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Methods of Preparation and Chemical Properties of Aliphatic Halogeno-
nitro-compounds

G.A.Shvekhgeimer, V.A.Smirnyagin, R.A.Sadykov, and S.S.Novikov

The review deals with the literature on the nitrohalogenation of unsaturated compounds by addition to the latter of nitryl and
nitrosyl halides and by the reaction of the unsaturated compounds with mixtures of nitrogen tetroxide and halogens. The con-
densation of nitro-alkanes with halogeno-carbonyl compounds, the nitration of halogeno-derivatives of aliphatic hydrocarbons,
and the halogenation of nitro-compounds have also been described. Work on the reaction of polyhalogeno-alkanes with metal
nitrites and the replacement of a carboxy-group by a halogen and a nitro-group have been reviewed. Dehydrohalogenation,
dehalogenation, and also reactions involving the substitution of the halogen atoms have been examined in the analysis of the
chemical properties of halogenonitro-compounds. The review also deals with work on the reactions of halogenonitro-compounds
with participation of the nitro-group. A brief report is given on the applications of halogenonitro-compounds.
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I. INTRODUCTION

Among aliphatic nitro-compounds considerable interest
attaches to halogenonitro-compounds in which there are two
or three reaction centres: the halogen atom, the nitro-
group, and, for substances with a primary or a secondary

nitro-group, two or one "mobile" hydrogen atom. The
presence of several reaction centres permits a wide range
of reactions with these compounds.

Despite their undoubted interest, the chemistry of halo-
genonitro-compounds has not been reviewed so far. The
present review presents a compilation of data on the syn
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thesis and chemical properties of halogenonitro-compounds
excluding α-halogenonitro-compounds. The latter, con-
taining a halogen and a nitro-group at the same carbon
atom, constitute a fairly large group of substances, which
differs sharply in methods of preparation and properties
from halogenonitro-compounds in which the halogen and the
nitro-group are attached to different carbon atoms1.

II. METHODS OF PREPARATION OF HALOGENONITRO-
COMPOUNDS

1. NITROHALOGENATION OF UNSATURATED COMPOUND

a. Addition of Nitryl Halides to Unsaturated Compounds

Nitrohalogenation with nitryl chloride and fluoride only
has been described2"1 5 and the possibility of the addition of
nitryl fluoride has been demonstrated in only one study16:

C F 8 V

C F S — C = C F — O R ' + FNO2 -• pC—CF 2 —OR' ,

R NO2

where R = F or CF3 and R' = alkyl.
Many investigators are inclined to believe that nitryl

chloride adds to unsaturated compounds by a free-radical
mechanism, although it is also capable of heterolytic dis-
sociation3»12»14:

NO+ + Cl- i.NO2Cl

It
N07-

NOj* + Cl'

However, in weakly polar media nitryl chloride largely
dissociates with formation of free radicals1 2. This can
account for the finding that, in the chloronitro-compounds
formed, the nitro-group is attached to the terminal carbon
atom of the double bond regardless of the electronic pro-
perties of the substituents:

R — C H = C H 3

R _ C H - C H 2 N O 2

R—CH—CH 2—CH 2NO 2

R-CHC1-CH 2 NO 2 + NO, ' '

where R = alkyl, CH3OCO, CN, COOH, C or a halogen.

The primary attack by the chlorine atom leads to the
formation of dichlorides. There exist contradictory data
on the reaction of styrene with nitryl chloride2»3. Steinkopf
and Kuhnel2 isolated 2-chloro-l-nitro-l-phenylethane as
the reaction product, but later Goddard3 repeated the reac-
tion and obtained 1,2-dichlorophenylethane and |3-nitro-
styrene, the formation of which takes place, in his view,
according to the mechanism

C,H5-CH=CH2 '±-~ [C6H5-CHC1-CH2NO2] — ^ - * C,H5-CH=CHN0.2 .

The isolation in a number of cases of 2-chloro-nitrites
and pseudonitrosites5»9 is evidence that either nitryl chlo-
ride reacts partially by a heterolytic mechanism or the
NOg radical attacks the carbon atom with formation of the

I
-C-ONO bond.

The addition of nitryl chloride to acetylenic hydrocar-
bons can serve as a convenient method for the synthesis of
unsaturated halogenonitro-compounds " J " » 1 5 :

where R = C2H5,
C6H5, Cl, or H.

RC=CR' + NOaCl — RCC1=CNO2R',

C ^ , C6H5, or Cl and R' = C2H5

In addition to a-chloro-0-nitrostyrene, Freeman and
Emmons14 isolated αα-dichloroacetophenone from the
products of the reaction of phenylacetylene and nitryl chlo-
ride and proposed a probable mechanism for its formation:

NO, . _ „ ^ _ t T X I ~ NO.C1
C , H , - T C = C H C,H6-C=CHNO,

C,HS-C=CH
NO.Cl

C,H6-C=CHC1
NO,

C,H,CC1=CHNO,
ΟΝΟ

NO.Cl

•f r' 1
LC,H6-C-CHClJ

- C,H,-C=CHC1
Ο

The reaction of nitryl chloride with diene hydrocarbons
has been little investigated4»1 7. When nitryl chloride was
allowed to react with divinyl, isoprene, piperylene, and
chloroprene, the products of the 1,4-addition of NO2C1 and
the products of their isomerisation with migration of the
double bond towards the nitro-group were obtained together
with dichlorides.

b. Reaction of Nitrosyl Halides with Unsaturated Com-
pounds

Nitrosyl chloride adds to ethylenic hydrocarbons in
accordance with the Markovnikov r u l e 1 8 " 3 7 . The primary
product of the addition reaction, an unstable monomeric
nitrosochloro-derivative, can react further in three prin-
cipal ways 2 9 : (1) it can condense to a relatively stable
dimer; (2) it can be oxidised to chloronitro-compounds;
(3) it can isomerise to the oxime of a chloro-aldehyde (or
ketone):

c—CH C—a-.
NO

C-CH
/Nc.V

C1-C-CH-N=N-CH-C-C1
L ι ι ι ι ι ι Jο ο / N c,

:=NOH

The mode of reaction depends on the structure of the initial
hydrocarbon and its chloronitroso-derivative. The second
and third processes, oxidation and isomerisation, depend
on the first—the capacity of the monomeric chloronitro-
compounds to be converted into the dimer and on the
stability of the dimeric form.

The presence of electron-acceptor atoms and groups at
the carbon atom adjacent to the nitroso-group reduces the
electron density of the -N=N- bond and favours the disso-
ciation of the dimer into monomeric molecules, and, con-
versely, electron-donor substituents increase the stability
of the dimer.

