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nitro-compounds may be expected:
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I. INTRODUCTION

In recent years the scale of the studies on the chemistry
of aliphatic nitro-compounds has been steadily increasing.
Among the wide variety of the reactions .which have attracted
the attention of numerous investigators the alkylation and
acylation of nitro-compounds merit attention. In the first
place these reactions are of considerable theoretical interest
since it is here that the dual reactivity of nitro-compounds
is shown in a particularly pronounced form. Furthermore,
they have attracted the attention of investigators for a long
time as a method for preparing various nitro-derivatives
and a wide variety of carbonyl compounds. However, des-
pite the large number of studies on this problem, the avail-
able data have not been reviewed so far. The aim of the
present review is to collect and compare the literature data
on the alkylation and acylation of nitro-compounds with
nitro-groups at saturated carbon atoms.

In the first section of the review the work done on the
alkylation and acylation of mononitro-compounds, i.e. com-
pounds with not more than one nitro-group at a single carbon
atom, is considered. The second part deals with polynitro-
-compounds with several nitro-groups at a single carbon
atom.

RCH=N<f >CHX
>CH-CHN0. 2 (A)

Ο

X O C H R ' R " (B).

In the first case (C-alkylation) nitro-compounds are formed
(A) while in the second case (O-alkylation) the products
should be nitronic esters (B). As will be shown later,
nitronic esters are as a rule unstable to heat and break
down into a carbonyl compound and an oxime:

RCH=N<* RCH=NOH

i.e. the breakdown of the ester involves intramolecular oxi-
dation-reduction and ultimately the nitro-compound is re-
duced to the oxime and the halogeno-derivative is oxidised
to the corresponding carbonyl compound.

The alkylation of mononitro-compounds has been studied
in greatest detail in reactions with various halides of the
benzyl type. In almost all cases such reactions results in
alkylation of the oxygen only. Thus in the reactions with
various £-substituted benzyl halides the sodium salt of
2-nitropropane yields only the corresponding benzaldehydes
(in yields of 68-77%) and acetone oxime, i.e. the breakdown
products of nitronic esters 1 f

-CH a X+ (CH3)2C=NO Na+ -CHO + (CH3)2C=NOH+NaX,

where R = CH3, Br, CH3CO, CH3OCO, CN, CF3, N(CH3)3I-.

Similar results were obtained in the reactions of benzyl
chloride with the potassium salt of 2-nitropropane3, with
the sodium salts of phenylnitromethane 4 and phenylnitro-
acetonitrile 4, and also with nitrocyclohexane5. The
authors proposed the last reaction as a method for the pre-
paration of alicyclic oximes and carbonyl compounds:

/ \ - N O 2

>-CH,Cl N a O H -
=NOH

-CHO+NaCl+H2O,

where R = Η and CH3.

The reaction of the silver salt of phenylnitroacetonitrile
with benzyl chloride also gives an Ο-alkylation product6.

Among benzyl halides, £-nitrobenzyl chloride occupies
an exceptional position, since, in contrast to all other benzyl
halides, it alkylates alkali metal salts of nitroalkanes (nitro-
ethane, 1- and 2-nitropropane, 1- and 2-nitrobutane, nitro-
cyclohexane, and nitrocyclopentane) almost exclusively at
a carbon atom with formation of />-nitropheny 1 -substituted
nitroalkanes in yields between 30 and 60%:7

II. ALKYLATION AND ACYLATION OF MONONITRO-
-COMPOUNDS

1. Alkylation of C-Halogeno-Derivatives

In the alkylation of nitro-compounds their salts are em-
ployed as a rule. Consequently anions are actually involved
in the reaction. Since the anions of nitro-compounds have
two reaction centres (the oxygen of the nitro-group and the

N c = i \ O 2 N a + f p-NO3CeH4CH2CI p-NO2CeH4CH2C( 4- NaCI.
| X -R" '

NO,

It is necessary to use a considerable excess of the nitro-
alkane, since otherwise polyalkylation products are formed
[for example l,l-bis-(/>-nitrobenzyl)nitroethane may form
from nitroethane 8 ] .

t The authors recommended this reaction as a general method
for the synthesis of substituted benzaldehydes (see also Ref. 2).
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/>-Nitrobenzyl chloride can also be successfully used for rearrangement the latter then yields the C-alkylation pro-
the C-alkylation of derivatives of 5-nitro-l,3-dioxan9: duct (ΙΠ):

R*

/ "θ + p-NO2CeH«CH2Cl

II
NO:Na+

+ NaCl,

where R' = Η and R" = Cgl^ (a) or R' = R" = CH3 (b). In
the reaction of this halide with the sodium salt of phenyl-
nitromethane both C- and O-alkylation take place 4. The
mercury salt of phenylnitromethane does not enter into a
similar reaction4.

When £-nitrobenzyl halides are allowed to react with
salts (sodium and silver) of phenylnitroacetonitrile, only
the oxygen is alkylated4. It has been stated that o-nitro-
benzyl chloride gives bis-(o-nitrobenzyl)nitromethane on
reacting with the sodium salt of nitromethane10, but the
yield has not been given.

2,4-Dinitrobenzyl chloride and the sodium salt of phenyl-
nitromethane yield both O- and C-derivatives. However,
in the latter case, the product is unstable and breaks down
to give 2,4-dinitrostilbene4:

V-CH2C1 + C,H5CH=NO~Na+

- C eH5CH=NOH+NO2-<^~^>-CHO

NO,

i-C,H5

NO. NO,

—HNOj

NO,-* )—CH=CHCeH5.

NO-

C-Alkylation takes place in the reaction of 2,4-dinitrobenzyl
chloride with the sodium salt of 2-nitropropane (yield 33%)u.

The above data show that in the alkylation of the salts of
nitroalkanes with benzyl halides it is virtually only £-nitro-
benzyl chloride that gives products of alkylation exclusively
at the carbon atom; in all the remaining cases Ο-alkylated
derivatives are almost the only products. This is seen
particularly clearly in the following example: in the reaction
of the sodium salt of 2-nitropropane with nitro-substituted
benzyl chlorides the />ara-isomer gives only C-alkylated
products (yield 83%), the ortho-isomer gives products cor-
responding to 46% C-alkylation and 30% O-alkylation, while
the meta -isomer and the unsubstituted benzyl chloride give
rise to O-alkylation alone (in 73% yield) u .

The study of the kinetics of the reaction of the lithium
salt of 2-nitropropane with o-, m-, and />-nitrobenzyl
chlorides (in ethanol at 30°) showed that the reaction is of
the second order and its rate is approximately the same as
that of the reaction of potassium iodide (in acetone) with
the same halides u . Hass and Bender1X put forward the
following mechanism for the reaction of the salts of nitro-
alkanes with benzyl halides: both in O- and in C-alkylation
the initial stage is alkylation of the oxygen with formation
of the nitronic ester (I) which then either breaks down into
an aldehyde and an oxime or ionises to give a resonance-
-stabilised carbanion (II). As a result of intramolecular

(CH3)2C=NOH

The presence of a nitro-group in the para -position of the
benzyl ring greatly facilitates the removal of a proton from
compound (I) and thereby leads to complete conversion of
(I) into (Π), i.e. ultimately to C-alkylation.

However,this mechanism does not explain why the mode
of alkylation depends on the nature of the group being sub-
stituted in the />-nitrobenzyl system. Thus Kornblum and
coworkers 12>13 showed that in the reaction of the lithium
salt of 2-nitropropane with various />-nitrobenzyl deriva-
tives the ratio of the products of C- and O-alkylation varies
sharply with the group being substituted (see Table).

Another argument against the mechanism of Hass and
BenderX1 was adduced by Boyd and Kelly14, who showed that
in the C-alkylation of nitro-compounds with allyl halides
there is no allyl rearrangement which would have to take
place if Hass and Bender's hypothesis of the initial forma-
tion of O-alkylation products and their subsequent re-
arrangement to C-alkylation products were correct.

Recently Kornblum and coworkers 15 suggested a new
alkylation mechanism to account for the specificity of the
reactions of nitroalkane salts with/>-nitrobenzyl deriva-
tives. They believe that, whereas O-alkylation involves
the usual nucleophilic substitution at the oxygen atom of the

TABLE. Mode of reaction of />-NO2CeH4CH2X
with the lithium salt of 2-nitropropane
(in dimethylformamide at -16°) depend-
ing on the nature of X. 1 2 '1 3

X

N(CH3)3 (25°)
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nitro-group, C-alkylation is a more complex anionic-radi-
cal process:

- C H 2 C I + (CH : i)2C=NO.;

N O — i

(A)

\—CH2 + C|-,

(C)

B + C ^-CH,C(CH 3 ) 2 NO,.

