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REACTION OF ACETYLENES WITH HYDRAZINES 

REACTIONS OF ACETYLENES WITH HYDRAZINES. A REVIEW 

Wolfgang SUCROW 

Labora to ry  o f  Organic  Chemistry, U n i v e r s i t y  o f  Paderborn 

Warburger s t .  100, D-4790 Paderborn, GERMANY 

INTRODUCTION AND SCOPE OF THE REVIEW 

The a d d i t i o n  o f  hyd raz ines  t o  a c e t y l e n i c  e s t e r s  o r  t o  a c e t y l e n e  

d i c a r b o x y l  i c  e s t e r s  has r e c e n t l y  been rev iewed by  George, Khetan and 

Gupta and Baumgarth.2a-c The purpose o f  t h i s  r e v i e w  i s  t o  focus on t h e  

s t r u c t u r e  o f  t h e  p r i m a r y  a d d i t i o n  p roduc ts  o f  hyd raz ines  t o  a c e t y l e n i c  

compounds and on t h e  subsequent p roduc ts .  Cyc loaddi  t i o n  r e a c t i o n s  t o  

a c e t y l e n i c  compounds w i l l  n o t  be considered.  

1 

The a d d i t i o n  o f  hyd raz ines  i s  i n  p r a c t i c e  r e s t r i c t e d  t o  t r i p l e  bonds 

b e a r i n g  a t  l e a s t  one accep to r  group X .  I f  t h e  hyd raz ine  adds through an 

NHR-group, enehydrazines o f  t ype  A w i l l  r e s u l t ,  w i t h  t h e  f o r m a t i o n  o f  two 

d iastereomers (E and Z )  b e i n g  p o s s i b l e .  I f  t h e  a d d i t i o n  takes p l a c e  

through an unsubs t i  t u t e d  amino group, a t a u t o m e r i c  e q u i l i b r i u m  between an 

enehydraz ine of form - 6 and/or  a hydrazone o f  f o r m  C may be e s t a b l i s h e d .  

X = accep to r  group 
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SUCROW 

C - B X = accep to r  group - 

It seemed reasonable t o  d i scuss  these two types s e p a r a t e l y  and con- 

s i d e r  t h e  enehydrazines i ncapab le  o f  t a u t o m e r i z a t i o n  ( t y p e  !) f i r s t  and 

the  o t h e r s  ( t y p e  B / C )  l a t e r .  Most o f  t h e  enehydrazines/hydrazones a r e  

ve ry  l a b i l e  compounds which shou ld  be handled w i t h  g r e a t  ca re .  I n  deep 

f r e e z e r s  ( -  30’) t h e y  may, as a r u l e ,  be k e p t  f o r  some t ime  w i t h o u t  

degradat ion.  

S ince  a g r e a t  number o f  t h e  compounds d i scussed  i n  t h i s  r e v i e w  a r e  

prepared f rom d ime thy l  a c e t y l e n e d i c a r b o x y l a t e  o r  methyl p r o p i o l a t e  these  

s t a r t i n g  m a t e r i a l s  w i l l  be des igned as DMAD and MP, r e s p e c t i v e l y .  

I. ENEHYDRAZINES INCAPABLE OF TAUTOMERIZATION 

1. Enehydrazones 

A prominent  group o f  enehydraz ine d e r i v a t i v e s  i ncapab le  o f  t a u t o -  

m e r i z a t i o n  i s  formed by  t h e  a d d i t i o n  o f  hydrazones o f  t y p e  

bonds t o  y i e l d  the  enehydrazones o f  t y p e  5. 
t o  t r i p l e  

dz X% 

2 3  
! XG=Y + R ’ N H - N ~ ~ ,  - 

Y’ ‘)J-N=CR R 
R’ 

X = accep to r  group 

D - 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

Most o f  the compounds described i n  the 1 i te ra tu re  are der ived  mai n l y  

from a l a rge  number o f  hydrazone‘s and dimethyl acetylenedicarboxylate 

(DMAD) o r  methyl p rop io la te  (MP). Compounds 1 and 23y4 may serve as t y p i -  - 

H3c%C, ,H 

R1 R1 

C 
%cQ2c\ P 

C e z 
H ’ ‘v-N=CF$ R3 H3C02C’ ‘ v - N C  I$ R3 

2. - 1 - 
a )  R1 = R2 = R3 = CH 

3 
b )  R 1 = C2H5 R 2 = CH3 R 3 = H 

C )  R1 = CH3 R 2 3  ,R = (CH2)4 

k 
R’ SJ-NzCHPh 

CH3 
3 

a ) R = H  

b )  R = C02CH3 

- 

cal examples f o r  enehydrazones der ived from a l i p h a t i c  hydrazines and - 3 as 

representa t ive  o f  these der ived from benzaldehyde hydra zone^;^'^ on ly  one 

phenyl hydrazone adduct ( t o  DMAD) has been described. 

The conf igura t ions  o f  the double bonds are E as i s  e a s i l y  recognized 

7 

i n  the a c r y l i c  es te r  de r i va t i ves  such as 1 and 3a from the J coupl ing 

constants o f  13-13.5 C P S . ~ - ~  T r i s u b s t i t u t e d  o l e f i n s  as -- 2a-2c and -3& are 

recognized as maleic e s t e r  de r i va t i ves  by the chemical s h i f t s  o f  t h e i r  

v iny l  protons which, as a ru le ,  do n o t  d i f f e r  much from those o f  H-2 o f  

the a c r y l i c  es te r  analogues; the add i t i ona l  es te r  group i n  the  maleic 

es te r  de r i va t i ves  has l i t t l e  in f luence on the chemical s h i f t .  Compounds 

-- la-2c have absorptions a t  6 4.4-4.9 ppm and & and -3& a t  about 6 5. The 

v i n y l  proton o f  a fumaric es te r  de r i va t i ve  would appear a t  lower f i e l d  

by a t  l e a s t  1 p p ~ n . ~ ”  

293 - - 

The exc lus ive  formation of E-adducts resembles the predominant syn- 
add i t i on  o f  amines t o  ace ty len ic  esters.”  However, t h i s  was shown t o  be 
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SUCROW 

a consequence of thermodynamic control . l 1 a 1 *  Kinetic control led  to  con- 

s ide rab le  amounts of --addition (Z-products) which under normal con- 

di t ions ,  rearranged i n  a secondary reaction t o  E-products which thus seem 

to o r ig ina t e  from =-additions. In the case o f  addition of  hydrazones, 

no Z-adducts could be observed, n o t  even in case where l i q u i d  products 

were inves t iga ted  without pu r i f i ca t ion .  

Ethynyl ketones have a l so  been used t o  prepare the corresponding 

enehydrazones. 3s5 1-Butyn-3-one gave addi t ion  products and jb w i t h  a 

number of hydrazones. The coupling constants of 3 and s, ranging from 

0 
H 

\ /  
H3C-t \ /  H OCH 

C C 
E 

H’ \ N - N = c ~ $  I R’ ‘N-N=CHPh I 

CH, 
5 - 4 - 

1 2 a )  R = H R = Ph b )  R1 = R2 = CH3 

12.5-13.5 cps, ind ica te  an E-configuration about the C = C  double bonds. 

The same configuration i s  observed f o r  the  addi t ion  products of phenyl 

ethynyl ketone and p r ~ p i o l a l d e h y d e ; ~  t h i s  i s  a l so  probably t rue  f o r  the  

products de r i ved from d i be nzoy 1 ace t y  1 e ne and p he ny 1 prop i o 1 a 1 de hyde 
3 (e.s-  2). 

Some enehydrazones were obtained by rzarrangements of  d iaz i  r i  di ne 

adducts t o  ace ty len ic   compound^;^^ ethyl propio la te  and 3,3-pentamethy- 

lenediaz i r id ine  gave adduct 6 ( see  a l so  Ref. 14).  l-Methyl-3,3-pentamethy- 

l enediaz i r id ine  adds through the more nucleophil i c  methyl - subs t i t u t ed  

nitrogen to  give the  unstable zwitterion L which rearranges to  the 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

enehydrazone - -  8; 8 was a l s o  ob ta ined  f r o m  e t h y l  p r o p i o l a t e  and cyc lohexa-  

none methylhydrazone. The c o n f i g u r a t i o n s  o f  - 6 and - 8 were e s t a b l i s h e d  t o  

+ L e 
H’ “\-pH 

- 1 
W502F: 

ce 

H’ ‘ E ,  

7 

ll 
n - ,L\ 

H N - N ~  1 

CH3 

be E by the  c o u p l i n g  cons tan ts  o f  13 cps; 6 was, however, accompanied by  

a small  amount o f  t he  Z-isomer w i t h  a c o u p l i n g  c o n s t a n t  o f  8.5 cps. 

Wi th  subs t ra tes  such as d i e t h y l  ace ty lened ica rboxy la te ,  d ibenzoy l -  

ace ty lene  and h e x a f l  uoro-2-butyne, t h e  rearrangement occu r red  even w i t h  

N-unsubs t i t u ted  d i a z i r i d i n e s  (e.g. - 9 independen t l y  prepared f rom 

PhCO, ,H 
HN CH3 C 

E 
PhCO’ “-N=c; CH3 

PhCOCXCOPh+ I)( - 
HN C2H5 

H C2H5 
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SUCROW 

d i  benzoy lace ty lene  and 2-butanone hydrazone) .  l3 Compound 2 m i g h t  be ex- 

pec ted  t o  tau tomer i ze  t o  t h e  hydrazone f o r m  b u t  a c t u a l l y  e x h i b i t s  a v i n y l  

s i g n a l  i n  t h e  nmr. 

2. Enehydrazi nes 

A d d i t i o n  o f  me thy lhyd raz ine  t o  DMAD i n  e t h e r  o r  methy lene c h l o r i d e  .- 
leads  t o  t h e  fo rma t ion  o f  t h e  e x c e p t i o n a l  enehydraz ine 10a.l’ As w i t h  - 7, 

t h e  more n u c l e o p h i l i c  m e t h y l - s u b s t i t u t e d  n i t r o g e n  adds t o  t h e  t r i p l e  bond. 

The E - c o n f i g u r a t i o n  suggested by t h e  v i n y l  p r o t o n  a t  4.56 ppm was con- 
16 f i r m e d  by  o t h e r  spec t roscop ic  means such as X-ray c r y s t a l  s t r u c t u r e .  

