
B R O M I N A T I O N  OF 1 - V I N Y L P Y R A Z O L E S  

L .  A.  E s ' k o v a ,  E .  S. D o m n i n a ,  
G .  G.  S k v o r t s o v a ,  V .  K .  V o r o n o v ,  
N.  N.  C h i p a n i n a ,  a n d  N.  A. K a z a k o v a  

UDC 547.772.1' 773 : 542.944.2 

In addition to the pr inc ipa l  r eac t ion  p a t h w a y -  addition of b romine  to the double bond of the vinyl 
g r o u p -  in the b romina t ion  of 1 -v iny lpyrazo les ,  the hydrogen a tom in the 4 posi t ion of the p y r a -  
zole r ing undergoes  substi tut ion,  and the l ibera ted  hydrogen b romide  coordinates  with the p y r a -  
zoles  p r e s e n t  in the reac t ion  mix ture .  

1-Vinylazoles  behave different ly in halogenation reac t ions .  Complexing with halogens p redomina tes  in the 
case  of 1 -v iny l imidazo les ,  whe reas  1 -v iny l t r i azo le s  p r i m a r i l y  add halogens to the double bond of the vinyl 
group [1, 2]. In the p r e s en t  r e s e a r c h  our  study of the halogenation of 1-vinylazoles  was continued in the case  
of the prev ious ly  uninvest igated 1 -v iny lpyrazo les .  

It is known that 1 ,2 -d ib romo-2 - (1 -pheny l -4 -py razo ly l ) e thane  is f o rmed  in the bromina t ion  of 1 -pheny l -4 -  
v inylpyrazole  in e the r  [3]. The addition of b romine  to the double bond and bromina t ion  in the 4 posi t ion of the 
r ing a r e  obse rved  in the reac t ion  of b romine  with 1 -a l ly lpyrazo les .  The bromina t ion  product  undergoes in t ra -  
m o l e c u l a r  quaterniza t ion  when it  is heated [4]. 

We have shown that  1 -v iny lpyrazo les  I a -d  a r e  b romina ted  in carbon t e t r ach lo r ide  at  -20~  to give a 
d i f f i cu l t - to - sepa ra t e  mix tu re  of products .  

According to the PMR spec t roscop ic  data, the chief reac t ion  products  a re  1 - ( l ' , 2 ' - d i b r o m o ) e t h y l p y r a z o l e s  
I I Ia-d .  The l ibera ted  hydrogen b romide  coordina tes  with the py razo l e s  p r e s e n t  in the reac t ion  mixture  to give 
hydrohal ides  IVa-d.  
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An inc rease  in the t e m p e r a t u r e ,  the addition of the v inylpyrazole  to a solution of b romine ,  and the use of 
excess  b romine  i nc rea se  the pe rcen tages  of b romo de r iva t ives  III. The s tabi l i t ies  of the bromina t ion  products  
di f fer  as a function of the posi t ion and num ber  of methyl  groups  in the r ing,  and this g ives  r i s e  to side 

p r o c e s s e s .  

Thus a mix tu re  of I Ia - IVa  is obtained in the reac t ion  of 1 -v iny lpyrazo le  with excess  b romine  at r oom 
t e m p e r a t u r e ,  r e g a r d l e s s  of the o r d e r  of mixing of the reac t ion  components .  An inc rease  in the reac t ion  t e m -  
pe r a tu r e  to 60~ leads p r i m a r i l y  to the fo rma t ion  of 1 - (1 , , 2 , -d ib romo)e thy l -4 -b romopyrazo l e  IIIa with a smal l  
amount of 1 - (1 , ,2 , -d ib romo)e thy lpyrazo le  IIa and its hydrobromide  IVa. The addition of b romine  to the double 
bond of the vinyl  group to give pyrazo le  IIa (83%) p r i m a r i l y  occu r s  in the reac t ion  of an equivalent  amount of 
b romine  with v inylpyrazole  In. P a r t i a l  b romina t ion  in the 4 posi t ion of the r ing cannot be avoided even at 
-20~  this  was conf i rmed by the r e su l t s  of t h in - l aye r  ch romatography  (TLC). The c h a r a c t e r i s t i c s  of the i so-  
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TABLE 1. C h a r a c t e r i s t i c s  of the P r o d u c t s  of B r o m i n a t i o n  of 1- 

V i n y l p y r a z o l e s  

C o m -  

pound 

l l a  
Ilia 
IVa 
IIb 
lIIb 
IVb 
IIId 
Vd 

VI 
VII 

VIII 

mp, *C 

67--68 
42,5--43 
143--145 
59--61 
55~56 

175 
73--74 

149--150 
99--102 

230 
135--136 

Found, % 

C I1 

23,9 2,5 
18,6 1,7 
18,2 2,1 
27,3 2,9 
20,6 2,1 
20,3 2,6 
23,8 2,8 
3O,O 3,8 
29,1 .4,2 
34,3 5,2 
41,6 5,6 

Empirical 
formula 

Br 

63,2 CstI6Br2N2 
71,3 CslqsB r3'N2 
72,0 C~H~BrzN2 
59,2 C6HsBr2N2 
69,0 C6H7Br3N2 
69.3 C6I-tgBr3N2 
661) C7I IgBr3N2 
56,3 CTHIoBr2,N2 
49,4 C4HTBr.N~ 
45,2 CsI-19Br.N2 
39,7 CTHuBr:N2 

Calculated, % 

c i! 