-I- (CH 3 ) S CNOU ,

< B >(1)

(2)

(3)

In this mechanism the first stage of the reaction consists in
the transfer of an electron from the nitroalkane anion to the
aromatic system [Eqn. (1)], this being followed by the loss
of a chloride ion by the radical-anion (A) [Eqn. (2)] and the
recombination of the two radicals (B) and (C) [Eqn. (3)].

This hypothesis is based on the study of alkylation kine-
tics 15 (the slight increase of the rate of C-alkylation on
going from £-nitrobenzyl chloride to the bromide and then
the iodide, which is untypical for an S#2-process) and was
confirmed by the detection of radical-anions in the reaction
mixture (by the ESR method).

The reactions of mononitro-compounds with a-phenyl sub-
stituted benzyl haiides and with di- and tri-phenyl halogeno-
methanes are more complex. Thus in the reaction of the
silver salt of phenylnitromethane with diphenylbromometh-
ane, l,2-diphenyl-l,2-dinitroethane and the symmetrical
tetraphenylethane are obtained instead of the expected C-
and Ο-alkylation products 1 6:

benzene
CeH5CH=NO., Ag+ + 2 (QH5)2CHBr * C eH5CHCHC eH5+(C eH5),CHCH (CeH5)o+2 AgBr

II
O 2 N N O 2

The authors believe that the unstable silver salt of phenyl-
nitromethane breaks down with formation of diphenyldinitro-
ethane and silver, the latter reacting with the initial bromide
to give tetraphenylethane.

The reaction of the silver salt of phenylnitroacetonitrile
gives, although in low yield, the C-alkylation product —
triphenylnitropropionitrile (IV).17 However, it was shown
subsequently18 that the principal mode of this reaction is
Ο-alkylation with formation of the nitronic ester (V) which
decomposes into α-isonitrosobenzyl cyanide and benzo-
phenone:

C e H 5 C = N O ;

CN

Ag++(C,H 6 ) 2 CHBr
benzene

20° '

NO2

> C e H 5 C - C H (C eH5)2

CN

(IV)

CeH5C=P

CN
\OCH(C,H6)3 + A * B r

(V)

y

C

NOH

C eH5C (C eH6)2CO.

The reaction of triphenylchloromethane with the mercury
salt of phenylnitromethane gives the C-alkylation product,
l,l,l,2-tetraphenyl-2-nitroethane, in 33-40% yield4»17. The
reaction of triphenylchloromethane with the silver salt of
phenylnitroacetonitrile is much more complex 17>19. Initially
it was believed that the C-alkylation product is formed17, but
later it was shown that the reaction gives rise to αα'-bis-
(tripheny lmethaneazo)stilbene19:

(C 6 H 5 ) 3 C-N=N.

Hfi/ \ N = N - C ( C , H 5 ) 3 .

In addition, it proved possible to isolate triphenylmethyl
isocyanate and a compound of unknown structure1 9 with
the empirical formula C^H^N^O.

Haiides of the allyl type, whose reactivity is similar to
that of benzyl haiides, alky late mononitro-compounds at
the oxygen atom as a rule. Thus the reaction of alkali
metal salts of nitroalkanes with a series of allyl haiides of
different structures containing one or two allylic halogen
atoms, gives rise to α/3-unsaturated mono- and di-alde-
hydes or ketones as a result of the breakdown of the inter -
mediate nitronic esters 2 0 :

\
C=C—CHX-i- C=

/ I ! /

* C=C-CH-O-N=C

/ ι ι \

Both primary and secondary nitroalkanes and primary and
secondary allyl bromides and chlorides may be used in
the reaction (best results were obtained with the salts of
2-nitropropane20 and nitrocyclohexane21)· This reaction
serves as a basis for the preparative synthesis of unsatu-
rated aldehydes, for example citral and its homologues21»22,
which are used in the manufacture of perfumes.

Ο-Alkylation is also achieved with the aid of a cyclic
halide of the allyl type, 3-bromocyclohexene, which reacts
with the sodium salt of 2-nitropropane with formation of
an unsaturated ketone (cyclohexenone) and acetone oxime23.
Another product is cyclohexadiene (formed by the dehydro-
halogenation of the initial bromide).

Mononitro-compounds have been alkylated at the carbon
atom by allyl halide in only a few cases. Thus the reaction
of the salts of nitroacetic and nitromalonic esters with allyl
haiides gives small yields (10-30%) of the corresponding
C -derivatives 14 %:

C 2 H 6 OCOC=NO;K + + R'CH=CHCH 2Br -

R

NO 2

C,HSOCOC-CH 2CH=CHR' + KBr,
I
R

where R = Η and C2H5OCO and R' = Η and CH3.

Many investigators have studied the alkylation of various
mononitro-compounds with alkyl haiides. In almost all
cases the oxygen atom was alkylated with formation of
nitronic esters (sometimes isolated in a pure form) or
their decomposition products. The potassium salt of
2-nitropropane reacts with various alkyl haiides (undecyl
and dodecyl bromide, l-piperonyl-2-bromoethane, and
others) with formation of aldehydes and acetone oxime3:

RI·. H 3C^

CHBr + 0=ΝΟ^

Ris

C=O C=NOH.

The corresponding oxime is also formed in the reaction of
the sodium salt of l,l,2-triphenyl-2-nitroethane with methyl
iodide25. When the potassium salt of 9-nitrofluorene
reacts with alkyl haiides, fluorenone oxime is formed and
also the corresponding aldehyde, ketone, or olefin, depend-
ing on the nature of the halide (primary, secondary, or
tertiary)2 6. Similar results were obtained with the silver
salt of 2-bromo-9-nitrofluorene27.

The reaction of the sodium salt of phenyl- and />-bromo-
phenylnitromethane with methyl iodide is unusual, the
products being stilbene (or 4,4'-dibromostilbene) and

t In a paper published in 18732i an attempt to synthesise 4-nitro-
pent-1-ene from the potassium salt of nitroethane and allyl iodide
is described; however, the reaction product was not identified.
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benzaldehyde2e. The reaction of the sodium salt of
phenylnitromethane with t-butyl bromide gives only the
free phenylnitromethane26. In many cases stable nitronic
esters, resulting from O-alkylation, can be isolated when
alkyl halides react with salts of mononitro-compounds. Such
esters were obtained, for example, in the reaction of the
silver salt of nitroacetamide with various alkyl iodides28»29:

NH2CCH=NO~Ag+ + RI

Ο

NH2CCH=N
II
ο

+ AgI,
VOR

where R = CH3, C2H5, n-Cgft,, and iso-C5Hu. The silver
salt of the diamide of nitromalonic acid does not enter into
a similar reaction30.

When the silver salt of phenylnitroacetonitrile reacts
with methyl iodide, it is possible to isolate a relatively
stable nitronic ester V 1 ; in another study only the decom-
position product of this ester, an oxime, was obtained33.
The results of the reaction of />-bromophenylnitroaceto-
nitrile were similar3 3.

The reaction of the silver salt of fulminic acid (cyano-
nitroacetamide) with ethyl iodide also gives a nitronic
ester (VI),34 or, at a higher temperature, its rearrange-
ment product (VII):35,36

,„. NC-C—CONH,

N C - C - C O N H 2 + C 2 H s l
II

(VI)

NC-C=NOCjH s

l 0 0"~"> HO-C=NOH *

(VII)

A stable nitronic ester was obtained from the silver salt of
3-methyl-4-nitro-5-iso-oxazolone and ethyl iodide37.

Only a few examples of C-alkylation of mononitro-com-
pounds with alkyl halides are known. Thus a-methyl-αί-
-nitromalonic ester is formed in the reaction between methyl
iodide and ammonium nitromalonate38:

/COOCjH,

C =NO~ NH+ + CH3I CH3—C—NO2 + NH4I.
\ COOCjH,

However, when ethyl iodide is used, let alone other alkyl
halides, the reaction proceeds with considerable difficulty w .
The reaction of the sodium salt of 2-chloro-2-nitroethanol
with methyl iodide also yields a C-alkylation product* —
2-chloro-2-nitro-l-propanol (yield not stated)4 0. The sil-
ver salt of nitroacetic ester reacts with alkyl iodides with
formation of both O- and C-alkylation products (the yield
of the latter is 20-25%)41:

2C iH iOCOCH=NOJ Ag+ + 2 RI ·

where R = CH3 and C2H5.
this reaction41.

