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Abstract- Benzaldehyde phenylhydrazone with dimethyl acetylenedicarboxylate gives dimethyl 
1,3-diphenylpyrazoline-4,5dicarboxylate, dimethyl 1,3-diphenylpyrazole-4,5-dicarboxylate and tri- 
methyl I-phenylpyrazole-3,4,5-tricarboxylate; pchlorobenzaldehyde phenylhydrazone gives tri- 
methyl I-phenyl-3,4,5+icarboxylate and 1,2-(bis-phenylazo)- 1,2-di-p-chlorophenylethane. Under 
similar conditions, ptolualdehyde phenylhydrazone gives only trimethyl I-phenylpyrazole-3,4,5- 
tricarboxylate. Acetophenone phenylhydtazone with dimethyl acetylenedicarboxylate gives dimethyl 
1,3-diphenylpytazole-4,5-dicarboxylate. Benzophenone phenylhydrazone, on the other hand, gives a 
mixture of dimethyl 1,3-diphenylpyrazoline-4,5-dicarboxylate and dimethyl 1,3_diphenylpyrazole-4,5- 
dicarboxvlate. Benzvl methvl ketone and dimethvl acetylenedicarboxylate gives an enamine maleate, 
which is ihe Michaeladditioh product. 

The reactions of a few Schiffs bases with acety- 
lenic esters have been reported.* Benzalaniline, for 
example, reacts with dimethyl acetylenedicarboxy- 
late to give dimethyl c&enzal-cr’-phenyliminosuc- 
cinate. It has been suggested that this product is 
formed through the reaction of the aniline addition 
product with benzaldehyde. Both banzaldehyde 
and aniline have been assumed to be formed through 
the hydrolysis of benzalaniline, under the reaction 
conditions. The reactions of benzalmethylamine, 
cinnamalaniline and cinnamalmethylamine, with 
dimethyl acetylenedicarboxylate, on the other hand 
give rise to the corresponding dihydropyridine 
derivatives.S*4 

There are only a few reported examples of the 
reactions of aldehyde and ketone phenylhydrazones 
with acetylenic esters. Benzaldehyde phenylhydra- 
zone, has been reported to undergo an addition 
reaction with ethyl phenylpropiolate to give rise to 
ethyl 1,3 ,U-iphenylpyrazole-4-carboxylate. 5 Simi- 
larly, pnitrobenzaldehyde phenylhydrazone reacts 
with ethyl phenylpropiolate giving rise to the corre- 
sponding pyrazole derivative.5 The reaction of an 
aldehyde phenylhydrazone such as propionalde- 
hyde phenylhydrazone with dimethyl acetylenedi- 
carboxylate has been reported to give an unidenti- 
fied product.5 Recently, Nelson has reported the 
reaction of acetone dimethylhydrazone with di- 
methyl acetylenedicarboxylates and has shown 
that products such as dimethyl N-isopropylidine- 
N-dimethylamino-2-aminomaleate and a dihydro- 

*To whom enquiries should be addressed. 

pyridine derivative are formed. It has been sug- 
gested that the formation of ooth these products is 
through a zwitterionic intermediate, arising through 
nucleophilic attack of the imino nitrogen. 

The object of the present investigation was to 
examine the reactions of a few aldehyde and ketone 
phenylhydrazones with dimethyl acetylenedicar- 
boxylate, and to study the products formed. 

Treatment of benzaldehyde phenylhydrazone (1) 
with dimethyl acetylenedicarboxylate (2) around 
150” resulted in the formation of a 3% yield of di- 
methyl 1,3-diphenylpyrazoline-4,5dicarboxylate 
(5), a 16% yield of dimethyl 1,3-diphenylpyrazole- 
4,5dicarboxylate (6) (Scheme 1) and a 5% yield of 
trimethyl 1 -phenylpyrazole3,4,5-tricarboxylate 
(9) (Scheme 2). The structures of 5 and 6 were es- 
tablished on the basis of analytical data, spectral 
evidences and independent syntheses.’ It was also 
observed that 5 undergoes dehydrogenation in 
presence of chlotanil to give 6. A probable route to 
the formation of 5 and 6 is shown in Scheme 1. In 
this scheme we assume that benzaldehyde phenyl- 
hydrazone initiates the nucleophilic addition to 
dimethyl acetylenedicarboxylate, leading to zwit- 
terionic intermediate 3 which then cyclizes to give 
the pyrazoline 4. Isomerization of 4 would result in 
the formation of the pyrazoline 5, which on dehy- 
drogenation would give the pyrazole 6. It is quite 
possible that dimethyl acetylenedicarboxylate it- 
self is bringing about this dehydrogenation and 
most probably through a free-radical process. 