As a rule the reaction mixture contains products formed
by all three reactions. However, depending on the struc-
ture of the initial olefin, one or other product predominates.
The nature of the product depends on the relative rate of
addition of nitrosyl chloride (NOC1) to the olefin and the
oxidation of the product to a chloronitro-compound and a
dichloro-derivative. If the oxidation is faster than the
addition, the main reaction product is the chloronitro-
compound. Thus, symmetrical and asymmetric alkyl-
ethylenes, and particularly polyalkylethylenes, yield main-
ly crystalline dimeric chloronitroso-derivatives and only
small amounts of chloronitro-compounds. Trimethyl-
ethylene, isobutene38»39, 2,2,3-trimethylbut-3-ene29,
1-methylcyclohexene, 1-ethylcyclohexene, but-2-ene30,
pent-2-enyl-2-methylbut-l-ene, 2-(/>-tolyl)propene29, and
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tetramethylethylene40 react in this way. The chloronitro-
and dichloro-compounds are the main products of the reac-
tion of nitrosyl chloride with monosubstituted alkylethyl-
enes—isopropylethylene21, pent-1-ene, hex-1-ene, hept-
1-ene, and 2,2-dimethylbut-3-ene29. If in an asymmetri-
cally disubstituted ethylene one of the substituents has
electron-acceptor properties, the chloro-derivative and
the dichloro-compound predominate in the reaction products.
This has been demonstrated for a-methylstyrene41.

The addition of nitrosyl chloride takes place in accor-
dance with the polarisation of the double bond. Ally 1 chlo-
ride, vinyl chloride, trichloroethylene1Θ, 2-chloropro-
pene3 3, methyl methacrylate, 3,3,3-trichloromethylpro-
pene, 2-nitropropene34, and methyl aery late 3 S react in this
way.

The conversion of chloronitroso-compounds intochloro-
nitro-compounds probably takes place via a stage involving
the formation of diazo-nitrates, for example20:

NOCl 2NOC1
CH 3 —CX=CH 2 • CHSCX (NO) —CH2Cl • CH,—CX (N2ONOJ — CH£1 + 2C1;

NOCl
C H 3 — C X ( N J O N O J ) — C H 2 C 1 • C H , — C X C 1 — C H 8 C 1 + N , + 2 N O a ;

NOCl(Cl)
C H 3 - C X = C H 2 + N O 2 - C H 8 - C X - C H 2 N O 4 • C H J - C X C I - C H J N O J ;

where X = Cl, COOCH3, NO2, or CCl,.
When 2,2-dimethylpent-3-ene reacts with nitrosyl chlo-

ride, a mixture of chloronitro-products is formed31:
CH3

CH8—C—CH=CH—CH3 + NOCl
I

CH,

/
(CH3)3C—CHNO2—CHG1—CH,

(CH,)^—CHC1—CHNO2—CH,

Nitrosyl chloride reacts with tetrafluoroethylene, chloro-
trif luoroethylene, and the asymmetric dichlorodif luoro-
ethylene with formation of nitro-compounds when the mix-
ture is passed through a heated glass tube2 5:

CF»=CF, CF,ClCF,NOa

C F 2 = C F C 1 • C F J C I C F C I N O J

NOCl

100°
C F 2 = C C 1 , • C F J C I C C I J N O J

NOCl

Yield

63%

57%

The same products are formed when the reaction is carried
out in a sealed tube18»23 or in an autoclave at room tem-
perature 2 6.

When nitrosyl chloride, tetrafluoroethylene, and chloro-
trifluoroethylene were passed through a tube over ferric
chloride at 45°C, nitroso-compounds, dichloro-compounds,
chloronitro-compounds, and dinitr ο-compounds were iso-
lated37. Similar results were obtained when nitric oxide
(NO) was used instead of nitrosyl chloride32»42. Probably
in this case the first reaction stage is the formation of
nitrosyl chloride from nitric oxide and ferric chloride.

The addition of nitrosyl bromide and fluoride to unsatu-
rated compounds has been investigated to a lesser extent.
Only one reaction of nitrosyl bromide is known24"26:

CF2=CF2 + NOBr — CF2NO2CF2Br _

Tetra- and tri-fluoroethylene, and vinylidene fluoride
readily react with nitrosyl fluoride, but nitro-compounds
were not found among the products. Perfluoropropene
reacts with nitrosyl fluoride only at 150°C. In the pres-
ence of calcium sulphate as the catalyst the yield of nitro-
alkanes is slight and without catalyst radical nitration pro-
ducts are formed exclusively43.

Degradation products were obtained from perfluorobut-
2-ene and nitrosyl fluoride at 200°C: CF3CF2NO2, CF3NOa,
etc. 4 4

Depending on the molar ratio of the reactants, diene
hydrocarbons combine with one or two molecules of nitrosyl
chloride 2 2. Thus dially 1 reacts with nitrosyl chloride to
form 5-chloro-6-nitrohexene, 2,5-dichloro-l,6-dinitro-
hexane, and also 5,6-dichlorohex-l-ene and 1,2,5,6-tetra-
chlorohexane, i.e. the double bonds react completely
independently of one another and the addition of nitrosyl
chloride takes place as with monosubstituted olefins. Buta-
diene behaves similarly:

C H 2 = C H - C H = C H 2 -

CH 2=CH-CHC1-CH 2NO 2

CH2NO2—CHC1—CHC1-CH2NO2

Nitrochlorination of acetylene derivatives with nitrosyl
chloride permits the synthesis of a wide variety of 1,2-
chloronitro-alkenes in a single stage:

NOCl Ο

RC=CR' — — RC=CR' — C1C=CNO2

II I I
CI NO R R'

Perrot and Berger27 obtained a-chloro-0-nitrostyrene and
its derivatives from phenylacetylene and nitrosyl chloride:

RC,H4C=CH + NOCl -• RC,H4C (C1)>CHNO2 ,

where R = H, />-CH3, o- and p-Cl, or w - N O 2 and />-NO2.

c. Nitrohalogenation of Saturated Compounds by Nitrogen
Tetroxide-Halogen Mixtures

The s t r u c t u r e of the products of the nitrohalogenation of
olefins by N 2O 4-X2 (X = Cl, B r , o r I) in many ways depends
on the react ion conditions, the s t r u c t u r e of the init ial o l e -
fin, and the nature of the h a l o g e n 4 5 " 5 2 . When the react ion
is carried out in the vapour phase, free-radical processes
predominate47»53, since under these conditions N2O4 and X2

dissociate into radicals: N2O4 ^ 2NO2, Xg ^ X' + X*. The
radical initiating the reaction can be either NO2 or X' (the
capacity for this decreases in the series Cl — Br — I).
In the chloronitration of propene and butene at 260-275°C,
the products are l-chloro-2-nitro-alkanes52 (the chlorine
atom is more reactive):

R - C H = C H , + C r - ROHCH,Cl ,

R-CHCH2C1 + NO t -» RCHNO,CH2C1 ,

R—CHCH,C1 + Cl, — RCHC1CH2C1 + Cl -,

Vinyl chloride and bromide react with N2O4-Cl2 and
N2O4-Br2 mixtures in different ways when the reaction tem-
perature is raised from 250° to 325°C:47

CH2=CHR + NO^

CHaNO2CHR· + X2

CHa=CHR + X·

CH2X-CHR-

-«- CH2NO2CHR·

CH2NO2CHRX

'-+ CH2X-CHR

CH2X—CHRNO2

where R = Cl, Br. The different reactions can be ac-
counted for by a change in the reactivity of the NO2 and X*
radicals with increasing temperature.

