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Preparation and Reactions of Chloro-derivatives of Nitriles

E.M.Movsum-zade

Published information on the synthesis and reactivity of chloro-derivatives of nitriles is summarised, and methods are
examined for the preparation of such derivatives of acetonitrile, acrylonitrile, methacrylonitrile, crotononitrile, and benzo-
nitrile. Research on the mechanism of reactions undergone by the derivatives is reported. A list of 113 references is

included.
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I. INTRODUCTION

The use of nitriles, in particular acrylonitrile, in aero-
nautics, motorcar manufacture, building, light industry,
and agriculture, as well as exploitation of the high calori-
fic value of several nitriles in special fuels, explains the
continuously increasing production of several nitriles.

The presence of a chlorine atom in nitriles increases
the synthetic and practical possibilities of this class of
compounds. Chloro-derivatives of nitriles are of both
theoretical and practical interest, and have therefore
attracted the attention of research workers. Such com-
pounds are intermediates in various organic synthesis,
while unsaturated chlorinated nitriles find application in
the production of polymers having interesting properties.

The little information available on the synthesis of chlo-
rinated nitriles has appeared mainly in the patent litera-
ture. Only two books have been published on fundamental
aspects of the reactivity of nitriles"’?, No systematic
results are available on the preparation and reactivity of
the halogeno-derivatives. Since 1960 papershave appeared
on the synthesis of chloro-derivatives of nitriles, anddur-
ing the past 5-T years several investigations of the reac-
tivity of chloroacrylonitriles have been published.  The
present Review summarises results for the preparation of
chloro-derivatives of nitriles and investigations of their
reactions.

II. PREPARATION OF CHLORO-DERIVATIVES OF
NITRILES

Direct chlorination is one of the main methods for
obtaining chloro-derivatives of nitriles. The earliest
papers on this process appeared during the nineteenth cen-
tury*”°, Acetonitrile is readily chlorinated to give a high
yield of trichloroacetonitrile:

CH4CN +- 3Cly — CI;CCN 4- 3HCI .«

Chlorination can be initiated photochemically with natural
or artificial radiation (at 50-80°C), catalysed by platinum
or silver chloride on asbestos, or effected by a combina-
tion of these treatments®™®, The reaction is also accel-
erated by preliminary saturation of the acetonitrile with
hydrogen chloride.

Publications on liquid-phase chlorination reflect no
generally accepted view on why interruption of the process
does not prevent the formation of completely chlorinated
products. Analysis of the reaction mixture shows the
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absence of mono- and di-chlorinated derivatives of ace-
tonitrile. Stepanov and Shirokova® explain such dis-
crepancies on the assumption that the rate of chlorination
of the starting material is considerably lower than those of
the partly chlorinated products. In the Reviewer's opin-
ion such a hypothesis is implausible as it is devoid of anal-
gies. Carboxylic acids and their derivatives can readily
be chlorinated in stages, which applies also to many other
compounds containing activated methyl and methylene
groups. A more plausible hypothesis is that hydrogen
chloride liberated on chlorination adds to the partly chlo-
rinated nitrile, and the resulting nitrilium salt or tauto-
meric imidoyl chloride is chlorinated considerably more
rapidly than is the initial nitrile:

1
CH,CN L Cl, ——%—— (CICH,—C=NH)* Cl-
id
(CH,Cl—C=NH)* CI~ - Cly——22% > (CHCl,—CNH)* CI- -- HCl
(CHCl,—CNHy* Cl- + Cly —2B1 (a1, oNHy* €L + HCl
(CCly—CNH)* CI= — CCI,—CN -+ HCl-

On this hypothesis it was deduced® that preliminary treat-
ment of the nitrile with hydrogen chloride should increase
its rate of chlorination, which was fully confirmed by
experiment,

A process suggested'® for the continuous catalytic pro-
duction of chloroacetonitrile CH.CICN consists in the gas-
eous chlorination of acetonitrile., The latter is treated
with chlorine diluted with an inert gas at temperatures
from 50°C to the boiling point of acetonitrile, with simul-
taneous exposure of the mixture to light from a mercury
lamp or ionising rays’. Acetonitrile vapour and chlorine
callilzalso be passed through a turbulent-flow reaction ves-
sel™.