~ 3,6 2,4 
8,1 1,5 

17,9 2,1 
26.9 3,0 
20,8 2,0 
20,6 2,6 
23,3 2,5 
29,8 3,6 
29,5 4,3 
33,9 5,1 
41,4 5,5 

Br 

62,9 
72,0 
71,6 
59,6 
69,1 
68,7 
66,4 
56,7 
49,0 
45,1 
39,4 

TABLE 2. 

Com  
PO tLrl~ 3-H 

IIa 7,60d 
Ilia 7,60s 1 ; 185o  
llIb] -- 
lVb I -- 
Illdl -- 

V I I I  -- 
VIll I "- 

PMR Spec t ra  of B r o m o  D e r i v a t i v e s  of P y r a z o l e s  

4-H 

6,30 

5,83 
6,06 

6 , ~  

6.51 
6;30 
6,41 

Chemical shifts, 6, 2..pm 

5-H 3-CH3 5-CH3 q,-H 

7,50 d -- -- 6,35 q 
7,60 s 6,31 q 
8,33 d 5,99 t 
7,36d 2,~-s X 6,26q 
7,49s 2,26s -- 7,19q 
8,29d 2,44s -- 5,77q 

-- 2,21 s 2,30 6,19q 
2,42 17, a 

8,~d 2,41 s* 
I 2,3O s 
I 2 ,36s  17,~q 

I~-H 

4,64 t; 4,05 q! 
4,55 t; 4,04 q 
3.88 m 
4162 t; 4,04 q 
4,55 t; 4,00 q 
3,79 m 
4,74 t; 4,OO q 

- 7,11d 

5,s 5,;5. 

SSCC, Hz 

2,( 1,9 0,8 3,8; 10,8 
--[0,813,9:11,0 

-2~( 2,7 0,9 5,4i 6,6 
- -  2,4 I -  13,7; 10,4 

- -  - -  ]3,6; 10,8 
2,7 -- ]5,4; �9 

29 - - 
= 2- 8Y; 17,1 

10,8 
11,0 

10,4 
10,8 

10,4 

2,5 

* The NH s igna l s  a r e  s u p e r i m p o s e d  on the s i gna l s  of the r e -  
m a i n i n g  p r o t o n s  of d e u t e r o m e t h a n o l .  

la ted b r o m o  d e r i v a t i v e s  of the p y r a z o l e s  a r e  p r e s e n t e d  in Table  1. T h e i r  s t r u c t u r e s  a r e  c o n f i r m e d  by the IR 
and PMR s p e c t r o s c o p i c  data  (Table  2). 

The r e a c t i o n  of 1 - v i n y l - 3 - m e t h y l p y r a z o l e  Ib with an  e q u i m o l a r  amoun t  of b r o m i n e  g ives  1 - ( l ' , 2 ' - d i b r o -  
m o ) e t h y l - 3 - m e t h y l p y r a z o l e  iIb,  which rap id ly  d e c o m p o s e s  to g ive  the h y d r o b r o m i d e  of 3 - m e t h y l p y r a z o l e  VI. 
The lab i l i ty  of the b r o m i n e  in  the s - c a r b o n  a tom.  Because  of th i s ,  the p roduc t  of addi t ion  of b r o m i n e  to the 
v iny l  g roup  of p y r a z o l e  Id u n d e r g o e s  d e c o m p o s i t i o n  in the r e a c t i o n  m i x t u r e  to give 1 - ( 2 ' - b r o m o v i n y l ) - 3 , 5 - d i -  
m e t h y l p y r a z o l e  h y d r o b r o m i d e  (Vd). The IR s p e c t r u m  of Vd con ta ins  the a b s o r p t i o n  bands  c h a r a c t e r i s t i c  fo r  

+ 
the ~ N H  ca t ion  (2500-2700 c m - i )  * and the C = C  bond (1640 c m - i ) .  Two "olef in" p ro tons  that  a r e  t r a n s - o r i -  
en ted  (J = 12.5 Hz) a r e  p r e s e n t  in the PMR s p e c t r u m .  F r o m  the m i x t u r e  of p roduc t s  of b r o m i n a t i o n  of p y r a -  
zole  Id we w e r e  able  to i so la t e  1 - ( l ' , 2 ' - d i b r o m o ) e t h y l - 4 - b r o m o - 3 , 5 - d i m e t h y l p y r a z o l e  (IIId) and c h a r a c t e r i z e  it 
f r o m  its  PMR s p e c t r u m .  In add i t ion  to the ind ica ted  p roduc t s ,  we ident i f ied  3 , 5 - d i m e t h y l p y r a z o l e  h y d r o b r o -  
mide  (VII) and a l so  i so l a t ed  the h y d r o b r o m i d e  of Id and h y d r o b r o m i d e  VIII. 