The structure of trimethyl l-phenylpyrazole- 
3,4,5-tricarboxylate (9) has been established on the 
basis of analytical and spectral data. The IR spec- 
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trum of 9 showed a characteristic ester carbonyl 
band at 1730cm-‘. The UV spectrum of 9 in 
MeOH showed an absorption maximum at 250 nm 
(E 6,800), as present in a number of pyrazoles.* The 
NMR spectrum of 9 showed a multiplet centred 
around 6 7.46 (5H) due to the aromatic protons. In 
addition, the spectrum showed two singlets at 63.95 
(6H) and 6 3.80 (3H) due to the ester methyl pro- 
tons. The mass spectrum of 9 showed a molecular 
ion peak at m/e 3 18. 

A probable route to the formation of 9 is through 
a Diels-Alder type addition of pyrazole 6 with 
dimethyl acetylenedicarboxylate leading to inter- 
mediate 8 which can undergo a retro Diels-Alder 
type reaction, as shown in Scheme 2. 

The reaction of pchlorobenzaldehyde phenyl- 
hydrazone with dimethyl acetylenedicarboxylate in 
refluxing MeOH gave a 19% yield of 9 and a 30% 
yield of 1 ,Z(bis-phenylazo)- 1 ,Zdi-pchlorophenyl- 
ethane (13). The UV spectrum of 13 in CHCl, 
showed absorption maxima at 222 nm (E, 47,000) 

276 (24,000) and 402 (500), characteristic of bis- 
azoalkanes.8 The NMR spectrum of 13 showed a 
multiplet centred around 6 7.2 ( 18H) due to the aro- 
matic protons. The methine protons appeared as a 
sharp singlet at 6 546 (2H). The mass spectrum of 
13 showed a molecular ion peak at m/e 458. 

A probable route to the formation of 13 is shown 
in Scheme 3. In this scheme we assume that p 
chlorobenzaldehyde phenylhydrazone (11) under- 
goes oxidation to a free-radical intermediate 124 
probably brought about through the action of di- 
methyl acetylenedicarboxylate at high tempera- 
tures. The pseudo allylic radical 12b can then un- 
dergo a C-C coupling to give the bisazoalkane 13. 
In this connection, it might be mentioned that the 
oxidation of aromatic aldehyde phenylhydrazones 
to bisazoalkanes are reported to proceed through 
such free-radical intermediates.g 

From the reaction of ptolualdehyde phenylhy- 
drazone with dimethyl acetylenedicarboxylate, the 
only product that could be isolated was 9 (11% 
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yield); none of the pyrazoline and pyrazole, corre- 
sponding to 5 and 6 could be isolated. 

If the formation of pyrazoline and pyrazole de- 
rivatives from the reaction of benzaldehyde phenyl- 
hydrazone with dimethyl acetylenedicarboxylate 
is proceeding through intermediate 3 (Scheme l), 
then it would be reasonable to assume that the 
cyclization step is favoured if the nucleophile con- 
tains a good leaving group, which will be displaced 
intramolecularly as in the case of cr-chlorobenzal- 
dehyde phenylhydrazone (7). Treatment of 7 with 2 
around 180-190” in a sealed tube and in the ab- 
sence of any base gave a 64% yield of 6. It is known 
that 7 undergoes dehydrohalogenation in presence 
of organic bases to give N,C-diphenytitrileimine 
(15) and therefore, we felt it necessary to check 
whether 15 is formed under the thermal conditions. 
Heating 7 alone for 1 h around 100-190” resulted 
in IO% yield of 2,3,5,6-tetraphenyl-2,Mihydrote- 
trazine (16)‘O showing thereby, that only a small 

amount of 7 is being converted to 16 under our 
reaction conditions. It would, therefore, be reason- 
able to assume that reaction of 7 with dimethyl 
acetylenedicarboxylate is probably proceeding 
through intermediate 14 (Scheme 4). 

In continuation of our studies we have examined 
the reactions of some ketone phenylhydrazones 
with dimethyl acetylenedicarboxylate. Heating a 
mixture of acetophenone phenylhydrazone (17) 
with 2 at 190” in a sealed tube for 30 min. gave 57% 
yield of 6. A probable route to the formation of 6 is 
through the zwitterionic intermediate 18 (Scheme 
5). Intermediate 18 can undergo cyclization to give 
pyrazoline 19 which loses elements of methane 
under the reaction conditions, resulting in the for- 
mation of pyrazole 6. The loss of methane may 
probably be taking place through a free-radical 
process, brought about by dimethyl acetylenedi- 
carboxylate. Similarly, from the reaction of benzo- 
phenone phenylhydrazone (20) with dimethyl 
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acetylenedicarboxylate a 38% yield of 6 was iso- 
lated. In addition, a small amount (10%) of 5 was 
also isolated. The formation of pyrazole 6 may be 
rationalized through the zwitterionic intermediate 
21, which gives rise to pyrazoline derivative 22 and 
this ultimately loses benzene resulting in the for- 
mation of 6 (Scheme 5). In this connection it might 
be mentioned that such an elimination reaction in- 
volving the loss of benzene has been reported in the 
reaction of N-phenyl-C-methylsydnone with 1, l- 
diphenylethylene. l1 The exact mode of formation 
of 5, however, is not clear. It might arise through a 
free-radical type of hydrogen transfer to the pyra- 
zole or any other intermediate. 

