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Semicarbazidoacetic acid (Va) or its cyclohexylammonium salt Vb and 1-benzylsemicarbazide 
(Vc) when boiled with benzaldehyde in aqueous ethanol or in acetic acid gives 2-benzylidene-l-car-
bamoylhydrazinoacetic acid (Via) or its cyclohexylammonium salt VI and l-benzylidene-2-ben-
zylsemicarbazide (Vic), respectively. Under analogous conditions 1-phenylsemicarbazide (Ftf)and 
1-benzoylsemicarbazide (Ve) split off the carbamoyl group giving rise to N-phenyl-N'-benzylide-
nehydrazine (Villa) and N-benzoyl-N'-benzylidenehydrazine (Vlllb) resp. l-(j7-Toluenesulfonyl)-
semicarbazide and l-(p-acetamidobenzenesu]fonyl)semicarbazide cyclize under the effect of 
benzaldehyde to 3-phenyl-4,5-dihydro-l,2,4-triazol-5-one (IX). 

Recently we described1 the reaction of three types of cyclic hydrazides with six-
membered rings (type A), i.e. hexahydropyridazin-3-one (//), cyclic succinic acid 
hydrazide (III), and hexahydro-l,2,4-triazine-3,5-dione (IV) with benzaldehyde, 
leading to N-benzylidene derivatives of isomeric substances with a five-membered 
ring (type B). Formally the reaction consists in a rearrangement of cyclic 1,2-di-
substituted derivatives of hydrazine to cyclic 1,1-disubstituted derivatives. The same 
reaction has already been described earlier2 with 1,2,3,4-tetrahydrophthalazinedione 
(/). The reaction products were in all instances of the same type, so that it could be 
expected that the mechanism of their formation would also be the same. However, 
as in no case we were able to obtain the intermediary product of this reaction its 
course can be estimated only indirectly. 

Two mechanisms may be considered. The first is the isomerization of substance 
A to B, and the reactions of B with benzaldehyde to stable benzylidene derivative. 
In the second case it may be supposed that the primary reaction of substance A with 
benzaldehyde affords the unstable product A' which is then converted to the stable 
benzylidene derivative of substance B. Of course, it is not excluded that in the case 
of some of the substances investigated both mechanisms may be operative parallelly. 

With phthalazinedione I the isomerization A -> B has not been observed either by 
us or by other authors2. We were also unable to prove it in the case of triazinedione 
IV. In both these cases the formation of a non-isolated unstable intermediate A' may 
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be expected which was also already considered by Drew and Hatt2 in the case of 
substance I. In contrast to this we found that at elevated temperatures the substances 
II and III do indeed undergo a partial isomerization to five-membered isomers B 
even in the absence of benzaldehyde (i.e. to l-amino-2-pyrrolidone or N-aminosuccin-
imide). Hence in these cases the first of the mentioned mechanisms, or at least its 
participation, cannot be excluded. 

In order to verify whether the mentioned reaction is limited to cyclic compounds 
with a possible contraction A -» B only, or whether it is also possible in some other 
substances with the hydrazide group, we had to apply it in this study to acyclic ana-
logues of substance IV; 1-substituted semicarbazides maybe considered such substances. 

Among 1-substituted semicarbazides semicarbazidoacetic acid (Va) as well as 
its cyclohexylammonium salt Vb are most similar to substance IV. Substances Va 
and Vb are also formed on hydrolysis3 of substance IV. Refluxing of substances Va 
and Vb with benzaldehyde in aqueous ethanol gave 2-benzylidene-l-carbamoyl-
hydrazineacetic acid (Via) or its cyclohexylammonium salt VIb, from which the acid 
Via can be set free with acetic acid. The structure of substances VI is confirmed by 
their cyclisation to the known 1-benzylideneaminohydantoin4 (VIII) which is also 
formed by direct reaction of substance IVwith benzaldehyde1. A further confirmation 
of its structure is the hydrolysis of hydantoin VIII in the presence of cyclohexylamine, 
affording the salt VIb. 

As another type 1-benzylsemicarbazide (Vc) was used, which was prepared from 
semicarbazide and benzyl chloride in aqueous solution of sodium hydroxide. On 
refluxing of substance Vc with benzaldehyde in acetic acid l-benzylidene-2-benzyl-
semicarbazide (Vic) is formed the structure of which was proved by comparison with 
an authentic sample5. The reaction course in the case of semicarbazides substituted in 
the position 1 with an alkyl group or a substituted alkyl group (substances Va, b, c) 
is therefore analogous to the reaction of the cyclic substance IV. The reaction could 
also serve for a preparative preparation of 2-alkylsubstituted semicarbazides. 
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However, the reactions of 1-phenylsemicarbazide (Vd) and 1-benzoylsemicarbazide 
(Ve) have a different course. From substance Vd N-phenyl-N'-benzylidenehydrazine 
(Vlld) is formed on boiling with toluene, and substance Ve gives on boiling in acetic 
acid N-benzoyl-N'-benzylidenehydrazine (VIIe). Hence in both two last cases the 
splitting off of the carbamoyl group takes place, which could not be prevented even 
when lower-boiling solvents were used. 

