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VII.* REPLACEMENT OF NITRO GROUPS BY CHLORINE 

AND BROMINE IN NITRO DERIVATIVES OF 1 ,2 ,4 -TRIAZOLE 

L .  I .  B a g a l ,  M. S. P e v z n e r ,  V.  Y a .  S a m a r e n k o ,  
a n d  A .  P .  E g o r o v  UDC 547.792:542.944 

The react ion  of 3 (5 ) -n i t r o - l , 2 , 4 - t r i a zo l e  with hydrogen hal ides (HC1 and HBr) leads to r e -  
p lacement  of the n i t ro  group by chlor ine  and b romine .  In 1 - m e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 - t r i -  
azole  the n i t ro  group  in the 5 position is rep laced .  Nucleophilic substi tution of halogen in 
1 - m e t h y l - 3 - n i t r o - 5 - h a l o t r i a z o l e s  leads to the format ion  of the cor responding  1 -me thy l -  
3-n i t ro -  5- subst i tu ted 1 ,2 ,4 - t r i azo les .  

In extending our  invest igat ion of the react ion  of n i t ro  de r iva t ives  of 1 ,2 ,4 - t r i azo le  with nucleophil ic  
reagen ts  [1-3] we have studied the action of hydrogen chlor ide  and hydrogen b romide  on s eve ra l  3(5)-ni t ro-  
1 ,2 ,4 - t r i azo le s .  The r e p l a c e m e n t  of the n i t ro  group by halogen by the action of hydrogen hal ides  and phos-  
phorus  ch lor ides  has  been desc r ibed  fo r  n i t ro  compounds of the benzene s e r i e s  [4]. This so r t  of react ion  
was obse rved  during a t t empts  to e s te r i fy  3 - n i t r o - 5 - c a r b o x y - l , 2 , 4 - t r i a z o l e  in the p resence  of hydrogen 
chlor ide  and during i ts  react ion  with phosphorus pentachlor ide  [6] as  well as fo r  3 - n i t r o t r i a z o l - 5 - o n e  de-  
r i va t ives  [3,6,7]. 

T r i azo le s  I -V Were se lec ted  for  fu r the r  invest igat ion.  

I 
R 

I R = R ' = H  R'=NO2; I! R=CH3 R ' = H  R~t=NO2; 
I I I  R = H  R'=R'=NO2; IV  R=CH3 R ' = R ' = N O 2 ;  
V R=CH3 R':NO2 R"=NH2; VI I~=R"=H R'=CI; 
Vii R=H R'=NO2 R'=CI; VIll R=H R'=R'=CI; 
IX I~=CH2CH2NO2 R'=NO2 R'=CI; X R=R"=H R'=Br; 
XI R=CH3 R'=H R"=Br; Xll R=CHa R'=NO2 R'=CI; 
Xlll R=CHz R'=NO2 R"=Br; XIVI. R=CH~ R'=NO2R"=OH; 
XV R=CH3 R'=NO2 R"=NHCH3; XVI R=CHa R'=NO~ R"=N(CH3)2; 
XVll R=CH3 R'=NO2 R'=N(CH~)NH2; XVlll R=CH~ R'=NO2 R"~OCH3; 
XIX R=CH3 R'=NO2R'=OC2Hs; XX R=CH3 R'=NO2 R"=OC6Hs; 
XXI R=CHa R'=CI R'=NH2. 

The react ion  was c a r r i e d  out e i ther  in e ther  with bubbling through gaseous  hydrogen chlor ide or  by 
ref luxing in concent ra ted  hydrohal ic  acids .  

Compound I r eac ted  slowly with hydrogen chlor ide  in e ther ,  and the yield of VI did not  exceed 15-20%. 
III in e ther  r eac t ed  with HC1 to f o r m  products  of substi tut ion of one or  both n i t ro  groups  (VH and VIII); the 
react ion p roceeds  m o r e  readi ly  due to the additional act ivat ing effect  of the n i t ro  group. VII could not be 

*See [1] for  Communicat ion VI. 
1'The compound has the 1 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l - 5 - o n e  s t ruc tu re .  
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i sola ted in pure  f o r m  but was identified in the f o r m  of the product  of react ion  with n i t roe thy lene  as 1-fl-  
n i t roe thy l -  3 -n i t r o -  5 - c h l o r o - l , 2 , 4 - t r i a z o l e  (IX). 

It was found to be  m o r e  convenient  to c a r r y  out the substi tut ion of the n i t ro  group  in the mononi t ro -  
t r i azo le s  by ref luxing them in hydrohal ic  acids .  Thus,  the cor responding  halo de r iva t ives  (VI, X, and XT) 
were  obtained in good yie lds  by heating I and II in hydrochlor ic  and hydrobromic  acids .  When this method 
was applied to IV, products  of subst i tut ion by halogen of one of the n i t ro  groups  (XII and XIIT) were  synthe-  
s ized.  XII and XIII were  subjected to reac t ion  with nucleophil ic  reagents  (hydroxyl and alkoxide ions and 
amines)  to prove  the s t r u c t u r e  of the compounds obtained. XIV-XX were  identical  to compounds synthe-  
s ized  by means  of app rop r i a t e  nucleophil ic  subst i tut ion reac t ions  with IV [1-3]. It was thereby  proved  that  
the subst i tut ion of a n i t ro  group  by halogen in IV occurs  at  the 5-posi t ion as in the substi tut ion by o ther  
nucleophil ic  groups  [1-3]. 

