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Abstract
Mannich reactions using nitroalkanes and related compounds as substrates are of synthetic relevance and the products
are promising as biologically active substances. A number of nitro-heterocycles of pharmacological interest were also
synthesized by Mannich reactions with suitable nitro-substrates. In view of this, and because of the widespread and
increasing interest in the chemistry of Mannich bases, the present work focused on exploring the reactivity of
nitromethane towards Mannich reaction with heterocyclic amines, diamines and hydrazine derivatives. The synthetic
potential of the nitro-Mannich bases for the synthesis of a variety of N- and S- nitroheterocycles of pharmaceutical
interest has been investigated.
Keywords: Nitroalkanes, Mannich reaction

Body of the Article
The chemistry of Mannich bases has been the
subject of wide and increasing interest. Mannich bases are
potentially versatile synthetic intermediates, and are used for
the synthesis of a variety of carbocyclic, heterocyclic
compounds and natural products. There is also increasing
interest in Mannich bases due to their wide range of
biological and pharmacological activities [1-7]. Mannich
reaction (Aminomethylation) consists of the condensation of
ammonia, primary or secondary amine, usually as the
hydrochloride, with formaldehyde (or, occasionally other
aldehydes) and a substrate (any heterocyclic ketone
possessing at least one active hydrogen atom of pronounced
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reactivity. The essential feature of the reaction is the
replacement of the active hydrogen atom by an amino
methyl or substituted amino methyl group.
The Mannich reaction using nitroalkanes and
related compounds as substrates is of synthetic relevance,
and the products are promising as biologically active
substances. Successful synthesis of nitro Mannich bases
derived from nitroalkanes and morpholine or piperidine has
been reported [8-10]. It is known that the nitro group is an
important constituent of many biologically significant
heterocycles, such as the antibiotic drugs nitrofurantoin [11]
& nitrofurazone [11].
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Mannich Reaction with Secondary Amines
In view of this and the present work is concerned
with attempts to extened the scope of Mannich reaction with
nitroalkanes to include the synthesis of a variety of nitro Nand Sheterocycles. It has been reported [9,12,13] that
Mannich reaction with nitromethane and nitroethane tend to
yield nitro bis-bases of the type 1, which are useful starting
materials for the synthesis of 1,2,3-triaminopropanes by
reduction, (Scheme 1).
NO2
R2N

CH3NO2 + R2N-CH2-OH
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Scheme 1

In order to determine the generality and to extend the scope
of this double Mannich reaction, the author investigated the
reactivity of several heterocyclic amines, diamines and
hydrazines with nitromethane under the Mannich reaction
conditions. Therefore, successive treatment of nitromethane
with formaldehyde and Nphenylpiperazine yielded 1, 3-di
[N
(N`-phenylpiperazino)]-2-nitropropane
(1).
The
formation of 1 takes place via a double Mannich reaction is
in line with the previously reported [14, 15]. In view of this,
the author investigated the Mannich reaction of
nitromethane with 4, 4`-trimethylenedipiperidine (2) and
formaldehyde, as a possible route to the macroheterocyclic
system (3). However, such reaction afforded 4 as the major
product with small amount of tris (hydroxymethyl)
nitromethane (5), and none of the cyclized product 3 was
obtained. The major product was identified as N-[2, 2-di
(hydroxymethyl)-2-nitroethyl]-N`-(2-nitroethyl)-4,
4`trimethylenedipiperidine dihydrate (4), (Scheme 2).
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The analytical, IR and mass spectral data of 4 are consistent
with the molecular formula C19H36N4O6. 2H2O. the IR
spectrum showed a strong broad band at 3447 (OH hydrate),
1556 and 1345 (NO2). Its mass spectrum exhibits a
molecular ion peak at m/z 452 (M+) and 453 (M++1). The
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base peak at m/z 141 (100 %) is due to the N-(3hydroxypropyl) tetrahydropyridine ion. The fragmentation
pattern of 4 is depicted in the scheme (3). The ions at m/z
170, 169, 152, 139 and 141 are consistent with the presence
of an N-[2, 2-di (hydroxymethyl)-2-nitro-ethyl] piperidine
unit. Obviously, the trimethylol derivative (5) is an
intermediate in the reaction sequence, and its formation,
from nitromethane and formaldehyde, is expected and this
compound has been previously reported [16]. Evidence in
favour of this mechanism is that the trimethylol derivative
(5) has been isolated. In line with this, Mannich reaction of
nitromethane with 2-(2-thienyl) imidazolidine (6a, b)
(compound 6a, b was prepared from ethylenediamine and 2thiophene aldehyde or 4-antipyrine aldeyde) (c.f.
experimental section) and formaldehyde led to the formation
of N-(2-nitroethyl)-2-(2-thienyl) imidazolidine (7a, b),
(precipitated from the reaction mixture), as a result of
participation of one amino group in the reaction. This
behaviour has been attributed to steric and solubility factors.
In its IR spectrum compound 7a, b showed bands
characteristic of (NH) 3435 and (NO2) 1536 and 1336cm-1.
The mass spectrum exhibits a molecular ion peak at m/z 227
(M+), it underwent fragmentation pattern which supported
its structure (Scheme 3).
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Me-NO2 + 2 CH2O