1 2 3 4 
R—NH—NH—CONH2 R—N—N=CH—C6H5 R—NH—N=CH—C6H5 

c o n h 2 

V VI VII 

In formulae V— VII 
a, R = CH2COOH e, R = COC6H5 
b, R = CH2COO(-)C6H11NH3

( + ) /, R = /7-CH3C6H4S02 
c, R = CH2C6H5 g, R = /?-CH3 C0.NH.C6H4S02 
d, R = C6H5 

The reaction of further types of 1-substituted semicarbazides, i.e. l-(p-toluene-
sulfonyl)semicarbazide (Vf) and l-(p-acetamidobenzenesulfonyl)semicarbazide (Vg) 
with benzaldehyde takes place with considerably greater difficulty. Only after pro-
longed boiling in acetic acid 3-phenyl-4,5-dihydro-l,2,4-triazol-5-one (IX) was 
obtained. Its structure was proved by comparison with a sample prepared by a known6, 
but slightly modified, procedure, i.e. by oxidative cyclisation of benzylidenecarbazide 
in the presence of ferric chloride in ethylene glycol at 130°C. The comparison of 
both methods of preparation of substance IX also enables the proposition of a probable 
reaction mechanism for the reaction of substances Vf and Vg with benzaldehyde. 
The possibility that benzylidenesemicarbazide is first formed in the reaction with 
benzaldehyde under splitting off of arylsulphonic groups can be excluded, because 
its cyclization to substance IX takes place in the presence of oxidative agents only6. 
Therefore a primary formation of the intermediate X must be assumed, which is then 
dehydrogenated to triazol IX by the splitting off of arylsulfinic acids. 

From the mentioned results the following conclusions can be drawn: 1) The reaction 
of hexahydrotriazinedione IV and its acyclic analogues Va — Vc with benzaldehyde 
takes place in the same manner. Therefore the ring contraction in substance IV may 
be excluded as the first step. On the contrary, it must be supposed that an unstable 
product is formed on reaction with benzaldehyde, which is then stabilized by further 
reaction. 2) The reaction was carried out in various solvents, depending on the 
reaction temperature required and the solubility of the reacting substances. Therefore 
the effect of the solvent on the reaction course is evidently unsubstantial. 3) As 
evident from examples of substances Va — Vg the reaction course with benzaldehyde 
is distinctly affected by the substituent in the position 1. If the quite different course 
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in the case of substances Vf and Vg is excluded, then the splitting off of the carbamoyl 
group in the reactions of substances Vd and Ve is of special interest for our further 
considerations concerning the reaction mechanism. 

The splitting off of the carbamoyl group under the effect of benzaldehyde, and the 
subsequent formation of cyanic acid and the corresponding benzylidenehydrazine 
VII may be illustrated by Scheme 1. In the reaction of substances Vd and Ve 
2-benzylidene-l-phenylhydrazine (VIId) and l-benzoyl-2-benzylidenehydrazine (Vile) 
are the end products, because the readdition of cyanic acid (which could lead to 
substances VI) is impossible. In the case of benzylidenehydrazine Vlld this was 
also demonstrated experimentally7,8. The addition of cyanic acid takes place both 
with phenylhydrazine and benzoylhydrazine9,10 on the nitrogen atom in the posi-
tion 2, so that it cannot take place in benzylidene derivatives Vlld and Vile. 

C 
R — N H — N ^ J ) N — H 

H — C — O H H 

CAH< 

R — N H — N + 0 = C = N H 
11 ' + CH + 

I H2O 
C6H5 

SCHEME 1 

In contrast to aryl- and acylhydrazines alkylhydrazines or their alkylsubstituted 
derivatives do react with cyanic acid on the nitrogen atom in the position 1. Hence, 
if the reaction of substances Va — Vc with benzaldehyde took place in its first step also 
according to Scheme 1, it would be possible to explain the formation of the end 
products Via — Vic by readdition of the cyanic acid to the primarily formed benzylidene 
derivatives Vlla — VIIc. In the case of 2-benzylidenehydrazine-l-acetic acid11, some 

c6H5 

— N H HN ||—C6H5 HN C > j H 

N ^ O C A n - n O ^ N ^ ° S O 2 C 6 H 4 R 
I H 

N = C H C 6 H S 

VIII IX X 
(R = C H 3 or C H 3 C O . N H ) 