Ο

RCHCOOC2HS + CSHSOCOCH= Ν + 2 Agl

N O j
\ OR

Alkyl bromides do not enter into

There exist also patent data on the preparation of
C -derivatives by the alkylation of nitromalonic ester with
alkyl halides and also other alkylating agents (sulphites,
sulphonates, and others), but the details of the experimen-
tal procedure are not indicated42. Backer43 mentions the

C-alkylation of the silver salt of bis(methylsulphonyl)nitro-
methane with methyl iodide but the yield of the product was
very low:

CH3SO.

CH,SO2

/
C + A g l .

CH 3 SO/ X C H 3

It is also interesting that the reaction of l-(/>-nitrophenyl)-
-2-bromoethane with the sodium salt of 2-nitropropane re-
sults in alkylation at the carbon atom with formation of
3-methyl-3-nitro-l-(/>-nitrophenyl)butane (yield 54%)u.

Seigle and Hass ^ J 4 5 showed that the reaction of alkali
metal salts of secondary nitroalkanes with halogenonitro-
-compounds in which the halogen and the nitro-group are
attached to the same carbon atom yields vicinal dinitro-
alkanes:

•\
C=NO~Na+ NaX,

where R and R' = CH3, C2HS, and -(CH2)5-, and X = Cl,
Br, and I. The yields of the C-alkylation products are
for the chloride, 20-30% for the bromide, and 43% for the
iodide§.

Primary nitro-compounds do not enter into this reaction
as a rule 4 4; however, Nenitzescu and Isacescu28 succeeded
in obtaining l,2-diphenyl-l,2-dinitroethane by allowing the
sodium salt of phenylnitromethane to react with phenyl-
iodonitromethane. The salts of />-bromo- and />-methyl-
-phenylnitromethanes do not react with this iodide26.

The potassium salt of 9-nitrofluorene reacts with
9-bromo-9-nitrofluorene to give l,2-di(biphenylene)-l,2-
-dinitroethane 2 6:

+ KBr.

Of the other halogeno-derivatives which react with mono-
nitro-compounds, halogeno-ketones should be mentioned.
Thus the reaction of the potassium salt of 2-nitropropane
with 2-chlorocyclohexanone3 gave 1,2-cyclohexadione,
while the reaction of the potassium salt of 9-nitrofluorene
with bromoacetone and ω-bromoacetophenone resulted in
the formation of methyl- and phenyl-glyoxal respectively
(in yields of 85-95%) and fluorenone oxime47:

KCI,

NO;

where R =

+
J

CH3

B r C H 2 C — R »

II

ο

and CeH5.

H C - C - R

II II

ο ο

+ KBr.

NOH

§ Later it was shown that the yield of nitroalkanes depends
significantly on the purity of the initial nitro-compounds: thus when
pure 2-nitropropane is used, it is possible to increase the yield of
2,3-dimethyl-2,3-dinitrobutane to 50% for the chloride and to 80%
for the bromide 4 e.

722



Vol.35 No. 10 RUSSIAN CHEMICAL REVIEWS October 1966

Only rather unusual halogeno-ketones, such as /3-chloro-
vinyl ketones, alky late nitro-compounds at the carbon atom,
and even then as a rule with low yields4 8"5 0:

,=NO:Na+ + C1CH=CHC-R
II
ο

•NO,
|XCH=CHC—R + NaCl,

I J ii
Ν / Ο

H ' C \rw
CH,

H.,C'
C1CH=CHC-R

II

ο

> NO.,-C—CH=CHCOR + NaCl,

CH3

C6H5, £-CH3C6H4, />-ClC6H4,where R = CH3, C2H5, n-C
and £-BrC6H4.

An attempt to condense the potassium salt of nitroethane
with iodoacetic ester was unsuccessful51. Chloroacetic
ester reacted with the potassium salt of 9-nitrofluorene to
give fluorenone oxime and ethyl glyoxylate26.

An unusual type of alkylation of nitro-compounds has
been described in a number of papers of Kohler, Smith,
and others. They showed that, when compounds of the
type RCH(NO2)CR'R"CHBrCOR'", containing a halogen in
the y-position with respect to the nitro-group and in the
α-position with respect to the carbonyl, are heated with
potassium acetate, intramolecular alkylation takes place
with formation of either cyclopropane derivatives (C-alkyl-
ation)5 2"5 8 or isoxazoline oxides (O-alkylation)59"64:

NO,

R'

RCH-C—CHBrCOR'" CH.COOK

I !
NO., R"

R-C-
\ / \R·

CH-COR"'
COR'"
I

: — C H

(t)

(2)

All tertiary Mannich bases with even only one labile hydro-
gen atom in the β-position with respect to the nitrogen (or
the vinylogues of such bases) alkylate according to the first
of the above mechanisms, which comprises two stages:
(a) elimination of the amine from the Mannich base with
formation of an unsaturated compound and (b) the Michael
addition of the component to be alkylated to the unsaturated
compound.

In the present review we shall consider the alkylation of
mononitro-compounds only by Mannich bases which are
incapable of alkylation by the above mechanism, i.e. those
that react according to the nucleophilic substitution mech-
anism. This reaction is successful only in those cases where
quaternary ammonium salts of Mannich bases incapable of
undergoing deamination are used, since after removal of the
tertiary amine, the bases form a carbonium ion stabilised
by electron delocalisation and capable of reacting with the
anion of the nitro-compound to be alkylated67.

For example, 2-nitropropane is not alkylated by dimethyl-
-()3-nitroisobutyl)amine 6 8. Also there is no alkylation when
nitroacetic ester reacts with the tertiary Mannich base
derived from antipyrine69t· On the other hand, when
a quaternary salt, the methiodide of diethylaminomethyl-
antipyrine, is used, nitroacetic ester can be alkylated with
a 48% yield71:

ι ι
H3C-N C=O

Ζ CHaN (0,Η,)Γ

CH,

H3C-C=C-CH2CHCOOC2H6 ·

H3C—Ν C=O NO.,
\ N /

I
C e H 5

The formation of nitrocyclopropanes [reaction (1)] occurs
only when primary nitro-compounds are used (R = H);
secondary nitro-compounds give only the Ο-alkylation pro-
ducts [reaction (2)]. 6 2

Tartakovskii et al. showed recently65 that, when two
nitro-groups are present in the γ -position with respect to
halogen, only Ο-alkylation takes place, iV-oxides of nitro-
isoxazolines being formedif:

RjCH -CHC (NO2);
I I '
Br R,

R 2 -CH-C-NO 2

I ii +KBr,
Ri—CH Ν

where R1 = Η and CH3OCO, R2 = H, CH3, and C6H5, and
R x -R 2 - - ( C H 2 ) 3 - and - ( C H 2 ) 4 - .

2. Alkylation with Mannich Bases and Quaternary
Ammonium Bases

Alkylation with Mannich bases is known to take place
according to one of two mechanisms (see, for example,
Hellmanand Opitz67): the so-called "elimination-addition"
mechanism or the nucleophilic substitution mechanism.

H A recent communication66 described the conversion of the
potassium salt of β-bromoethyl dinitroacetate, on boiling in
acetone, into aa-dinitro-y-butyrolacetone, i.e. intramolecular
C-alkylation with formation of a five-membered ring takes place.

The alkylation of the potassium salt of the anilide of nitro
acetic ester 7 1 and the sodium salt of nitromalonic ester
takes place similarly6 9:

Ant-CH2N (QH 5 ) 2 r +

CH, '

Ant—CHX <

where Κλ = Η and R2 = CONHC6H5 or Rx = R2 = COOC2H5;
Μ = Na and K, and Ant = antipyrine residue. The
methiodide of l-dimethylamino-2-methyl-2-nitropropane
(Mannich base derived from nitropropane) proved to be
unsuitable for C-alkylation of nitro-compounds68.