Sometimes a change in the relative proportions of the
reactants (the olefin and the N2O4-X2 mixture) leads to a
change in the mode of addition48:

CH,=CHC1
N,O4+Br, • * C H , B I C H C 1 N O 2

- CHClBrCH2NO2
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Liquid-phase nitrohalogenation of unsaturated compounds
takes place as a rule by a radical mechanism "-β 0 . The
reaction is then initiated by the NO2 radical:

; = c / + NO. - -C-CNOS .

\ | |

The nitroalkyl radical formed is "captured" by the halogen:

-C-CNO 2 + X2 - -C-CNO, + Χ' .
1 ' x l

For example,
CH,-CH=CHa + Ν A + h - CHs-CHI-CHjNOa .

CH^OO-CH=CHI + NaO« + U - CHaCOOCHI-CHjNO, >

C,H6-CH=CH, + N,O4 + Ia -» C,H6-CHI-CH.,NOa .

The free-radical mechanism explains particularly satis-
factorily the reactions of fluoro-olefins with a mixture of

N2O4 - 2NO, ,

CF 2 =CHX + NOj - NO aCHXdF a + O2NCFaCHX
I . I .
i1· I1·

O2NCHXCF2I + Γ O2NCF2CHXI + Γ ,

CHX=CF a + ΟΝΟ' — CHX—CFjONO - I ICHX—CF2ONO — ICHX—COOH ,

When the reaction was carried out in the vapour phase,
contrary results were obtained—a better yield with nitro-
butane M .

The condensation of mono- and dichloroacetaldehyde and
bromoacetaldehyde takes place with greater difficulty w-e2.
Fluoro-substituted aldehydes also enter into the condensa-
tion reaction with nitro-alkanes in the presence of alkaline
c a t a l y s t s 5β-ββ,ββ,βο:

RCF.CH (OH)t + R'CH»NOa -» RCFaCH (OH) CH (NOa) R' ,

where R = F or C2F5 and R' = H, CH3, or C2H8.
Of the halogeno-substituted ketones, only 1,1,1-tri-

f luoroacetone M , 1,1,1 -trif luorobutan-2 -one ββ, and per -
fluoroacetone70 have been investigated in the condensation
with nitro-alkanes:

CF»COR + CH.NO, -» CF,CR (OH) ΟΗ,ΝΟ,

where R = CH3, C2H5, or CF3.
When the potassium salt of dinitromethane is condensed

with chloroacetaldehyde hydrate, the product of the spon-
taneous cyclisation, 4-hydroxy-3-nitroisoxazolineiV-oxide,
was obtained instead of the expected potassium salt of
y-chloro-£-hydroxydinitropropane:72

ClCHjCHO + [HC(NO2)2]-K+ - [CICHjCHOHC (NO,),]" K+

where X = H, F, or perfluoroalkyl.
Bachman and Logan51 carried out the reaction of ethyl-

ene, propene, and butenes with N2O4-l2 and N2O4-Br2 mix-
tures in the presence of an excess of nitrogen tetroxide and
and isolated halogeno-nitrates, the formation of which they
believe to be due to an ionic mechanism:

R—CH=CH2+Bra — R—CH-CHaBr + B r .

R—CH—CHjBr + NaO4 -» R—CHONOaCH2Bi + NO+ .

Stevens and Emmons45 explain this finding by the presence
of a large excess of nitrogen tetroxide in the reaction.

Diene hydrocarbons react with the N2O4-I2 mixture by a
1,4-addition mechanism46:

CHa=CH-CH=CHa - CHaNOj-CH=CH-CHaI

With substituted butadienes, the attack by NO2 radicals is
directed preferentially to carbon atoms most highly en-
riched in electrons:

Ν,Ο,+Ι»
C H 2 = C - C H = C H 2 • O2N—CHS—C=CH—CH2I ·

where R = CH3 or Cl.

2. CONDENSATION OF NITROALKANES WITH HALOGENO -
CARBONYL COMPOUNDS

The condensation of nitro-alkanes with halogeno-car-
bonyl compounds has been investigated relatively little5 4-7 3.
It was first studied by Henry54, who allowed chloral hydrate
to react with nitromethane in the presence of potassium
carbonate54:

CC1.CH (OH)a + CH3NO, - C1,CCH (OH) CHjNO, .

Later it was repeated 55»57»β3»β7»73 and extended to chloral
homologues (butylchloral and bromal63) and other nitro-
alkanes (nitroethane, phenylnitromethane№, and 1-nitro-
propane55).

The condensation of chloral hydrate with nitromethane
takes place with an almost quantitative yield but the reac-
tion is somewhat less complete with other nitro-alkanes.

3. NITRATION OF HALOGENO-DERIVATIVES OF ALI-
PHATIC HYDROCARBONS

a. Nitration with Nitrogen Oxides

When nitric oxide acts on chlorotrifluoroethylene and
hexafluoropropane, nitro-derivatives are obtained in small
amounts42:

O2NCF2CFC1NO, OaNCF.2CFCl2>
, CF,CF(NO)-CF 2NO 2 Η CF,CF(N02)CF,NOa.

The addition of nitrogen dioxide to halogeno-olef ins takes
place by a free-radical mechanism with formation of di-
nitro-derivatives of halogeno-alkanes. This has been
shown by numerous studies on the addition of nitrogen
tetroxide to tribromoethylene M , tetrachloro- andtetra-
bromoethylenes6B, tetrafluoroethylene84»66""70, chlorotri-
fluoroethylene 24>ββ>71, and hexafluoropropene w . Together
with halogenonitro-alkanes, the formation of halogenonitro-
nitrites has been observed; on subsequent hydrolysis, the
latter yield halogeno-substituted nitro-alcohols74"87, nitro-
car boxy lie acids7 8"8 0, or nitro-ketones81.

In some cases the nitro-alcohol is formed preferential-
ly 82 -84;

CH4C1—CH (OH)—CHjNOa

• OaNCH2C (CH,) OH

CHjCl

CH a Cl-CH=CH a

CHj=CCH, + N,O4

CH,C1

By allowing the complex BF3.NaO4 to react with vinyl
chloride at 0°C in chloroform, Bachman and Vogt85 ob-
tained 2,2-dichloronitroethane:

CH2=CHC1 + BF,.N2O4 -• CljCHCHjNO,

They explained t h e f o r m a t i o n of t h i s product by t h e oxidative

degradat ion of p a r t of t h e vinyl c h l o r i d e .
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The nitration of perfluorobutadiene with N2O4 yields
l,4-dinitroperfluorobut-2-ene and l-nitroperfluorobut-2-
enyl nitrite8 8:

CF2=CF—CF=CF, —

O 2N-CF 2-CF=CF-CF 2-NO 2

O2N-CFa-CF=CF-CF1 !-ONO

On hydrolysis the nitrite is converted into y-nitroperfluoro-
butyric acid and on treatment with alcohols or on ammono-
lysis it yields the esters of this acid or the amide.

