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A series of imidazole-i-carbnhydrazides and l-methylimidazole-.o-carbohydrazides wa< synthesized eithei1 by 
the hydrazinolysis of methyl imidazole-4(5)-cai'boxylates or reduction of appropriate hydrazones. The molecu
lar structure of these compounds was proved by analysis and spectroscopy. The biological evaluation for their 
MAO inhibitory activity was performed as reported previously.2 Under our experimental conditions, one of the 
compounds, imidazole-4-carboxylic acid 2-benzylhydrazide, manifested activity higher than isocarboxazid, 
which was employed as a control. The others in the series possessed activity about, half of that of isocarboxazid. 
A feature which generally differentiated these compounds from the previously reported dicarbohydrazides was 
their potential to prolong, to n great extent, the sleeping time induced in mice by hexobarbilal. 

Iii our earlier papers,2'-' we have reported the syn
thesis and biological evaluation of a series of imidazole-
4,5-dicarbohydrazides. The structural elucidation of 
these and related molecules leading to an eventual 
establishment of a relationship between ihe stereo
chemistry of this series of compounds and their bio
logical properties has necessitated further investigation 
along this line of research. This paper is the report of 
our investigation on the chemistry and biological prop
erties of a series of imidazole-4-carbohydrazides and 
l-methylimidazole-5-carbohydrazidos. 

Chemistry.-—The start ing compounds methyl imida-
zole-4-carboxylate (I) and methyl 1-methylimidazole-
5-carboxylate (II) were synthesized by a method which 
involved the basic synthetic route reported by Jones."' 
In our hand the procedure, however, required a few 
necessary modifications. As shown in Scheme I. 
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100% formic acid6 was employed in the formylation, 
a step which had to precede alkylation. KO-£-Bu 
rather than XaOlYle needed to be used as a base. 
Finally, the dissolution of etiolate salt in H 2 0 had to 
be omitted. It is noteworthy that despite the use of 
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glycine ethyl ester, the final product of this reaction 
is a Ale ester. This transesterification ocean's during 
the Claisen condensation step of methyl formate with 
X-formylglycine ethyl ester. 

Recently a new method of synthesis of II has been 
reported." which seems to be a simpler method than 
that shown in Scheme I. 

The desired carbohydrazides were prepared by two 
major routes: (1) the hydrazinolysis of the esters I or 
II , and (2) the reduction of hydrazones which in turn 
had been prepared by treating imidazole-4- or 1-
methvlimidazole-5-carbohvdrazide with a ketone or 
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an aldehyde. The molecular structure of the reaction 
products was elucidated by the elemental analysis, tic, 
ir and nmr spectroscopy, and, less frequently, by 
synthesizing derivatives. The interaction of 1 or II 
with various hydrazines gave the following products; 
imidazole-4-carbohydrazide ( I I I ) , imidazole-4-carbox-
ylic iicid 2-methylhydrazide (IV), 1-methylimidazole-
5-carbohydrazide (\ r), and l-methylimidazole-5-carbox-
ylic acid 2-metliylhydrazide (VI). The emergence of a 
single product rather than a mixture of two possible 
isomers, in the case of the ester -niethylhydrazine 
interaction, was revealed by tic (single spot) and nmr 
(single CHapeak) . The position of the ( ' l is group in the 
hydrazine moiety of IV and VI was assigned to X2 by 
comparing their nmr spectra with the carbox-
amides, imidazole-4-earboxylic acid methylamide (ATI) 
and l-methylimidazole-5-carboxylie acid methylamide 
(VIII) , which were prepared by treating the esters, 
separately, with methylamine. The position of the 
CH3 peaks of IV and VI was identical, <5 2.53, and the 
position for the deshielded Clin peaks of amides VII 
and VII I were doublets at 5 2.S3 and 2.79, respectively. 
The doublet arises as a result of a partial C :--X char
acteristic which is due to the conjugation of ihe lone 
pair of electrons in X with (.---• -(.). This spectrometric 
structural proof was substantiated chemically by ob
serving the unrcactivily of the reaction products with 
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ketones and aldehydes, an indication of the absence of 
NH2. As has been indicated,4 the N-N bond cleavage 
of imidazolecarbohydrazides with Raney nickel for 
preparing amides for structural proof was not success
ful, apparently due to the complexation of imidazole 
with Ni. 

