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Alkylation of t r iazoly l th ioureas  gave S-a lkyl (aryl ) t r iazolyl i so th iourea  hydroehlor ides ,  which 
form 5-a lky l (a ry l ) th io -symtr iazo lo[1 ,5 -a ] - sym- t r i az ines  with ethyl or thogormate .  

We have previously established [1] that 5 - amino- l , 2 ,4 - t r i azo l e s  r eac t  with benzoyl isothiocyanate to 
give 1 -benzoy l th ioca rbamoyl -5 -amino- l ,2 ,4 - t r i azo les .  However,  fu r ther  investigations of this react ion 
demonst ra ted  that the reac t ion  proceeds  at the amino group r a th e r  than at the N 1 nitrogen atom, i.e., the 
react ion products  a re  N-{1 ,2 ,4- t r iazol -5-y l ) -N ' -benzoyl th ioureas ,  the hydrolys is  of which gives ( t ,2 ,4- t r i -  
azo l -5-y l ) th ioureas  (I). The co r r ec tne s s  of the s t ruc tu re  of the la t te r  was confirmed by a l ternat ive  syn- 
thesis  of 3 -methy l -5 - (4 -pheny l -2 - th iazo ly l )amino- l ,2 ,4 - t r i azo le  (ID f rom Ia and also f rom 2-cyanoamino-  
4-phenylthiazole (III) and acetylhydrazine  through acetamidoguanidine der ivat ive  IV. 
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In the present  study, t r iazoly l th ioureas  were  used for  the synthesis  of thio der ivat ives  of s y m - t r i -  
azo lo - sym- t r i az ines ,  individual r ep resen ta t ives  of which have a l ready been descr ibed [2-4]. The synthesis  
of 3-phenyl -7-methyl th io-  and 3 -pheny l -5 ,7 -d ime thy l th io - sym- t r i azo lo [4 ,3 -a ] - sym- t r i az ines  by oxidative 
cycl izat ion of 2-benzyl idenehydrazino der iva t ives  of 1 ,3 ,5- t r iaz ine  by means  of lead te t raaceta te ,  i .e. ,  by 
building up a t r i azo le  ring f rom a t r iaz ine  ring, was descr ibed  in [3]. Kobe and co-workers  supposed that 
the possibi l i ty of the format ion of s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e s  is excluded under  these react ion con- 
ditions. The re  a re  no data available on the chemical  p roper t i e s  of the compounds obtained. 

It was found that I does not fo rm t r iazolo t r iaz ines  on refluxing in the reagents  usually employed for  ac-  
ylation and cycl izat ion (formic acid or formamide);  this can be explained by the action of the reagents  on 
the sulfur atom. 

In o rde r  to exclude the possibil i ty of the reac t ion  of I with the cyelizing agents at the sulfur atom, we 
synthesized S-alkyl(aryl)  der iva t ives  of t r iazolyl isothioureas .  The S-alkylat ion and S-aryla t ion  of I were  
ca r r i ed  out, respect ively ,  with alkyl and a ry l  halides; hydrohalide salts V and f r ee  bases  VI were  obtained 
in this case.  The bases  were res i s tan t  to the action of dilute acids and bases  and decomposed only on pro-  
longed refluxing. 

On refluxing with ethyl or thoformate ,  hydrohalide sal ts  V smoothly fo rm  5-a lky l (a ry l ) th io -sym- t r i -  
a zo lo [1 ,5 -a ] - sym- t r i az ines  (VII). In contrast  to V, VII could not be isolated f rom the reac t ion  mixture  on 
refluxing VI with ethyl or thoformate ,  and t r a ce s  of VIIa were  isolated only in the case of Via, 
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T A B L E  i. S-Alkyl(aryl)-N-(l,2,4-triazol-5-yl)isothioureas ( V i a - e )  

a n d  5 - A l k y l ( a r y l ) t h i o - s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e s  ( V I I a - e )  

Com- 
pound 

Via 
Vlb 
VlC 
v ld  
Vie 

Vl la  
Vllb 
VIIc 
VIId 
Vi le  

mp, ~ 
(solvent) 