Several examples of related reactions, the alkylation of
the salts of mononitro-compounds with quaternary ammonium
bases, have been described. Thus Schechter and Kaplan72

obtained a 63% yield of the corresponding C-alkylation pro-
ducts by allowing the sodium salt of 2-nitropropane to re-
act with trimethyl-(/>-nitrobenzyl)ammonium iodide:

(CH3)2C=NO2Na+ + NO2-i -CH.,N (CH,)3I- (CH3)2CCH2

NO,

In the absence of the p-nitro-group in the phenyl ring, only
benzaldehyde is formed72, i.e. only Ο-alkylation takes
place.

t The assertion by Dornow and Thies 7C that alkylation does
occur in this case proved to be incorrect; in fact only the salt of
one of the initial reaction components is formed69.
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The reaction of nitroalkanes with quaternary quinolin-
ium and isoquinolinium salts is unusual. When nitro-
methane reacts with the methiodide of isoquinoline,
2-nitronaphthalene (K) is obtained instead of the expected
product (Vin):73

Γ*"*

+
!—CH3 Ι

CH3NO2

Under similar conditions nitroethane and 1-nitropropane
give only bis-[l-(2'-methyl-l',2'-dihydroisoquinolyl)]-
nitroalkanes (X):73

•N—CHj
+ RCHJNOJ

where R = CH3 and C2H5. In addition to compound (DC),
nitromethane also gives a small compount of compound (X)
(R = H). 7 3

The reaction of nitromethane with quinolinium or
2-methylquinolinium methiodide takes place in a different
manner — with formation of 1 -methyl-4-nitromethylene-
quinolanes:

C H 3 N O J
CjHjONa

where R = Η and CH3. The reaction does not occur when
a substituent is present in position 4 of the quinoline ring7 4.

Only one example of the alkylation of nitro-compounds
with a tertiary Mannich base (incapable of being deaminated),
of the N-methylgramine series, is known. When 5-benzyl-
oxy-1-methylgramine reacts with nitropropionic ester in
the presence of sodium hydroxide, the desired alkylation
product is formed in 14% yield75:

C , H 5 C H 2 O - ,-CH3N (CHs),
1 + CHjCHCOOQHs »

| toluene

NO S

CH,

J C H J O - / ^ -

UU
CH3

-CH2C—COOCjH5

CH3

In this section it is also appropriate to mention the alkyla-
tion of mononitro-compounds with ΛΓ-substituted benzyli-
denebisamines. Thus AW-benzylidenebisdimethylamine
reacts with 2-nitropropane to give a mixture of benzoic
acid dimethylamide and acetone oxime3:

ζ Ν (CH3)2

C eH5CH< + (CH3).,CHNO.,
X N (CH3)2

• CeH5CN (CH3)2 -f- (CHs)2C=NOH.

Ο

The author explains this reaction by the decomposition of
the nitronic ester formed as an intermediate as a result
of Ο-alkylation. Similar results were also obtained with
benzylidenebispiperidine3. On the other hand, the reaction
of nitroacetic ester withAW'-benzylidenebisbenzamide re-
sults only in C -alkylation with formation of ethyl β-phenyl-
-β-benzamido-a -nitropropionate7e:

C,H5CH + ΝΟ 20ΗΧΟΟ0 3Η 6

NHCOC,H6

3. Alkylation with Other Alkylating Agents

Apart from the alkylating agents enumerated above, a
number of others are used in reactions with mononitro -
-compounds (diazomethane, dimethyl sulphate, olefin
oxides, and others). With a few exceptions, the alkylation
always involves the formation of nitronic esters or products
of their further reaction. Thus a number of workers have
shown77»78»80»81 that diazomethane can be successfully used
for the Ο-alkylation of nitro-compounds. Arndt and Rose7 7,
who studied the behaviour of nitro-compounds of different
types in the reaction with diazomethane, concluded that the
more acidic is the nitro-compound the more readily it is
alkylated by diazomethane:

RCH2NO2 + CH.N2 — RCH=N< T

X O C H ,

where R = CeH5, />-BrCeH4, C6H5CO, C2H5OCO, £-CH3C6H
.SO2, etc.

While phenylnitromethane reacts with diazomethane over
a period of three days, the reaction with nitroacetic ester
is completed in 2h and that with nitromalonic ester is prac-
tically instantaneous. The reaction of diazomethane with
act-nitro-compounds is even faster than with true nitro-
-compounds77.

It has recently been shown that the cyclic a-nitro-ketone
3-nitroflavanone is readily alkylated by diazomethane78,
yielding a mixture of two products — a nitronic ester and
the ester of the enol form of the initial ketone:

\ / \ c /

ό

CH-C.H,

CH—NOj
+CH2N,

C=N-OCH3

•I
Ο

\/°\ C H - C 0 H 3

C—NO,

I
OCH3

It is noteworthy that the nitro-compounds which are rela-
tively weak acids (forexample, nitromethane79 and 1-phenyl-
-3-nitropropane80) do not enter into this reactionj.

t The difficulty of alkylating compounds of this kind, which is
probably due to the low rate of proton transfer from the nitro-com-
pound to diazomethane, can be overcome by treating a salt of the
nitro-compound with diazomethane, with subsequent addition of
tetrafluoroboric acid, the mechanicsm being as follows M .

2 - rCH 3N 2+
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The reaction of diazomethane with bis(methylsulphonyl)-
nitromethane also results in O-alkylation with formation (in
quantitative yield) of a nitronic ester which, according to
the author, is the N-oxide of #-[bis(methylsulphonyl)-
methyl]epoxymethyleneimine 8 1:

CHNO3 + CHjN2

ethe
CHN CH,.

CHjSO/

After the reaction of bis(methylsulphonyl)nitromethane with
diazoethane, the same investigator81 was able to isolate
only the decomposition products of the Ο-nitronic ester —
bis(methylsulphonyl)isonitrosomethane and acetaldehyde:

CHoSO.· CH,SO!\
CHNOa + Ο,Η,Ν., •

CHjSO/ CH3SOj

N̂OH + CH,CHO.

A nitronic ester is also formed when phenylnitromethane
(in the form of the sodium salt) is alkylated with dimethyl
sulphate 77>82. The reaction of dimethyl sulphate with the
potassium salt of 9-nitrofluorene is similar8 3: it yields a
nitronic ester which decomposes to fluorenone oxime and
formaldehyde on raising the temperature.

Bachman and Hokama84 introduced into the reaction
with nitroalkanes various olefin oxides (ethylene, propene,
and styrene oxides) in an alkaline medium (in the presence
of lithium alkoxide) and obtained only the oximes and the
oxime ethers whose formation they regard as due to
O-alkylation followed by decomposition of the reaction pro-
ducts into the carbonyl compounds and the oxime:

R_CH—CH2

R'

QM.OH Γ
C = N O : • ι

ι • ι
ο- ο

R #

R'

C=NCT + RCHCHO.
R'K

OH

C2HjOH

R'
R-CH—CH3 -f ^>C=NO"

R \ CM.OH R ν
>C=NOCH2CHR • )C=NOCHjCHOH.

R' I R' I

In another study on the alkylation of nitro-compounds by
olefin oxides8S the latter were introduced into the reaction
with various mononitroalkanes in pyridine solution. The
reactions are very complex, the corresponding y-nitro-
-alcohols (C-alkylation products) either not forming at all
or their yield not exceeding several per cent. The main
products are l-(2'-hydroxyalkyl)pyridinium nitrites and
3,4,5-trimethoxyisoxazole from primary nitroalkanes,
while secondary nitroalkanes give in addition vicinal
dinitroalkanes, ketones, and ketone oximes.

The reaction of the salts of mononitr ο-compounds with
rather unusual alkylating agents such as trialkyloxonium
salts has been investigated in fair detail. Thus Dona-
ruma8 8 allowed salts of nitrocyclohexane, nitrocyclopent-
ane, and 2-nitropropane to react with trialkyloxonium
fluoroborates, chloroferrates, and chloroaluminates, and

in all cases observed the formation of O-alkylation pro-
ducts — oximes (XI) and the Ο-alkylated oximes (ΧΠ)
(ethers):

R

C C=NOH+ R"OHO,

(XI)

R\
• + R",O+X-+ (XI) • CHNO, •

R \
C=NOR'",

(XII)

where R' and R" = -(CH2)4-, -(CH2)S-, and CH3, R'" =
= CH3 and C2H5, X = BF4, FeCl4, and A1C14, and Μ = Na
and K. The best yields of oximes (50-80%) and their
ethers (20-35%) are obtained when trialkyloxonium fluoro-
borates are used, particularly when R'" = C2HS; triethyl-
oxonium chloroferrate and chloroaluminate react to a much
smaller extent, due to side-processes (in particular due to
the formation of sparingly soluble iron and aluminium salts
of the nitroalkanes by double decomposition with ferric
chloride and aluminium chloride, the salts being precipi-
tated during the alkylation).

