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5-Substi tuted 3 - c h l o r o - l , 2 , 4 - t r i a z o l e s  were  synthesized by diazot izat ion of 5-subst i tuted 3- 
a m i n o - l , 2 , 4 - t r i a z o l e s  in hydrochlor ic  acid. In addition to r ep lacement  of the amino group 
by a chloro group, diazot izat ion of 5 - a r y l - 3 - a m i n o t r i a z o l e s  at high t e m p e r a t u r e s  leads to 
chlorinat ion of the a romat i c  ring. 

According to patent data [1], halo der iva t ives  of 1 ,2 ,4- t r iazole  a r e  good heat  and light s t ab i l i ze r s  for  
chlorinated polyolefins,  pa r t i cu la r ly  polyvinyl chloride;  3 - c h l o r o - l , 2 , 4 - t r i a z o l e  has be t t e r  p r o p e r t i e s  than 
the analogous b romo der iva t ives .  In o rde r  to a s c e r t a i n  the effect  of the nature  of the subst i tuents  i n t h e t r i a z o l e  
ring on the stabil izing activity of the compound, we synthesized a number  of chloro der iva t ives  of 1, 2 ,4- t r iazole .  

Inasmuch as the d i rec t  chlorinat ion of 5-phenyl-subst i tu ted  1 ,2 ,4- t r iazoles  is always accompanied by N- 
halogenation [2], to p r e p a r e  5 -a ry l - subs t i tu ted  3 - c h l o r o - l , 2 , 4 - t r i a z o l e s  we chose r ep lacemen t  of the amino 
group by chlorine in readi ly  access ib le  amino der iva t ives  of the genera l  fo rmula  
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ia-h 
I a R=C~Hb; b R=m-C~H4NO2; c R=p-C6H4NO~; d R=o-C6H4NO=; e R=o-C6H4CH3; 

f R=m-C~H4CH3; g R=p-C6H4CH3; h R=o-CsH4Br 

It iS known [3] that  the amino group is replaced by b romine  when sodium ni t r i te  is added to a refluxtng 
solution of 5 - a r y l - 3 - a m i n o - l , 2 , 4 - t r i a z o l e  in hydrobromic  acid. When this reac t ion  is c a r r i e d  out in hydro-  
chlor ic  acid, in addition to r ep lacemen t  of the resul t ing diazo group by chlorine,  one also obse rves  chlorinat ion 
of the a ry l  res idue .  

N__C/N If2 N__c/EI ~.'~"~X / /  \\ NaNO~..c. ~/.~/,,--~_// \\ 
~ C \ N . - N  ~': ';--C\N.N 

According to the IR and PMR spectroscopie data, the ortho position of the phenyl ring is chlorinated in the 
diazotization of 5-phenyl-3-am[no-l ,2,4-tr iazole ([a). Electron-donor substituents in the aromatie ring pro- 
mete ehlortnation. Thus 5- (2'-ehloro-4'-methyIphenyl)-3-chloro-l ,2,4-tr iazole (90%) and 5- (3'-ehloro-4'- 
methylphenyl)-3-ehloro-l,2,4-triazole (10%) are formed in the diazot[zation of 5-(4'-methylphenyi)-3-amino- 
1,2 ,4- t r iazole  (Ig). A m o r e  complex mix tu re  of i somer i c  der iva t ives  is obtained in the diazot izat ion of 5 - (3 ' -  
methylphenyl ) -3-amino-  1 ,2 ,4- t r iazole  {If). In this case  5- ( 3 ' - m e t h y l - 6 ' - c h l o r o p h e n y l ) - 3 - c h l o r o - l , 2 , 4 - t r i a z o l e  
(50-60%) and a mix tu re  (40-50%) of 5 - ( 3 ' - m e t h y l - 2 ' - c h l o r o p h e n y l ) - 3 - c h l o r o - l , 2  4 - t r i azo le  and 5 - (3 ' -me thy l -  
4 ' - c h l o r o p h e n y l ) - 3 - c h l o r o - l , 2 , 4 - t r i a z o l e  a re  fo rmed .  Chlorination of the a roma t i c  r ing of 5- (2 ' -methylphenyl)-  
3 - a m i n o - l , 2 , 4 - t r i a z o l e  (Ie) was not observed.  The p r e s e n c e  of e l e c t r o n - a c c e p t o r  subst i tuents  (NO 2, Br) in the 
a romat ic  ring p reven ts  its chlorination.  