164a h 
126--127- 

167 c 
157 ~ 
199~ 
122F 
123 ~ 
232~ 
195' h 

22,5--226" 

Empirical t Found, % Calc.,  % 
formula [ c H ] N S C 

CsH~NsS 34,8 
CI,HIsNsS 53,8 
CIoHnN~S 51,7 
Cid-ttsNsS [ 62,1 
C,sHI,N60~S 35~9,f 
CaHI~NsS 
CI2HHN~S 1 55,4 
C~H~N~S 54,3 
CI7HIaNsS 64,0 
C~TH~N~O~S 56,1 

5,2 41,0 
5,6 1 27,6 
5,0 30,9 
4,9 2233:23 
4,2 
4,0 
4,2 26,7 
3,8 28,5 
3,9 !21,9 
3,3 i 23,0 

35,1 
153,4 

13,9 51,5 
10,5 62,1 
9,0 154,2 

17,6 39,2 
12,6 562 
13,2 54,3 
10,1 63,9 
9,0 56,0 

H N 

5,3 40,9 
5,4 28,3 
4,8 30,0 
4,9 22,6 
4,0 23,7 
3,9 
4,3 27,2 
3,7 28,8 
4,1 21,9 
3,3 23,0 

Yield, 
% 

s 

6O 
64 

13,7 78 
10,4 80 
9,0 84 

17,7 53 
12,5 61 
13,2 82 
10,0 81 
8,8 62 

aWith decomposition, from water, bFrom benzene. CFrom 50% 
ethanol, dFrom ethanol, eFrom propyl alcohol, fFrom petroleum 
ether, gFrom benzene-dimethylformamide, hFrom dimethyl- 
formamide. 

The different behavior of V and VI in cyclization reactions with ethyl orthoformate conlirms the opin- 
ion that acid catalysis is of great importance [5-7]. 
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H H -HX 14 

I a, b v a-e vl a-e 

a R_=.CH3; b R=C61-1 s a,cX=Cl;b, d,eX=Br 

H+IIHC(OC2Hs)a 

N~"N~N~ R HC(OC2Hs)~ CHa ] - ~  S(:;H~ 

R , S . ~ / ~ N  H20 (R=R'=CHal N~.N~.N = C--N H C HO II 
Vlla-e VIII 

V, VI, VII a R=R'=CH3; b R=CH3, R'=C6HsCH2: c R=C6H 5, R'=Cff3; 
d R=CBHs, R'=CBH5CH2; e R=C6Hs, R'=4-NO2C6H 4 

Triazolotriazlnes VII are readily hydrolyzed in aqueous solutions of inorganic acids and bases to give, 
respectively, V and VI. The rate of hydrolysis is greatest in the case of 2-alkyl and S-aLkylthio derivatives. 
In contrast to the other compounds, VIIa is also hydrolyzed in water to give formyl derivative VIII, which 
on further hydrolysis in the presence of acid or alkali gives, respectively, Va and Via. On refluxing in ethyl 
orthoformate or ethanol, VIII again cyclizes to VUa. In this case, ethyl orthoformate is the solvent and pro- 
motes cyelization [8]. The VIIa~-VIII transformations confirm triazolotriazine structure VII. 

On reaction with ethyl orthoform~te, triazolylthioureas may form sym-triazolo[l,5-a]-sym-triazines 
or sym-triazolo[4,3-a]-sym-triazines. Kobe and co-workers [3] supposed that 3-phenyl-7-methoxy-sym- 
triazolo[4,3-a]-sym-triazine is formed in the cyclization of O-methyl-N-(3-phenyl-l,2,4-triazol-5-yl)iso- 
urea with ethyl orthoformate. On the basis of the following consideration, the formation of [l,5-a] isomers 
in the cyclization of triazolylthioureas V seems more likely to us: first, it has been proved [2] that N- 
(l,2,4-triazol-5-yl)-N'-carbethoxythioureas are cyclized at the N i atom; second, the synthesis of VII from 
V and also from VIII indicates the same direction of cyclization in the case of reactions of triazole deriva- 
tives with the hydrocarbon component and in the case of derivatives that already contain elements of the 
triazine ring. 