Under the action of nitrogen oxides, halogenoacetylenes
are converted into halogenonitro- and halogenodinitro-
ethylenes87"89:

I C = C I + N2O4 -» IC (NO 2 )=C (NO2) I ,
IC=CI + N 2O 3 -* I 2 C = C (I) NO2 ,

(C,H,),O
C1C=CC1 + N2O4 • C1CH=C(C1)NO2.

Products of the substitution of halogen and hydrogen
atoms were obtained in the nitration with N2O4 of 2,3-di-
bromopropene °° and dichloroethylene 9 1 respectively:

CH 2 =C—CH 2 Br -

Br

(CHC1)2 -* NO2CC1=CHC1

^ C — C H 2 N O a

Br

b. Nitration of Halogeno-Alkenes and Halogeno-Alkaneswith
Nitric and Other Acids

The nitration of halogeno-alkenes with nitric acid or its
mixtures with other acids takes place by an ionic mecha-
nism and leads to the formation of products resulting both
from the addition of the NO2 group and the substitution of
hydrogen or halogen atoms. In the latter case halogeno-
nitro-alkenes are formed. The nitration process is com-
plicated by side reactions involving oxidation. When a
mixture of concentrated nitric and sulphuric acids reacts
with tetrachloroethylene, tetrachloro-l,2-dinitroethane is
formed92:

C12C=CC12 + HNO a
O2NCC12CCI2NO2

By nitrating 1,1,5-trichloropent-l-ene or 1,1-dichloropent
1-ene with nitric acid, Zakharkin10 obtained both mono-
and di-nitro-derivatives:

CI 2 C=CHCH a CH 2 CH 2 Cl+HNO g

C1,C=CHC3H, + HNO3

He believes that the formation of l,l,l-trichloro-2-nitro-
alkanes can be explained by the reaction of hydrochloric
acid (formed in the oxidation of the ClaC^H group) with

+Cl,C(NO 1)CH(NOJCH 2CH aCH,a ,

(

nitric acid (HNO3 + HC1 — NOC1 + C^ + H2O)—the addition
of nitrosyl chloride and the oxidation of the resulting pro-
ducts; the formation of nitryl chloride by the reaction of
hydrochloric and nitric acids and its subsequent addition to
the double bond cannot be excluded.

On being ref luxed with an excess of nitric acid, dichloro-
ethylene is converted into trichloronitroethylene in a good
yield93. Under the action of fuming nitric acid or its mix-
tures with sulphuric acid, tetraiodoethylene yields 1,2,2-
tri-iodonitroethylene 8 7.

Kooijman and Overhoff M nitrated chloro-olefins with
nitric acid in such a way that the double bond in the initial
olefins was not affected:

A method of nitration of olefins with a mixture of sodium
nitrite and dilute sulphuric acid has been patented95»98:

CH2=C-CHRaR> + NaNO2

CRROi

H,so4 CH^C-CR'R'NO,

CRRlX

where R, R1, R2, and R3 = Η or alkyl and X = halogen.
The reaction of 2,3-dibromopropene with nitric acid in

dichloroethane at 40-50°C yields a mixture of these pro-
ducts9 7:

NO,

(NO2)j CCH2Br + (NO2)2 CHCH2Br + B r C H 2 - C - C O O H .

Br Br

BrCH 2 C=CH 2 + HNO,

Br

Marty no v and coworkers9 8"1 0 2 obtained the products of
the oxidation of halogeno-olefins with the nitrating mixture.
They isolated halogenonitro-acids and their chlorides.

Nitrofluorination of olefins and their halogeno-derivatives
with a mixture of nitric acid and anhydrous hydrogen fluo-
ride can serve as one of the methods of preparation of
f luoronitro -alkanes:

HF + HNO, ;£ O2N+ + 2F" + H,O+

NO, NO, F

This reaction was achieved for the first time with tetra-
f luoroethy lene1 0 3:

CF2=CF2 + HNO, +;HF - CF,CF,NO,

The study of the nitrofluorination of asymmetric halogeno
olefins showed that the mode of addition is determined by
the polarity of the double bond1 0 3"1 0 8:

HF+HNO,
CHCI=CH2 • CHFCl-CHjNO, ,

HNO.+HF
C F , = C F C F , • ( C F J ^ C F N O J ,

HF+HNOi
CH2=CHCOOCH, • CH 2F-CH (NO2) COOCH, + C^OH-CHNOj-COOCH, .

The nitration of saturated hydrocarbons and their deri-
vatives was first investigated by Konovalov. By heating a
mixture of dilute nitric acid with l-chloro-2-methylpro-
pane or l-chloro-3-methylbutane in sealed tubes, he ob-
tained the corresponding mononitro-derivatives, the nitro-
group substituting the hydrogen at the tertiary carbon
atom107»108:

(CH s ) 2 CH(CM 2 ) n ( C H , ) 2 C ( C H 2 ) n C !

NO2

where η = 1, 2.
Shechter and Conrad109 achieved the vapour-phase

nitration of 1,1,1-trifluoropropane at 437-462eC in the
presence of oxygen and isolated 3,3,3-trifluoro-l-nitropro-
pane. When the reaction was carried out at 395°C, a mix-
ture of 3,3,3-trifluoro-l-nitropropane and 2,2,2-trifluoro-
nitroethane was isolated in proportions of 3 : 2 . 1 1 0

Chloronitro-alkanes have been obtained by the action of
a mixture of sulphuric acid and ammonium nitrate on the
corresponding chloro-alkanes111:

RCHCH,

Cl

RCH (Cl) CH 2NO 2

C H 2 = C (CH3) CHoC! + HNO3 — O 2NCH=C (CH3) CH2C1 . where R = CHg or C2H5.
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4. HALOGENATION OF NITRO-COMPOUNDS

a. Halogenation of Nitro-Olefins

Unsaturated nitro-compounds (in solution) combine with
chlorine or bromine at the double bonds in the cold or on
heating, with formation of dihalogeno-derivatives112"117.
The reaction involves a heterolytic mechanism:

RCH=C(NO2) R' + X2 - RCH (X) C (X) (NO.,) R' ,

When two electronegative substituents are present at the
double bond, more severe conditions are required for the
addition of the halogen. Thus chlorine adds to vicinal
dinitro-olefins after the olefin has remained in contact for
a long time with liquid chlorine in sunlight118.

The double bond conjugated with the nitro-group in
1-nitrobutadiene114 is deactivated and, when bromine reacts
with 1-nitrobutadiene between -10° and 18°C, only one
molecule of bromine adds to the olefin with formation of the
dibromo-derivative in 99% yield:

NO 2 CH=CH—CH=CH 2 + Bra -* NO2CH=CHCHBrCH2Br .

