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A new and efficient N-alkylation procedure
for semicarbazides/semicarbazones derivatives
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Abstract—An easy to perform and regioselective synthesis of N-alkyl hydrazones/hydrazides is described, which uses an aprotic
medium with kinetic control. This procedure produced the desired monoalkylated or dialkylated amines with excellent yields
and selectivities.
� 2007 Published by Elsevier Ltd.
Semicarbazones and semicarbazides are important phar-
macophores in the search for new drugs.1 Their biolog-
ical activity and diversity of medical applications are
exemplified by a range of therapeutic properties, acting
against Trypanossoma cruzi, tumors, and bacteria.2

They can also be used as important intermediaries in
organic synthesis, mainly for obtaining heterocycle
rings, such as thiazolidones, oxadiazoles, pyrazolidones,
and thiadiazoles.3 The semicarbazone derivatives are
polar profile compounds and this poses a crucial prob-
lem for the planning of bioactive agents. Generally, an
improvement in the lipophilic character of bioactive
compounds may produce attractive physicochemical
advantages for drug design.4

A large number of N-alkylation methods have been
reported in recent years.5 The literature describes the
synthesis of tertiary from secondary amines as well as
selective N-alkylation of primary to secondary amines,6

although there is no mention of chemoselective N-alkyl-
ation of the hydrazides/hydrazones moieties. Transi-
tion-metal-mediated N-arylations and N-allylations
have been developed as a mild and regioselective method
for preparing substituted hydrazines and hydrazones.7

Traditional methods employed for N-alkylation of
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hydrazide/hydrazone derivatives typically use a protic
medium, but this procedure is only regioselective for
the NH2 of the amide.8 Thus, new methods to yield
N-alkylated compounds derived from semicarbazones/
semicarbazides using chemoselectivity are of general
interest.

Clearly, the occurrence of overalkylation, giving rise to a
mixture of primary, secondary, and tertiary amines, as
well as quaternary ammonium salts, is well known for
the ‘Hofmann alkylation’. Recently, Jung and co-work-
ers provided an alternative solution to this chronic prob-
lem, by employing cesium hydroxide, and N-alkylation
was efficiently carried out producing various secondary
amines. A cesium base was found not only to give rise
to mono-N-alkylation, but also to suppress overalkyla-
tions, favoring secondary amine formation over tertiary
amines in the presence of activated 4 Å molecular
sieves.9

The use of aprotic solvents in a reaction medium has re-
ceived considerable attention because of the interesting
level of chemoselectivity and environmental compatibil-
ity of these as well as the simplicity of the procedure.10

For example, Srivastava and co-workers have observed
that N-alkylation with primary alkyl halides in DMSO
using K2CO3 as the base provided a simple method
for obtaining either dialkyl- or trialkylamines selec-
tively, by varying the nature of the electrophile used in
these reactions.11
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Scheme 1. Strategy for N-alkylations of hydrazones.
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We report here a simple and efficient method for regio-
selective N-alkylation for semicarbazone/semicarbazide
derivatives. In order to effect the regioselective proce-
dure, an aprotic medium under kinetic control was
employed (Scheme 1).

The N2-alkyl derivatives were obtained with good selec-
tivity after addition of the equivalent of 2.0 of the alkyl
halide and then stirred for 36 h at room temperature,
producing a 75% yield of N2-alkylated product. The
di-N2,N4-alkylated compounds were subsequently easily
prepared when the reaction procedures were carried out
at a temperature of 60 �C and with 2.2 of alkyl bromide
with an excess of base, producing a good yield of the
dialkylated products.

As shown in Table 1, the reaction of nitrofurazone (NF)
as a model compound for the N-alkylation procedures
was examined under various reaction conditions.
NOE-diff NMR spectroscopic studies showed the struc-
ture of compound 3 prepared under these reaction con-
Table 1. N-Alkylation of nitrofurazone (NF) under different reaction condit

Entry Solvent RBr (s.a.)a Ba

1 DMF 1.0 K
2 DMF 1.2 K
3 DMF 2.0 K
4 DMF 2.0 K
5 DMF 2.5 K
6 DMF 1.2 N
7 DMF/MeCN 2.0 K
8 DMSO 1.1 N
9 DMSO 2.2 K

10 DMSO 2.0 N
11 NMP 2.0 K
12 CH2Cl2 1.2 Et
13 CH3CN 2.0 K
14 DMF 1.2 K
15 DMF 2.2 K
16 DMF 2.2 K
17 DMF 2.2 N

a s.a. is stoichiometric amounts.
b Isolated through a short pad of silica gel (60–230 mesh).
c The reaction was sluggish and the s.m. was recovered predominantly.
d 30% of starting material (s.m.).
ditions to be the Z-isomer. Among the bases examined,
potassium carbonate generally produced the highest
yields and selectivities, although sodium hydroxide also
worked well, mainly for synthesis of the dialkylated
compounds (entry 18). When various non-hydrogen
bonding donor solvents were examined, DMF was
found to be the most effective solvent, as can be seen
in Table 1. The use of N-methyl-pyrrolidin-2-one
(NMP, entry 11) also afforded a good yield with an
acceptable reaction time, but this solvent generated
more problems at the treatment or extraction stage than
DMF or DMSO, owing to their higher solubility in
organic media. Interestingly, for additional 2.0 stoichio-
metric amounts of alkyl bromide in 1.4 in an alkali base
(K2CO3) at room temperature yielded 75 of the N2-
alkylated compounds for only 36 h of the reaction time,
and, after 72 h of reaction time, a ratio of 65% and 15%
of the desirable mono- and undesirable di-alkylated
compounds was obtained, respectively (entries 3 and
5). As for the reaction selectivities, an excess of alkyl
halides resulted in satisfactory yields but it was preferred
ions