The reaction of I with phenylhydrazine on a pro
longed heating provided imidazole-4-carboxylic acid 
2-phenylhydrazide (IX). Attempts to prepare the 
anilides of I or II for structural proof was unsuccessful. 
This refractoriness was ascribed to both the steric effect 
and the less basic nature of the X of aniline. However, 
since neither of the esters, I or II, reacted with cyclo-
hexylamine, steric factors seemed to be dominant. 
The assignment of the position of Ph in IX was on the 
basis of its inertness toward ketones or aldehydes, simi
lar to their Me analogs. 

Phenylhydrazine did not react with II even when the 
react ants were placed in a sealed tube and heated at 
120° for 60 hr. No change was observed by conducting 
the sealed-tube reaction under X2, perhaps due to the 
steric effect of the Me group. 

The hydrazides whose synthesis did not materialize, 
either due to the difficulty in acquiring certain substi
tuted hydrazines or because of the lack of reactivity of 
certain hydrazines with esters I or II, were prepared via 
the reduction of their appropriate hydrazones. The 
catalytic hydrogenation of the hydrazones at a high 
temperature using PtOo was somewhat satisfactory 
with R2 and R3 as H or CH3. With R2 = Ph, this re
duction, however, did not proceed. Attempted hydro-
genations in the presence of Ru, Rh, or Pd on alumina 
or on charcoal were also unsuccessful. The reducing 
potential of various metal hydrides in a number of 
polar and nonpolar solvents was then explored. An 
aqueous solution of NaBH4 was revealed to be the most 
valuable agent for converting carbohydrazones to 
their corresponding carbohydrazides. This method, 
whose mechanism, scope, and limitation has been re
ported,8 possesses the virtue of being swift and simple, 
in addition to providing a high yield of the desired 
hydrazides. 

The following hydrazones were prepared by treating 
III or V individually with acetone or benzaldehyde: 
imidazole-4-carboxylic acid 2-isopropylidenehydrazide 
(X), imidazole-4-carboxylic acid 2-benzylidenehydrazide 
(XI), l-methylimidazole-5-carboxylic acid 2-isopropyl
idenehydrazide (XII), and l-methylimidazole-5-car-
boxylic acid 2-benzylidenehydrazide (XIII). 

The corresponding reduction products of these hy
drazones are imidazole-4-carboxylic acid 2-isopropyl-
hydrazide (XIV), imidazole-4-carboxylic acid 2-benzyl-
hydrazide (XV), l-methylimidazole-5-carboxylic acid 
2-isopropylhydrazide (XVI), and 1-methylimidazole-
5-carboxylic acid 2-benzylhydrazide (XVII). The 
molecular structure of these compounds was proven 
analogous to the previous compounds. 

Experimental Section 

Melting points were determined in open capillary tubes in a 
Thomas-Hoover melting point apparatus and those below 230° 
were corrected. All evaporations were made in vacuo from 
rotatory evaporators. Ir spectra were determined in KBr with a 
Beckman IR 8 instrument, and nmr spectra with a Varian A-60 

spectrophotometer at ambient temperature (Me4Si), DMSO-d6 

solvent. Elemental analyses were done by the Microanalytical 
Laboratory, Department of Chemistry, University of Texas at 
Austin, and in part by Schwarzkopf Microanalytical Laboratory, 
Woodside, N. Y. 

Imidazole-4-carboxylic Acid Hydrazide (III).—To 1.2 g (0.01 
mole) of I was added 2 g (0.06 mole) of dry (NH2)2. The solid, 
which was produced after 5 min of heating under reflux at 60°, 
was washed with E t 2 0 and crystallized from MeOH to give 1.1 g 
(91%) of III , mp 200-201° ("lit.9 mp 203-204°). This reaction 
proceeds equally well in n-BuOH. 

Except for heating the reactants for 2 hr, IV was svnthesized 
analogous to I I I ; yield 64%, mp 220-221°. Anal. (C.HsN^O) 
C, H, N : calcd, 39.98; found, 39.36. The completion of this 
reaction in the presence of n-BuOH required 6 hr of heating. 

l-Methylimidazole-5-carboxylic Acid Hydrazide (V).—To 
0.7 g (0.005 mole) of I I was added 1.0 g (0.03 mole) of dry 
(NHj).. The solid, which had been afforded after 15 min of 
heating under reflux at 70°, was washed with Et 2 0-MeOH and 
crystallized from MeOH to give 0.6 g (85%) of V, mp 182-184° 
(lit.9 mp 188-189°). The completion of this reaction in the 
presence of w-BuOH required 1 hr of heating. 