Since the nitro-group is a powerful electron acceptor, the
electrophilic addition of bromine to β-nitrostyrene is diffi-
cult and therefore for this reaction to take place, the reac-
tion mixture must be heated in chloroform116.

b. Halogenation of Nitro-Alkanes

Riley and McBee 1 1 8 > l l e showed that the chlorination of
nitro-alkanes in the absence of bases leads to the forma-
tion of /3-chloronitro-alkanes. Bromination in the absence
of base yields the same products as in the presence of
bases, i.e. a -bromonitro-compounds are produced. The
authors believe that substances such as phosphorus pent-
oxide favour the formation of the β-isomer by displacing
the equilibrium of the reaction

RCH2NO2 RCH=N< ; T

X O H

Riley and McBee explained the difference in the behaviour
of chlorine and bromine by the fact that chlorine reacts
very fast and the concentration of the nitronic acid is neg-
ligible, while bromination takes place slowly, and the con-
version of the nitro-alkane into the aci-form takes place
much more rapidly and therefore there is sufficient time
for the aci-form to react with bromine with formation of
α -bromonitro-alkane.

Sayles and Degering120 described the chlorination of
nitrobutane on irradiation with ultraviolet light in the pres-
ence of phosphorus pentoxide, the sole product according
to their data being 4-chloro-1-nitrobutane:

CH3CH2CH2CH2NO2 + C I 2 - ^ i - » ClCHaCH2CH2CH2NOa .

However, in the chlorination of nitrobutane under analogous
conditions Erm1 2 1 obtained in addition 3-chloro-l-nitro-
butane. He believes that the mode of reaction depends
mainly on the intensity of the ultraviolet irradiation.

5. SUBSTITUTION OF A HALOGEN FOR THE HYDROXYL
IN NITRO-ALCOHOLS

As in simple aliphatic alcohols, the hydroxy-group of
nitro-alcohols can be replaced by a halogen when the latter
reacts with the halides of phosphorus and sulphur acids *2 2-1 4 8.

This reaction is used to demonstrate the presence of the
hydroxy-group in nitro-alcohols and for the preparation of
halogenonitro-alkyls with a definite structure.

The substitution of the hydroxy-group of nitro-alcohols
by a chlorine atom was first achieved by Henry54»122"125, who
treated the nitro-alcohols with phosphorus pentachloride:

RCH (NO2) CHuOH + PC16

 KlC°'· • RCH (NO2) CH2C1 .

w h e r e R = Η o r C H g , a n d

RCH (OH) 0 1 ^ 0 * +PCI, K '°°· > RCHCICHJNOJ ,

where R = CHg or CCL,. Other /3-chloronitro-alkanes
were prepared similarly 12e-"°.

The substitution of the hydroxy-groups in nitro-diols by
halogens under the action of phosphorus pentachloride takes
place with much greater difficulty131»137, while with tr i-
hydric alcohols a mixture of chloro-derivatives of various
degrees of substitution and of phosphoric acid esters of the
nitro-alcohols is produced133. Kleinfeller133 synthesised
tri(bromomethyl)nitromethane by the bromination of nitro-
isobutylglycerol with elemental bromine in the presence of
red phosphorus133. The nature of the side products formed
in this process was similar to that in the chlorination re-
action.

A more convenient method for the substitution of the
hydroxy-group by a chlorine atom consists in the treat-
ment of nitro-alcohols with thionyl chloride in the pres-
ence of pyridine. The following chloronitro-compounds
have been obtained by this procedure:

I; 1 4 8 CH2NO2CHClCHg;14e

In the study of the reaction of thionyl chloride with nitro-
diols in the presence of pyridine, Novikov and coworkers140

concluded that the chlorinating agent is a complex of thionyl
chloride with pyridine, formed relatively slowly. There-
fore, on rapid addition of SOCL, to the mixture of the diol
and pyridine, there is not sufficient time for the formation
of the complex and the reaction can lead to the formation of
cyclic sulphites133.

Halogenonitro-alkanes can be prepared from theacetals
of nitro-alcohols by treating the latter with phosphorus
pentachloride141:

RR lC (NO2) CHR!OCHOR»

CH.

RR'C (NO,) CH (R») Cl

where R = H, CH3, or NO2, R1 = H, Br, CHg, or NO2,
R2 = Η or CH3, and R3 = C2H5. Bachman142»143 showedthat
/3-bromonitro-alkanes are formed when phosphorus t r i-
bromide is allowed to react with nitro-alcohols in the pres-
ence of dimethylformamide. Tri(bromomethyl)nitro-
methane, l,3-dibromo-2-methyl-2-nitropropane, 2-bromo-
1-nitrobutane, l-bromo-2-nitropropane, and 1-bromo-l-
(l'-nitrocyclohexyl)bromoethane were obtained in this way.

The earlier attempts by Dem'yanov144 to obtain the t r i-
bromo-derivative from nitroisobutylglycerol, with the aid
of phosphorus pentabromide, and 1,3-dibromo-2-methyl-
2-nitropropane from nitroisobutylglycol by the reaction with
hydrobromic acid were unsuccessful.

The substitution of the hydroxy-groups by iodine in nitro-
isobutylglycerol under the action of hydriodic acid is un-
successful because of the reducing properties of the acid,
as a result of which the nitro-group is reduced andamino-
isobutylglycerol is formed145.
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6. DOUBLE DECOMPOSITION OF POLYHALOGENO-
ALKENES WITH METAL NITRITES

Henry54»149 achieved the synthesis of 2-chloronitroethane
and 3-chloro-l-nitropropane by the reaction of silver
nitrite with the corresponding αω-chloroiodo-alkanes:

Cl(CH2)nI + AgNOa -* Cl (CH2)nNO2,

where η = 2 or 3. A number of αω-fluoronitro-alkanes
have been synthesised by the reaction of the corresponding
αω-bromofluoro- or αω-fluoroiodo-alkanes with silver
nitrite 1 5 0:

F (CH 2)n X + AgNO2 -* F (CH2)nNO2 f

where X = Br or I and η = 3, 4, 5, or 6.
Halogenonitro-alkanes can be obtained also from di-

halogeno-derivatives in which both halogen atoms are iden-
tical. Thus Work carried out the reaction of silver nitrite
with 1,5-dibromopentane151 and l,5-dibromo-3-propylpen-
tane 1 5 2 at room temperature and obtained the corresponding
αω -bromonitro-alkanes:

RCH (CH2CH2Br)3 + AgNOa - ΝΟ^Η^Η/Ή (R) CHaCHaBr,

where R = Η or C3H7. 2-Bromo-3-nitropropene was ob-
tained similarly from 2,3-dibromopropene90.

Freidlina et al. 1 5 3 obtained l,l-dichloro-3-nitropropene
from 1,1,3-trichloropropene and silver nitrite using the
different reactivities of the chlorine atoms:

C1CH2CH=CC12 + AgNOa - NOaCHaCH=CCIa .

A method for the preparation of halogeno nitro-compounds
by the reaction of poly halogeno-compounds with alkali or
alkaline earth metal nitrites in aqueous ethanol was
patented in 1944:154

C1CH2CH2C1 + MNO3 -» O2NCH2CH2C1

C1CH2—CH—CH2C1 + MNO2 - O2NCH2CH—CH2C1.