The c r y s t a l l i n e  compound - 10a i s  s t a b l e  enough t o  be k e p t  i n  deep f r e e z e  

f o r  some weeks, b u t  i s  ve ry  r e a c t i v e  o t h e r w i s e  g i v i n g  a v a r i e t y  o f  p r o -  

ducts  under m i l d  c o n d i t i o n s  (see below).  Compound = forms hydrazones 

w i t h  carbonyl  compounds, e.g. t h e  above c i t e d  - 3b w i t h  benzaldehyde and 2 

H3C02C, ,H H3C%C, /H 

C Y R  C Y R  CH3 

C 
II 
C 

H3c02c\ /H 
C 
II 

R /  ‘yNHCH3 HjC9C’  E ‘t)J-Nb H /C\ y-NH2 

10 

a )  R = H  

b )  R = Ph 

- 12 - 11 - 
a )  R = H  a )  R = H  

b )  R = Ph b )  R = C02CH3 

w i t h  acetone; l5 adduct  - 10b d e r i v e d  f rom benzy l  h y d r a z i  ne behaves s i m i  1 a r -  

l y . I 7  A d d i t i o n  o f  me thy lhyd raz ine  t o  MP g i ves  - l l a I 5  which c o u l d  n o t  be 

p u r i f i e d ,  b u t  adduct  - l l b I 5  w i t h  benzy lhyd raz ine  i s  a s u f f i c i e n t l y  s t a b l e  

c r y s t a l l i n e  compound (2-H 4.83 ppm, J = 13.5 cps ) .  The symmetrical 1,2- 

d ime thy lhyd raz ine  forms t h e  adducts - 12a ( J  = 13 cps)18 and - 12b ( v i n y l  

p r o t o n  a t  4.47 ppm), I5’l8 b o t h  b e i n g  l i q u i d s .  
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

There i s  no doubt  t h a t  adduct  13a prepared b y  D i e l s  and Reese i n  

193519 a l s o  has t h e  E - c o n f i g u r a t i o n  l i k e  126 and t h i s  may a l s o  be t r u e  

f o r  enehydrazines -- 13b-13d and -- 1 4 a - 1 4 ~ ~ ’ - * ~ ;  - 13b was o b t a i n e d  i n  two 

s t e r e o ( ? ) i s o m e r i c  forms. Compounds - 13b and -- 14a-14c a r e  s t a r t i n g  m a t e r i a l s  

f o r  i n t e r e s t i n g  c y c l i z a t i o n  r e a c t i o n s  (see below).  

13 - 
1 2 a )  R = H R = CH2Ph 

0 

b j  R1 = Ph RL = CH2Ph 
1 2 c )  R = H  R = P h  

a )  X = H  

b )  X = CH3 
c )  x = c1 

1 2  d )  R = R = CH2Ph 

The hyd raz ine  - 15 f r o m  dimedone and 1 , l -d ime thy lhyd raz ine  adds t o  

DMAD i n  t e t r a h y d r o f u r a n  t o  g i v e  t h e  d i a s t e r e o m e r i c  adducts 16 and 1_z t o -  

ge the r  w i t h  the  c y c l i z e d  p r o d u c t  - 18.’ Compounds - 16 and - 17 e x h i b i t  t h e  

t y p i c a l  s h i f t  d i f f e r e n c e  o f  t h e  v i n y l  p ro tons  6 5.47 ppm f o r  16 and 

6 6.87 f o r  - 17 i n  E- and Z-enehydrazines. 

A d d i t i o n  o f  t h e  enehydraz ine f r o m  1,3-cyclohexanedione and 1,2- 

d ime thy lhyd raz ine  t o  MP o r  DMAD gave o n l y  t h e  adducts o f  E - c o n f i g u r a t i o n  

- -  19a o r  19b a l o n g  w i t h  c y c l i z a t i o n  p roduc ts  - 20a, s, 3 and _. 21b. 22 

Formazanes have a l s o  been added t o  DMAD t o  g i v e  t h e  adducts 22a and - 22b - 
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SUCROW 

2 1  - 20 - 19 - 

a )  R = H  a )  R = H  a )  R = H  

b )  R = C02CH3 b )  R = C02CH3 b )  R = C02CH3 

23 o f  unknown con f igu ra t i on  w i t h  3 being the main product i n  one case. 

SJHPh 

Y 
C H C \ R  H3cfNJc%CH3 N, C02CH3 

I I  
N//Nph 

H C  C 

I 
O2 ‘CH 

H3C02C’ ‘N-N 
Ph Ph 

22 - 
a )  R = H b )  R = CH3 

100 

23 - 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

11. FORMATION OF PYRAZOLINES FROM HYDRAZONES 

Upon heating in i n e r t  so lvents  and in  the presence or absence of 

ac id i c  c a t a l y s t s ,  enehydrazones may undergo an e l ec t rocyc l i c  r ing  c losure  

to  pyrazolines.  The mechanism of t h i s  cyc l i za t ion  has been discussed by 

Elguero, Jacquier and M a r ~ i n . ~ ~  The enehydrazones may be prepared sepa- 

r a t e l y  o r  generated i n  s i t u .  

With the purely a l i p h a t i c  enehydrazone - 24, 38 % of pyrazoline 5 and 
3 56 % of the  corresponding pyrazole 26 were obtained in  boi l ing  xylene. 

- 24 25 - 26 - 

The coupling constant J = 11.5 cps observed i n  hexadeuterobenzene 
435 

f o r  5 cannot serve t o  determine i t s  configuration unambiguously; i t  was 

shown to  be t rans  by the  addi t ion  of s h i f t  reagent.  Some s i m i l a r  pyraio- 

l i nes  were prepared i n  good y ie lds  from methyl hydrazones of a1 ipha t i c  

aldehydes and DMAD 
6 ne i ntermedi a t e s  ; 

i n  bo i l ing  xylene without i so l a t ion  of t he  enehydrazo- 

t h e i r  configuration was probably t rans  a l s o .  

DMAD H3C- NH-NzCH-CH3 - 
101 
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SUCROW 

Benzaldehyde methy l -  and benzylhydrazone formed t h e  d ime thy l  t r a n s -  

pyrazolinedicarboxylates % and - 28b w i t h  DMAD i n  m ix tu res  o f  xy lene and 

a c e t i c  ac id ;25 a smal l  amount o f  t h e  %-isomer o f  - 28b was a l s o  de tec ted .  

DMAD PhCH' N-NHCH2R 
xylene,  AcOH 

28 - 
a )  R = H  b )  R = P h  

Hea t ing  a m i x t u r e  o f  benzaldehyde phenyl hydrazone w i t h  DMAD gave 

smal l  amounts o f  p y r a z o l i n e  - 29 (no p r o o f  f o r  t r a n s - c o n f i g u r a t i o n  g i ven )  

and i t s  dehydrogenat ion p roduc t  - 30 i n  16% y i e l d '  a long  w i t h  a by-product  

r e s u l t i n g  f rom D i e l s - A l d e r  and r e t r o  D i e l s - A l d e r  r e a c t i o n s .  Such com- 

pounds w i l l  n o t  be considered i n  t h i s  rev iew .  The dehydrogenation i s  be- 

l i e v e d  t o  be caused by DMAD. 

Benzyl methyl ketone phenyl hydrazone behaved d i f f e r e n t l y  w i t h  DMAD 

and gave o n l y  the  enehydrazone - 31.' 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

H3c02c, / H 
C 
II 
n 

The p r e p a r a t i o n  o f  p y r a z o l i n e s  f r o m  hydrazones and MP i s  l e s s  

s t r a i g h t f o r w a r d .  Dehydrogenation o f  t h e  enehydrazines 12a and 12b l e d  t o  

t h e  s imp le  enehydrazones 32a and 32b. Compound 32a on warming i n  x y l e n e l  

a c e t i c  a c i d  gave p y r a z o l e  - 33;18 no p y r a z o l i n e  c o u l d  be i s o l a t e d .  

- _. 

- - - 

H3C02C\p H / 

w %co2co H3C02C\ /H '3"2'\ /H 
f C 

II 
C 

R' \y-NHCH3 
CH3 CH3 CH3 CH3 

Q c 

CH3 
32 - 12 - 

a )  R = H  a )  R = H  

b )  R = C02CH3 b )  R = C02CH3 

33 - 

Enehydrazones f r o m  MP and methylhydrazones o f  a l i p h a t i c  aldehydes as 

34 d i d  n o t  g i v e  t h e  expected p y r a z o l i n e s  36 b u t  t h e i r  isomers 35.6 The - - - 

"3"2'\ C /H x ykne / H+ H3C02 vpH H3c02 c s % R  
It 
C RCH~\*" Y H ' '~-N=CHCH~R 

CH3 CH3 CH3 
36 - 35 - 34 - 

a )  R = H b )  R = CH3 c )  R = C2H5 
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SUCROW 

authors b e l i e v e  t h a t  d u r i n g  the  course o f  t he  r e a c t i o n ,  t h e  two n i t r o g e n s  

exchange t h e i r  p o s i t i o n s  via a d i a z i r i d i n e  i n t e r m e d i a t e .  I n t e r e s t i n g l y ,  

t h  

a1 

i n  

o f  

s r e a c t i o n  pa th  i s  n o t  f o l l o w e d  i n  the  case o f  phenylhydrazones o f  

p h a t i c  aldehydes. When aceta ldehyde phenylhydrazone and MP were heated 

xy lene  i n  t h e  presence o f  sma l l  amounts o f  p - t o l u e n e s u l f o n i c  ac id ,  60% 

s t i l l  another  t ype  o f  p y r a z o l i n e  2 and 15% o f  t h e  "expected" isomer 

b u t  dehydrogenated t o  the  corresponding py razo le  2 were i s o l a t e d 2 6  a long  

w i t h  smal l  amounts o f  o t h e r  p roduc ts  which a r e  n o t  d iscussed f o r  t h e  

reasons g i v e n  above. I n  c o l d  carbon t e t r a c h l o r i d e  o n l y  38 was formed. 

MP pi"3 + H 3 c 0 2 c p i H 3  

Yco2c y' y/ 
C H3-C H= N-N H Ph - 

Ph Ph 
38 - 37 - 

S i m i l a r  r e s u l t s  have been ob ta ined  w i t h  a number o f  o t h e r  a r y l h y d r a -  

zones o f  a l i p h a t i c  and aromat ic  aldehydes. The fo rma t ion  o f  - 38 i s  i n t e r -  

p r e t e d  i n  terms o f  a n u c l e o p h i l i c  a t t a c k  o f  t h e  NH on t h e  t r i p l e  bond y& 

a normal enehydrazone w i t h  subsequent c y c l i z a t i o n  and dehydrogenation. 

The f o r m a t i o n  o f  - 37, however, i s  exp la ined  by  a n u c l e o p h i l i c  a t t a c k  o f  

t he  hydrazone carbon on MP, f o rm ing  t h e  i n t e r m e d i a t e  39 which has been 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

i s o l a t e d  i n  smal l  amount and which i s  b e l i e v e d  t o  c y c l i z e  t o  t h e  pyra-  

z o l i n e  37 i n  i t s  syn- form w i t h  the  a c r y l i c  e s t e r  double bond and t h e  NHPh 

on the  same s i d e  o f  t h e  C=N double bond. 

- - 

A n u c l e o p h i l i c  a t t a c k  through n i t r o g e n  has a l s o  been observed w i t h  

acetone N,N-dimethylhydrazone on DMAD t o  g i v e  compounds 40 and 41. 27 - - 

/CH3 DMAD 
_____) 

“3f 

CH3 
%Lc=N-N \ 

40 - 

H3C,C/ N \c/ C02CH3 

+ II I I  

41  - 

E t h y l  phenyl p r o p i o l  a t e  and benzal dehyde phenyl hydrazone g i v e  a pyrazo i e  

- 42 w i t h  the  expected s u b s t i t u e n t  pat tern,28 b u t  w i t h  propionaldehyde 

phenylhydrazone a 2 : l  p r o d u c t  r e s u l t s  which i s  b e l i e v e d  t o  be a pyrazo- 

l o n e  d e r i v a t i v e .  