Except for heating the reactants for 36 hr and using EtOAc-
MeOH (90:10) as crystallizing solvent, VI was synthesized 
analogous to V; vield 53%, mp 135-136°. Anal. (C6H10N4O) C, 
H, N. 

ImidazoIe-4-carboxylic Acid 2-Phenylhydrazide (IX).—To 0.6 
g (0.005 mole) of I was added 1 g (0.01 mole) of phenylhydrazine. 
The mixture was heated under reflux at 80° for 48 hr. A yellow 
solid which had been formed at this time was washed with E t 2 0 
and crvstallized from MeOH to give 0.65 g (65%) of IX, mp 
226-228°. Anal. (Ci0Hi0N4O) C, IT, N. No product was formed 
if n-BuOH was used as a solvent. 

Imidazole-4-carboxylic Acid 2-Isopropylidenehydrazide (X).— 
A suspension of 1.2 g (0.01 mole) of III in 50 ml of dry Me2CO-
MeOH (50:25) was heated under reflux for 20 min. The solution 
was evaporated. The residue was crystallized from EtOAc-
MeOH to give 1.4 g (87%) of X, mp 228-230°. Anal. (C7H1(r 

N 4 0 ) N ; C: calcd, 50.59; found, 50.03; II : calcd, 6.07; found, 
5.46. 

Compound X I I was prepared bv an analogous method; yield 
92%, mp 186-188°. Anal. (C8H12N40) C, H, N. 

Imidazole-4-carboxylic Acid 2-Benzylidenehydrazide (XI).— 
To 1.8 g (0.015 mole) of I I I was added 8-10 ml of benzaldehyde 
(chlorine free). The mixture was heated under reflux at 50-60° 
for 45 min under dry N2. The pale yellow solid, which had been 
separated, was washed with E t 2 0 and crystallized from 40% 
MeOH in H 2 0 to give 2.7 g (90%) of XL mp 224-226°. Anal. 
(CnH10N4O) C, H, N. 

Compound XI I I was synthes'zed by an analogous method; 
yield 84%, mp 176-178°. Anal. (Ci2Hi2N40) C, H, N. 

Imidazole-4-carboxylic Acid 2-Isopropylhydrazide (XIV).—To a 
suspension of 0.8 g (0.005 mole) of X in 25 ml of H 2 0 was added 
0.4 g (0.01 mole) of NaBH4. The mixture was heated at 70° 
for 45 min. The solution was evaporated to about 8 ml wherein 
a white solid was precipitated. The solid was filtered and washed 
with a few milliliters of cold H 2 0 and then crystallized from 80% 
MeOH in H 2 0 to give 0.6 g (70%) of XIV, mp 159-161°. Anal. 
(C,Hi2N4O-0.25H2O) C, H, N: calcd, 32.44; found, 33.05. 

Compound XV was prepared bv an analogous method; yield 
90%, mp 157-158°. Anal. ( C u I I ^ O ) C, H, N : calcd, 25.91; 
found, 25.40. 

l-MethylimidazoIe-5-carboxylic Acid 2-Isopropylhydrazide 
(XVI).—To a suspension of 0.9 g (0.005 mole) of XII in 40 ml of 
H 2 0 was added 0.6 g (0.015 mole) of NaBH4. The mixture was 
heated under reflux at 75° for about 30 min. After evaporating 
to about 15 ml, the solution was extracted with two 30-ml por
tions of Et 2 0. The combined Et 2 0 extracts was dried (Na2S04). 
Evaporation of the solvent gave a solid which was crystallized 
from PhH containing a few drops of MeOH to afford 0.8 g (86%) 
of XVI, mp 128-130°. Anal. (C8H„N40) C, H, N. 

Compound XVII was synthesized by an analogous procedure. 
However, due to the hygroscopic nature of the base, its dihydro-
chloride salt was prepared bv bubbling IIC1 into the solution of 
XVII in E t 2 0 ; vield 70(V, nip 193-195°. Anal. (C-H.eOUS^O-
0.5H2O) C, H, N. 