The PMR spectra of VIIa and ViIc, recorded in CD3SOCD3, contain proton signals at ~- 0.40 and 0.20 
ppm, respectively. According to the data in [3], the signal of the 5-H proton in the PMR spectrum of 3- 
phenyl-7-methylthio-sym-triazolo[4,3-a]-sym-triazine is observed at ~- 0.25. Thus the PMR spectra do 
not make it possible to distinguish between the two proposed triazolotriazine structures. 

In order to additionally elucidate the structures of the triazolotriazines obtained, we determined the 
dipole moment of VIIa and compared it with the calculated values. The calculation was performed in anal- 
ogy with the methods in [9, i0] starting from the valence state of the nitrogen atoms and using the following 
values of the dipole moments of the fragments of the molecules: +1.80 D (in analogy with pyrrole) for the 
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ni t rogen a tom c o m m o n  to both r ings ,  - 2 . 2 0  D fo r  the remain ing  ni t rogen a toms,  and + 1.34 D for  the SCH 3 
group (~0 = 77.5~ Both r ings  a r e  assumed  to be p lanar  r e g u l a r  polyhedra.  This method of calculat ion does  
not take into account the in teract ion of the he t e roa toms  in the molecule  and enables one to make  only an 
ex t r eme ly  rough es t ima te  of the dipole moment .  However,  this  method may give information regard ing  the 
p r e f e r r e d  s t ruc tu re .  The calculated dipole m o m e n t s  for  the two p lanar  rota t ional  conformat ions  of VIIa 
~i.e., s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e ) a r e  1.9 and4.0D,  r e spec t ive ly .  The values for  the cor responding  
ro ta t ional  conformat ions  of s y m - t r i a z o l o [ 4 , 3 - a ] - s y m - t r i a z i n e  a r e  6.25 and 4.15 D. 

A compar i son  with the exper imenta l  value of the dipole momen t  fo r  VIIa (1.00 D) made it poss ib le  to 
choose between the two s t r u c t u r e s  of s y m - t r i a z o l o - s y m - t r i a z i n e s ,  which have marked ly  different  dipole 
moments ,  in favor  of s y m - t r i a z o l o ] l , 5 -  a ] - s y m - t r i a z i n e .  

E X P E R I M E N T A L  

1-Acetamido-3- (4-phenyl -2- th iazo ly l )guanid ine  (IV). A mix tu re  of 0.2 g (1 mmole)  of III, 0.12 g (1.5 
mmole)  of acetylhydrazine ,  and 4 ml  of absolute ethanol was ref luxed fo r  6 h. Cooling of the mix ture  p r e -  
c ipi ta ted 0.19 g (70%) of IV with mp 225 ~ (d i me thy l fo rmamide -wa te r ) .  Found: C 52.1; H 4.7; N 25.1%. 

C12H13NsOS. Calculated: C 52.3; H 4.8; N 25.4%. 

3 -Methy l -5 -  (4 -pheny l -2 - th iazo ly l )amino- l ,2 ,4 - t r i azo le  (II). A .  A 0.35-g (1.2 mmole)  sample  of IV 
was  ref luxed in 5 ml  of 10% sodium hydroxide solution fo r  20 rain, a f t e r  which the mix tu re  was cooled and 
acidif ied with hydrochlor ic  acid. The prec ip i ta te  was removed  by f i l t ra t ion to give 0.3 g (94%) of a p rod-  
uct with mp 259 ~ (from aqueous methanol) .  Found: C 56.0; H 4.2; N 27.4%. C12HIINsS. Calculated: C 56.0; 

H 4.3; N 27.2%. 

B__= A mix tu re  of 0.32 g (2 mmole)  of Ia, 0.4 g (2 mmole)  of phenacyl bromide ,  and 20 m l  of ethanol 
was ref luxed fo r  2 h. The mix tu re  was then dist i l led to r e m o v e  ~ 10 m l  of ethanol, a f t e r  which a solution 

o f  0.15 g of sodium ace ta te  in 10 m l  of water  was added to isola te  0.16 g (31%) of II with mp 259 ~ (from eth-  
anol). 