Quite recently Kornblum and Brown80»87 used the reac-
tion with trimethyl- and triethyl-oxonium fluoroborates to
prepare nitronic esters from many aliphatic and aliphatic-
aromatic mononitro-compounds:

R.[ \ \ /
C=N +NaBF4+(Rs)iO,

where Rx = CH3, n-CgK,, /)-BrCeH4, and/)-NO2CeH4, R2 =
= Η and CH3, and R3 = CH3 and C2H5. The reaction was
carried out in methylene chloride at 0°, the yield of the
esters being very high (80-95%). It is noteworthy that the
nitronic esters from purely aliphatic nitro-compounds had
not been isolated before this study.

There are patent data on the alkylation of salts of pri-
mary or secondary aliphatic and alicyclic nitro-compounds
with alcohols and phenols in neutral or acid media88, the
reaction resulting in O-alkylation with formation of oximes.
The reaction can also be carried out in the presence of
ammonia, amines, or ammonium salts.

Interesting results were obtained in the alkylation of
nitro-compounds with tropylium bromide. Thus by allow-
ing tropylium bromide to react with the sodium salt of
2-nitropropane, Bersohn23 obtained a high yield (68%) of the
C-alkylation product — l-(dimethylnitromethyl)cyclohepta-
-2,4,6-triene (ΧΙΠ):

+ ^ Β Γ - +

Η ϊ & ν =

He believes23 that initially the O-alkylation product forms
and then readily dissociates into the initial ions with sub-
sequent formation of the thermodynamically stable C -alkyla-
tion product. This process is much faster than the usual
breakdown of nitronic esters into the oxime and the car-
bonyl compound and therefore the C-alkylation derivative
gradually accumulates: O-alkylation products were not
detected in this reaction.
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The alkylation of nitroacetic ester with tropylium brom-
ide takes place in exactly the same way, the only product
being ethyl cycloheptatrienylnitroacetate89:

U Br~ NO2CH2COOC2H5

Yet another case of C-alkylation (more precisely arylation)
of nitr ο-compounds was described recently by Kornblum
and Taylor90: by allowing salts of primary and secondary
nitroalkanes to react with diphenyliodonium toluenesul-
phonate in dimethylformamide, they obtained a good yield
(55-70%) of the corresponding phenylnitroalkanes:

C=NO~Na+ + (C,H6)2I+Tos- + C e H 6 I .

where Rx = CH3, n-C3lLj, and n-C7H15, R2 = Η and CH3, and
Rx-R2 = -(CH2)5-.

It proved impossible to make the potassium salt of
phenylnitromethane undergo a similar reaction91. Diphenyl-
iodonium chloride can be used successfully instead of the
toluenesulphonate; the potassium salt of 2-nitropropane is
then converted into 2-phenyl-2-nitropropane in 63% yield92:

H3C.
\

CC=NO;K+ + (CeH5)2I+Cl-
ben zeue

(CH 3 ) 2 C-C 0 H 6 + C eH 5I + KC1.

N0.2

be identified after the reaction of primary nitroalkanes with
acyl halides9 8"1 0 0.

The acylation of primary mononitro-compounds by acid
chlorides in pyridine solution is unusual. Thus in the re-
action of phenylnitromethane and ω-nitroacetophenone with
benzoyl chloride in pyridine the main product is in both
cases dibenzohydroxamic acid (C6H5CONHOCOC6H5).101 On
the other hand, when act -phenylnitromethane is used in a
similar reaction, the product is the chloride of benzoyl-
benzohydroxamic acid (C6H5CC1=NOCOC6H5).102 Under
the same conditions methazonic acid (XVII) gives dibenzoyl-
chloroglyoxime (XVffl):102

HCCH=NOOH + CeH5COCl p y n d M l e , H C - C = N O C O C e H s .

NOH (XVII) NOCOCeH5 (XVIII)

The reaction of benzoyl chloride with nitromethane in
pyridine solution is much more complex101. It proceeds
with evolution of carbon dioxide and the formation of
JVJV'-dibenzoylurea (XK) as the main product; in addition
benzamide (XX), benzonitrile, 3,5-diphenyl-l,2,4-oxadia-
zole (XXI), and a substance with the empirical formula
C15H10N2O2, possibly 2,6-diphenyl-4-oxo-l,3,5-oxadiazine
(XXII), were isolated from the reaction mixture:

pyridine
CH3NO,, + C6H5COC1 CeH5CNHCNHCCeH6 + CeH5CONH3 + CeH5CN +

Ο Ο Ο
(XIX) (XX)

4. Acylation of Mononitro-Compounds

Much less attention has been given in the literature to
the acylation of mononitro-compounds than to their alkyla-
tion. However, here too various acylating agents have
been investigated — acyl halides, acid anhydrides, ketene,
acyl cyanides, and others. In almost all cases Ο-acyla-
tion takes place exclusively with formation of nitronic acid
anhydrides which then as a rule undergo further reactions.

The acylation of mononitro-compounds by acyl halides
has been studied in greatest detail. Thus the reactions of
salts of primary nitroalkanes with acetyl chloride and bea-
zoyl chloride yield various acylhydroxamic acids, (XV) and
(XVI), the products of the rearrangement of the anhydrides
(XIV) and subsequent repeated acylation93"95:

RCH=NO.,M+ -(- R'COCl RCH=N<*

•O

R-C

NOH

OCOR'

(XV)

RCONHOCOR'

OCOR'

(XIV)
NOCOR'

C >

RCO

R'CO

OCOR'

(XVI)

where R = Η and CH3 and R' = CH3 and C6H5.

Similar results were obtained in the acylation of the
sodium salts of arylnitromethanes83'96»97. The acylation
of act -phenylnitromethane yields the chloride of benzo-
hydroxamic acid8 3:

C6H5CH=NOOH + RCOC1 » C e H 5 C=NOH + RCOOH

Cl

where R = CH3 and C6H5. In many cases no products could

Ν C-CeH6

II II
C Ν

Ν Ν
II II

C H 5 - C C-CH,

+ CO,.

(XXI) (XXII)

The authors of this investigation believe that in this case
the acylating agent is benzoylpyridinium chloride (XXIII)
which initially combines with nitromethane to give an inter-
mediate (XXIV), and the latter then decomposes into the
mixed anhydride (XXV):

Cl~ + CH,NOj

COCr,H5

(XXIV)

X)COCjHr,

- C5H3NHH

(XXVj

To account for the formation of iViV'-dibenzoylurea (XIX),
the authors proposed further the following mechanism:

Ο

=N<^ + C5HeN » [C=NOH

OCOCeH5

(XXV)

(XXVI) + CeH6COCl + C6H5N •

(XXVII) + H.2O

(XX) + (XXVII) -

» CeH5CONH2 + CO.,,
(XX)

CeH5CNHCNHCC9H5.
II II II

ο ο ο
(XIX)

ί HC=N—Ο ] + C5H5NH+-CeH5COO ,

(XXVI)

C e H 5 CON=C=O + C5H5NHC1-,

(XXVII)

The reasons for the formation of the other products are
obscure. It is interesting that, on replacing pyridine by
quinoline or dimethylaniline, not even traces of compound
(XK) are formed101.

The acylation of secondary mononitro-compounds by acyl
halides has been investigated in greatest detail by White and
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Considine 10V04. They found that the initial products of the
reactions of salts of secondary nitroalkanes with acid chlor-
ides are the anhydrides (XXVIII), as in the case of other
mononitro-compounds. On raising the temperature of the
reaction mixture, a pale blue colour gradually appears,
due to the extremely ready isomerisation of the nitronic
anhydrides to nitrosoacyloxy-compounds (XXK) 1 0 4 § :

K l \\
C=N +R,COCI

/ \ 0 -

\
C=

(XXVIII)

R l x
C - N = O .

R a OCOR,
(XXIX)

where Rx and R2 = CH3, C6H5, and -(CH2)5- and R3 = CH3,
CeH5, and />-NO2CeH4. The authors were unable to obtain
C-acylation products; judging from the infrared spectra,
the latter are formed in amounts smaller than 1%.