To discover whether a pyrazole derivative is 
formed in the reaction of benzyl methyl ketone 
phenylhydrazone (23) with dimethyl acetylenedi- 
carboxylate, we treated 23 with 2 and obtained a 
product identified as 24 (Scheme 6) in 35% yield. 

EXPERIMENTAL 

Benzaldehyde phenylhydrazone, m.p. 156”, pchloro- 
benzaldehyde phenylhydrazone, m.p. 132”,ptohtaldehyde 
phenylhydrazone, m.p. 112-l 133 a?-chlorobenzaldehyde 
phenylhydrazone, m.p. 1313 acetophenone phenylhy- 
drazone, m.p. 105”, benzophenone phenylhydrazone, m.p. 
137“ and benzyl methyl ketone phenylhydrazone, m.p. 85” 
were prepared by literature methods. 

Reaction of benzaldehyde phenylhydrazone with di- 
methyl acetylertedicarboqlate. 1 (15 g, 0.076mol) and 2 
(11 g, 0.077mol) were heated at 145” for 10 min. The 
mixture which became a brown homogenous mass was 
left at room temp for 20 h. The red-brown mass was tri- 
turated with MebH to give 4.5 g (16%) of dimethyl 1,3- 
diphenylpyrazole-4.5~dicarboxvlate (6). mu. 154- 155”. 
after recr&llization from MdOH. (Found:. C, 67.9; H; 
4.8; N, 8.4. Ci9HraN,0, requires, C, 67.8; H, 4.8; N, 
g-3%.) IR (KBr): 1739 cm-’ (C=D); UV (MeOH): 232 
nm (E, 18,000); NMR (CDCIJ: S 750 (lOH, aromatic), 
3.82 (3H, carbomethoxy), 380 (3H, carbomethoxy). 

Further confirmation of 6 was derived by comparison of 
its m.p. and IR spectrum with that of an authentic sample. 

Removal of solvent from the mother liquor gave a 
residue which was chromatographed over alumina. Elu- 
tion with a mixture (1: 1) of benzene and petroleum ether 
(b.p. 60-80”) gave 0.7g (3%) of dimethyl 1,3-diphenyl- 
pyrazoline-4,5-dicarboxylate (3, m.p. 1549 after recry- 
&a&&ion from MeOH. (Found: C,67.7; H, 5.1; N, 8.3; 
Mol. Wt. (MS), 338. ClsH&lIOe requires: C, 67.5; H, 
5.3; N, 8.3%; Mol. Wt., 338). LR (KBr): 1724cm-1 
(C=O); UV (MeOH): 244nm (E, 15,000), 302 (6,000), 
356 (18.000): NMR (CDCL): 8 7,50(10H. aromatic). 5.30 
(lH,‘ m&hi&, 4.70‘(lH, methine),‘3.85’(3H, carbome- 
thoxy) and 3.8 (3H, carbomethoxy). 

Further confirmation of the structure of 3 was derived 
by its conversion to 6, on treatment with chloranil. Re- 
fluxing a mixture of 5 (0.5 g, 1.4 mmol) and chloranil (O-37 
g, 1.4 mmol) in xylene for 42 h and work-up in the usual 
manner gave a 98% (0.33 g) of 6, m.p. 154-155” (m.m.p.). 

Subsequent elution of the alumina column with benzene 
gave 1.2 g (5%) of trimethyl I-phenylpyrazole-3,4,5-u& 
carboxylate (9), m.p. 8S”, on recrystallization from MeOH. 
(Found: C, 56.8; H, 4.7; N, 9.0; Mol. Wt. (MS), 318. 
Cu,H1,NeOa requires: C, 56.6; H, 4.4; N, 8.8%; Mol. Wt., 
3 18). IR (KBr): 1730 cm-’ (C=O), UV (MeOH): 250 
nm (e, 6,800); NMR (CDCIJ: 746 (5H, aromatic), 3.95 
(6H. carbomethoxv), 380 (3H, carbomethoxy). 