S -Alky l (a ry l ) -N- (1 ,2 ,4 - t r i azo l -5 -y l ) i so th iou reas  (Va-e, Via-e ,  Table 1). Equimolar  amounts  of Ia,b 
and the cor responding  alkyl(aryl)  hal ides we re  ref luxed in absolute  ethanol for  30 rain, a f te r  which the eth- 
anol was r emoved  by dis t i l la t ion to give Va-e .  Compounds Va-e  w e r e  d issolved in the min imum amount of 
ethanol, and the solutions were  t r ea ted  with aqueous sodium carbonate  to give Vla-e .  

5 - A l k y l ( a r y l ) t h i o - s y m - t r i a z o l o [ 1 , 5 - a ] - s y m - t r i a z i n e s  (VIIa-e, Table  1). A. A 10 -mmole  sample  of 
Va-e  ( immediately  a f t e r  p repa ra t ion  via  the method desc r ibed  above) was  refluxed with ethyl o r thoformate  
(20, 20, 35, 30, and 50 ml,  respec t ive ly)  fo r  1 h, a f t e r  which the mix tu re  was  cooled to prec ip i ta te  c ry s t a l -  
l ine VIIc-e .  The c r y s t a l s  were  r emoved  by f i l t ra t ion and washed with the min imum amount of ethyl o r the-  
fo rma te .  Compounds VIIa, b were  obtained by evapora t ion  of the reac t ion  mix tu re  and ext ract ion with pe-  
t r o l eum ether .  

B___: A 0.3-g (1.5 mmole)  sample  of VIH was ref luxed fo r  45 rain in 4 ml  of ethyl o r thofo rmate ,  Af ter  
the mix tu re  was  cooled, 0.1 g (31%) of VIIa with mp 122 ~ (from pe t ro leum ether) c rys ta l l ized  out. 

C. A 0.2-g (1 mmole)  sample  of VIII was refluxed in 10 ml  of absolute  ethanol fo r  1 h, a f te r  which 
the ethanol was r emoved  by dist i l lat ion,  and the d ry  res idue  was ext rac ted with 10 ml  of e ther .  The e ther  
was  evapora ted  to give 0.12 g (39%) of VIIa with mp 122 ~ (from pe t ro l eum ether) .  

Hydro lys i s  of VI la -e  and IX. The hydro lys i s  was c a r r i e d  out with 15% hydrochlor ic  acid or  15% a m -  
monia  at r o o m  t e m p e r a t u r e  for  0.5-1 h or  on a bo i l ing-water  bath in the cour se  of a few minutes.  The hy- 
d ro ly s i s  products  we re  identified as the b a s e s  (VIa,b,d,e). Only Vie wi thmp  234 ~ (dec., f r o m  ethanol) was 
isolated.  Found: C 44.2; H 4.7; C1 12.0%. C10HllNsS.HCl. Calculated:  C 44.5; H 4.5; C1 12.0%. 

S - M e t h y l - N - ( 3 - m e t h y l - l , 2 , 4 - t r i a z o l - 5 - y l ) - N ' - f o r m y l i s o t h l o u r e a  (VIII). The addition of 0.54 g (3 
mmole)  of VHa to 10 ml  of boiling wa te r  gave an immedia te  prec ip i ta te  of VIII [0.53 g (93%)] with mp 164 ~ 
(dec., f r o m  ethanol). IR spect rum:  1710 (CO), 1625 cm "1 (C=N). Found: C 36.1; H 4.7; N 35.5; S17.1%. 
C6H9NsOS. Calculated: C 36.2; H 4.6; N 35.1; S 16.1%. 

The dipole m om en t  of VIIa was de te rmined  in benzene solutions at 25 ~ via  the method in [11]. The 
data f r o m  the de te rmina t ion  and calculat ion of the dipole moment  by the method in [12] a r e  as  follows: ~av = 
0.9376, ~av = 0.9303, P0~=68.140, MR D 47.270. The dipole momen t  of VIIa is 1.00~-0.03 D. 
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