In some cases on acylating secondary nitro-compounds
withacyl halidesit proved possible to isolate stable nitronic
esters. Thus Nenitzescu and Isacescu 8 3 obtained Ο -acety 1
and O-benzoyl-9-act-nitrofluorenes (XXX) by allowing the
potassium salt of 9-nitrofluorene to react with acetyl and
benzoyl chlorides respectively:

+ RCOC1 C H i C l i

NO~K+

OCOR

(XXX)

where R = CH3 and C6H5. Subsequently White and Consi-
dine 1 0 3 confirmed the structure of compound (XXX) (R =
= C6H5).

Another interesting case of the formation of a stable
nitronic anhydride has been described by Thurston and
Shriner6: when the sodium or silver salt of phenylnitro-
acetonitrile was treated with benzoyl chloride, O-benzoyl-
-aci-nitrophenylacetonitrile was obtained:

C,H,COC1
benzene

+ MC1,

CN
OCOC,H5

where Μ = Na and Ag. The authors demonstrated the
structure of the product and thereby disproved the assertion
of Wie land and Hochtlen17 that they isolated the C-benzoyl
derivative in a similar reaction with benzoyl bromideH.
According to Foster's data1 0 7, the reaction of 1-nitro-
bornane with benzoyl chloride also yields a stable nitronic
anhydride, but the product was not characterised.

The use of the ethyl ester chlorocarbonic acid as the
acylating agent has been as a rule unsuccessful — no pro-
ducts have been identified98»100. In only one case, in the
acylation of the sodium salt of nitroethane, Nef94 and then
Jones9 5 succeeded in isolating ethoxycarbonylacetohydrox-
amic (XXXI) and ethoxycarbonylethylnitrolic (ΧΧΧΠ) acids:

CHsCH=NO:Na+ -f CICOOC2H5 - CH3C
\NHOCOOC2HS

(XXXI)

A

CH3G(
NO.,

NOCOOC,Hj

(XXXII)

§ In another study it was shown that, in the reaction between
the sodium salt of 2-nitropropane and benzoyl chloride in ether (in
the form of suspension), only benzoic acid is formed even under
anhydrous conditions 105.

H White and Considine 1M showed that, contrary to the data of
Wislicenus and Pfeilsticker106, the formation of the C-acylation
product, 1-benzoyl-3-nitroindene, in the reaction of the potassium
salt of 3-nitroindene with benzoyl chloride is also unlikely.

Several papers describe the acylation of mononitro-
compounds by acid anhydrides. On heating mononitro-
alkanes (nitromethane, nitroethane, 1-nitropropane, and
phenylnitromethane) with acetic anhydride in the presence
of sodium acetate or pyridine, Urbanski108 obtained in all
cases only triacetylhydroxylamine (ΧΧΧΙΠ). He believes
that initially the nitro-compounds isomerise to the aci-
-form (XXXIVa) or nitrosohydroxy-compounds (XXXIVb)
and then to hydroxamic acids (XXXV); the latter then
undergo cleavage and acetolysis with formation of compound
(ΧΧΧΙΠ) and carboxylic acids:

RCH S NO 2

(XXXV)

(XXXIVb)

* C H 3 C < O ^ N O C ° C H 3 + R C ^ O H + C H 3 C 0 0 H ·

(XXXIII)

Quite different results were obtained in the reaction of
acid anhydrides with secondary nitroalkanes. Thus acetic
and propionic anhydrides react with 2-nitropropane (in
toluene in the presence of potassium acetate) or its sodium
salt (in ethereal suspension) to give relatively stable
nitronic anhydrides1OS t :

C=NO, + (RCO)jO

H3C

H3C 0

/ \OCOR'

where R = CH3 and C2H5. Unlike acetic or propionic
anhydride, benzoic anhydride is completely inert under
analogous conditions105.

When keten is used as the acylating agent, the nature of
the reaction products also depends on whether the initial
nitro-compound is primary or secondary. Thus 1-nitro-
propane reacts with keten to form AW-diacetylpropio-
hydroxamic acid1 0 9:

/OCOCH,
CH3CH2CHjNO3 + CH S =C=O CH,CHSCN<

11 NOCOCH3

Phenylnitromethane behaves similarly, its sole reaction
product being acetylbenzohydroxamic acid8 3. In contrast
to the primary nitro-compounds, the secondary compounds
yield nitronic anhydrides on reacting with keten83>109:

CHNO2 + C H a = C = O cH,cooxa . C = = N

H3C

I I I | + C H 2 = C = O

I!
NO'K*·

COCH.

Thus in all the cases enumerated above Ο-acylation
occurred. Only a few examples of acylation at the carbon
atom with formation of a-nitroketones are described in
the literature. In the study of the reaction of nitrometh-
ane with phthalic anhydride in the presence of sodium
methoxide, Gabriel1 1 0 obtained a very low yield of 2-nitro-
acetylbenzoic acid (XXXVI). He believes that the first
stage of the process involves the addition of nitromethane

t This was subsequently confirmed by Urbanski and Gurzynska 1 0 9 .
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to the carbonyl double bond of the anhydride with subse-
quent elimination of a water molecule and hydrolysis:

0

11

0 + CHJNOJ

y
0

CH,ONa fκ

CHN02

0 O H ~

V
0

OH

Λ^ is—CHsNOaX>
(1

0

0

^x-oy»

ν̂\:οοΗ

(XXXVI)

In anotner study Yakubovich U 1 treated nitromethane
with benzil in the presence of twice the required amount
of potassium hydroxide and obtained the potassium salt of
ω-nitroacetophenone (XXXVII) and a whole series of other
products. In his view, initially nitromethane adds to one
of the carbonyls and then the addition product (XXXVIII) is
cleaved to (XXXvn):

r OH -,
KOH |

C , H 6 - C - C - C , H 6 + CH3NO2 > \ C,HSC-COC,H5

!l II I
0 0 L CH2NO., J

(XXXVIII)

OH
H,O I |

C,H5C-OH + C,H,CHO.

KOH

C,H5C—CH=NO:K+

il
Ο

(XXXVII)

Nevertheless, it proved impossible to isolate compound
(XXXVin) as an intermediate; on the other hand, in the
reaction between nitromethane and diacetyl an addition
product of this type is formed smoothly.

In 1959 Bachman and Hokama112,113 developed a general
method for the synthesis of α-nitroketones by the C-acyla-
tion of primary nitroalkanes. They showed that C-acyla-
tion products will form only when rather unusual acylating
agents, such as acyl cyanides, are employed:

RCH=NO~M+ + R'COCN R'COCHR + MCN,

NO,

where R = H, CH3, and n-C3H7, R' = CH3 and CeHs, and
Μ = Na and Li. The yields are 30-70%. When secondary
nitroalkanes and used, α-nitroketones do not form. The
lithium salts of nitroalkanes give better results than the
sodium salts. t-Butyl alcohol, pyridine, and tetrahydro-
furan are used as solvents. O-acylation products were
never observed.

The authors offer the following explanation for this
sharp difference in the behaviour (with respect to the salts
of nitro-compounds) of acyl halides and acid anhydrides, on
the one hand, and acyl cyanides, on the other. In the first
case the reactions are so fast that thermodynamic equili-
brium is not attained and O-acylation takes place, since
the transition state then has a lower energy of formation
than in C-acylation (by virtue of the higher electronegati-
vity of oxygen compared with carbon). The reaction with

acyl cyanides is much slower, equilibrium is attained, and
the thermodynamic stability of the final products begins to
play a decisive role; the latter is known to be always higher
in the case of C-acyl derivatives114.

ΠΙ. ALKYLATION AND ACYLATION OF POLYNITRO-
-COMPOUNDS

In contrast to mononitro-compounds, whose alkylation
has been the subject of a fairly large number of studies, the
number of known examples of the alkylation of polynitro-
-compounds is much smaller. Thus in 1899 Hantzsch and
Rinckenberger U 5 obtained 1,1,1-trinitroethane by allowing
the silver salt of nitroform to react with methyl iodide in
ether:

C(NO2)3 Agt + CH3I > CH3C (NOj), + Ag I .

The authors note that the potassium salt of nitroform does
not enter into a similar reaction!. They also state 1 1 5 that
the reaction of the silver salt of nitroform with iodine
cyanide gives trinitroacetonitrile:

C (NOj)JAg+ + ICN • (NO2)3C—CN+AgI.