F h C C  C02%H5 PhCH= N-NH Ph t Ph 

Ph 
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111. FISCHER CYCLIZATION OF ENEHYDRAZONES AND ENEHYDRAZINES 

Enehydrazones d e r i v e d  f r o m  ketone methyl hydrazones g i v e  a F i sche r -  

t y p e  c y c l  i z a t i o n  r e a c t i o n  on h e a t i n g  i n  

amounts o f  a c e t i c  a c i d .  3 

r 

xy lene  o r  t o l u e n e  w i t h  smal l  

1 I= 

L 

44 - 43 - 45 - 
E = C02CH3 a )  R = CH3 b )  R = H 

Compound - 45a has been i s o l a t e d  i n  40% and 9 i n  12% y i e l d .  S i m i l a r  r e -  

s u l  t s  were ob ta ined  when cyclohexanone methyl hydrazone and DMAD a r e  

b o i l e d  i n  ~ y l e n e . ~  Baumes, Jacqu ie r  and Tarrago have v e r y  c a r e f u l l y  ex- 

amined t h i s  r e a ~ t i o n , ~  g e n e r a l l y  w i t h o u t  i s o l a t i o n  o f  t h e  enehydrazone 

i n t e r m e d i a t e .  F u r t h e r  t y p i c a l  examples a r e  g i v e n  below. 

Ph H3C02C\ / 

c 
PhCHrC-CH3 DMAD 

II n - l  A , ,  

a )  R = CH3 
b )  R = H  30 % (1:l)  

N-NH C H ~  H T  / 1 b H g  
Y 

.. 4 7  - R 
a )  R = CH3 
b )  R = H  20 % (1: l )  
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

I n  t h e  presence of DMAD and aluminum c h l o r i d e ,  ketone phenylhydraz.ones 

do n o t  undergo t h e  normal F i s c h e r  i n d o l e  s y n t h e s i s  b u t  t h e  F i s c h e r - t y p e  

c y c l i z a t i o n  o f  t h e  ( n o n - i s o l a t e d )  enehydrazons.  N-Unsubsti  t u t e d  p y r r o l e s  

a r e  e x c l u s i v e l y  formed i n  qood y i e l d s .  29 

DMAD R’\ 

Al C13 
C H 2  I 

48 H $“\“-N H Ph __ 
2 a )  R1 = H R = Ph 

1 2 b )  R = C2H5 R = Ph 
C )  R1 = Ph 

d)  R ,R = -(CH2)4- 

2 R = CH3 
1 2  

Enehydrazines w i t h  a phenyl s u b s t i t u e n t  a t  N-2 a r e  prone t o  a normal 

F i s c h e r  i n d o l e  s y n t h e s i s .  Thus D i e l s  and Reese“ found t h a t  h e a t i n g  t h e  

enehydraz ine 14a i n  xy lene  a f f o r d e d  a 70% y i e l d  o f  d ime thy l  2 ,3- indole-  

d i c a r b o x y l a t e  so, w h i l e  i n  p y r i d i n e  a 55% O F  qu ino lone  - 5 1  was obta ined;  

o b v i o u s l y  b o t h  were formed through t h e  common i n t e r m e d i a t e  49. 

E H  
C 
\ /  

8 
E’ ‘y- 

Ph 

D- 
Y 
H 

14a __ 

E = C02CH3 

E 1 

Ph E if 
I 

c 

H 

50 -~ 

E 

J L 

49 - 

H 
5 1  - 
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SUCROW 

These r e a c t i o n s  were l a t e r  extended t o  t h e  s u b s t i t u t e d  d e r i v a t i v e s  

- 14a, 14b and x.21 Whi le - 14a and - 54 y i e l d e d  o n l y  t h e  corresponding qu ino -  

lones __ 52a and 55, - -  14b gave b o t h  the qu ino lone  - 52b and t h e  i n d o l e  53 i n  

good y i e l d s .  

H~COZC\~, H 
C II DX x*-(-Jx 

N O  
H 

- 
52 - 

_. a )  X = CH3 b )  X = C1 

a )  X = C t i 3  

b )  x = c1 

H 
53 ._ 

H3C02C\ C /H D O A c  A , - o d ! A P h  0 CH 

II 
C ___t ’ \  

H3C02C V-N H 
Ph 

55 - 54 - 

F i n a l l y ,  t h e  enehydrazine - 13b y i e l d e d  b o t h  t h e  i n d o l e  56 and t h e  

q u i n o l i n o n e  - -  57; 56 cou ld  a l s o  be ob ta ined  f rom 1-benzyl-1-phenylhydrazine 

and DMAD.I9 
E H  

\P’ E 
L 

C II Ph - ,-am H2N-N< Ph 
CH2Ph 

CyPh 
E’ ‘N-N’ I ‘CH2Ph 

CyPh 
56 E = C02CH3 - 13b - 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

C02CH3 

NHCH2Ph ..--a I 0 

C Y P h  

I V .  ENEHYDRAZINE-HYDRAZONE TAUTOMERS 

1. A d d i t i o n  o f  Hydraz ine t o  Dimethyl Ace ty lened ica rboxy la te  and Methy l  

P r o p i o l a t e  

As e a r l y  as 1889, Buchner3’ e s t a b l i s h e d  t h a t  t h e  a d d i t i o n  p roduc t  o f  

phenyl hyd raz ine  t o  DMAD i n  e t h e r  was dirnethyl oxa loace ta te  phenyl hydra-  

zone.31 L a t e r ,  Heindel ,  Kennewell and Pfau s t u d i e d  t h i s  r e a c t i o n  i n  more 

i n  ethanol  i t  gave a h i g h  y i e l d  o f  a 4: l  m i x t u r e  o f  t h e  hydra-  

H3 “2 ‘\ H3C02C\ ,H 
C 
I I  
C 

/ \  

H 

F02CH3 
C 

C C 
I H3c02c’ ‘N-NHPh b c 9 c  N-NHPh 

L CH2 = 111 + PhNHNH2 - I 

C02CH3 

58 - 59 - 

zone - 58 and t h e  enehydraz ine 2, separated by  c r y s t a l l i z a t i o n .  The hydra-  

zone methylene group e x h i b i t s  a s i n g l e t  a t  3 . 7 2  ppm, t h e  enehydrazine 

v i n y l - H  one a t  4.84 ppm. Though - 59 i s  t h e  l e s s  s t a b l e  isomer, i t s  t a u t o -  

m e r i z a t i o n  t o  - 58 i s  ex t reme ly  slow under n e u t r a l  c o n d i t i o n s .  Therefore, 

- 59 i s  p robab ly  n o t  an i n t e r m e d i a t e  i n  the  f o r m a t i o n  o f  58, b u t  t h e  a l l e n i c  

enol  - 60 i s  b e l i e v e d  t o  k i n e t i c a l l y  c o n t r o l  t he  r e a c t i o n  by t h e  d i f f e r e n t  

r a t e s  o f  an NH-shi f t  t o  t h e  hydrazone - 58 o r  an O H - s h i f t  t o  t h e  enehydra- 

z i n e  - 59. P a r t  o f  t h e  p roduc t  - 58 i s  always c y c l i z e d  t o  the  pyrazolone 61. 
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H3CO\ ,OH ac02cH3 C 

8 HO I1 
C r;’ 

Ph H3C02C’ ‘NH-NHPh 
61 - 60 - 

Other authors found only the  hydrazone form upon addi t ion  of phenyl- 

hydrazi ne to  DMAD. 33y34 This i s  a l so  true f o r  a number o f  subs t i t u t ed  

phenylhydrazines as p-chloro-, 2,5-dichloro-, 2 ,4 ,6- t r ich loro- ,  2- and 

4-n i t ro-  and 2,4-dinitrophenylhydrazine and N,N-diphenylhydrazine. 

In con t r a s t  t o  the phenyl- and 4-ni trophenyl hydrazones , the 2,4-dini tro- 

phenyl hydrazone cannot be cycl i zed to  a pyrazol one. 

32-35 

- p-Tolyl hydrazi ne gave only the enehydrazi ne form.32 Hydrazone 

- 6232y35y36 and enehydrazine form - 6332 have been found as adducts of N- 

methyl -N-phenyl hydrazine to  DMAD. 

I t  i s  i n t e re s t ing  to  note t h a t  addition of phenylhydrazine to  MP i n  

e the r  gives the enehydrazine 64 ( J  = 13 cps) exc lus ive ly ,  b u t  i n  chloro- 

form so lu t ion  a t  room temperature t h i s  i s  quan t i t a t ive ly  isomerized t o  

methyl formylacetate phenylhydrazone 65. 37 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

H CO C 
H3C02C, C / H  ‘CH2 

HCzCC02CH3 + PhNHNH2 - I 1  __c I 
C C 

H /  ‘NHNHP~ H’ ‘N-NHPh 
b5 - 64 - 

Early s tud ies  of the  addition of unsubsti tuted hydrazine to  DMAD and 

diethyl acetylenedicarboxylate ed t o  the pyrazolone e s t e r s  67a o r  67b 

e x c l ~ s i v e l y . ~ ~  However, careful re inves t iga t ion  of t h i s  reaction by Hein- 

del -__ e t  a l .  ,32 afforded dimethyl oxaloacetate hydrazone - 66 ( C H 2 ,  s ,  3.50 

ppm) as the  primary adduct along with the pyrazolone. 

- -  

H3C02C, 
N2HL CH2 I + 

HO 4 j02R 
- 66 a )  R = CH3 

b )  R = C2H5 

The homologue - 69a could be observed in the  nmr as a rearrangement 

product of _. 10a; i t  has the s t ruc tu re  of a dimethyl oxaloacetate methyl- 

hydrazone. 39 Space demanding e s t e r  groups s t a b i l i z e  the  methyl hydrazones 

-- 69b-69d which were obtained from the  corresponding enehydrazines -- 68a-68c 

in  chloroform a t  room temperature a s  c rys ta l  1 i ne compounds. 40 The ene- 

hydrazines _. 10a and - 68a and  - 68b and the methylphenylhydrazone 62 have been 

35340 f o r  10a we hydrolyzed to the  corresponding dial  kyl oxaloacetates;  - 
have recommended t h i s  procedure as a convenient method to  prepare dimethyl 

oxaloacetate - 70a, pa r t i cu la r ly ,  when performed a s  a one-pot procedure 

s t a r t i n g  from methylhydrazine and DMAD. 41 
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R02C, 
___f t C 

R02C / \  r;l-NH* R02C' 'N-N H C H3 
69 - 

a )  R = CH3 
CH3 

10 a R = CH3 

68 a R = CH(CH3)2 b )  R = CH(CH3)2 
b R = CH(CH2)4 c )  R = CH(CH2)4 

- c R = C(CH3)3 d )  R = C(Ct13)3 

- 
- 

- 

1 H2S04 

ROZCCOCH2CPlR - 62 
70 a R = CH3 - 

- b R = CH(CH3)2 

- c R = CH(CH2)4 

A d d i t i o n  o f  N,N-dimethylhydrazine t o  DMAD i n  b o i l i n g  e t h e r  has been 

r e p o r t e d  t o  y i e l d  d ime thy l  oxa loace ta te  d imethy lhydrazone 11.27 A complete 

nmr i n v e s t i g a t i o n  of  a p r o d u c t  o b t a i n e d  i n  c o l d  e t h e r  revealed,  however, 

t h a t  a 72:28 m i x t u r e  o f  t h e  hydrazone and enehydraz ine f o r m  72 was p r e -  

sen t .  42 

yew, ," 
C H2 N N (C H3)2 + II 

DMAD Ether H3CqC /'\NH-N: CH3 
CH3 

72 - 7 1  - 

These r e s u l t s  compare w e l l  w i t h  the  86:14 e q u i l i b r i u m  m i x t u r e  o b t a i n e d  

f rom 1, l -d imethy l  hyd raz ine  and d i e t h y l  o x a l o a c e t a t e  i n  carbon t e t r a -  
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

c h l o r i d e  desc r ibed  by  Yakimovich and K h r u ~ t a l e v , ~ ~  w h i l e  A h l b r e c h t  and 