HN

NO2
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a: R = thionyl
b: R= antipyril
R

R
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Scheme 3

Mannich Reaction with Primary Amines
Very few cases were reported in the literature [15, 17] for
the use of primary amines in Mannich reaction with
nitroalkanes. In the present work, the author prepared N,N`diaryl-2-nitro-1,3-propanediamines (8a, b) by treating
nitromethane with formaldehyde, the 2-nitro-1,3propanediol was formed in situ, and this reacted with ptoluidine or p-hydroxyaniline or 4-aminoantipyrine in
presence of tetraethylammonium hydroxide (TEAH) to give
8a,b, respectively.
The nitro bis-bases (8a, c) possessing 1, 5-secondry diamino
groups are useful synthones for the synthesis of hexahydronitropyrimidines [18]. Therefore, the successful synthesis of
1,2,3,4,5,6-hexahydro-1,
3-di
(p-tolyl)-5-methyl-5nitropyrimidine (9a, b) was accomplished by treating 8a, b
with formaldehyde. The 1H NMR of 9a showed
characteristic signals at δ 3.3 (4-Ha and 6-Ha), and 4.20 (4Hb and 6-Hb), and 4.30, 4.60 (N-CH2-N), and lacked
signals due to NH protons. 9b was determined as
1,2,3,4,5,6-hexahydro-1,
3-di
(4-antipyrinyl)-5nitropyrimidine (Scheme 4).
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The structural features of compounds 8c and 9b
which have two antipyrine units are of interest. However,
this synthetic route to hexahydro-nitro-pyrimidines is of
particular practical interest, since the resultant pyrimidines,
such as 9a, b with nitro functionality at C-5 and two
aromatic or heterocyclic moieties at N-1 and N-3 are not
easily avaible by other methods. The analytical, IR and MS
spectral data are consistent with the structures proposed for
compounds 24-29 (cf. experimental section). The IR
spectrum of 8a, as example, showed strong absorption bands
at 3407 (NH), 1294 (C-N stret. of sec. aromatic amine),
1543 and 1342 cm-1 (NO2). Cyclization of 8a to 9a and 8c
to 9b was demonstrated by the absence of the band due to
the (NH) group in the IR spectra of the nitro pyrimidines 9a,
b. The formation of 26 and 29 is in line with some reported
cases [18, 19] in which hexahydropyrimidines are obtained
from 1, 5-diamines and aldehydes.
It is of interest in this connection that treatment of
nitromethane
with
cyclohexylamine
and
excess
formaldehyde in ethanol-acetic acid yielded a mixture of
two products, which were separated by preparative TLC.
The higher melting one (mp. 102º) was identified as:
3,4,5,6,7,8-hexahydro-3,7-dicyclohexyl-5-nitro-2H-1,3,7oxadiazocine (10). The other product (11) (mp. 65º), was
found to be the 5-cyclohexylaminomethyl derivative of 10.
Whereas, the expected compound 12 was not obtained.
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R
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Scheme 4
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and 1355 (NO2), 1085 (CH2-O-CH2, asym. stretch) and
3445cm-1 (NH). The mass spectra of compounds 10 and 11
showed the molecular ions at m/z 325 (M+) and 435 (M+1), respectively, it underwent fragmentation pattern which
supported their structures, (cf. scheme 12 and 13). The base
peak of 10 m/z 261 (100 %) is due to [M+-(NO2+H2+O)],
whereas that of 11 is m/z 55 (100 %) which corresponds to
the radical cation of the azine (CH2=N-N=CH)+, (cf:
schemes 12 and 13). An interesting point about the mass
spectral data is that the mass spectra of 10 and 11 revealed
striking similarity. Both exhibited a number of identical
peaks, particularly, at m/z 324, 279, 278 and 261, which are
consistent with the presence of a 1,3,7-oxadiazocine ring, as
the main nucleus in the two compounds. The 5cyclohexylaminomethyl side chain of 11 can be identified
by the peak at m/z 112 (12.1%) [C6H11.NH.CH2]. The
reactions described in Scheme 5 constitute a useful synthetic
approach to the functionalized hexahydro-2H-1,3,7oxadiazocines.