OH OH

7. REPLACEMENT OF A CARBOXY-GROUP BY A HALO-
GEN ATOM OR A NITRO-GROUP

Silver salts of ^em-dinitro-carboxylic acids are con-
verted into bromonitro-alkanes under the action of elemen-
tal bromine1 5 5"1 5 7. 4-bromo-2,2-dinitrobutane and 1,5-di-
bromo-3,3-dinitropentane have been obtained in this way:

N 0 2

CH3C—CH2CH2-COOAg -

N 0 2

N 0 2

AgOOCCH,CH2C—CH2CH2COOAg
I

N 0 2

N 0 2

CH3—C—CH2CHaBr ,

N 0 2

NO,

— BrCH2CH2C—CH2CH2Br

NO2

Scribner158 showed that perfluoro-carboxylic acids are
converted into nitroperfluoro-alkanes under the action of
nitrogen dioxide:

C,F15COOH C eFi 8NO 2 + C,Fi6NO2

8. SYNTHESIS OF y-BROMODINITRO-COMPOUNDS

Novikov et al. 1 5 B developed a new method for the syn-
thesis of y-bromodinitro-compounds, which consists in the

reaction of the mercury-derivatives of nitro-alkanes with
bromine:

(NO2)2CHCHaCH2HgCl + Br2 £™°£e-* (NO2)a

l-Bromo-3,3-dinitropropane, l-bromo-2-methyl-3,3-di-
nitropropane, l-bromo-3,3-dinitro-2-phenylpropane,
2-bromo-l-dinitromethylcyclopentane, and 2-bromo-l-
dinitromethylcyclohexane have been obtained. The reac-
tion involves a radical mechanism.

9. OTHER METHODS

When a stream of gaseous hydrogen chloride is passed
through a mixture of β-nitro-alcohol and paraformaldehyde
in concentrated hydrochloric acid, chloromethyl ethers of
the β -nitro -alcohols are produced 1 6 0 > i e i :

R'

R - C—CHjOH+ (CH2O) , + H C l - R— C—CH,OCH2C1

NO, NO2

where R = Η or CE, and R' = CHj, or C2H5. In the pres-
ence of sodium methoxide nitromethane adds to esters of
α/3-unsaturated fluoro-substituted acids with formation of
fluoronitro-compounds containing other functional groups65:

RCH=CHCOOC2H6 + CH3NO2- • RCH (CH,NO2) CHaCOOC2H6,

where R = CF3 or C3F7. Bromonitropentanone has been
obtained by the addition of bromonitroform to methyl vinyl
ketone162.

Boyd and Hansen163 obtained l-iodo-2-methyl-2-nitro-
propane by refluxing 2-methyl-2-nitropropyl esters of
arenesulphonic acids with sodium iodide in acetone:

RSOSCH2C (CH3)2 + Nal - (CH,) a C-CH s I

NO, NO,

Under the action of nitrogen tetroxide in ether, the oxime
of chloroacetone is converted into l-chloro-2-nitro-2-nitro-
sopropane, which is oxidised by chromic acid to the gem-
dinitro -compound164:

C1CH2CCH3

II
NOH

NO
I

I
NO2

NO2

• C1CH2C—CH,

NO2

Nitrosoperhalogeno-alkanes, obtained by the irradiation
of a mixture of nitric oxide and a monoiodoperhalogeno-
alkane with ultraviolet light, are converted into halogeno-
nitro-compounds on oxidation with Cr2O3, PbO2, or

RCF 2 I+ NO - RCF2NO - 2 - RCF2NO2 ,

where R = Cl, CF3, or C2F5.
Knunyants and coworkers166 obtained esters of a-nitro-

perfluoropropionic acid by the action of nitrogen tetroxide
on esters of a -nitrosoperfluoropropionic acid:

CF3CFCOOR + N aO4 -> CFSCFCOOR + N2OS .

NO NO2

Nitro-alcohols react with trichloroacetonitrile in the
presence of hydrogen chloride or bromide with formation of
the hydrohalides of the corresponding trichloronitroalkyl-
acetimidates. On decomposition, the latter yield halogeno-
nitro-alkanes l e 7 :

CC13C=N + HOCH2CH2NOa CCla—C—OCH2CH2NO2

N H - H X

CCljCONHi + XCHJCHJJNOJ
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By this method l-chloro-2-nitroethane and l-bromo-2-
nitroethane have been obtained from nitroethanol and
1-chloro- and l-bromo-2-nitropropane from 2-nitropro-
panol.

ΙΠ. CHEMICAL PROPERTIES OF HALOGENONITRO-COM-
POUNDS

1. REACTIONS WITH PARTICIPATION OF THE HALOGEN
ATOM

a. Dehydrohalogenation

The dehydrohalogenation of halogenonitro-compounds to
form nitro-olefins can be achieved either by pyrolysis or
by treatment with basic reagents. Gold168»169 pyrolysed
β-chloronitro-compounds in the gas phase; it is best to
carry out the process in the presence of catalysts [for
example, CaCLj, CaCO3, Ca3(PO4)2, CaSO4, A1(SO4)3]

168-170,
which partially reduces the reaction temperature and in-
creases the yields of nitro-olefins:

RCHCH2NO2

CI

RCH=CHNO 2 .

Spontaneous thermal dehydrohalogenation takes place
when the products of the addition of nitryl chloride to
styrene3 or acrylic acid12 are heated:

CeH6CH (Cl) C H J N O J

NO2CH2CH (Cl) COOH -

> C,H 6CH=CHNO a

NO2CH=CHCOOH

Koler and later Smith179»180»1** showed that y-bromo-
nitro-compounds of the type

R R' Br
I I I

HC—C—C—R 1

NO.R a R s

- N o -R = R1»2»3 = H, alkyl, or aryl and R4 =yC= Ο or

-COAr, eliminate hydrogen bromide in an alkaline medium
and form either the corresponding nitrocyclopropane deri-
vatives or the isomeric isoxazoline N-oxides, depending
on the structure of the starting material:

R2-

R:

R*NO. R*

Intramolecular Ο -alkylation, which leads to the forma
tion of 3-nitroisoxazoline-JV-oxides under the action of
alkaline reagents, is characteristic of y-bromodinitro-
compounds containing terminal ^em-dinitro-groups186:

H2C C - N O 3

H2C

BrCH2CH2CH (NO2)a •

3-Nitro-2-isoxazoline has been obtained by treating
l-halogeno-3-nitropropanes with alkali metal nitrites1 8 7.
Recently Bay182»183 patented the synthesis of nitrocyclopro-
pane by the dehydrohalogenation of l-halogeno-3-nitropro-
panes under the action of sodamide in liquid ammonia or
alkali metal carbonates and bicarbonates.

A convenient method for the dehydrohalogenation of
β-halogenonitro-compounds consists in the treatment of the
latter with basic reagents: alkalis45»171, alkali metal ace-
tates8»12»45»172-"5, and organic bases10»12»45»176. The de-
hydrohalogenation takes place more readily when the halo-
gen (chlorine) atom is attached to a primary carbon atom,
as, for example, in chloronitroethane. The dehydrohalo-
genation of 2-chloro-l-nitrobutane is slower. That of
2-chloro-3-methyl-l-nitrobutane is even more difficult8.
Perekalin and Lerner1 7 7 obtained 1,4-dinitrobutadiene by
the dehydrochlorination of the corresponding dichloro-
derivative with lead acetate:

O2NCH2CH (Cl) CH (Cl) CH2NO2 -• NO2CH=CHCH=CHNO2 .