The reac t ion  of V with hydrochlor ic  acid resu l ted  in the fo rmat ion  of the compounds:  the expected 
XXI and side product  XII. The format ion  of XII can be explained by the fact  that  amine  V is diazot ized by 
the n i t rous  acid evolved during substi tution of the n i t ro  group with subsequent  subst i tut ion of the diazo 
group by halogen. This is conf i rmed  by the i nc rea sed  yie ld  of XII in the  absence  of u r e a  in the reac t ion  
mix ture .  

[N~2_N~ -NO2- HNO2 V � 9  HC| x,, _ ~  t | ~ ~ xx, 

L CH 3 

Thus the reac t ion  of n i t ro  de r iva t ives  of 1 ,2 ,4 - t r i azo le  with hydrohal ic  acids turned  out to be a con-  
venient  method for  the syn thes i s  of ch lo ro -  and b r o m o t r i a z o l e s  containing o ther  functional groups  in addi-  
tion to halogen in the r ing.  

EXPERIMENTAL 

3-Chloro-l,2,4-triazole (VI). A. Compound I [0.8 g (0.007 mole)] was suspended in 60 ml of ether, 
hydrogen chloride was bubbled through the suspension for 8 h, and the mixture was then allowed to stand 
in a stopped flask for 4 days. The resulting precipitate was filtered and extracted with hot benzene (three 
20-ml portions). Cooling of the extract precipitated 0.i g (14~) of crystals of VI with mp 165-166 deg 
(166 deg [5]). The compound did not depress the melting point of an authentic sample of VT. The benzene- 
insoluble residue was starting I. 

B. I [i g (0.0088 mole)] was refluxed for 8 h in 20 ml of concentrated hydrochloric acid, 80 ml of 
water was added, and the mixture was extracted with ethyl acetate. The solvent was evaporated, and the 
residue was crystallized from benzene to give 0.55 g (61%) of a product with mp 166 deg. The product 
was identical to the product obtained via method A. 

3-Bromo-l,2,4-triazole (X). This was obtained in 50% yield in the same way as VT (method B) by 
refluxing I in hydrobromic acid and had mp 187 deg (from benzene) (187-188 deg [6]). The compound did 
not depress the melting point of an authentic sample of X. 

l-Methyl-5-bromo-l,2,4-triazole (XI)~ This was obtained from II in 55~ yield and had mp 49-50 deg 
(49-50 deg [6] ) [8]. 

Reaction of III with Hydrogen Chloride. Hydrogen chloride was bubbled through a solution of 8.5 g 
(0.0535 mole) of Ill in 50 ml of ether for 4 h. The solution was evaporated to i0 ml and cooled to -20 deg 
to precipitate 3 g (40~) of VIII with mp 147 deg (two recrystallizations from benzene). The product did not 
depress the melting point of sample of VIII previously obtained in [9]. Nitroethylene (3 g) was added to the 
ether solution after precipitation of VIII. After 24 h the solution was filtered,* the filtrate was evaporated 
to dryness, and the residue was recrystallized three times from ethanol to give 0.2 g of IX with mp i00 A 

i01 deg. Found ~: C 22.0; H 1.7; C1 16.0; N 31.3; tool. wt. 223. C4H4CINsO 4. Calc. %: C 21.7; H 1.8; 

*The p rec ip i t a te  on the f i l t e r  was a mix tu re  of f i -ni t roethyl  de r iva t ives  III and VIII, f r o m  which 1- ( f i -n i t ro -  
e thy l ) -3 ,5 -d in i t r o - l , 2 , 4 - t h i azo l e  with mp 146 deg was i so la ted  [10]. 
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C1 16.0; N 31.5; mol  wt. 221.5. IR spec t rum:  1550, 1310 cm -1 (heterocycl ic  nitro group), 1365 cm -1 (ali-  
phatic ni t ro  group), 750 cm -1 (C-C1).* 

1 - M e t h y l - 3 - n i t r o - 5 - c h l o r o - l , 2 , 4 - t r i a z o l e  (XII). Compound IV [1 g {0.0058 mole)]  was heated for  3 h 
with 30 ml  of concent ra ted  hydrochlor ic  acid at  103-105 deg. The acid was then evapora ted  to d rynes s  on a 
wa te r  bath, and the res idue  was c rys t a l l i zed  f r o m  benzene to give 0.7 g (74%) of a product  with mp 88-89 
deg. Found %: C 21.9; H 2.0; C1 21.7; N 33.9; tool. wt. 164. C3H3C1N402. Calc~ %: C 22.1; H 1.8; 
C1 21.8; N 34.3; tool wt. 162.5. IR spec t rum:  1555, 1315 cm - I  (nitro group), 720 c m  -1 (C-C1).  