Henk44 r e p o r t  an o p p o s i t e  f i g u r e  f o r  t h e  p r o d u c t  f r o m  d ime thy l  hyd raz ine  

and d ime thy l  o x a l o a c e t a t e  i n  DMSO. 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r e a c t i o n  between 1 , l -d ime thy l -  

hyd raz ine  and DMAD i n  methanol a t  low temperature l eads  p r e f e r e n t i a l l y  t o  

the  d ime thy l  hyd raz ide  - 73.27 Hydrazone - 74 f rom N-aminomorphol i n e  and DMAD 

,C H3 
$02 C Cz C CO NH N, 

(CHqhNNH7 ~ ~ + J C % C C E C C ~ C H ~  
CH30 H/- 30” H3 

though formed o n l y  as a by -p roduc t  i n  me thano l lwa te r  (see below),  i s  ob- 

t a i n e r l  i n  54% v i e l d  i n  to luene .  36 

74 - 75 - 76 - 

Another tau tomer i c  m i x t u r e ,  60% o f  t h e  hydrazone 75 r e l a t i v e  t o  40% 

o f  t h e  Z-enehydrazine - 76 ( J  = 8.5 cps. ) ,  was observed i n  carbon d i s u l f i d e  

a f t e r  a d d i t i o n  o f  N,N-dirnethylhydrazine t o  MP i n  e the r .42  A b l b r e c h t  and 

Henk45 r e p o r t e d  an e q u i l i b r i u m  o f  96% hydrazone and 4% Z-enehydrazine i n  

bromobenzene f o r  t h e  e t h y l  e s t e r  f rom N,N-dimethyl hyd raz ine  and e t h y l  

f o r m y l a c e t a t e .  

Brugger , Wamhoff and K ~ r t e ~ ~  c a r e f u l l y  examined t h e  tautomers 

o b t a i n e d  upon a d d i t i o n  o f  amidrazones on DMAD; e.g. 78 by  f a r  predominates 

i n  deu te roch lo ro fo rm.  Th is  i s  a s p e c i a l  case o f  t h e  enehydraz ine-hydra-  

zone tautomer ism d iscussed i n  t h i s  s e c t i o n .  S i m i l a r  compounds have been 
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47,48 examined by LeCount and Greer (see below).  

A d d i t i o n  o f  b e n z i l  monohydrazone t o  DMAD i n  methanol a f f o r d s  t h e  

o x a l o a c e t i c  e s t e r  d e r i v e d  a z i n e  2 a long  w i t h  some p y r i d a z i n e  - 80.49 Under 

d i f f e r e n t  r e a c t i o n  cond i t i ons ,  p a r t i c u l a r l y  w i t h  4 , 4 - d i s u b s t i t u t e d  b e n z i l s  

p y r i d a z i  nes ma/ become t h e  main p roduc ts .  

H3C 
y 2  

L 
I 
r 

P h f i H 3  -C02CH3 

Ph N 

Ph’L+o 
79 
c 

80 - 

A number o f  adducts f rom a c e t y l e n i c  e s t e r s  w i t h  carbonyl  s u b s t i t u t e d  

hydraz ines have been descr ibed,  b u t  o n l y  few o f  these have spec t roscop i -  

c a l l y  e s t a b l i s h e d  s t r u c t u r e s .  Compounds - 81 and - 82 a r e  enehydrazines w i t h  

fumar i c  e s t e r  c o n f i g u r a t i o n s  w h i l e  - 83 con ta ins  a fumar i c  and a m a l e i c  

50 e s t e r  group. 

31 

r QCH3 
H3CC 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

r\ 
H3c02c - 83 

Whi le  N-aminophthal imide forms - 8 1  i n  methanol, - 84 i s  o b t a i n e d  i n  dioxane 

i n  e q u a l l y  good y i e l d .  

A roy lhyd raz ines  add t o  DMAD i n  methanol t o  g i v e  d ime thy l  oxa loace ta te  

aroy lhydrazones,  e.g. - 85, which on a c i d  t rea tmen t  fo rm pyrazolone-  

c a r b o x y l i c  a c i d  - 86. 51  

=. 

H3C02c/ 
CH2 H30' 

HO 
PhCONHNH2 p DMAD I 

/C\ 
H H3C9C N-NHCOPh 

Thiosemicarbazides add t o  MP t o  g i v e  t h e  methy l  f o r m y l a c e t a t e  t h i o -  

semicarbazones _. 87a and - 87b w h i l e  w i t h  D I V D  the  h e t e r o c y c l e s  ~ 88a and _. 88b 

r e s u l t . 3 3  Thiohydraz ides,  however, l e a d  t o  173 ,4 - th iad iazo les ,  as e.g. - 89 

52 and 90. - 

H3C ' 2  c, 
y 2  

H c\ H3C02C \N-N HCS NH R 
87 - 

a )  R = CH3 
88 - 

a )  R = CH3 

b )  R = Ph b )  R = Ph 
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SUCROW 

H 
DMAD S 

Ph ! NH NH2 - 
S 

Ph k NHNH2 
MP 

____) 

CO CH H \ /  2 3 
fi r 

33Y53Y54 and 
Other adducts w r i t t e n  as oxa loaceta tes  a r e  91a-91c 

33,55 92a-92c. -- 

CH202C, 
v 2  
h 
L\ 

RCH202C’ ‘NANHCOX 
9 1  - 

a )  R = H X = OC2H5 

b )  R = CH3 X = F 4 H 2  

C )  R = H X = CH2CI.I 

L J  

H3C 
v 2  
n 

A H3C02C N-NHCO R 
92 - 

a )  R = Ph 

b )  R = 

R =  

55 
Treatment o f  - 92c w i t h  a c e t i c  anhydr ide g ives  t h e  t r i a z e p i n o n e  93. 
Adducts 94a and w, w r i t t e n  as e n e h y d r a ~ i n e s ~ ~  i n  aqueous a c i d  a l s o  g i v e  

compounds o f  type  86. 

116 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

H C O C  H 
3 2 l/ 

L 
II 
c 

H3C02C' 'N-NCOR b )  R = 
H H  

I t  i s  notewor thy t h a t  p- to1 uenesu l fony l  hyd raz ine  forms t h e  hydrazone - 

95 w i t h  DMAD w h i l e  w i t h  MP, t he  enehydrazine 96 i s  generated ( J  = 13.5 - - 
cps),  b o t h  i n  good y i e l d s .  57 

H3c '2 '\ H3C02C\C/ H 

H3CCl$ 'N-NH Ts 

y 2  II 
c\ 

H' N-NTs 
c\ 

H H  
95 - 36 - 

Treatment o f  d i e t h y l  a c e t y l e n e d i c a r b o x y l a t e  w i t h  the  t o s y l  hyd raz ide  

97 g ives t h e  quinazolone d e r i v a t i v e  98. 55 - - 

The e t h y n y l  s u l f o n e  99 a l s o  adds phenyl hyd raz ine  o r  semicarbazide - 

t o  g i v e  the  phenylhydrazone 100 o r  t h e  semicarbazone 102.58 The same 

compounds a r e  ob ta ined  f rom the  i somer i c  phenylpropargy l  s u l f o n e  101. 
- 
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SUCROW 

Fh NH NH2 VNHPh 100 - PhS02CH2-C-CH3 - 

b N  N HCONH2 
PhSO CH C-CH3 1O2 

N-NHCONH2 
2-11 

PhSOzCrCCH3 
99 _- 

PhS($C%C-’CH 
101 _ _  .- 

F i n a l l y ,  t h e  s t r u c t u r e  o f  dimethy l  oxa loace ta te  hydrazones has been 

e s t a b l i s h e d  f o r  most o f  t h e  adducts o f  h e t e r o a r y l  hydraz ines t o  DMAD. 
46,48 

o c c a s i o n a l l y  t h i s  r e a c t i o n  may, however, go on t o  g i v e  t h e  pyrazolone 

2 -Py r idy lhyd raz ine  i n  c o l d  e thano l  forms the  hydrazone 103; 

With a c e t i c  

103 

AcOAc I 

104. 34 

QHNH2- c\  HO 

t$co c __ 

DMAD \FH2 0 -flpc02CH3 
6 H3C4C’ \N-N 

H 

104 

105 
_. 

nhydr i  de - 103 c y c l  i zes t o  the  tr.! 
? A  

zinone __ 105. 4 7 y 4 8  2-Qui n o l y l -  

Oxa loace t i c  e s t e r  hydrazones c o r r e s -  34 hyd raz i  ne gave o n l y  the  pyrazolone.  

ponding t o  103 have a l s o  been ob ta ined  f rom 3-chloro-1-hydrazino-5-ni t r o -  

i s o q u i n o l  ine,34 3-chloro-6-hydrazinopyridazine,5g and 1-hydraz i  no- 

phthal  az ine .  3 4 y 4 7 y 4 8  The l a t t e r  compound can be c y c l i z e d  t o  two tau tomer i c  

t r i a z i n o n e s  i n  the  same way as mentioned f o r  77 and 78 (see above), t h i s  
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

i s  a l s o  t r u e  f o r  t h e  hydrazone 106. 47,48 

106 - 107 - 108 - 

Other hydrazones s i m i l a r  t o  106 can be c y c l i z e d  e i t h e r  t o  t r i a z i n o n e s  

o r  t o  pyrazolones.  4 7 y 4 8  I n  the  case o f  109 b o t h  r e a c t i o n s  can be achieved.  

- 

H3C02C, 
y H2 

R 111 

0 
112 - 

Triaz inones  113 and - 114 were o b t a i n e d  f rom r e a c t i o n s  between d i e t h y l  

a c e t y l  enedi  ca rboxy l  a t e  and N-ami noguanid i  ne o r  t h iosemi  c a r b a z i  de . 
- 

54 
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SUCROW 

2. Addi ti on o f  Hydraz i  nes t o  Cyanoacetyl enes 

Cyanoacetylene adds phenyl h y d r a z i  ne t o  g i v e  the  E-enehydrazi ne 115 
( 3  = 14 cps) ,  w h i l e  hydraz ine a f fo rds  what i s  a m i x t u r e  o f  116 and 117. 60 

117 
_. 

116 - 115 - 

Alkyno ic  a c i d  n i t r i l e s  a r e  r e p o r t e d  t o  g i v e  aminopyrazoles w i t h  

61 hydraz i  ne and phenyl hydraz ine .  