Thus  our  s tud ies  showed that ,  in c o n t r a s t  to the v iny l  d e r i v a t i v e s  of i m i d a z o l e s  and t r i a z o l e s ,  1 - v i n y l p y -  
r a z o l e s  do not  f o r m  complexes  with b r o m i n e .  The addi t ion  of b r o m i n e  to the v iny l  g roup  and subsequen t  e l i m i -  
na t ion  of h y d r o g e n  b r o m i d e  to give h y d r o b r o m i d e s  and e l e c t r o p h i l i c  subs t i t u t i on  in the 4 pos i t ion  of the r i ng  a r e  
c h a r a c t e r i s t i c  fo r  them.  

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 a  of so lu t i ons  of the compounds  in CC14 o r  CD3OD w e r e  r e c o r d e d  with a BS487B s p e c t r o m e t e r  at r o o m  
t e m p e r a t u r e  with t e t r a m e t h y l s i l a n e  as  the i n t e r n a l  s t a nda r d .  

* The s p e c t r o s c o p i c  m a n i f e s t a t i o n  of d o n o r - a c c e p t o r  i n t e r a c t i o n s  of 1 - v i n y l p y r a z o l e s  with hydrogen  ch lo r ide  
have been  e x a m i n e d  in g r e a t e r  de ta i l  [5]. 
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Brominat ion of Vinylpyrazoles  Ia-d, These compounds were  brominated in the cold o r  at room t empe ra -  
tu re  in CC14. The prec ip i ta ted  hydrobromides  were  removed  f rom the react ion mixtures  by f i l t rat ion.  The 
CCI 4 was removed f rom the mother  l i q u o r s ,  and the res idual  brominat ion products  were  r ec rys t a l l i z ed  f rom 
hexane o r  pe t ro leum ether .  In the case  of v inylpyrazole  Id the products  were  isolated by f ract ional  prec ip i ta -  
t ion with e ther  and purif ied by rec rys ta l l i za t ion  o r  sublimation. 
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Products  of Michael condensation containing a 1-phenyl -2-n i t roe thyl  res idue in the 4 posi t ion 
of the he te ro r ing  a re  fo rmed  in high yields  in the reac t ion  of equimolar  amounts of 4- methyl-  , 
4 -e thy l - ,  4 - i sopropy l - ,  4-butyl- ,  4 - i soamyl - ,  and 4-phenyl - l ,2 -d iphenyl -3 ,5-d ioxopyrazo l i -  
dines and 1,2-diphenyl-3,5-dioxopyrazol idine with f l -n i t ros tyrene  under basic cata lysis  condi- 
t ions. 1 ,2-Diphenyl-3,5-dioxopyrazol idine adds two equivalents of f l-ni~rostyrene when a two- 
fold excess  of the la t te r  is present .  

4-Monosubsti tuted and 4-unsubst i tuted 3,5-dioxopyrazol idines  (DOP) are  capable of adding compounds 
with an act ivated double b o n d -  phenyl vinyl ketone [2] and azomethines [3] - to the 4-C atom of the heteror ing .  
It is also known that a ry ln i t roe thylenes  readi ly  r eac t  with f l -dicarbonyl  compounds under the conditions of the 
Michael  react ion [4-7]. The react ion of a ry ln i t roe thylenes  with 1,2-diphenyl-DOP (DDP) and its 4-monosub-  
st i tuted der iva t ives  has not been studied. 

We have studied the e lect rophi l ic  addition of f l -n i t ros tyrene  (I) to 4-subst i tuted DDP (IIa-g), as a resu l t  
of which we obtained adducts of Michael condensation (IIIa-g) in 70-90% yields:  

~ l  ~ R N 
+ i . >?-'--, C6H,~.C=C/[1 

H / "NO~ H N NO2CIt2C}1 ~f--N 
""C6 H s C~6H? \C6H5 

i I! a-~  t t l a - ~  IV 

11,111 a R =H; b R=CH3; C R=C2H~; d R=iSO-C3HT; e. R=C4Hg; 
f R=J.SO-%HH; ~ R=C61t~; IV I~.~C6HsCIHCH2NO2 

Compound lla also r eac t s  with two equivalents of s tyrene  I to give 4,4-his  (1-phenyl-2-ni troethyl)-DD P 

* See [1] for  communicat ion XXH. 
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