1 - M e t h y l - 3 - n i t r o - 5 - b r o m o - l , 2 , 4 - t r i a z o l e  (XIII). This was obtained in 86% yield by heating IV with 
hydrob romic  acid and had m p  89-90 deg ( f rom benzene).  Found %: C 17.2; H 1.4; Br  38.1; N 26.7; mol.  
wt. 202. CsHsBrN402. Calc. % : C 17.3; H 1.4; Br  38.6; N 27.0; mol.  wt. 207. IR spec t rum:  1555, 1315 
cm -1 (nitro group),  645, 675 cm -~ (C-Br) .  

Reaction of XII and XIII with Nucleophilic Reagents .~ A. Compound XII o r  compound XIII (2 g) was 
heated for  20 min in 30 ml  of 10 ~ sodium hydroxide,  the mix tu re  was cooled, and the solution was acidif ied 
to pH 1. It was then ex t rac ted  with ethyl ace ta te ,  and the ethyl ace ta t e  was evapora ted  f r o m  the ex t rac t  to 
give 1 g (72~) ( f rom XII) o r  1.2 g (69%) (f rom XIII) of XIV with mp 229 deg (dec., f r o m  ethanol). The p rod-  
uct  was identical  to 1 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l - 5 - o n e  [2]. 

B. Compound XII o r  XIII (1 g) was added to a solution of 0.3 g of sodium in 25 ml of absolute  me th a -  
nol. The solution was heated fo r  3 h at 65-70 deg, f i l te red,  and the f i l t r a te  was evapora ted .  The res idue  
was washed with water ,  and dr ied to give 38-40% of XVIII with mp 145.5 deg. 

C. The r eac t ion  was c a r r i e d  out in the same  way as e x p e r i m e n t  B using sodium ethoxide to give 44.% 
of XIV with mp 72-73 deg. 

D. Phenol (1.5 g), 0.3 g of sodium, and I g of XII o r  XIII we re  d isso lved  in 35 ml  of absolute  dioxane. 
The mix tu re  was heated a t  90-95 deg for  4 h, the solvent  was evapora ted ,  and the res idue  was washed with 
wa te r  and c rys t a l l i zed  f r o m  ethanol to give 1.02 g (74%) of XX with mp  126.5 deg. 

E ~ CompoundII  o r X I I I  (1 g) was hea tedwi th  25 m l  of25~0aqueous methy lamine  at 90 deg for  3 h. Cooling 
of the mix tu re  gave a p rec ip i t a te  which was f i l te red,  washed with water ,  and r e c r y s t a l l i z e d  twice f r o m  
ethanol to give 0.6 g (62%) of XV with m p  205-206 deg. 

F. The reac t ion  was c a r r i e d  out in the s a m e  way as expe r imen t  E using d imethylamine  to give 60% 
of XVI with mp  109 deg ( f rom ethanol). 

G, Compound XII o r  XIII  (1 g) was heated in 30 ml  of dioxane with 1 g of methylhydraz ine  at 90 deg 
for  3 h. The solvent  was then evapora ted ,  and the res idue  was washed with wa te r  and c rys t a l l i zed  f rom 
wa te r  to give 0.6 g (56%) of XVII with mp 162 (leg. 

1 - M e t h y l - 3 - c h l o r o - 5 - a m i n o - l , 2 , 4 - t r i a z o l e  (XXI). A mix tu re  of 7 g (0.049 mole)  of V and 10 g of 
u r ea  was ref luxed for  6 h with 90 ml  of concent ra ted  HCI0 a f t e r  which the solution was evapora ted  to d rynes s  
in vacuo,  and the res idue  was ex t rac ted  with hot benzene (80 ml).  The benzene was evapora ted ,  and the r e s -  
idue was c rys ta l l i zed  f r o m  b e n z e n e - h e x a n e  (1: 2) to give 0.8 g of a product  with mp 90 deg which did not 
d e p r e s s  the mel t ing  point of an authentic s amp le  of 1 - m e t h y l - 3 - n i t r o - 5 - c h l o r o - l , 2 , 4 - t r i a z o l e  (XII). The 
benzene- inso lub le  product  was ex t rac ted  with boiling ethyl ace ta te  (three 100-ml  por t ions) ;  the solvent  
was evapora ted  and XXI was c rys t a l l i zed  f r o m  toluene with added act ivated charcoa l  to give 2.9 g of a 
p r o d u c t w i t h m p  157-158 deg. Found %: C 27.2; H 3.8;C126,7; N 42.4; mol.  wt. 133. C3HsC1N 4. Calc.  %: C 27.2; 
C 27.2; H 3.8; C1 26.8; N 42.3; tool. wt. 132.5. IR spec t rum:  3425, 3320 cm -1 (amino group  va lence  
v ibra t ions) ,  1650 c m  - t  (amino group  deformat ion  vibra t ions) ,  740 c m  -1 ( C -  CI). 
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