Chlorination can be excluded if the diazot izat ion of a ry l - subs t i tu ted  aminot r iazo les  is c a r r i ed  out in the 
cold. 
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T A B L E  1. 5-Subs t i tu ted  3 - A m i n o - l , 2 , 4 - t r i a z o l e s  

Corn- Empirical I Found__q.q_d~ I Calculated 0 Yield. 
p o .d fo,rnula I ~  H I N I C H N fro 

~  mp, C 

Id 158 
Ie 191--193 
If 179--180 

186 
205--207 

I 

Cs,HTNzO2 b 46,6 3.2 34,3 I I} 46,8 34 34,1 83 
61,9 5,5 32,2 72 

C9HTN4 62,0 5,9 32,0 52. I 5,8 32, I 78 
61,8 6,0 31.9 66 

CsHTBrN4 c 40,5 2,8 23.2 40.2 3,0 23,4 73 

baAll of the compounds  w e r e  pur i f ied  by r e c r y s t a l l i z a t i o n  f r o m  wa te r .  
Found:  O 15.9%. Calcula ted.  O 15.7%. 

CFound: Br  33.1%. Calcula ted :  B r  33.47o. 
N --C/El 
// \\ 

T A B L E  2. 5-Subs t i tu ted  3 - C h l o r o - l , 2 , 4 - t r i a z o l e s  ~/C"N"N H 

rap, ~ I li Empiricalf~ ]HI  Cl N C H Cl} N 

C6H5 176-- 177 a 
m-NO2C6H4 163--~64 b 
p-NO2CeH4 233 b 
o-NO2C6H4 157--158~ 
o-CH3C~J-14 191--193~ 
m-CH3C6H4 179--180 - 
p-CH3C6H, 186b 
o-BrCoH4 191 b 
CH3OOC 1J%l192b H2NCO 
CN 160 e 

Cs,H6CIN3 

} CsHsCIN402 

} CgHsCINa 

CsH~BrC1N~ c 
C4H4CIN302 
C3HsC1N40 
C3HCIN4 

a 
b F r o m  a q u e o u s  a l c o h o l .  

F r o m  w a t e r .  
dFOUnd. Br  30.6%. 

F r o m  methanol .  
e 

F r o m  toluene.  

53,5 3,4 19,6 
42,9[ 2,2115,7 
43,112,1116,0 
43,0 2,2115,7 
56,014,0118,2 
55,614,1 18,1 
55,6I 4,ol 18,3 
36,812,1[ 13,6 
29,312,6] 22,1 
24,9 2,1 24,0 
27,6 1,0 27,4 

Calcula ted .  Br  30.9%~ 

24,6i}42,812,2115,81 , 1~7 
25,2 ~,J I [ [ 173 
21,7 49 
220155841118.421768 
22,0 ) ' [ t79 
16,1 37,2 1,9[13,7116,3 58 
26,11 29,7! 2,5 / 22,0126,0186 
38,4 24,612,1r24,2138,2 44 
43,8 28,0 i 0,8 i 27,6143,6 / 50 

The amino  g roup  is s i m i l a r l y  r e p l a c e d  by ch lo r ine  in the d iazo t i za t ion  of 3 - a m i n o - 5 - m e t h o x y c a r b o n y l -  
1 ,2 ,4 - t r i a zo l e .  On t r e a t m e n t  with a m m o n i a  the r e su l t ing  c h l o r o - s u b s t i t u t e d  e s t e r  II  is conve r t ed  to  an 
amide,  f r o m  which the  n i t r i l e  was  obta ined by m e a n s  of phospho rous  oxych lo r ide .  

N--c/NH2 NaNO 2, HCI N--CJN~ *"--c/CI // \\ /(~\ HCl ~, 
CH3Ooc/C~N/N CH3Ooc/Cx~, -N Cl|, Of)f /C\N'/N 

H tt 

I I I  

The abi l i ty  of the  syn thes i zed  compounds  to s tab i l i ze  ch lo r ina ted  polyolef ins  is u n d e r  invest igat ion.  

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

The IR s p e c t r a  of KBr  pe l l e t s  of the  compounds  w e r e  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  The 
PMR s p e c t r u m  of 107o solu t ions  of the  compounds  in a lcohol  o r  dioxane w e r e  r e c o r d e d  with a T e s l a  BS 
4873 s p e c t r o m e t e r . *  

5 - A r y l - 3 - a m i n o - l , 2 , 4 - t r i a z o l e s  (Ia-h).  T h e s e  compounds  w e r e  obtained by the methods  in [4, 5]. 
The phys ica l  cons tan t s  of I a - c  a r e  in a g r e e m e n t  with the l i t e r a t u r e  values  [6, 7], and the phys ica l  cons tan t s  
of Id-h ,  syn the s i z e d  fo r  the f i r s t  t ime  in this  r e s e a r c h ,  a r e  p r e s e n t e d  in Table  1. 

