Chloroimidazole-4(5)- th ioamide .  A 1-g  (6..54 mmole)  s ample  of thiadiazine IIa  was added g rad-  
ually with s t i r r ing  at  60 ~ to a solution of 0.72 g (7.2 mmole)  of Cu2C12 in 20 ml  of concent ra ted  HC1, a f te r  
which the mix tu re  was held under  these conditions for  2 h. It  was then diluted to 200 ml with water ,  and 
hydrogen sulfide was pa s s ed  through the mix ture  until copper  had comple te ly  prec ip i ta ted .  The precipitate:  
was r emoved  by f i l t ra t ion and ex t rac ted  with th ree  40-ml  por t ions  of boiling wate r .  The combined f i l t r a tes  
were  vacuum-evapo ra t ed  to dryness ,  and the res idue  was dissolved in 80 ml  of wate r .  The solution was 
made alkaline to pH 5 with sodium carbonate ,  and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and 
c rys ta l l i zed  f r o m  wate r  to give 0.46 g (43%) of a product  with mp 237 ~ Rf 0.72, and R'f 0.84. UV spec t ru m 
(in water) ,  hmax, nm (log ~), 200 (4.08), 280 (4.00), and 307 (4.16). Found: C 29.5; H 2.7; C1 21.8; N 26.1~ 
C4H4CIN3. Calculated:  C 29.7; H 2.5; C1 22.0; N 26.0~c. 

1. 
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