2-Nitrobuta-l,3-diene has been obtained from l-chloro-2-
nitro-3-butanol and l,3-dichloro-2-nitrobutane by the treat-
ment of the mixture with potassium hydroxide132.

Nitro-alkadienes are readily formed on dehydroiodina-
tion of the products of the addition of N2O4 and L. to diene
hydrocarbons in the presence of a solution of lead acetate
in glacial acetic acid1 7 8:

RCHI-CR'=CH—CH2NO2 -» R—CH=CR'—CH=CHNO2 .

In the dehydrohalogenation of compounds in which the
halogen and the nitro -group are further away than in β -halo -
genonitro-compounds, it is necessary to use strong bases,
for example, sodium alkoxides155:

NO.,
I

CH 3CCH 2CH 2Br •

N

NO2

- CH3CCH=

NO.

On elimination of hydrogen halides from y-halogenonitro-
alkanes, nitrocyclopropanes have been obtained179"185.

b. Reactions Involving the Substitution of the Halogen Atom

β-Halogenonitro-compounds readily react with aniline
and its derivatives3»7»8»53»188 forming JV-nitroalkylanilines:

R—CHCl—CH2NO2

.CHjNO2

C,HSNH—CH< + HC1

In the case of dichloronitropropane both halogen atoms are
substituted8:

CH2C1—CHC1—CH2NO2 + 2NH2CeH5 — C,H 5 NHCH 2 —CH-CH 2 NO 2

NHC,HS.

When 2,3,3,3-tetrachloro-1-nitropropane reacts with
ammonia, />-toluidine, and phenylhydrazine, the products
are the corresponding 2-amino-derivatives189. The study
of the hydrolysis of β-halogenonitroalkanes with aqueous
solutions of alcohol and dioxan showed that the reaction
takes place by an Sjy2 nucleophilic mechanism8,134,190-193
with formation of nitro-alcohols:

>CC1-CH2NO2 -j- H2O • )C-
X/ R'/ \

C—CH2NO2 + HC1,

OH

where R = H, C2H5, or iso-C3H7 and R' = Η or CH3. The
rate of hydrolysis depends on the nature of the carbon
atoms to which the halogen is attached, decreasing on going
from a primary to a tertiary carbon atom, as clearly illu-
strated by the following data8:

C1CH2CH2NO2

^CH-CKClCHjNO,

Hydrolysis rate constant
in 75% ethanol in 75% dioxan

7.15X10"5 5.27X10-5

CHJCHJ.
CC1—CH2NO2

2.27X10-S

0.25X10-6

1.30X10-'

0.21x10-»
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The halogen atom in the γ -position relative to the nitro-
group is less mobile. Thus, whereas both chlorine atoms
of 2,2-dichloro-l-nitroethane are readily substituted during
hydrolysis, in 2,3-dichloro-l-nitropropane only the chlo-
rine atom in the β -position is hydrolysed8:

O 2 NCH 2 -CHCl a

 2 H ' ° » O2NCH2CH (OH), ~ H l ° >O2NCHaCHO ,

O2NCHa—CHC1—CH2C1 H ' ° > O 2NCH 2CH-CH 2C1

OH

When acetate salts react with halogenonitro-alkanes, it
is possible to obtain the acetates derived from the corres-
ponding nitro-alcohols8 '1 5 6 '1 9 4:

1—CH2NO2 >C—CH2NO2

OCOCH3

NO,

BrCH 2CH 2—C-CH 2CH 2Br

NO-

NO2

• CH3COOCH2CH2C—CH.,CH,OCOCH3

io, ' '

The reaction of /3-chloronitro-compounds with mecarp-
tans and their derivatives in the presence of sodium leads
to the formation of sulphides129»130:

CH3CHC1CH2NO2 + HSCH2CH (OC,H5)2- • O 2 N C H 2 C H ( C H 3 ) S C H 2 C H ( O C J H J ) !

c. Dehalogenation

The dehalogenation of halogenonitro-alkanes has been
little investigated. Only two reactions have been described
in the literature: on heating above 120°C, 1,2-dibromo-
1,2,2-trichloronitroethane decomposes with elimination of
bromine85; on being refluxed with potassium cyanide,
l,2-dibromo-2-phenylnitroethane is converted into 0-nitro-
styrene1 9 5:

C6H5CHBr—CHBrNO2 -* C 6H 5CH=CHNO 2 .

without affecting the C-F bond57. The electrolytic reduc-
tion of chloronitro-compounds to chloroalkylamines in
aqueous alcohol in the presence of sulphuric acid has been
reported8.

When 6-chloro-5-nitrodec-5-ene is hydrogenated over
PtO2 in acetic acid in the presence of sodium acetate,
simultaneous conversion of the nitro-group into NHOH and
the replacement of the chlorine atom by hydrogen takes
place1 5. Bromine atoms are replaced by hydrogen to-
gether with the reduction of the nitro-group in the hydro-
genation of l,2-dibromo-l-nitro-2-phenylethane over a
palladium catalyst148:

C6H6CHBrCH (Br) NO2 QH.CH.CH.NH.

For the reduction of halogenonitro-compounds, see also
the review of Novikov et al. 1 9 e

b. The Effect of Mineral Acids

Under the action of mineral acids, halogenonitro-
alkanes are converted into the corresponding halogeno-
derivatives of carboxylic acids1 9"2 2 '1 0 5»2 0 0. This reaction
is so characteristic of fluoronitro-alkanes that it may
serve as a convenient method for the synthesis of fluoro-
carboxylic acids2 0 0:

I H.SO.
-C-CH 2NO 2 • —C—COOH .

F F

When β-halogenonitro-alkanes are treated with aliphatic
alcohols in the presence of strong acids (hydrochloric,
sulphuric, and phosphoric), esters are produced201:

H.SO,
(CH3)2 CC1CH2NO2 + CH3OH • (CH3)2 CC1COOCH3.

When salts of the aci-forms of halogenonitro-alkanes are
allowed to react with acids, haloge no-aldehydes are pro-
duced1 0 9 '1 2 1:

NaOON=CHCH2CH2CHCl CHC1CH2CH2CHO .

2. REACTIONS WITH PARTICIPATION OF THE NITRO-
GROUP

1. Reduction

Various methods may be used to convert halogenonitro-
compounds into the corresponding aminohalogeno-deriva-
tives. Konovalov107 identified the nitro-derivatives which
he obtained by reduction to the amines with zinc and hydro-
chloric acids. The reduction with iron and hydrochloric
acid is also successful139:

NO2C (CH2C1)3 + Fe + HC1 -* H2NC (CH2C1)3.

Another reagent used to convert halogenonitro-compounds
into halogeno-amines is aluminium amalgam1 3 3 '1 8 8. A
number of investigators obtained aminohalogeno-com-
pounds from the corresponding nitro-derivatives by reduc-
ing the latter with stannous chloride and hydrochloric
acid 6 ' 1 0 ' 1 3 3 ' 1 3 9 ' 1 9 6 .