,R 
a )  R = C5Hll 

b )  R = Ph 

N H  
H2N 

R - E C - C  N L 
H 118 __ 

a )  R = C5Hl l  

b )  R = P h  R- CGC-C N PhNHNH2 I, HZ dR N 

I 
Ph 

Tosyl hydraz ine adds t o  d icyanoacety lene t o  g i v e  the  enehydrazi ne 

- 120 w i t h  a probable E - c o n f i c ~ u r a t i o n , ~ ~  b u t  f rom cyanoacetylene the  

NC\c,H 

! 
N-NHTs 
H 

I \  NC 
H2 

120 
TS = TO% 

121 - 122 - 

120 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

hyd raz id ine  - 121 i s  formed. Other  benzenesul fon ic  a c i d  hyd raz ides  were 

found t o  g i v e  aminopyrazoles as e.g. 122. 62 
- 

V .  PYRAZOLES FROM ACETYLENIC KETONES AND ALDEHYDES 

This  t o p i c  has been rev iewed e a r l i e r . 6 2  Only very few enehydrazines 

and no s imp le  hydrazones have been r e p o r t e d  f rom t h e  a d d i t i o n  o f  hydra- 

z ines  t o  t h e  t r i p l e  bonds o f  e t h y n y l  ketones o r  a c e t y l e n i c  aldehydes. Thus 

lY5-diphenyl-1,4-pentadiyn-3-one adds hyd raz ine  a t  low temperature i n  

methanol t o  g i v e  t h e  - bis-enehydraz ine 123 ( v i n y l - H  a t  5.51 ~ p m ) . ~ ~  Aryl- 

and a r o y l  hydraz ines have been added t o  pheny le thyny l  g l y o x y l  i c  e s t e r s  t o  

g i v e  e.g. __ 124a and 124b. 65 
- 

0 
I1 

Ph C S - C - C H - C P h  NH 

123 - 

Ph C=CH COc02R’  
I 

H N-N H ~2 
124 - 

a )  R1 = C2H5 

b )  R 1 = CH(CH3)2 R 2 = PhCO 

R 2 = Ph 

Base-cata lyzed a d d i t i o n  o f  2 ,4-d in i  t ropheny l  hyd raz ine  t o  l - p h e n y l -  

3-butyn-1-one a f f o r d s  t h e  enehydrazine - 125 a f t e r  s h i f t  o f  t he  mu1 t i p l e  

121 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SUCROW 

bond. In ac id i c  medium the 2,4-dinitrophenylhydrazone 126 i s  formed which 

under acid ca t a lys i s  cyc l izes  to the pyrazole 127. 66 

Benzoylacetylene adds phenyl h y d r a ~ i n e ~ ~  o r  semicarbazide68 a t  both 

the C=O double and the CZC t r i p l e  bond. 

~ N H R  
128 - 

a )  R = Ph b )  R = CONHE 

Generally, 2,4-dini trophenylhydrazine, 64 y66-69 p n i  trophenyl hydra- 
74 z i  ne , 28y67 y 6 8 y  70 y71 semi carbazi de68y 70-73 and p-to1 uenesul fonyl hydrazi ne 

form the usual carbonyl der iva t ives  w i t h  e thynyl aldehydes and ketones. 

Some o f  the r e su l t i ng  2,4-dini tro-64’66y67 and one 4-nitrophenyl hydra- 

zone67 have been cyclized in ac id i c  medium to the corresponding 1-(2,4- 

dini  trophenyl ) -  and 1-(4-ni trophenyl)pyrazoles, e.g.  67 

H3C- C K -  CHzN-N H CO N H2 H3C 0 Y 
131 CONHZ 132 

The semicarbazone - 131 of tetrolaldehyde cyclized under the influence 

of KOH t o  the pyrazole 132. 72 Hydrazine i s  reported t o  give azi nes wi t h  

122 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

t e t r ~ l a l d e h y d e ~ ~  and p h e n y l p r o p i ~ l a l d e h y d e ~ ~  w h i l e  pheny lhyd raz ine  gave 

two i somer i c  phenyl hydrazones w i t h  t h e  l a t t e r  a ldehyde.  70 

On t h e  o t h e r  hand, c y c l i c  p roduc ts ,  i . e .  t h e  py razo les  -- 133a-133e 

were r e p o r t e d  as p roduc ts  o f  t he  r e a c t i o n s  between hyd raz ine  and p r o p i o l -  
a1 dehydeY7' phenyl propynone ,75 3-nonyn-2-oneY7l  1-phenyl -2-octyn-1-one , 76 

and e t h y l  pheny le thyny l  g l y o x y l a t e .  65 

1 2  a )  R = R  = H  

1 2 b )  R = P h  R = H  
1 2 

C )  R = C5Hll R = CH3 

1 2 d )  R = C5Hll R = Ph 

1 e )  R = Ph 

H 

133 - 
R2 = C02C2H5 

Unsymmetrical hydraz ines may g i v e  two i somer i c  py razo les  w i t h  most e t h y n y l  

ketones and a c e t y l e n i c  aldehydes. Very o f t e n  b o t h  a r e  formed a t  t h e  same 

t ime  w h i l e  no open-chained i n t e r m e d i a t e  can be i s o l a t e d .  Th is  makes i t  

even more d i f f i c u l t  t o  dec ide  which i s  t h e  i n i t i a l  s t e p  i n  these p y r a z o l e  

fo rma t ions .  The problem may be i l l u s t r a t e d  by  t h e  f o l l o w i n g  example. 

Phenyl p r o p i o l  a1 dehyde and benzoyl ace ty lene  g i v e  the  same 2:8-mixture 

o f  the i s o m e r i c  py razo les  - 134 and 135 w i t h  me thy lhyd raz ine  i n  a c i d i c  

e thanol  .67 Compound 135 may have been formed f rom pheny lp rop io la ldehyde  

- OPh+ P h O  
CH3NHNH2 

Y c",, c I+ 
135 
_. 

134 

i P h CrC-C HO 

Ph CO - C= C H 

by t h e  i n i t i a l  a t t a c k  o f  t h e  u n s u b s t i t u t e d  n i t r o g e n  on t h e  a ldehyde 

123 
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SUCROW 

carbonyl g roup  ( i . e .  - via an ethynyl aldehyde hydrazone) o r  by a t tack  of 

the subs t i t u t ed  N-1 on C-3 ( i  . e .  - via an enehydrazine). Conversely, 134 may 

have been formed from phenylpropiolaldehyde e i t h e r  by an a t tack  of the un- 

subs t i tu ted  nitrogen on C-3 ( i . e .  - via an enehydrazine) o r  by a t tack  of the 

subs t i t u t ed  N-1 on the  carbonyl g roup .  A same reasoning can be applied to  

benzoylacetylene a s  a s t a r t i n g  material .  

The following pa i r  of isomeric phenylbutynones showed a s imi l a r  be- 

haviour with respec t  t o  methyl- and p h e n y l h y d r a ~ i n e ; ~ ~  in the  case of  

CH3NHNH2 

PhN H N H2 

R R 

P h CZC CO C H3 

PhCOCEC C H3 
136 137 
_. - 

a )  R = CH3 b )  R = Ph 

methylhydrazine, however, the re la t ion  of - 136a to  137a di f fe red  from one 

ketone t o  the other.67 Other authors 70’73 found d i f f e r e n t  r a t i o  in  a c e t i c  

ac id .  A thorough discussion of  the possible reaction paths has been 

published by Coispeau, Elguero a n d  Jacquier.  67 

As wss pointed out e a r l i e r  f o r  - 7 and _. 10a, alkylhydrazines may well 

r e a c t  p re fe ren t i a l ly  with the more nucleophilic a lkyla ted  nitrogen. On the 

other hand, methylhydrazine i s  known to give methylhydrazones with simple 

ketones. For phenyl hydrazine the unsubsti tu ted  nitrogen i s  generally be- 

lieved to  be the more nucleophilic one. Yet, in some cases phenylhydrazine 
77,67 has undoubtedly reacted p re fe ren t i a l ly  with i t s  subs t i t u t ed  nitrogen. 

F ina l ly ,  in the presence of acid i n i t i a l  protonation of the hydrazines may 

change these pa t te rns .  

Propiolal dehyde gives 1-phenyl pyrazole - 138a with phenyl hydrazi- 

ne , 72y78 tetrolaldehyde i s  reported to afford the pyrazole 138b possibly 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

72 i n d i c a t i n g  an i n i t i a l  f o r m a t i o n  o f  t h e  phenylhydrazone. 

Phenyl p r o p i o l a l  dehyde and phenyl h y d r a z i  ne g i v e  p y r a z o l e  138c i n  

a c e t i c  acid7' o r  e thano l  via t h e  phenylhydrazone mentioned above67 i n  poor  

y i e l d .  3-Nonyn-2-one forms a p y r a z o l e  o f  t h e  p robab le  s t r u c t u r e  B'l w i t h  

R A5 $J 
138 ph 

a )  R = H  

b )  R = CH3 

C )  R = Ph 

CsHll aCH3 y 
CH3 
139 - 

67 methy lhyd raz ine .  Fo r  t h e  r e a c t i o n  between methy lhyd raz ine  and butynone 

o r  l-phenyl-l-butyn-3-0ne~~ t h e  two p o s s i b l e  py razo les  have been reco rded .  

CH3 CH3 

R 43 Y H 3 C G  H 3 C 4 5  R 

142 
CH3 

- 141 
CH3 

- 140 - 
a )  R = H  a )  R = H  a )  R = CH3 

b )  R = Ph b )  R = Ph b )  R = Ph 

3-Pentyn-2-one, expec ted ly ,  g i ves  o n l y  one p y r a z o l e  142a o r  142b w i t h  

methyl - o r  phenyl h y d r a z i  ne . 67 

1-Methyl -5-phenyl py razo l  e __ 135 has a1 so been o b t a i  ned i n  good y i e l d  

when the  p r e p a r a t i o n  o f  t h e  above mentioned enehydrazone 5 f r o m  p r o p i o l -  

aldehyde w i t h  benzaldehyde N-methyl hydrazone was c a r r i e d  o u t  i n  a c e t i c  

a c i d  i n s t e a d  o f  e t h a n o l .  S i m i l a r l y ,  t h e  enehydrazone 143 has been 

c y c l i z e d  t o  the  p y r a z o l e  - 144 w i t h  a c e t i c  a c i d .  65 
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SUCROW 

OCH ,H 

C 
PhCGCCHO + CH3NHN-CHPh - ‘C II + Ph C N  r;’ 

Ph’ ‘y-N=CHPh CH3 
135 CH3 __ 

~ 5 
~ 

aPh (CY)2CHqCCO H 
\ /  

___c C 

t (C H3)2C H 4 C  Y 
Ph’ ‘N-NHPh H Ph 
143 - 144 - 

A number of enehydrazones - 9 and 145a-145c has been prepared from 

dibenzoylacetylene and, a l t e r n a t i v e l y ,  the  hydrazones o r  the  d i az i r id ines  

Boi 1 i ng these enehydrazones i n  ethanol i c  hydrochloric ac id  gave the pyra- 

zoles -- 146a-146c which could, however, a l so  be prepared from dibenzoyl- 
13 acetylene and the simple a1 kylhydrazines. 

PhCO, ,H 
C 
II 
C - PhCO 

PhCO’ ‘N-N=CF? R3 
k1 

R’ NHNH2 

__ 

1 2 3 

1 2 3  145a R = CH3 R = R = CH 

1 2 3  

- 9 R = H  R = C H 3  R = C 2 H 5  a )  R = H  

b )  R = CH3 3 - 
- b R = CH(CH3)2 R = R = CH3 C )  R = CH(CH3)2 

c R 1 = CH3 R2 = (CH2)5  - 

PhCOeCCOPh 

Two isomeric pyrazoles 147 and 148 resu l ted  when 5,8-triadecadiyn- 

7-one and phenylhydrazine were kept i n  methanol a t  room temperature, 

126 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

64 w h i l e  ly5-dipheny1-1,4-pentadiyn-3-one gave o n l y  - 149 i n  b o i l i n g  methanol. 