Pharmacology. MAO Inhibition.—The biological evaluation 
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X H - N H : 
N H N H C t h 
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N H N = C ( C U i ) . 
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Oral 
dose, 

m m o l e / 
kg 

(1.275 
0.275 
0. 275 
0 275 
0.275 
0.275 
0.275 
0.275 
0.275 
0.275 
0.138 
0.275 
0.275 
(I. 138 

Act. 
pr ior t o 

reserp ine 
(2 mg/ 'kg) 
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Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Inc reased 
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Increased 

COR. 
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-Mean 
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.00 
10 
50 

Hi 
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.HexoOarl 
induced 

sleep tint 
min'1 

8 .2 ± t 
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Hexobarbilal was given iniraperitoneally (.V> 
sis and hypothermia test, and hexobarbital in 
tistered. 

mg kg) 2 hr after intubation c 
sleeping time prolongation test 
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0. 1 
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0 . 2 
0. I 
0. 2 
0 . 2 
0. I 
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0 1 
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I) 1 
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0 1 
0 . 2 

3 2 . 3 
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34 2 
33.3 

3,4.9 ± 0 . 1 
3 3 . 9 t 0 . 5 
3,3.2 ± 0 . 4 

0 . 2 
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3 2 . 4 i 0 . 4 
3 2 . 3 ± 0 . 3 
3 2 . 8 ± 0 . 8 
3 5 . 8 -T- 0 .4 
34 2 ~ 0 . 3 
3 2 . 5 t 0 . 3 
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29. 2 
3 0 . 9 
3 3 . 1 
32 0 
32 9 
30. 4 
3 2 . 3 
3 2 , 0 
31 . 5 
3 2 . 3 
3 3 . 4 
3 5 . 6 
33 , 9 
3 1 , 0 
3 1 . 2 

0, 1 
1.3 
0 . 8 
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0 5 
1 .2 
0 . 2 
0 .6 
0 . 7 
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0 .4 
0 . 5 
0 .4 
0 7 

29 .2 
3 2 . 5 
3 1 . 1 
3 2 . 2 
3 1 . 2 
31 .9 
3 2 . 8 
3 3 . 2 
3 3 . 3 
32 5 
3 3 . 3 

compound. " Control implies re>ei'i 
jase form rather than the HC1 salt w 
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-.:.- 0 5 
i 0 .1 
:t 0 . 9 
i 1 1 
r 0 . 2 
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.• 0 li 
I- 0 •'. 
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oi the compounds, listed in Table I, for MAO inhibitory activity 
was carried out as previously reported.2 The tests consisted of 
the reversal of reserpine-induced ptosis and hypothermia and 
hexobarbital sleeping-time prolongation. 

Results and Discussion 

The result of the present and previous investigation4 

indicates tha t the reactivity of dimethyl imidazole-
4,5-dicarboxylate and its 1-methyl derivative with 
hydrazine was greater than their monoester analogs I 
or I I . This higher rate of reaction of diesters can be 
at t r ibuted to the existence of a quasi-bicyclic structure 
(XVII I ) , in which the elimination of OR group is 
facilitated. 

0 R 

VR 

0 ^OR 
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The variations among the C-—O stretching in the ir 
spectra of the esters, however, was not substantial to 
render support for the presence or absence of X V I I I . 

As compared with I, the reactivity of I I with hydra
zines, due to steric and /o r electronic influence of the 
CHa group, is retarded. 

As illustrated in Table I, the 3.IAO inhibitory ac
tivity of the imidazole monohydrazides is in general 
somewhat higher than their dihydrazide analogs.2 '4 

Of particular interest is the significant activity mani
fested by XV (see Table I) . This activity tit the pres
ent can not. be related to any particular moiety in the 
molecular structure of these imidazolecarbohydrazides. 
The absence of comparable activity in XVII , the ring-
methyl-substituted analog of XV, is an indication of 
the necessity for further investigation in the series. 
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The synthesis and anthelmintic activity of a group of aminopentadienylideiieammonium salts is described. 
Compounds in which the N atoms were part of a pyrrolidine or piperidine ring were effective against common 
gastrointestinal nematodes of sheep and had prophylactic activity in protecting swine from infections of Ascaris 
suum. 

Schiff bases of glutaconaldehyde have been widely 
used as chemical intermediates, particularly in the syn
thesis of azulenes, and have been the subject of exten
sive spectroscopic investigations. Their effects on bio
logical systems do not appear to have been investigated 

previously, and if was considered of interest to prepare 
compounds of this class (Table I) for evaluation as an
thelmintics because of their similarity to other cyanine 
dyes with known anthelmintic potency. 

Chemistry.--The general method of preparation of 