Somewhat later Hantzsch and CaldwellU7 established
that, when the silver salt of nitroform is allowed to react
with methyl iodide at -75°, the initial step is the formation
of the addition product C(NO2)3Ag.2CH3I, which on raising
the temperature is converted into trinitroethane in non-
-polar solvents. In the presence of hydroxyl-containing
solvents (for example alcohols) this complex yields only the
free nitroform. On the other hand, the reaction of the sil-
ver salt of nitroform with methyl iodide in aqueous, alco-
holic, or ethereal solution gives only trinitroethane and
traces of nitroform. The authors explain these results by
postulating that in solution the silver salt reacts in the
ionic form yielding the more stable C -alkylation product
(trinitroethane); on the other hand, its addition product
with methyl iodide reacts intramolecularly, forming the
methyl ester (NO2)2C=NO-OCH3. The latter, being un-
stable in a non-polar medium, isomerises to trinitroethane
and in the presence of water hydrolyses to nitroform117»118.

The same workers showed that the silver salt of nitro-
form reacts with ethyl iodide117, benzyl iodide115»117, allyl
iodide u ? , and bromoacetic ester 1 1 5, but no products were
identified?}. An attempt to make monochloromethyl ether1 2 0

and triphenylchloromethane17,120 react with the silver salt
of nitroform was also unsuccessful, the reason being
(according to the authors) that the water of crystallisation,
which is always present in the molecule of the silver salt,
hydrolyses the above halogeno-derivatives faster than they
can react.

Meisenheimer and Schwarz120 and Hantzsch121 showed
that bromonitroform and iodonitroform do not react with
the silver salt of nitroform. In 1947 a paper was pub-
lished, describing the alkylation of the silver salt of nitro-
form with various substituted benzyl halides122 [£-nitro-
benzyl bromide, 2,4,6-trinitrobenzyl iodide, />-di(iodo-
methyl)benzene, l,3-di(iodomethyl)-5-nitrobenzene, and

ί According to a recent communicationll6, on carrying out the
reaction in acetone, it proved possible to obtain 1,1,1-trinitro-
ethane from the potassium salt of nitroform and methyl iodide
(yield not indicated).

§ According to patent data1 1 9, 4,4,4-trinitrobut-l-ene forms on
reaction between the silver salt of nitroform and allyl bromide (in
ether).
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l,3,5-tri(iodomethyl)benzene], the products being the cor-
responding trinitroethyl derivatives of benzene, for example

Ν Ο , - ! ζ ^ - C H j X + C (NOj)~Ag+ • N O a - ^ y CHaC (NO,), + AgX.
X R 2

 X R S

where Rx and R2 = Η and NO2 and X = Br and I. The re-
actions were carried out in ether. The authors noted that
in all cases they also observed the formation of unstable
coloured oils (probably O-alkylation products), which de-
composed with evolution of nitrogen oxides.

In 1952 an American patent123 described the preparation
of 1,1,1,2- and 1,1,1,3-tetranitropropane by the reaction of
the silver salt of nitroform (in boiling ether) with the cor-
responding halogenonitro-compounds — 1-bromo-l-nitro-
and l-bromo-2-nitro-ethane. However, the patent gives
no experimental details and the yields of the products are
not stated.

In 1963 Hammond et al. 1 2 4 described the alkylation of
the silver salt of nitroform with various halogeno-deriva-
tives. The reaction in acetonitrile solution was studied in
greatest detail. The authors showed that primary straight -
-chain alkyl iodides and also allyl bromide and iodide give
the corresponding C-alkylation products in yields of 30-
60%:

C(NO1!)s-Ag++RX
CHjCN

where R = η-alkyl and CH2=CHCH2 and X = I and Br.
Secondary and cyclic alkyl halides and propargyl bromide,
1,3-di-iodopropane, and 1,4-dibromobutyne yield a complex
mixture of products which could not be identifiedif; allyl
chloride, l-bromo-2,4-dinitrobenzene, and 1-iodo-2-nitro-
benzene do not react at all. When α-halogeno-acids are
used, the corresponding nitrates are formed instead of the
expected products, as a result of the substitution of the
halogen by the nitrate group. The authors explain the
failure of the above syntheses by the O-alkylation of the
silver salt of nitroform under these conditions with forma-
tion of unstable nitronic esters:

(NO2)aC=N<f +RX-(NO2)aC=NC +AgX.
NO"Ag+ XOR

The latter decompose with liberation of nitrate ions. The
authors believe that another possible pathway involving the
formation of nitrates, the gradual decomposition of the
silver salt of nitroform to yield nitrate ions, is unlikely.

They also showed124 that in the reaction of the silver
salt of nitroform with chloromethyl ether and bromomethyl
acetate the only product is trinitroethanol whose formation
can be explained by the condensation of nitroform with
formaldehyde, produced by the decomposition of the initial
α-halogeno-ethers. The reaction of t-butyl bromide gave
only iV-t-butylacetamide — the product of the reaction of the
halide with the solvent (acetonitrile). Hammond et al . 1 2 4

showed that the use of other solvents in the alkylation of the
silver salt of nitroform (methyl and ethyl acetate, methyl
and ethyl formate, acetone, ethanol, benzene) does not in-
crease the yield compared with that obtained in acetonitrile,
but the reactions are much faster. In contrast to the sys-
tem in acetonitrile, in methyl acetate they were able to
achieve the reaction of the silver salt with epi-iodohydrin

1i According to patent data 1 2 5, l,l,l,6,6,6-hexanitrohex-3-yne
can be obtained by the reaction of the silver salt of nitroform with
l,4-dibromobut-2-yne in methyl acetate.

and 0-methylallyl bromide, the products, 4,4,4-trinitro-l,2-
-epoxybutane and 2-methyl-4,4,4-trinitrobut-l-ene, being
obtained in yields of 19 and 27% respectively124.

The study of the kinetics of the reaction of the silver
salt of nitroform with methyl iodide in acetonitrile at 25.5°
showed that the reaction is of third order overall, i.e. the
silver cation participates as an electrophilic catalyst form-
ing an ion pair in the transition state 1 2 4:

C (NO,)f + R - I+Ag+ - (NO,), C-R+IAg.

Thus the reaction is simultaneously of both S#l- and
S]\r2-type.

Recently Tartakovskii et al. 1 2 e showed that, when nitro-
form is treated with diazomethane, Ο -alkylation occurs with
the formation of an unstable, very reactive nitronic ester.

Only a few papers have been published on the alkylation
of salts of 1,1 -dinitroalkanes (mainly silver salts). Duden127

showed in 1893 that the silver salt of dinitromethane reacts
with methyl iodide and ethyl iodide (in the absence of sol-
vent) with the formation of the expected 1,1-dinitroalkanes:

HC (NO,)7Ag++RI -RCH (NO^+Agl,

where R = CH3 and C2H5. The author notes that the reac-
tions are far from smooth, the products containing a con-
siderable amount of unstable oils, which decompose even
on slight heating.

In 1894 Nef 10° found that, when the silver salt of 1,1-di-
nitroethane reacts with methyl and ethyl iodide, the expected
2,2-dinitropropane formed only in the first case and even
then in a low yield. The main products of the reaction
were ethylnitrolic acid and the corresponding aldehyde
(formaldehyde or acetaldehyde) and also free 1,1-dinitro-
ethane. The author explains the formation of these pro-
ducts by the preferential O-alkylation of the silver salt of
dinitroethane, resulting in the nitronic ester (XXXK) which
is unstable to heat and decomposes to ethylnitrolic acid (XL)
and an aldehyde:

CH3C(NO,)-Ag++RCHjI _ Γ<;Η2Ο=Ν<*' • CH3O

(XL)

.NOH
+RCHO.

(XXXIX)

where R = Η and CH3.

A quite recent publication described the phenylation, at
the carbon atom, of the potassium salts of 1,1 -dinitroethane
and 1,1 -dinitropropane with diphenyliodonium toluenesul-
phonate 9 1 :

t-C4H,0H
RCHjC (NO2)7 K+4- (C,H5)2I+Tos- • RCH,C (N0 2) iC l lH 6+CH,I+KTos,

where R = Η and CH3. The reaction is carried out in boiling
t-butyl alcohol, the yields of 1-pheny 1-1,1-dinitroalkanes
being 67-68%. The authors note that, when dimethylform-
amide is used as the reaction medium, the desired products
are formed in yields less than 5%, the principal product
being nitrobenzene. The attempt to use the potassium salt
of phenyldinitromethane in a similar reaction was unsuc-
cessful.

