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The reac t ion  of halovinylacetylenes  and haloal lenes  with hydraz ine  and phenylhydrazine in the 
p r e sence  of a mixture  of copper  powder and cuprous chloride gives subst i tuted pyrazol ines .  

It has been shown that the r e p l a c e m e n t  of a halogen by hydraz ine  and phenylhydrazine in p ropargy l  
hal ides  gives g a m m a  products  f r o m  which 5 ,5 -d ia lky l -3 -v iny lpyrazo l ines  can be isolated in low yields [2,3]. 
Continuing these  invest igat ions ,  we have obse rved  that  the yields of pyrazol ines  inc rease  cons iderab ly  when 
the reac t ion  is c a r r i e d  out in the p re sence  of a mixture  of copper  powder and cuprous chloride.  The ro le  
of the ca ta lys t ,  which leads to high yields of pyrazol ines  in the case  of ionic subst i tut ion,  is p robab ly  ex-  
plained by the fact  that its p r e s ence  fac i l i ta tes  the reac t ion  of the complex hydraz ine  with the ha lovinylace t -  
y lenes  and also fac i l i ta tes  subsequent  cycl izat ion of the in te rmedia te ly  fo rmed  v inylpropargylhydraz ine  to 
a pyrazol ine .  The poss ib i l i ty  of r eac t ion  via  a rad ica l  mechan i sm also cannot be excluded. Thus a sub-  
s t i tuted vinylacetylenie  rad ica l ,  which is r ead i ly  oxidized to a ea rbonium ion in the p re sence  of divalent 
copper  [4], is f o rm ed  in the initial act  of the reac t ion  as a r e su l t  of e lec t ron  t r a n s f e r  f r o m  the h y d r a z i n e -  
copper  complex  to the halovinylaeetylene.  The ea rbon ium ion r e a c t s  with hydrazine  to give a vinylethynyl 
hydrazine ,  which cycl izes  to a pyrazol ine .  

~r~c(x)c~cc(r')=cH2 c u/cu (I)~ r,r:dc~cc(r,)=cn2.cux2, hydrazine 

'C(R~)=CH: ~ t 
r~ - -  r,r~cc~cc(r,}=cH~ ~ [r~r~cc~ce(r,l=cH2-cuX ~. hydrazme] 

I NHNHR~ 

RI=tI.CH3: R~=CH3; R3=CH3.C2HS: R4=H, C6H 5 

It is a lso known that  if s table  r ad ica l s  a r e  fo rmed  in the initial act of the reac t ion ,  the re  is a po s s i -  
bi l i ty  of the i r  escape  f r o m  the complex.  Apparent ly  owing to the i r  s tabi l i ty ,  the resu l t ing  vinylacetylenie  
r ad i ca l s  on pa r t i a l ly  escaping f r o m  the complex subsequent ly  r ecombine  to give highly unsaturated hydro -  
carbons ,  which were  not invest igated in detail .  

The exclusive  fo rmat ion  of 5 ,5 -d ia lky l -3 -v iny lpyrazo l ines  indicates that,  in cont ras t  to the reac t ion  
of halovinylacetylenes  with seconda ry  amines  [5], the reac t ion  with hydrazine  in the p re sence  of cuprous  
chloride p roceeds  by means of a t tack  of the nueleophile on the carbon a tom bonded to the halogen with sub-  
sequent  cycl iza t ion of the resu l t ing  subst i tuted hydraz ines  to v inylpyrazol ines .  

*Communica t ion  XTI f r o m  the s e r i e s  "Reactions of Unsatura ted  Compounds. ' ,  See [1] for  communica -  
tion XI. 
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T A B L E  1 
C H 3 ~  R' 
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H 
'C6H5 
H 
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C6H5 
'C6H~ 
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II 
H 
H 
CH=CH.~ 
CH=CH2 
CH=CH2 
CH=CH2 
C (CH3)--CH= 

R" riD20 
f6rm ula fou calc. ~ bp, ~ (ram) 

I 
CH3 ] 60--62 (32) 5 
C2H5[ 63--64 (14) 6 
CH6 I 98--100 (4) 3 
CH6 ] 47--48 (3) 7 
C2H5| 57--59 (2) 7 
CHs ] 80--81" 
C2H51 114--116 (2) 
CH3 I 56--58 (2) 

1,4600 
1,4625 
1,5540 
t,5050 
1,5045 

1,5-860 
1,4920 

* T h i s  i s  the  m e l t i n g  po in t  of the  compotmd.  

C6HIoNz 
C6HI~Ne 
CI1HI4N~ 
CTHmN2 
CsHI4N2 
CI3HI6Nu 
C~4H~sN2 
C6HI4N2 

12,9 13,1 
19,8 20,3 

67 
55 
58 
50 
46 
75 
44 
25 

Under  s i m i l a r  c o n d i t i o n s ,  a m i x t u r e  of c o p p e r  p o w d e r  and c u p r o u s  c h l o r i d e  c a t a l y z e s  the  r e p l a c e -  
men t  of  h a l o g e n  in h a l o a l l e n e s  by  h y d r a z i n e  and i ts  d e r i v a t i v e s  to g ive  a l k y l - ~ 2 - p y r a z o l i n e s  in high y i e l d s .  

NH~NHR ~ 
A,R~C=C=C..r ~ m\[----~ 

R~/~N~N 
I R3 RJ=CH3; R2=CH3,C2Hs; R3=H, C6H 3 

The s t r u c t u r e s  of the  s y n t h e s i z e d  p y r a z o l i n e s  w o r e  p r o v e d  by  da t a  f r o m  t h e i r  IR s p e c t r a  and a l so  by  
c o m p a r i s o n  wi th  au then t i c  s a m p l e s  [6, 7]. 

EXPERIMENTAL 

Alkyl-Substituted Pyrazolines. A solution of 0.1 mole of dialkylvinylethynylchloromethane (or a-bro- 
moallene) in 10 ml of ether was added dropwise with stirring in the course of 30 rain to a mixture of 0.2 
mole of hydrazine (or phenylhydrazine), 0.i g of cuprous chloride, and 0.i g of copper powder in 30 ml of 
ether (the addition of ether is not obligatory). The temperature of the reaction mixture rose to 40 ~ . It was 
then stirred at room temperature for 8 h and acidified with hydrochloric acid. The aqueous solution was 
neutralized with potassium carbonate and extracted with ether, and the extract was dried with magnesium 
sulfate. The ether was removed by distillation, and the residue was vacuum distilled in a stream of nitro- 
gen. The physical constants of the pyrazolines obtained are presented in Table I. 
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