C4HgCX CO CGC C4Hg 

Ph Ph 

147 C=CPh - 

Ph 

148 - 

Ph 
149 - 

1,Z-Dimethylhydrazine and 1-methyl-2-phenylhydrazine add t o  

a c e t y l e n i c  aldehydes and ketones i n  t h e  presence o f  molar  amounts o f  

h y d r o i o d i c  a c i d  t o  g i v e  t h e  py razo l  ium compounds. Thus butynone forms 

- 150 w i t h  t h e  former and pheny lp rop io la ldehyde  a m i x t u r e  o f  151 and 152 
w i t h  the l a t t e r .  67 

1- I’ 

H3C &))-CH3 I Ph a;; Y Ph ‘(&CH3 I 

Ph CH3 CH3 
152 - 151 - 150 - 

V I .  PYRAZOLONES FROM ACETYLENIC ESTERS 

Pyrazolones which a r e  a very i m p o r t a n t  group of  o r g a n i c  compounds, 

a r e  u s u a l l y  prepared f rom hydraz ines and B-keto e s t e r s .  Reviews on the  

show t h a t  r e l a t i v e l y  few pyrazolones were o b t a i n e d  f rom 

a c e t y l e n i c  e s t e r s .  Only the  l a t t e r  w i l l  be considered i n  t h i s  rev iew .  

Accord ing t o  t h e i r  most i m p o r t a n t  t au tomer i c  forms, s imp le  pyrazo- 

1 i n-5-ones 81y82 w i l l  be w r i t t e n  as 2-pyrazol  in-5-ones throughout  t h i s  

127 
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SUCROW 

review while pyrazol in-3-ones 82y83 and pa r t i cu la r ly  pyrazolones w i t h  e s t e r  

substi  tuents 25y84  will  be wr i t ten  as hydroxypyrazoles. In a paper c i t e d  

above,48 two tautomeric forms of a pyrazolone could be studied separa te ly .  

I t  was mentioned above tha t  the hydrazone - 66 from DMAD and hydrazine 

cycl i zes to give the  pyrazolone - 67a. 

- 67b R = C2H5 

H 

The ethyl e s t e r  ~ 67b i s  obtained when diethyl acetylenedicarboxylate reac ts  

with hydrazine hydrate,38 both probably via an intermediate corresponding 

t o  66. The hydrazone 153 affords - 67b on acid so lvolys is .  13 
- - 

C2H502C’ L ‘N-N=C ,CH3 

. .  “2 H5 H 
153 __ 

Hydrolysis of the dimethyl 

__ 94a and 94b56 give the carboxyl 

Ethyl phenylpropiolate i s  

oxaloacetate aroyl hydrazones - 8551 and 

c acid 86. 

ycl i zed with hydrazi ne hydrate a t  room 

temperature t o  the phenyl pyt-azol one - 155 , 85y86 b u t  a t  0’ phenylpropiol- 

hydrazide - 154 i s  formed, which on heating above i t s  melting point gives 

a l so  __ 155. 85y86 Compound - 154 i s  probably a n  intermediate in  the formation 

of 155 a t  higher temperature. Compound 155 can a l so  be obtained from the 

f r e e  ph2;iylpropiolic acid 85y87  b u t  was found t o  be accompanied by varying 

amounts of azine in t h a t  case.  The same i s  true fo r  aryl subs t i t u t ed  

phenylpropiolic ac ids .  

- 

__ 

__ 
87 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

155 - 

88,89 Ethyl propio la te  and t e t r o l a t e  give pyrazolones 157a and 157b 
with hydrazi ne hydrate. 

a )  R = H  

O N  aR b )  R = CH3 

H 
157 - 

Unsymmetrical hydrazines may lead  to  isomeric pyrazolinones. As with 

ace ty len ic  ketones and unsymmetrical hydrazines, d i f f e r e n t  pathways may 

be envisaged f o r  the  formation of pyrazolones; they were discussed by 

Coispeau and Elguero. 90 

Treatment o f  a l i p h a t i c  enehydrazones with a c e t i c  ac id  gives 1-a1 kyl- 

e .g .  from 13,25 3-hydroxy-5-pyrazolecarboxyl i c e s t e r s  i n  poor y i e lds  , 

158. 
_. 

H3C N H N H2 

158 R = C2H5 159 
_. __ 

a )  R = C2H5 

b )  R = CH3 
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SUCROW 

PhCYNHNH2 DMAD 
AcO H 

ppoH ____f 1.OH- ($OH 

EiJ 2. 290°C 

CH2Ph 
%co2c y 

C y P h  
160 161 
_. - 

Better y i e lds  have been rea l ized  when alkylhydrazines were heated 

with acetylenedicarboxylic e s t e r s ;  e , g .  

way. 13y25 I-A1 kyl-3-hydroxy-5-pyrazol~arboxyl i c  acids from saponification 

o f  the e s t e r s ,  in con t r a s t  t o  the isomeric 5-hydroxy-3-carboxylic ac ids ,  

can eas i ly  be decarboxyl ated t o  give the  1-a1 kyl-3-hydroxypyrazoles, e .g. 

- 161.25 

and - 160 were prepared i n  t h i s  

Two i someri c hydroxypyrazol es can be prepared from the enehydrazi ne 

- 10a. Thus  i n  a c e t i c  ac id  j& y ie lds  the expected cyc l iza t ion  product 

i n  exce l len t  y i e l d .  Surprisingly,  when  heated without a solvent o r  i n  non 

polar solvents as chloroform o r  xylene, the isomeric methyl l-rnethyl-5- 

hydroxy-3-pyrazolecarboxylate 162a i s  obtained in high y i e ld  along with 

small amounts of which can be removed by c r y s t a l l i z a t i o n  o r  chromato- 

H3C02C dH 
/ CH 3 159b 

H3C02 \c, 
II 

CH3 
10a - .. 

Ho 43c02R y' 
I 

CH3 _1_6_2_ 

a )  R = CH3 

b )  R = C2H5 

130 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



REACTIONS OF ACETYLENES WITH HYDRAZINES 

graphy; t h e  e t h y l  e s t e r  162b can be o b t a i n e d  s i m i l a r l y . 3 9  I n  e thano l  , 
about  equal amounts o f  b o t h  isomers a r e  formed. The mechanism o f  t h e  f o r -  

mat ion o f  162a i s  n o t  y e t  w e l l  u n d e r ~ t o o d . ~ ’  Obvious ly ,  t h e  two n i t r o g e n s  

exchange t h e i r  p o s i t i o n s  and t h e  above mentioned hydrazone - 69a i s  t h e  

immediate r e s u l t  o f  t h i s  process.  Consequently, t h e  methyl hydrazones 69b- 

- 69d c o u l d  a l s o  be c y c l i z e d  t o  t h e  d 

ca rboxy l  i c e s t e r s  . 40 

E t h y l  p r o p i o l a t e  i n  e t h e r  gave 

a g a i n  t h i s  i s  n o t  t h e  expected c y c l  

f f e  r e  n t 1 -met hy 1 -5 - hyd r o  xy -3 - py r a  zo 1 e - 

9 1  py razo l  one 163 w i  t h  methy l  h y d r a z i  ne, 

z a t i o n  p r o d u c t  o f  t h e  enehydraz ine & 
- 

descr ibed  above. Products  - 164a and 9 2 y 9 3  formed f rom e t h y l  p r o p i o l a t e  

0 0 
I 

CH3 
163 - 164 

a )  R1 = H R2 = CH2pC6H4C1 
b )  R1 = H R 2 = CHCHgC6H4F 

and t e t r o l a t e  r e s p e c t i v e l y ,  w i t h  s u b s t i t u t e d  benzy lhyd raz ines  were c la imed  

i n  pa ten ts .  

Phenylhydraz ine leads t o  1-phenylpyrazol inones i n  these r e a c t i o n s .  
30,32-34 The p r e v i o u s l y  mentioned d ime thy l  o x a l o a c e t a t e  phenyl hydrazone 

when warmed w i t h  o r  w i t h o u t  a c i d  g i ves  methy l  5-hydroxy-1-phenyl-3-pyra- 

z o l e c a r b o x y l a t e  - 61. 32-34 Th is  r e a c t i o n  has a l s o  been desc r ibed  f o r  t h e  

correspondi  ng - p-methyl - , p - c h l o r o -  and p - n i  t ropheny l  hydrazones t o  g i v e  

t h e  d e r i v a t i v e s  165a-165c. 32,33 
-- 
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SUCROW 

C02C H3 
6 1  X = H - 

HO 165a X = CH3 

0 b X = C 1  

- c X = NO2 

_ _  

i< 
The formation of some pyrazolones (104, - -- 110/111 and o the r s )  s imi l a r  t o  - 61 

b u t  derived from hydrazi noheterocycl e s ,  34y48 has been mentioned above. 

Propiol i c  e s t e r s  normal l y  form 3-subs t i  tuted 1-phenyl pyrazol i n-5-ones 

w i t h  phenylhydrazine (e .g .  - 166 from ethyl t e t r ~ l a t e ) . ’ ~  A number of  hom- 

logues with alkyl groups o the r  than methyl have been prepared, 95,96 a l l  i n  

aCH3 PhNH NH2 H 3 c - c ~  C-CO,$H, 

Y 0 

Ph 

166 - 
moderate y i e lds .  Somewhat b e t t e r  y i e lds  can be achieved in  the  presence of 

NaOMe, NaOEt o r  K O - t - B u  - in alcohols.  In such cases,  however, the d i r ec t ion  

of addition i s  reversed. T h u s  ethyl t e t r o l a t e  w i t h  phenylhydrazine in  the 
presence of NaOEt gives 3-hydroxy-5-methyl -l-phenyl pyrazole 167, 97 

isomeric t o  66. Ethyl propiolate with phenylhydrazine in  the presence of 

Ph 
167 - 

K O - t - B u  - gives the 3-hydroxypyrazoleg7 168 i n  good y i e l d .  MP when t r ea t ed  

with phenylhydrazine in the presence of NaOMe, however, gave mainly the 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

phenylhydraz ide - 170 which c o u l d  be c y c l i z e d  t o  168 w i t h  ac id .37  C y c l i -  

z a t i o n  o f  p r o p i o l y l p h e n y l  hyd raz ide  - 169 proceeded t o  16837 under b a s i c  con- 

d i t i o n s ;  no y i e l d s  were g iven.  

HCEC-CO~C~H~ Ph”H3_ =HCXCONHNHPh 
169 bf -_ 

KO-t- BU 

H C E  C-CO 2 C H3 PhNHNH:! H3°\CH-CH2-CONHNHPh 
NaOMe C H ~ O ’  

170 - 

When methyl f o r m y l a c e t a t e  phenylhydrazone 65 i s  t r e a t e d  w i t h  a c e t i c  

37 ac id ,  a m i x t u r e  o f  168 and i t s  isomer 171 r e s u l t s .  

,O H 

171 - 168 - 65 - 

A s i m i l a r l y  c l e a r  c u t  s i t u a t i o n  i s  found w i t h  e t h y l  p h e n y l p r o p i o l a t e .  