se (s.a.)a Time (h)/T (�C) Yield (%) 2/4

2CO3 (1.2) 48/rt 50/None

2CO3 (2.0) 72/rt 60/None

2CO3 (1.4) 36/rt 75/None

2CO3 (2.5) 72/rt 67/3.0

2CO3 (1.4) 72/rt 65/15b

aOH (2.2) 24/rt 40/60b

2CO3 (1.4) 48/rt 60/None
aOH (2.0) 72/rt 60/None

2CO3 (2.5) 48/rt 60/10b

aOH (2.0) 36/rt 50/35b

2CO3 (1.5) 36/rt 65/Noneb

3N (1.2) 48/rt 30/10c

2CO3 (1.4) 72/rt 45/Noned

2CO3 (2.5) 1/60 50/20 d

2CO3 (2.5) 18/60 20/78

2CO3 (2.5) 24/60 None/99
aOH (2.5) 2/60 None/99
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to carry out the reaction with a small excess of alkali
base (1.4 equiv), in order to preserve the selectivity of
the procedure (entry 4).

In fact, the reason for the chemoselective N2-alkylation
observed is that the imine proton should be sufficiently
acidic to be abstracted by bases at room temperature
compared to amide protons that are only available when
heated or maximized by a protic medium. As predicted,
the heating affords access first to the iminic proton and
thereafter, to the abstracted amide protons. This phe-
nomenon probably occurs as a result of some kind of
solvation complex that preferentially occurs between
the free electrons of the imine (which are more acid
and protected from the semicarbazone protons). A
nucleophilic attack on this free pair under aprotic med-
ium is thereby brought about.

One crucial feature of this reaction procedure was the
absence of overalkylation, while other known simple
methods are inefficient in terms of chemoselective
N-alkylation or require extremely long reaction times
under difficult conditions, with the exception of the tech-
niques described by Srivastava and co-workers.11 It is
worth noting that O-alkylation of phenol under these
Table 2. Efficient N-alkylation of semicarbazides/semicarbazones
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reaction conditions was not successful. No side pathway
reactions were observed when phenol was added inten-
tionally (entry 22). Similar trends were noted when pro-
pylamine was also intentionally added during the
reaction procedure as described in entry 23, without
production of the by-product (Table 2).

The hydrolysis of ester to carboxylic acid and alcohol
and transformation of alkyl bromides to hydroxides or
carbonates may also occur in an alkaline reaction med-
ium, and although theoretically feasible,12 side reactions
were not observed in the reactions described in entries 3
and 5 (GC analysis). However, when a larger excess of
base was used, a small quantity of by-product was
observed (>5%) related to the decomposition of the n-
bromobutane to monoalkylcarbonates and n-butanol,
for entries 9 and 10 (GCMS), respectively.

Furthermore, the same hydrazones/hydrazides were
subjected to N2-alkylation under the standard condi-
tions to evaluate their efficiency and chemoselectivity
in general. As expected, this reaction procedure also
led to the exclusive formation of N2-alkylated from
other semicarbazide/semicarbazone derivatives (entries
18–22).
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Scheme 2. Alkylation of thiosemicarbazones afforded the S-alkylated
products.
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Unexpectedly, when thiosemicarbazone/thiosemicarb-
azide derivatives were reacted using this method, the
desired N-alkylated compounds were not produced;
instead of these, S-alkylated products were isolated, as
proposed in Scheme 2. This illustrates a powerful prefer-
ence of the thiocarbonyl carbon for being less basic
but more susceptible to nucleophilic attack than an
iminic proton in thiosemicarbazone/thiosemicarbazide
groups,13 and thus, these groups react in such a way
as to favor the production of S-alkylated product under
these reaction conditions.

Although it appears that this new synthetic protocol is
only applicable to semicarbazones/semicarbazides of
generic structure, the N2-alkylated semicarbazones/
semicarbazides may be easily converted into the corre-
sponding N2-alkylated thiosemicarbazones/thiosemicarb-
azides by way of the thiocarboxylation reaction, using
Lawesson’s reagent.14 Further studies of this thiocarb-
oxylation reaction will be reported in due course.

In conclusion, we have described a novel one-pot proce-
dure for selective N2-alkylation of hydrazone/hydrazide
compounds.15,16 This procedure offers several practical
advantages, averting common side reactions under basic
conditions and using techniques for the reaction and iso-
lation of the products that are simple and inexpensive.
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