C 2 H 5 O . C O . C H 2 — N — N H . C O . N H 2 

XI 
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other hydrazinoacids7, and l-benzyl-2-benzylidenehydrazine8, such an addition of 
cyanic acid was also made use for preparative purposes. In all these cases the reaction 
proceeds, of course, at a temperature lower than in the examples described here. 
In order to check whether the reaction under investigation takes place in the case of 
substances Va — Vc in two steps, i.e. by splitting off and readdition of cyanic acid, 
we made use of a model substance in which the reverse addition is prevented by 
substitution — ethyl 1-methylsemicarbazido-l-acetate12 (XI). On refluxing substance 
XI with benzaldehyde in ethanol and in acetic acid no corresponding benzylidene 
derivative was formed, but only the unchanged starting substance was recovered. 

Hence, it is very probable that the reaction of substances Va — Vc with benzaldehyde 
takes place in one step by a cyclic mechanism according to Scheme 2. The assumption 
that benzaldehyde takes part already in the first phase of the reaction and that it 
does not form benzylidene derivative secondarily with the rearranged product may 
also be confirmed by thermal isomerization (by heating above the melting point) 
of 2-benzylsemicarbazide to 1-benzylsemicarbazide8. Its course is just the reverse of 
that which should be expected in the case studied by us. 

C 6 H 5 

SCHEME 2 

The reaction of substances Vd and Ve in which, indeed, the splitting off of the 
carbamoyl group takes place under the effect of benzaldehyde is, then, of a different 
character, caused evidently by the nature of the substituent in the position 1. 

EXPERIMENTAL 

The melting points were determined on a Kofler block. Samples for analysis were dried at 60°C 
and 20 Torr. 

1-Benzylsemicarbazide (Vc) 

Benzyl chloride (12-7 g, 0-1 mol) was added to a solution of semicarbazide hydrochloride (14-5 g, 
0-13 mol) in water (100 ml) and the mixture was heated on a boiling water bath under heating and 
gradual addition of a NaOH solution (total amount 12 g, 0-3 mol) in 80 ml of water, so that the 
pH value would be about 8-5. After 4 hours of heating the solution was allowed to stand at room 
temperature overnight and the separated product was crystallized twice from ethanol. Yield 
13-3 g (62%) of product of m.p. 155-156°C. Literature13 gives m.p.6 155°C. 
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2-Benzylidene-l-carbamoylhydrazinoacetic Acid {Via) 

A mixture of substance3 3 Va (2-66 g, 0-02 mol), benzaldehyde (8 ml), water (10 ml) and ethanol 
(10 ml) was refluxed for one hour, evaporated in vacuo to dryness and the residue co-distilled 
twice with 50% ethanol (20 ml) and once with ethanol (20 ml). After crystallization f rom 50% 
ethanol 3-2 g (72%) of substance Via were obtained, m.p. 235 —237°C (decomp.). Literature8 

gives m.p. 239-241°C. For C 1 0 H 1 1 N 3 O 3 (221-2) calculated: 54-29% C, 5 01% H, 19-00% N; 
found: 54-19% C, 5-09% H, 19-21% N. Applying a known procedure1 1 substance Via was con-
verted to l-(benzylideneamino)hydantoin (VIII) of m.p. 254— 255°C, undepressed on admixture 
of an authentic sample. 

Cyclohexylammonium Salt of 2-Benzylidene-l-carbamoylhydrazinoacetic Acid (VIb) 

A. Using a procedure analogous to that for the preparation of substance Via substance VIb 
(4-5 h; 71%), m.p. 208-210°C, was prepared from 4-64 g (0-02 mol) of substance3 Vb. For 
C 1 6 H 2 4 N 4 0 3 (320-4) calculated: 59-98% C, 7-54% H, 17-49% N; found: 60-04% C, 7-61% H, 
17-54% N. On dissolution of substance VIb in hot 50% ethanol and acidification with acetic acid 
and cooling substance Via was obtained. 

B. A solution of benzylideneaminohydantoin ( V I I I , 4-06 g, 0-02 mol), cyclohexylamine (4 ml), 
water (5 ml) and ethanol (50 ml) was refluxed for 8 hours, evaporated in a vacuum to 30 ml 
volume, and the separated substance was filtered off under suction and crystallized from ethanol. 
Yield 4-6 g (72%) of a substance melting at 210—212°C, undepressed on admixture with a sample 
obtained as under A. 