Certain halogenonitro-compounds have been converted
into halogeno-amines by catalytic hydrogenation over
Raney nickel 8 ' 5 5 ' 6 5 ' 6 7 ' 1 9 7 ' 1 9 8. Hydroxylamines are then
formed together with the amines. It has been mentioned
that certain fluoronitro-compounds can be converted into
amino-compounds with the aid of lithium aluminium hydride

3. OTHER REACTIONS

a. Reactions Involving a Mobile Hydrogen Atom

Reactions associated with the mobility of hydrogen atoms
in the α-position relative to the nitro-group are charac-
teristic of halogenonitro-alkanes as well as unsubstituted
nitro-alkanes. Thus in the study of the condensation of
trifluoro- and tetrafluoro-nitroethane with formaldehyde
in the presence of alkalis, Knunyants et al . 1 9 e obtained a
good yield of fluoronitro-alcohols:

CF 3—CH 2NO 2 + 2CH2O •

CH2OH

• CF 3 —C—NO 2

CH,OH

Chloronitro-alkanes enter into a similar condensation with
formaldehyde in the presence of potassium carbonate200:

R

C13CCHR'CH (NOj) R + CH2O
 K ' C O ' • C13CCHR'CNO2 ,

CH2OH

where R = Η or CH3 and R' = OCH3, OC2H5, C2H5, or C4H9.
When the reaction is carried out in an alcoholic medium,
the corresponding ethers are formed in both cases.
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The "mobile" hydrogen atom is readily substituted by
halogens77:

CF3CHCH2NO2

OH

. CF3CH—CHNO2

OH Br

When aryldiazonium salts react with acetates derived
from halogenonitro-alcohols, diazotisation takes place2 0 2:

RCClaCH (OCOCH3) CH2NO2

where R = Cl or CH.CHC1.
• RCC12CH (OCOCH3) C (NO2)=NNHAr,

b. Reactions with Formation of New C-C Bonds

Sayles and Degering120 carried out the condensation of
4-chloro-l-nitrobutane with ethyl acetoacetate in the pres-
ence of sodium:

O2N (CH2)4C1 + C H ^ O C H U C O O C U H S -U2-» O2N (CH2)4CH (COCHS) COOC 3 H 5 .

2-Chloro-l-nitropropane reacts with benzene in the pres-
ence of aluminium chloride203:

CH3CHC1CH,NO2 + C6He • • C e H 5 - C H / ' C H s

\CH2NO2 .

IV. APPLICATIONS OF HALOGENONITRO-COMPOUNDS

Compounds which contain both halogen atoms and nitro-
groups are of definite interest because of their highphysio-
logical activity200. There have been a number of studies
where it was shown that chloronitro-compounds can be used
as insecticides18»204"206, fungicides57»71, bactericides58»71»207,
miticides194, and herbicides71.

When products of the addition of alcohols to β - (trichloro -
methyl)nitroethylene are reduced, amines are formed,
some of which can be used as antispasmodic agents196.

2-Chloro-l-nitro-olefins have been patented as fumi-
gants, selective extracting agents, cellulose solvents, and
varnish components94»135.

Krug and Elmer2 0 7 took out a patent for the application
of the compounds ClgCCHiRXMR^CR^NOa (where R = Η or
acyl containing 2-3 carbon atoms and R1 and R2 = H, CH3,
or C2H5) as additives (in amounts of 0.05-15%) to greases
for gas-turbine engines. The same compounds are used
for the dilution and dispersion of oils2 0 8. The application
of bromonitro-alkanes and bromonitro-alkenes as additives
to motor fuel has been mentioned209.

Halogenonitro-alkanes are used as solvents24 and addi-
tives to resin adhesives111.

The application of 3,3,3-trichloro-1-nitropropane as a
solvent for the copolymer s of acrylonitrile with vinyl acetate
and vinylpyridine in the dyeing of the polymeric products
by organic dyes has been described197.

The chloro-derivatives of 2,2-dinitropropanol and 2,2-
dinitropropanediol have been proposed as plasticisers,
solvents, and explosive components148.
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The Chemistry of Acyl and Sulphonyl Isocyanates, Isothiocyanates, and
Isoselenocyanates

M.O.Lozinskii and P.S.Pel'kis

The review presents the latest advances in the chemistry of acyl and sulphonyl isocyanates, isothiocyanates, and isoselenocyanates.
All the methods for the preparation of these compounds are examined and treated systematically. Their reactions and their
physical properties are described and the problems of their structure and isomerisation are discussed. In conclusion the available
literature data on the practical importance and applications of acyl and sulphonyl isocyanates, isothiocyanates, and isoseleno-
cyanates are presented.
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I. INTRODUCTION

Organic isothiocyanates and isocyanates, first obtained
towards the end of the last century, are assuming increas-
ing importance at the present time. The enormous inter-
est in this class of compounds is due to the fact that, by
virtue of their reactivity, they have become important
starting materials and intermediates for the synthesis of
a wide variety of organic compounds, many of which have
found practical applications. Organic isocyanates are
essential for the synthesis of polymeric materials, syn-
thetic fibres, medicinal preparations, insecticides, her-
bicides, fungicides, nematocides, photographic materials,
and many other products.

In 1964 an International Symposium was held in Czecho-
slovakia on the chemistry of isocyanates *. Novel syn-
thetic methods have been described in papers published
recently2"5 and new synthetic and practical applications
have been found for organic isocyanates, isothiocyanates,
and thiocyanates6"7. Reviews of the chemistry of iso-
cyanates have been published8"10.

The data on acyl isocyanates, isothiocyanates, and
isoselenocyanates are scattered in many sources and in-
formation about them has not been compiled. The present
review is an attempt to fill this gap. It deals with new
data on the structure, methods of preparation, properties,
and practical applications of acyl isocyanates, isothio-

cyanates, and isoselenocyanates, thioacyl isocyanates,
sulphonyl isocyanates, and sulphonyl isothiocyanates with
the general formulae (I) and (II):

χ
II

R—C—N:=C=Y

(I)

R—S-N=C=Y

Ο
(Π)

where X and Υ can have the following significance: X =
Υ = Ο, Χ = Υ = S, Χ = Υ = Se, Χ = Ο and Υ = S or Se,
and X = S and Y = Ο or Se; R may be a halogen, alkyl,
aryl, or an alkoxy- aryloxy-, or dialkylamino-group, etc.

The chemical properties of sulphonyl isocyanates [(II),
Υ = O] have been examined in Ulrich's review10. We
shall deal only with those data on this class of compounds
which were not included in Ulrich's review, but which are
nevertheless of considerable interest.

Of the two types of acyl isocyanates and isothiocyanates
examined here, the first has been known for a long time,
but recently there has been an increase of interest in these
compounds. The chemistry of thioacyl isocyanates of the type
R-C-N=C=Obegantobe studied in the last 4-5 years, while

thioacyl isothiocyanates R-C-N=C=S and thioacyl isoseleno-