Mannich Reaction with Diamines
The cyclocondensation of the ketonic Mannich
bases, 3-dialkylaminopropiophenone hydrochlorides with ophenylenediamine has been reported recently [20] as a route
to -2,3-dihydro-1,5-benzodiazepines. Several 1,4 and 1,5benzodiazepines have been synthesized because of their
potent activity as psychotherapeutic agents [20,21]. In the
present work, the synthesis of the 7H-pyrimido[4,5b][1,4]diazepine ring system has been achieved, by treating
5,6-diamino-2,4-dihydroxypyrimidine hydrochloride (13)
with nitromethane and formaldehyde, in presence of
tetraethylammonium hydroxide (TEAH), as basic catalyst,
to
give
5,6,8,9-tetrahydro-2,4-dihydroxy-7-nitropyrimido[4,5-b][1,4]diazepine hydrochloride (14), (Scheme
6), in a good yield.
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Formulation of structures 10 and 11 was based on analytical
and spectral data. The IR spectrum of 30 showed bands
characteristic of (NO2) 1534 and 1350, and (CH2-O-CH2)
1087cm-1, whereas, compound 11 showed bands at 1546

N

OH
Scheme 6

14

Page 3 of 7

. HCl

In the course of this study, the author investigated
the reaction of 1,8-diaminonaphthalene (15) with
nitromethane and formaldehyde, in presence of TEAH,
anticipating the formation of the naphtha [1,8bc][1,5]diazocine ring system (17). However, this reaction
was found to take a different course, leading to 2,3-dihydro-

NH 2

NH 2

1,3-di (2-nitroethyl) perimidine (18). It is believed that the
action of formaldehyde on 15 leads initially to cyclization to
2,3-dihydroperimidine (16), which undergo double Mannich
reaction with nitromethane to give 18 as a sole product,
(Scheme7).
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17

found that the reaction product depends on the nature of the
N-substituent of the hydrazine used. Therefore treatment of
hydrazine hydrate with nitromethane and formaldehyde in a
molar ratio (1:1:2), afforded a single product, which was
identified as: 1,2-di (2-nitroethyl)-4-nitro-pyrazolidine
hydrate (20), instead of the expected 4-nitropyrazolidine
(19) (Scheme 8).

Mannich Reaction with Hydrazines
Although a wide variety of amines have been used
in the Mannich reaction, the use of hydrazines in such
reaction has been reported in a limited number of cases [22].
In the present study, the synthetic possibilities afforded by
replacing amines by hydrazines in the Mannich reaction
with nitromethane have been investigated. However, it was
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In connection with the present study, the reactivity of
isonicotinic hydrazide (21), towards Mannich reaction with
nitromethane and formaldehyde was investigated. Such
reaction in a molar ratio (2:1:3) proceeds with cyclization to
give 1,2,3,4,5,6-hexahydro-1,3-di (isonicotinoylamino)-5nitropyrimidine (23). The formation of 23 parallels the

formation of compounds 9a, b from p-toluidine and 4aminoantipyrine respectively (Scheme 4). Accordingly, it is
believed that the Mannich reaction with 21 involves the
intermediacy of 22, which undergo cyclization with
formaldehyde to give 23. The structure of 23 is supported by
analytical and spectral data, (Scheme 9).
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thiols with ketonic Mannich bases 24 has been investigated
due to its pharmacological relevance [1, 3]. The mechanism
of this reaction, consists of deamination of the Mannich base
to give vinyl ketone (25), followed by fast addition of the
thiol yielding the α-keto sulphide (26) (Scheme 10).