I n  b o i l i n g  ethanol ,  a q u a n t i t a t i v e  y i e l d  o f  t he  py razo l i n -5 -one  172 was 

ob ta ined  w i t h  phenyl hyd raz ine  .86 A t  room temperature w i t h  t h e  e s t e r  o r  

b e t t e r  f r e e  p h e n y l p r o p i o l i c  ac id ,  phenylhydraz ide 173 was o b t a i n e d  which 

on h e a t i n g  c y c l i z e d  t o  the i s o m e r i c  py razo l  in-3-one =.86 The l a t t e r  has 

a l s o  been prepared by  t r e a t i n g  e t h y l  p h e n y l p r o p i o l a t e  w i t h  phenyl hyd raz ine  

i n  the  presence of KO-L-Bug7 and by h e a t i n g  phenylpropio lamide w i t h  

phenylhydraz ine.96 B o i l i n g  a s o l u t i o n  o f  p h e n y l p r o p i o l i c  a c i d  and phenyl -  

hyd raz ine  i n  benzene a l s o  gave 174 i n  good y i e l d . 8 7  Th is  r e a c t i o n  has a l s o  
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SUCROW 

PhCGC- C023H5 

PhNHNH2 
room temp. i 

Ph C%- CONHNH Ph 
173 

PhN H N H2 
et hanoV78"C 

I 
Ph 172 

he at 
___L 

Ph 

Ph 
174 - 

87 been applied t o  - m- and g-chlorophenylpropiol i c  ac id .  

Products blocked in a pyrazol-3-in-5-one s t ruc tu re  a r e  formed from 

symmetrically d isubs t i tu ted  hyarazines and ace ty len ic  e s t e r s .  Thus  1 , 2 -  

dimethyl hydrazi ne and ethyl propiol a t e  gave compound 175. The enehydrazi ne 

176 was presumably a l so  formed b u t  not c h a r a c t e r i ~ e d . ' ~  Compound 175 was 

a l so  obtained by the acid-catalyzed cyc l iza t ion  of the enehydrazine 12a 
described above.18 Simi la r ly ,  the enehydrazines - 12b18 and 

zolinones 177a and 177b.  

gave pyra- 
18,19 

- - 

L 
H' 'y-NHCH3 

CH3 

175 

H,C/C02%H5 
II 
P 

CH3 

12a __ 176 - 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

- 12b R = CH3 

14a R = Ph 
_. 

a )  R = CH3 

b )  R = Ph 

The addition of 1,l-dialkylhydrazines to  ace ty len ic  e s t e r s  i n  

methanol/water a t  0’ leads i n  moderate y i e lds  t o  n ice ly  c r y s t a l l i n e  pyra- 

zolium b e t a i t ~ e s . ~ ~ , ’ ~  Thus 1,l-dimethylhydrazine gives 178a and 178b with 

MP and DMAD, r espec t ive ly .  

R - C G C - C O ~ C H ~  (C H& N N H3 

CH3 CH3 C H 3  
173 179 

RCHzCHzCONHN(CH3)2  a )  R = H  a )  R = H  

- 180 b )  R = C02CH3 b )  R = C02CH3 
a )  R = H b )  R = C02CH3 

Protonation of - 178a and - 178b with hydrochloric acid and heating the resu l -  

t i n g  hydrochlorides gives the hydroxypyrazoles and along with 

methyl ch lor ide .  Hydrogenolysis of ___ 178a and 178b gives the hydrazides 

- 180a and 180b respec t ive ly ;  t h i s  cons t i t u t e s  a formal proof of s t r u c t u r e .  - 
The formation of such pyrazolium betaines may be r e l a t ed  t o  the above 

described observation tha t  ace ty len ic  e s t e r s  tend  to  give the  ac id  hydra- 

zides in alcohols a t  low temperatures. The formation of the monodimethyl- 

hydrazide - 7327 from DMAD i s  the most relevant example f o r  t h i s  type of 

reac t ion .  I t  i s  a l so  possible t h a t  pyrazolium betaines such as 178a and 
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SUCROW 

- 178b a r e  formed via an a c i d  hyd raz ide  r a t h e r  t h a n  f r o m  an enehydraz ine.  On 

the o t h e r  hand, a r e c e n t  paper b y  Dal ton,  Demeral and Elmers” desc r ibes  

the  f o r m a t i o n  o f  t h e  open-chained b e t a i n e  181 f r o m  MP and 1 , l - d i m e t h y l -  

hyd raz ine  i n  water .  B e t t e r  y i e l d s  o f  181 and s i m i l a r  b e t a i n e s  a r e  o b t a i n e d  

u s i n g  p r o p i o l i c  a c i d  and 1 , l - d i a l k y l h y d r a z i n e s  i n  methanol o r  e t h a n o l .  

Though no exper imenta l  ev idence i s  g i v e n  thus f a r ,  181 may a l s o  be a b l e  t o  

c y c l  i ze t o  178a. - 

C S  
H’ ‘N-NH~ 

Ck3\CH3 
181 - 

100 Pyrazo l i um be ta ines  have a l s o  been prepared by Lock ley  and Lwowski 

through cyc loadd i  t i o n s  between t h e  uns tab le  N-aminoisocyanates and 

a c e t y l e n i c  e s t e r s .  I n  t h i s  r e a c t i o n  d i f f e r e n t  s t r u c t u r a l  p a t t e r n s  r e s u l t ;  

t h e  p roduc ts  bear  e s t e r  o r  phenyl groups i n  p o s i t i o n  4 o f  t h e  p y r a z o l i u m  

r i n g .  

The p y r o l y s i s  o f  t h e  b e t a i n e  h y d r o c h l o r i d e s  becomes c l e a r e r  i n  t h e  

case o f  t h e  be ta ines  9 and - 182b d e r i v e d  f rom N-aminop ipe r id ine  and 

N-aminomorphol i n e .  These g i v e  t h e  hydroxypyrazoles - 183a and __ 183b w i t h o u t  

a loss o f  ha loa l kane  which remains p a r t  o f  t h e  molecule e n a b l i n g  these 

products  t o  r e c y c l i z e  ( v i a  __ h y d r o c h l o r i d e s )  t o  t h e  py razo l i nones  184a and 

184b. - 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

L 0:) 
cx 134 

a )  X = CH2 a )  X = CH2 a )  X = CH2 

b )  X = O  b )  X = O  b )  X = O  

1-Methyl-1-phenylhydrazine and MP g i v e  t h e  b e t a i n e  185 w h i c h  can  be  
_. 

degraded __ v i a  t h e  h y d r o c h l o r i d e  t o  168 o r  t h e r m a l l y  r e a r r a n g e d  t o  186. __ 

,CH3 

HCsCC02CH3 %!"\Ph . &$ - QoR 
Ph 

A 
Ph CH3 
185 168 R = H - __ 

186 R = CH3 
~ 

1 , l -D ime thy l -1 -pheny l  ami n im ine ,  p r e p a r e d  f r o m  1,l-dimethyl -l-phenyl- 

h y d r a z i n i u m  c h l o r i d e  w i t h  sodium e t h y l a t e ,  r e a c t s  w i t h  e t h y l  p h e n y l -  

p r o p i o l a t e  t o  g i v e  t h e  b e t a i n e  - 187 w h i c h  w i t h  h y d r o c h l o r i c  a c i d  g i v e s  t h e  

p y r a z o l i n o n e  I 174 and l o s s  of  L o  e q u i v a l e n t s  of  methy l  c h l o r i d e .  101  

V I I .  ENEHYDRAZINES FROM H Y D R A Z I N E  DERIVED HETEROCYCLES 

The r e a c t i o n s  o f  a c e t y l e n e c a r b o x y l  i c  e s t e r s  w i t h  n i t r o g e n  c o n t a i n i n g  

h e t e r o c y c l e s  have been rev iewed.  102y103 I n  t h e  p r e s e n t  r e v i e w ,  a d d i t i o n s  

of h e t e r o c y c l e s  t h r o u g h  t h e  h y d r a z i n e  p o r t i o n  o f  t h e  m o l e c u l e  t o  a c e t y -  

l e n i c  compounds w i l l  be  c o n s i d e r e d .  C y c l o a d d i t i o n  r e a c t i o n s  t J  s c e t y l e n i c  
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SUCROW 

compounds will  not be discussed. The addition of d i az i r id ines  to  t r i p l e  

bonds has been t rea ted  e a r l i e r  i n  t h i s  review. 

Pyrazole adds to  MP t o  give the E-adduct @3a- ( J  = 14 cps ).lo4 In 

the same manner, butynone and pyrazole give =.lo5 Nmr measurements show 

t h a t  1 ,2 ,4- t r iazo leY benzotriazole and t e t r azo le  a l so  form adducts of 

E-configuration with butynone;lo5 2: 1 adducts a r e  a l so  observed. 

0 

188 - 
a )  R = OCH3 

b )  R = CH3 

189 - 

A1 though the configurations of the  adducts of pyrazole to  methyl 

t e t r o l a t e l o 4  and of pyrazole and subs t i t u t ed  pyrazoles to  propiolaldehyde 

claimed in  a patentlo6 were not investigated,  a l l  of  them, however, a r e  

probably E, e .g .  189. 106 

As has been shown f o r  amine adducts t o  ace ty len ic  e s t e r s ,  the E-con- 

f igura t ion  may be a consequence of a thermodynamic equ i l ib ra t ion .  In th i s  

respec t ,  the reactions between 1 ,2 ,3- t r iazo les  and acetyl en ic  compounds 

give in t e re s t ing  ins ights .  The triethylamine catalyzed addition of d i -  

methyl 1,2,3-triazole-4,5-di carboxyl a t e  and 4-phenyl tri azole to  ethyl 

propiolate i n  acetone has been carefu l ly  examined by Tanaka and Mi l le r .  

lY2,3-Tr iazoles  add through t h e i r  N-2 t o  the t r i p l e  bond, forming a 

mixture of E -  and Z-adducts (14 cps a n d  10 cps respec t ive ly) .  I n i t i a l l y ,  

more Z-adduct i s  formed es tab l i sh ing  the k ine t i c  preference f o r  &- 
addition; eventually,  the E-adduct predominates; see e .g .  190-193. 

107 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

190 
CO C H ~ - - -  H\, 2 2  5 

C 
+ ,,/c\,(N~co2CH3 II 

'N C02CH3 

The a d d i t i o n  of p y r a z o l e  t o  DMAD can a l s o  be understood i n  such terms. 

I n i t i a l l y ,  Re im l inge r  and Moussebois d e t e c t e d  t h e  E-adduct 195 i n  carbon 

t e t r a c h l o r i d e  b u t  n o t  Z-isomer 194; a 1:l m i x t u r e  o f  E and Z cou ld ,  

however, be ob ta ined  by  s e n s i t i z e d  i l l u m i n a t i o n  o f  195. 1043108 L a t e r ,  

Huisgen, Giese and Huber' l  demonstrated t h a t  under c a r e f u l l y  c o n t r o l  l e d  

0 H 

CO CH H \ /  2 3 
DMAD C 

II 
H 3 C 02 C/" y 3  

P 

H3C02C\p/ H 

N3 \ 

194 - 
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SUCROW 

c o n d i t i o n s ,  t h e  r e a c t i o n  o f  py razo le  w i t h  DMAD i n  methanol l e d  t o  t h e  Z- 

adduct  (194) - o f  - a n t i - a d d i t i o n  as the predominant product ;  i n  dioxane 25% 

o f  t h i s  adduct cou ld  s t i l l  be observed. Th is  e s t a b l i s h e s  t h a t  i n  r e a l i t y  

t he  E-adduct i s  t he  p r o d u c t  o f  thermodynamic c o n t r o l .  