Unusual results were obtained in the alkylation of the
silver salt of dinitroacetonitrile124,128. As a rule no
identifiable products can be obtained in reactions of this
kind. Only with methyl iodide, t-butyl bromide, and allyl
bromide is the reaction relatively successful; with methyl
iodide, only O-alkylation takes place (a stable methyl ether
forms in 58% yield), the reaction with allyl bromide gives
the C-alkylation product (yield 35%), while in the reaction
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with t-butyl bromide a mixture of C- and ΛΓ-alkylation pro-
ducts is formed [compounds (XLI) and (XLII) respectively,
in yields of 17 and 18%]:

NC-C(NO 2) 3Ag+ + CH3I NC-C=N<* + Agl,

NO.,
0 C H 3

NC

CH,CN
NC-C(\O.,)2Ag+-f-BrCH2CH=CH, • N C - C (NO2)2CH2CH=CH2 + AgBr,

CH3CN
; + -f (CH3)3CBr , NC-C(NO2)2C(CH3)3+HC(NO2)2CONHC(CH,),+AkBr.

(XLI) (XLII)

The authors' explanation of the results is that, being
"polydentate" (i.e. having several reaction centres), the
anion of dinitroacetonitrile can be alkylated in one of three
ways, yielding C-, O-, or iV-alkyl derivatives:

Ο Ο

Ο Ν
V I

N-C-CN

RX

RC (NO2)2CN

Ο Ο:

Ο Ν

'Ν—C—CN

Ο

NO

N C K c = N /°
7 X

2 \ C =C=N:
NO/

RX

[ N ° 2 \ C _ C _ N R ]

(NO2)2CHCONHR

These results clearly contradict the generally accepted
theory of Kornblum et al. 1 2 9 according to which the closer is
the transition state in nucleophilic substitution reactions to
a carbonium ion, the greater the probability of the forma-
tion of a bond with the most electronegative atom of the
polydentate anion (in the anion of dinitroacetonitrile such
atoms are the oxygen of the nitro-group and the nitrogen of
the cyano-group). Allyl bromide and t-butyl bromide are
known to form carbonium ions much more readily than
methyl iodide (the fact that t-butyl bromide reacts with the
silver salt of dinitroacetonitrile as a carbonium ion is
demonstrated by the formation of the same products in the
analogous reaction of t-butyl alcohol128). Nevertheless,
C-alkylation takes place with allyl and t-butyl bromides.
The authors explain this as follows: the transition state in
these reactions, involving the participation of large planar
ions, is sterically facilitated and therefore when two ions
approach one another there is a greater probability of the
formation of a bond with the geometric centre of the charge
density of the dinitroacetonitrile anion (i.e. with the carbon
atom) than with an individual electronegative atom (oxygen
or nitrogen)124,128.

There are no publications dealing with the acylation of
polynitro-compounds, only isolated, negative data being
available. Thus Hantzsch and Rinckenberger11S noted that
it is impossible to achieve the reaction of the silver salt of
nitroform with chlorocarbonic ester. The use of acyl
halides as acylating agents in reactions with the silver salt
of nitroform (in acetonitrile) only results in the formation
of the corresponding carboxylic acids 1 2 4.

---oOo---

The data presented in this review show that alkylation
and acylation reactions are typical and perhaps the most
distinctive examples of the dual reactivity of nitro-com-
pounds. The mode of alkylation (or acylation) of ambiden-
tate anions (i.e. anions with two reaction centres), to which

the anions of nitro-compounds belong, is known to be in-
fluenced by a number of factors: the nature of the cation129,
the heterogeneity or homogeneity of the medium130, the
polarity and the solvating power of the solvent131"133, steric
factors134, etc. The data compiled in the present review
show that, despite the large amount of information which
has accumulated, there have been almost no papers dealing
specifically with the study of the effect of various factors
on the mode of alkylation (or acylation) of nitro-compounds.
The sole exception is the paper of Kornblum et al. 1 2 which
describes a study of the effect of the group being substi-
tuted on the mode of alkylation of salts of 2-nitropropane
with £-nitrobenzyl derivatives. For this reason, syste-
matic studies in this field are necessary to elucidate the
influence of the structure and reaction conditions on the
mode of alkylation of nitro-compounds.

On the basis of the available data, it is so far possible
to arrive at only one conclusion, namely that, despite the
wide variety of reaction conditions used, the main mode of
reaction is alkylation (or acylation) of the oxygen of the
nitro-group. C-Alkylation occurs only with a few alkylat-
ing agents (for example, in alkylation with />-nitrobenzyl
chloride, see p. 719). It appears that the mode of reac-
tion is not influenced significantly either by the nature of
the cation or the nature of the reaction medium, i.e. factors
which have a very important role in reactions of other
ambidentate anions. Probably the mode of alkylation is
greatly influenced by the structure of the nitro-compound
itself. Thus salts of phenylnitroacetonitrile are always
acylated at the oxygen only, even with />-nitrobenzyl chlor-
ide 4, which as a rule alkylates mononitro-compounds at
the carbon atom.

After the manuscript had been sent to the editors, a
number of papers with a direct bearing on the present topic
have been published and we decided it was necessary to
consider them if only briefly.

1. M o n o n i t r o - c o m p o u n d s . The work of Teuber
and Glosauer135, who succeeded in obtaining the corres-
ponding C-alkylation products by treating the sodium salts
of 2-nitropropane and nitrocyclohexane with o-nitrobenzyl
chloride, is noteworthy. There has also been an interest-
ing communication136 according to which the reaction of
triphenylchloromethane with the sodium salt of nitrocamphor
gives a stable nitronic ester (in 44% yield) — an Ο-alkyla-
tion product. In another study137 the intermediate stages of
the reaction of triphenylchloromethane with the silver salt
of phenylnitroacetonitrile were investigated (c.f. Ref. 19).

Polyanskaya et al. 1 3 8 state that in the reaction of nitro-
acetic ester witn alkyl halides in the presence of amines (for
example triethylamine), esters of a-nitroalkanecarboxylic
acids are formed, i.e. alkylation at the carbon atom takes
place. A few more examples of C-alkylation of 2-nitro-
propane (in the form of the sodium salt) with /3-chlorovinyl
ketones have been described by Belyaev and Shamanovskaya139.

Two papers describe interesting cases of intramolecular
C-alkylation of mononitro-compounds. Thus on treatment
of l-iodo-3-nitropropane with lithium amide in liquid
ammonia, nitrocyclopropane forms in high yield (87%).140

Etheredge141 found that a bridge nitro-compound, 1-nitro-
bicyclo[3,2,l]octane, forms in 19% yield in the reaction of
2-(3-nitrocyclohexyl)ethyl toluenesulphonate with sodium
hydride in dimethylformamide.

2. Po l y n i t r ο - c o m p o u n d s . Here mention must
be made in the first place of the work of Tartakovskii and
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coworkers on the preparation of Ο-methyl derivatives of
dinitromethane142 and nitroform143 (see also Ref. 126) by
the action of diazomethane in benzene on dinitromethane
and nitroform respectively:

RC(NO,)2H+CH2No- R - C = N < *
I X O C H 3

NO.

where R = Η and NO2. The same workers obtained143 the
O-ethyl derivative of nitroform by alkylating the potassium
salt of nitroform with triethyloxonium fluoroborate:

(NO2)3C-K++ (CoH5)30+BF7
CH2C1,

(NO2)2C=N=N<* +KBF4-j-(C,H5)aO.

In another paper1 4 4 they describe the synthesis of a cyclic
nitronic ester (XLin) by the intramolecular O-alkylation
of the potassium salt of l-chloro-3,3-dinitro-2-propanol —
an intermediate in the reaction between the potassium salt
of dinitromethane and chloroacetaldehyde:

HO

[C1CH2CHC (NO2)~K+]

OH

NO.,

(XLIII)

Recently Ungnade and Kissinger145 described two examples
of C-alkylation (in yields of 80-90%) of salts of 2,2-dinitro-
ethyl alkyl ethers with methyl iodide:

where R = CH3 and C1CH2CH.

Ustynyuk et al.1 4 6 studied the action of various acylating
agents (acid chlorides and anhydrides and acetyl nitrate) on
salts of 1,1-dinitroethane and 1,1-dinitropropane and estab-
lished that in all cases the reactions result in the for-
mation of self-condensation products of the initial dinitro-
alkanes (XLIV) (in yields of 3 0 - %

R—C=NOCR!(NO4)a

NO,
(XLIV)

where R = CH3 and C2H5. The structure of compound (XLIV)
was confirmed by spectroscopic methods 1 4 7 .
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