S-Alkylation of some Nitro bis-Mannich Bases
The synthetic potential of Mannich bases as
alkylating agents for active methylene compounds, thiols
and amines, formed the subject of extensive investigation by
numerous workers [1, 2, 3, 23, 24, 25]. The S-alkylation of

O
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Ar

-R2NH.HCl

O
R.SH

Ar

Ar

f ast
NR2.HCl

24

S

26

25

R

Ar= substituted phenyl
R= alkyl or aryl

Scheme 10

This reaction has been carried out using Mannich bases
derived from ketones, phenols and indoles [26, 19, 27-29].
Whereas, there is no reported cases in the literature for using
Mannich bases derived from nitroalkanes in such reaction.
In the present study, the author investigated the S-alkylation
of thiols with the nitro bis-base (27), and some interesting
results were obtained in this direction. Thus, 1,3-di

NO2
N

(Npiperidino)-2-nitropropane (27) was prepared according
to an earlier report [14]. Treatment of 27 with thiophenol
afforded a good yield of the expected 1,3-di (phenylthio)-2nitropropane (28). The IR spectrum of 28 showed strong
absorption bands at 1545 and 1375 (NO2, asym and sym.
stret) and two strong bands at 751 and 695cm-1 (mono
substituted benzene ring) (Scheme 11).
NO2

Ph.SH
N

EtOH

S

S

Ph

Ph

28

27
Scheme 11
In view of the reported [29] formation of bis-(β-acylethyl)
sulphides [(Ar. Co. CH2CH2)2-S], by treating ketonic
Mannich bases of the type 27 with thioacetamide 29. It was
expected that either the dinitro-sulphide derivative 30 or 3,7dinitro-1,5-dithiacyclooctane (31), might be obtained by a

similar reaction with 27. However treatment of 27 with
thioacetamide afforded a product which was identified on
the bases of its analytical and sepectral data as: 6-nitro-7-(Npiperidino)-1,2,4- trithiaheptane (32) (Scheme 12).
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signals at δ 1.69-1.72 (m, 6H, 3CH2 of piperidine ring), 2.17
(m, 4H, 2CH2 of piperidine ring), 2.80-3.15 (m, 4H, (CCH2-N), (C-CH2-S), 3.50 (s, 2H (S-CH2-S). 4.00 (m, 1H,
CH.NO2).
In an extension of the present study, it was found that
treatment of 2-methyl-2-nitro-1,3-bis-(N-piperidino)propane
(33) [11], with thiophenol lead to the formation of diphenyl
disulphide (34), rather than the expected compound (35), in
a poor yield. The mass spectrum of 34 showed the molecular
ion at m/z 218(7.9%) (M+), the base peak m/z 65(100%) (SS+H) and the M+/2 ion at m/z 109 (64%) (Ph-S) (Scheme
13).

The analytical and mass spectral data of 32 were consistent
with the molecular formula C9H18N2O2S3. Its IR spectrum
showed a strong broad band centered at 3429 (-SH) and two
strong bands at 1546 and 1361cm-1 (NO2). The mass
spectrum of 32 underwent fragmentation pattern which
supported its structure (cf: scheme 32). The base peak at m/z
84 (100%) is due to the (N-piperidino) fragment. The
fragments at m/z 125, 111, 79, 65 and are consistent with the
presence of the (-CH2-S-CH2-S-SH) moiety. A very intense
ion at m/z 56(77.5%) is found in the spectrum. This is
probably due to fragmentation of the N-piperidinomethyl ion
m/z 98(83.4%). The 1HNMR of 32 showed characteristic
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35

In the course of this study, the author synthesized
1,2,3,4,5,6-hexahydro-5-nitro-2-thioxopyrimidine (36), by
treating thiourea with nitromethane and formaldehyde in
presence of triethylamine. Attempts have also been made to
prepare the hetero bi-cyclic ring system (37), by using the

same reactants in a molar ratio 1:2:4, but the only product
obtained was the N-hydroxymethyl derivative (38), (Scheme
14). The structure of compounds 36 and 37 was supported
by analytical and spectral data.
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