Diazo t i za t ion  of Ary l -Subs t i t u t ed  A m i n o t r t a z o l e s .  A) A so lu t ion  of 0.02 m o l e  of 5 - a r y l - 3 - a m i n o -  
1 , 2 , 4 - t r i a z o l e  in a m i x t u r e  of 200 ml  of concen t r a t ed  h y d r o c h l o r i c  acid and 100 ml  of wa te r  was heated to 

the  boi l ing  point,  and a so lu t ion  of 0.5 mole  of sod ium n i t r i t e  in 50 ml of w a t e r  was  added d ropwise  to  it wi th v i g o r -  
ous s t i r r i n g .  The  m i x t u r e w a s  then a l l o w e d t o  s tand at r o o m  t e m p e r a t u r e  f o r  16h,  a f t e r  which i t w a s  re f luxed 
until  it was  c o l o r l e s s  and pou red  into ice  wa t e r .  The resu l t ing  p r e c i p i t a t e  of 5 - c h l o r o a r y l - s u b s t i t u t e d  3- 
c h l o r o - l , 2 , 4 - t r i a z o l e  was  r e m o v e d  by f i l t r a t ion  and pur i f ied  by r e c r y s t a l l i z a t i o n .  

*The  au thors  thank I. Do Kal ikhman and N. I. Chipania  f o r  r e c o r d i n g  and in te rp re t ing  the  s p e c t r a .  
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B) A 0.02-mole sample of 5 - a r y l - 3 - a m i n o - l , 2 , 4 - t r i a z o l e  was heated in a mixture of 200 m! of con- 
centrated hydrochlor ic  acid and 100 ml of water  until it dissolved completely.  The solution was thencooled 
to 0 ~ and a solution of 0.5 mole of sodium nitr i te in 50 ml of water  was added dropwise. The mixture was then 
allowed to stand at room tempera tu re  for  16 h and at 50-70 ~ for  3 h, after  which it was poured into ice water.  
The result ing precipi ta te  of 5 - a r y l - 3 - c h l o r o - l , 2 , 4 - t r i a z o l e  was removed by fi l t rat ion and purified by r e c r y s -  
tallization, 

5 -Methoxycarbonyl -3 -ch lo ro- l ,2 ,4 -  t r iazole  ([I). A solution of 2.4 g (0.03 mole) of sodium nitri te in 20 
ml of water  was added dropwise at 0-3 ~ to a suspension prepared  f rom 5 g (0.35 mole) of methyl 3-amino-  
1 ,2 ,4- t r iazole-5-carboxyla te  [5] in 40 ml of water  and 12 ml (0.14 mole) of hydrochlor ic  acid (sp. gr.  1,18), 
af ter  which the mixture was s t i r red  at this t empera tu re  for ~1 h. The precipi tated methyl d iazo t r iazo locar -  
boxylate was removed by fi l trat ion.  Inasmuch as the diazo es te r  in dry form was sensit ive to mechanical  ac-  
tion, it was used in crude form for  the subsequent syntheses.  

Hydrochloric  acid (15 ml) was added to a suspension of the diazo compound in 10 ml of water,  and the 
mixture was heated at 30-40 ~ for 4 h. It was then cooled, diluted with 100 ml of water,  and extracted with ether.  
Evaporation of the e ther  gave II, 

5 - Ca r bamoy l -3 - ch lo ro - l , 2 , 4 - t r i a zo l e .  A 1-g (7 mmole) sample of e s t e r  II was refluxed with 50 ml of 
ammonium hydroxide (sp. gr.  0.91) for  3 h, af ter  which it was cooled, and the precipi tated amide was removed 
by fil tration. 

5 -Cyano-3 -ch lo ro - l , 2 ,4 - t r i azo l e .  A solution of 11.2 g (7.6 mmole) of the amide was refluxed in 100 ml 
of phosphorus oxychloride for 3 h, af ter  which the excess  phosphorus ~)xychloride was removed 'by  vacuum dis- 
tillation and the residue was dissolved in 30 ml of ice water .  The aqueous solution was extracted with ether, 
the ether  was removed by evaporation, and the residual nitri le was purified by recrys ta l l iza t ion.  

The results  of e lementary  analysis,  the melting points, and the yields of the 5-substi tuted 3-chloro-  
1,2,4-tr iazoles  a re  presented in Table 2. 
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