On the o t h e r  hand the adducts o f  2,3,4-trimethylpyrazoley10g o f  d i -  

methyl 1,2,3-triazole-4,5-dicarboxyl ate,  lo7 and o f  i ndazo l  e'" have been 

desc r ibed  as presumably Z, b u t  t h i s  assignment may be regarded w i t h  some 

doubt .  

The a d d i t i o n  o f  pyrazoles t o  DMAD i s  l a r g e l y  accompanied by the  f o r -  

mat ion o f  2 : l  adducts. Py razo le  always g i ves  the  s u c c i n i c  e s t e r  196 as a 

by-product  . 104y'09y1'1 I n  the  cases o f  3,5-dimethylpyra~ole,~~~ 1,2,3- 

tri azol  ,,'lo b e n z o t r i a z o l e l "  and 1,2,4- t r i  azole1l0 o n l y  the  2: l - adduc ts  

were obta ined.  No d iastereomers were de tec ted .  Normally, t h e  c a r b o n - n i t r o -  

H3C02c'h'9 13ti N 

H CO C 3 2 \CH/ 
I 

gen bond i s  formed through N-1, b u t  i n  the  case o f  i n d a z o l e  one molecule 

i s  bonded through N - 1  and the  o t h e r  through N-2 (197). 110 

A s u c c i n i c  e s t e r  d e r i v a t i v e  - 198110 a l s o  r e s u l t e d  f r o m  the  r e a c t i o n  

between 1,3-diphenyl t r i a z e n e  and DMAD; o n l y  t races  o f  199 were de tec ted  

and some - 200 was formed by a d d i t i o n  o f  t he  t r i a z o l e  generated by t h e  

c y c l o a d d i t i o n  o f  DMAD and l Y 3 - d i p h e n y l t r i a z e n e .  110 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

Ph 
H3C02C H h-N=NPh 

I I  
P 

+ 
DMAD ‘C’ 

PhNHN=NPh I r P L 

H3C02C H‘y-N=N Ph H3C02 C’ ‘y-N=N Ph 
Ph Ph 

193 199 -_ 

L 

+ ‘1: t!?l C02CH3 

H3C02C’ ‘N’ 3 
\ C02CH3 
Ph 
200 

__t Y Y  PheCCHO + 

N 
H 

OCH, ,H H\ ,CHO 
C C 
II II 

N\ N C02CH3 
Ph + Ph ’‘‘ ’Nxc02cH3 

201 202 - __ 

Only one adduct  of  u n c e r t a i n  c o n f i g u r a t i o n  was o b t a i n e d  f rom e t h y l  
107 

p h e n y l p r o p i o l a t e  and e t h y l  5-phenyl-1,2,3-triazole-4-carboxylate. 

With d ime thy l  1,2,3- t r i a z o l e - 4 , 5 - d i  ca rboxy l  a te ,  phenyl p r o p i o l  a1 dehyde 

formed t h e  two isomers __ 201 and - 202, w i t h  o t h e r  t r i a z o l e s ,  t h e  adducts 

were j u s t  prepared and s t u d i e d  by nmr. 107 

4-Hydroxypyrazole - 203 r e a c t e d  w i t h  DMAD p r e f e r e n t i a l l y  a t  n i t r o g e n  

(204a) - and b o t h  a t  n i t r o g e n  and hyd roxy l  b u t  w i t h  d i f f e r e n t  c o n f i g u r a t i o n s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SUCROW 

(*) . 

I\-/H a )  R = H  

J 

Bicyclic addition products a re  obtained from 3-aminopyrazoles and 

ace ty len ic  e s t e r s ;  the pyrazole nitrogen adds to  the t r i p l e  bond while the 

amino group a t tacks  the e s t e r .  Thus with 3-aminopyrazole MP and phenyl- 

propiolate give only 205a and 205b respectively.  '13 Methyl t e t r o l a t e  gives 

R bD H 

H 

O N  
H 

- 
206 - 205 

_. 

a )  R = H  a )  R = CH3 

b )  R = Ph b )  R = C02CH3 

c )  R = CH3 

both and  b u t  DMAD only the unexpected Similar r e s u l t s  

a r e  obtained with 3-aminotriazoles. 'I4' 

ethyl propiolate 11631'7; the corresponding pyrazolopyrimidones a re  obtained 

3-Ami noi ndazol e gives 207 wi t h  

H 
207 - 

from 4,5,6,7-tetrahydro-3-aminoi ndazol e and ethyl propiol a t e ,  t e t ro l  a t e  o r  
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

phenyl prop 

propiol a t e  

olate.’l8 3-Amino-5-phenylpyrazole gives - 208 w i t h  methyl phenyl- 
119 

H H 
208 - 

Some pyrazolidinones have a l s o  been added t o  DMAD. In the case of the  

2-phenyl der iva t ive  209 the two isomers - 210 and - 211 and a ring-enlarged 

diazepinone _. 212 (by in te rna l  cycloaddi t ion/-reversion) were formed; 

- 
120,121 

Ph 
209 -_ 

210 

+ 

t..? same i s  t rue  . J r  d i f f e r e n t  C-methy 

211 

- and -dimethyl de r iva t ives .  The 

2-benzyl-5-methylpyrazolidinone forms only one adduct t o  which the maleic 

e s t e r  s t r u c t u r e  has been assigned on the bas i s  o f  the vinyl signal a t  

5.2 p p n ~ . ” ~  A hexahydropyridazinone has a l so  been used b u t  gave only a 

ring enlarged N-aminoazepinone de r iva t ive . lZ2  3-Cyanomethylpyrazol id ine  

adds to DMAD t o  give a mixture of t h e  two stereoisomeric 1 : l  adducts b u t  

hexafluoro-2-butyne adds to each o f  the nitrogens to  give products of 
123 uncertain configurations.  
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F i n a l l y ,  two unusual a d d i t i o n  r e a c t i o n s  s h a l l  be mentioned. 

Ph tha laz ine  adds t o  DMAD i n  methanol t o  g i v e  compound __ 213 ( v i n y l - H  a t  

213 _ _ _  

@0,C/C02CH3 

6.36 ppm). lZ4 A t r i a z i n e  adds DMAD i n  the  presence o f  oxygen t o  g i v e  t h e  

s t a b l e ,  deeply c o l o r e d  z w i t t e r i o n  214.lZ5 Two s i m i l a r  compounds have a l s o  

been desc r ibed .  

V I I I .  A D D I T I O N  OF H Y D R A Z I N E S  TO YNAMINES AND DIACETYLENES 

1. A d d i t i o n  t o  Ynamines 

Ynarnines add hydraz ines a t  C - 1 .  Th is  i s  one o f  t he  r a r e  cases t h a t  

t he  a d d i t i o n  i s  favoured by a donor group. 

H ~ C - C E C - N ( C ~ H ~ ) ~  + R N H N R 2  - H3C-CH=C: N(?2H5)2 
N-NR2 
R 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

Ynami nes give gemi nal enami no-enehydrazi nes wi t h  1 ,2-di - and t r i  - 

subs t i t u t ed  hydrazines b u t  amidrazones with mono- or 1 , l -d i subs t i t u t ed  

hydrazines. T h u s  Viehe, Fuks and Reinstein prepared the c r y s t a l l i n e  azine 

215 frljrn dimethylamino phenylacetylene and hydrazines. 126 
_. 

Ph 
/ 

Ph 

Ph C=C N ( C  H3I2 N2H4 H2 I H2 
\ 

___t 

C 
I 
C 

( H3C 12 N’ \N-N4 ‘N ( C H312 

215 

127 A s imi l a r  b u t  l i qu id  az ine  has been obtained from 1-diethylaminopropyne. 

The reaction of t h i s  ynarnine with hydrazines in  carbon t e t r ach lo r ide  

was more extensively inves t iga ted .  Four d i f f e r e n t  enehydrazines of type 

- 216 could be observed by nmr b u t  were not i so l a t ed ;  they were extremely 

l a b i l e  and no configurations were given. Five amidrazones of type __ 217 were 

d i s t i l l a b l e  l i qu ids ;  those derived from monosubstituted hydrazines were 

sens i t i ve  t o  a i r . 127  Similar r e s u l t s  were reported f o r  the  addition of 

hydrazine t o  1-dialkylamino-3-penten-1-ynes. 128 

H3% 
/N ( C2H5) 2 CH2 I 

C H3C CH=C, 
( GH5 )2N’ % - N ( c ~3)2 y-NHCH3 

217 - 
CH3 

216 
~ 

2.  Addition to Diacetylenes 

Even though diacetylenes r eac t  e a s i l y  with hydrazines to pyrazoles, 

no open-chained adducts have been so f a r  repor ted .  I n  1968, two groups 

described the formation of pyrazoles from diacetylenes and hydrazine in 

good y ie lds .  129 , 130 
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~H~ ~ cpCH2R a )  R = H  
b )  R = CH3 

c )  R = Ph 

d )  R = CH20H 
R R CGC- CG C R 

H 
218 
_. 

The f o r m a t i o n  o f  p y r a z o l i n e s  f rom b u t e n y n y l c a r b i n o l s  and hyd raz ine  
131 hyd ra te  i n  good y i e l d s  had p r e v i o u s l y  been descr ibed.  

/ H3 
CH-C-OH 

H2C=C H-CGC- C< ,CH3 0 H N2% > (---J ‘cH3 

H CH3 

Anhydrous monoal k y l  hyd raz i  nes p r e f e r e n t i a l l y  l e a d  t o  t h e  3-a1 k y l  pyra-  

zo les  - 140a and 3 w h i l e  i n  wa te r  t h e  f o r m a t i o n  o f  5 - a l k y l p y r a z o l e s  

and 221a and 221b i s  prefer red.13’  D ipheny ld iace ty lene  gave o n l y  222 w i t h  

hyd roxye thy l  hyd raz ine  .I3’ Semi carbaz ide g i v e s  t h e  two isomers 220b and 

__ 132, b u t  f rom l Y 3 - p e n t a d i y n e  o n l y  223 was ob ta ined .  133 

CH3 

H C X -  C z C  H RNHNH25 0 
H 3 C q  

R 
Y 
R 

140a R = CH3 141a R = CH3 

220a R = C2H5 221a R = C2H5 

- - 

- - 
- b R = CONH2 - b R = CH2-CH20H 

132 R = CONH2 - 
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REACTIONS OF ACETYLENES WITH HYDRAZINES 

PhCH2 

CH2CH3 0 I 

6. H2CH2 0 H CONH2 

222 - 223 - 

Compound has a l s o  been p repared  by f i r s t  add ing  p r i m a r y  o r  secon- 

dary arnines t o  d i a c e t y l e n e  f o l l o w e d  by  hyd raz ine .  I n  t h i s  way 138b was 

o b t a i n e d  w i t h  phenylhydraz ine.  134 

Base-cata lyzed a d d i t i o n s  o f  py razo les  t o  d i a c e t y l e n e  gave t h e  s imp le  

135 adducts, e.g. 224. 

Ph 
138b 

C H=CH- C-C H 
224 -. 
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