2-Benzyl-I-benzylidenesemicarbazide (Vic) 

A mixture of substance Vc (2-3 g, 0-02 mol), benzaldehyde (5 ml) and acetic acid (15 ml) was 
refluxed for 3 hours, the solution was evaporated in vacuo to dryness and the residue was co-
-distilled twice with 50% ethanol (30 ml) and once with pure ethanol (30 ml). On crystallization 
of the residue from ethanol 3-9 g (79%) of product was obtained, m.p. 153—154°C, undepressed 
on admixture with a sample prepared by a different procedure5 . For H 1 5 N 3 0 (253-3) calcu-
lated: 71-12% C, 5-97% H, 16-59% N; found: 71-54% C, 5-90% H, 16-48% N. 

2-Benzylidene-l-phenylhydrazine ( V l l d ) 

A solution of 1-phenylsemicarbazide (3-02 g, 0-02 mol), benzaldehyde (30 ml) and toluene (100 ml) 
was refluxed for 16 hours under carbon dioxide. The mixture was evaporated and the residue 
crystallized from 50% ethanol to afford 3-05 g (78%) of a product melting at 153 —156°C. Litera-
ture 1 4 gives m.p. 154-5— 155-5°C. For C 1 3 H 1 2 N 2 (196-2) calculated: 79-56% C, 6-16% H, 
14-28% N; found: 79-42% C, 6-05% H, 14-16% N. On boiling the mentioned mixture in the pre-
sence of air l,5-diphenyl-2,3-dihydro-l,2,4-triazol-3-one of m.p. 300—302°C was obtained as 
the main product in addition to substance Vlld. It melted undepressed on admixture of a product 
prepared in a different manner1 5 . 

l-Benzoyl-2-benzylidenenhydrazine ( V i l e ) 

A mixture of substance9 Ve (1-79 g, 0-01 mol), benzaldehyde (10 ml), and acetic acid (50 ml) 
was refluxed for 2 hours, the solution was evaporated in a vacuum and the residue worked up 
as in the case of substance Vic. Crystallization of the residue from ethanol gave 1-54 (69%) of 
a product, m.p. 204—206°C, undepressed on admixture of a known sample1 6 . 
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3-Phenyl-4,5-dihydro-1,2,4-triazol-5-one {IX) 

A. A mixture of substance Vf {2-29 g, 0-01 mol) or substance Vg (2-72 g, 0-01 mol), benzaldehyde 
(4 ml) and acetic acid (50 ml) was refluxed for 20 hours and then allowed to stand at room tempe-
rature overnight. The separated product was crystallized twice from ethanol. Yield 1-1 g (68%), 
m.p. 324—326°C, undepressed on admixture with a sample prepared by a modification of the 
described procedure6 (procedure B). Literature6 gives m.p. 321 — 322°C. 

B. A mixture of 1-benzylidenesemicarbazide (1-63 g, 0-02 mol), ferric chloride (3-24 g, 0-02 mol) 
and ethylene glycol (10 ml) was heated at 130°C for 3 hours, then diluted with water (30 ml) 
and the separated product was crystallized twice from ethanol. Yield 1-16 g (72%). 

REFERENCES 

1. Gut J., Novacek A., Fiedler P.: This Journal 33, 2087 (1968). 
2. Drew H. K. D., Hatt H. H.: J. Chem. Soc. 1937, 21. 
3. Novacek A., Gut J.: This Journal 38, 592 (1973). 
4. Traube W., Moffa E.: Ber. 31, 162 (1898). 
5. Novacek A., Hesoun D.: This Journal 30, 3890 (1965). 
6. Young G., Witham E.: J. Chem. Soc. 77, 228 (1900). 
7. Bailey J. R., Read W. T.: J. Amer. Chem. Soc. 37, 1884 (1915). 
8. Hale W. J., Lange N. A.: J. Amer. Chem. Soc. 42, 114 (1920). 
9. Derapsky A.: J. Prakt. Chem. 276, 451 (1907). 

10. Busch M., Opfermann E., Walther H.: Ber. 37, 2318 (1904). 
11. Smolik S., Kopecky J.: Cesk. Farm. 15, 468 (1966). 
12. Prystas M., Uchytilova V., Gut J.: This Journal 38, 592 (1973). 
13. Kessler S., Rupe H.: Ber. 45, 26 (1912). 
14. Busch M., Walter A.: Ber. 36, 1358 (1903). 
15. Young G.: J. Chem. Soc. 67, 1064 (1895). 
16. Novacek A., Gut J.: This Journal 36, 3038 (1971). 

Translated by Z. Prochazka. 

Collection Czechoslcv. Chem. Commun. [Vol. 40] [1975] 


	19753512_Page_1.pdf
	19753512_Page_2.pdf
	19753512_Page_3.pdf
	19753512_Page_4.pdf
	19753512_Page_5.pdf
	19753512_Page_6.pdf
	19753512_Page_7.pdf