Reaction of p:chlorob&zaldehyde phe&hydrazone 
with dimethyl acetylenedicarboxylate. 11 (2.30 g, 0.01 
mol) 2 (1.42 g, 0.01 mol) in 25 ml MeOH were refluxed for 
24 h. Solvent removal gave a red viscous liquid which was 
chromatographed on shunina. Elution of the column with 
petroleum ether (b.p. 60-80”) and benzene mixture (3 : 1) 
gave 0.37 g (30%) of 1,2-bisphenylazo- I ,2-di-p-chloro- 
phenylethane (13), m.p. 174”, after recrystallization from 
EtOH. (Found: C, 67.8; H, 4.3; N, 11.9; Mol. Wt. (MS), 
458. C2,J&N4C12 requires: C, 68.0; H, 4.4; N, 12.2%; 
Mol. Wt., 458. UV (CHQ): 222 mn (E, 47,000), 276 
(24,000), 402 (500); NMR (CC&): 87.20 (18H, aromatic), 
546 (2H, methine). 

Further elution with benzene gave 0.62g (19%) of 9, 
m.p. 89”(m.m.p.). 

Reaction of p-tolualdehyde with dimethyl acetylenedi- 
carboxylate. A mixture of ptolualdehyde phenylhydra- 
zone (2.1 g, 0.01 mol) and dimethyl acetylenedicarboxy- 
late (1.42 g, 0.01 mol) was heated in a sealed tube at 150” 
for 1 h. The reddish brown liquid was chromatogmphed 
over alumina Elution with benzene gave 0.35 g (11%) of 
9, m.p. 89”(m.m.p.). 

Reaction of a-chlorobenzaldehvde ohenvlhvdrazone 
with dimethylhcetylenedicarboxyla~e. 7’(1-4 i, 0~006mol) 
and 2 (2.6 a, 0.018) were heated in a sealed tube at 185”for 
1 h. The dark brown viscous mass was triturated with 
MeOH to give 1.3 g (64%) of 6, m.p. 154”; no depression 
in m.p. of 6, when mixed with an authentic sample. 
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Pyrolysis of a-chlorobenzaldehyde phenylhydrazone. 
cy-Chlorobenzaldehyde phenylhydrazone was heated in a 
sealed tube at 190” for 1 h. The dark brown mixture was 
chromatographed on alumina Elution with amixture (1: 1) 
of petroleum ether (b.p. 60-809 and benzene gave 0.14 g 
(10%) 2,3,5,6-tetraphenyl-2,5dihydrotetrazine (16), m.p. 
210” after recrystallization from MeOH. (Found: C, 808; 
H, 5.1; N, 14.2. C&H&, requires: C, 80.4; H, 5.2; N, 
14.4%) UV (MeOH): 270 nm (e, lO,OOO), 330 (16,000). 

Reaction of acetophenone phenylhydrazone with di- 
methyl acetylenedicarboxylate. Acetophenone phenyl- 
hydrazone (2.1 g, O-01 mol) and 2 (1.42g, 0.01 mol) were 
heated at 190”in a sealed tube for 30 min. The dark brown 
mixture was chromatographed over alumina using ben- 
zene to give 1.7g (59%) of 6, m.p. 154”(m.m.p.). 

Reaction of benzophenone phenylhydrazone with di- 
methyl acetylenedicarboxylate. A mixture of benzo- 
phenone phenylhydrazone (2.72 g, O-01 mol) and 2 ( 1.42 g. 
0.01 mol) was heated in a sealed tube at 1909 Work-up of 
the mixture in the usual manner gave 1.42g (38%) of 6, 
m.p. 154”(m.m.p.), after recrystallization from MeOH. 

Further elution of the column with a mixture (1: 1) of 
petroleum ether (b.p. 60-80”) and benzene yielded 0.3 g 
(10%) of 5, m.p. 154”(m.m.p.). 

Reaction of benzyl methyl ketone phenylhydrazone with 
dimethyl acetylenedicarboxylate. Benzyl methyl ketone 
phenylhydrazone (2.24 g, 0.01 mol) and 2 (1.42 g, 0.01 mol) 
were heated at 150” in a sealed tube for 2 h. The reddish 
brown viscous liquid on trituration with MeOH gave a 
product identified as 24 (1.28g, 33%), m.p. 1483 after 
recrystallization from MeOH. (Found: C, 68.8; H, 6.5; 
N, 7.3; Mol. Wt. (MS), 366. C&H,,N,O, requires: C, 

68.9; H, 6.0; N, 7.7%, Mol. Wt., 366). IR (KBr): 1724 
cm-* (C=O); 1587 cm-i (C=C); UV (MeOH): 286 nm 
(c, 1,000). 
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