Several publications have appeared on the preparation
of chloro-derivatives of acrylonitrile. Methods are
based either on direct chlorination or on the dehydrochlo-
rination of aB-dichloropropionitrile’®*®,  Table 1 lists
conditions for the chlorination of acrylonitrile’®™*%. The
action of a hydrohalic acid on propiolonitrile in the pres-
ence of a copper salt has been claimed'® to give a 75%
yield of a B-halogeno-derivative of acrylonitrile. Pro-
cesses have been reported for obtaining a-halogenoacryl-
onitriles'® by the dehalogenation of o« p-trihalogenopro-
pionitriles by treatment with a trialkyl or a triaryl
phosphite:

XCH,CX,CN + (RQ); P — CH,=CXCN + (RO,) POX + RX
(X=Cl, Br, 1) -

A 91% yield of aoB-trichloropropionitrile has been
claimed® when a hydrogen halide is introduced into the
chlorination of acrylonitrile, The action of chlorine on
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propiolonitrile in an alcoholic or aqueous-—alchoholic solu-
tion of a copper(iI) halide at 30-60°C is stated® to give
di- and tri-halogenated derivatives of acrylonitrile.
Another method has been suggested23 for obtaining oap-
trichloropropionitrile, which is very effective in sup-
pressing the growth of weeds among broad-leaved plant
crops (Table 1).

Table 1. Conditions of chlorination of acrylonitrile (ACN).
Yield, wt.%
Starting Temp., °C Catalyst Contact for @ 2
materials =z Z 50, =
S g X g s E Ref.
z |2 L 22
— =+ <Q S5 B
T 182|328
3 _2'g [T A
ACN+Clp 200—550 ‘ activated — 68 - — 15
carbon
ACN+Clp 450—850 — 0.001-1's 90 | — - 16
(1-3:1)
ACN+Cly 100-~600 | chlorides or | - 90 - - 7
oxides of
Cu, Cr, Ni,
| Mn, Mg, Al,
a-Acetoxy-g- 535 Fe, Ca, Pd, v [ — 28 35 35 26
chloropropio- !
nitrile :
(pyrolysis) i
ACN+Cly 50—70 | CCly, CHCI3 — — ] — ] 9% 23
soln.
af-Dichloropro- 60 (12 mm) .07 93 — — 29.
pionitrile (pyrolysis)
aa-Dichloropro- 0—15 — 0.5-1h 64 —_ — 31
pionitrile + NH3
ACN+ Oy + HCI 150—160 e . 1-30s 32.6 | — — 32
(0.1-10 atm)

A paper on the synthesis and polymerisation of several
o-substituted acrylonitriles has reported®® preparations
of a-bromoacrylonitrile, a-chloroacrylonitrile, methyl-
enemalononitrile, methacrylonitrile, and other alkylated
acrylonitriles. Isomeric mixtures of cis- and trans-A-
and - a-chloroacrylonitriles can be obtained®® by the pyro-
lysis of o-acetoxy-B-chloropropionitrile. Chlorination of
acrylonitrile in dimethylformamide will give an approxi-
mately 90% yield of aB-dichloropropionitrile”:

DMF

CHp=CH—CN +- C!, — CH,Cl—CHCI—CN .

An interesting study®® of the influence of gaseous hydro-
gen chloride on the chlorination of acrylonitrile showed
that, depending on the concentration of the gas evolved,
either a mixture of B-mono- and oapB-tri-chloropropio-
nitriles or oB-dichloropropionitrile is formed. If chlo-
rination is continued after the solution has become satu-
rated with hydogen chloride, the mixture is formed,
continued chlorination of this mixture yields only
aoB-trichloropropionitrile. If the reaction is terminated
before the solution begins to be saturated with hydrogen
chloride, the main product is aB-dichloropropionitrile.

Nitriles of o-halogenoacrylic compounds canbe obtained
by the pyrolysis under reduced pressure of compounds of
general formula R

X

R’

R
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where R = Cl and R’ = CN.?° Clorination of acrylonitrile
with a mixture of carbon monoxide and chlorine yields
aB-dichloropropionitrile®®:
CH,—CH—CN —S2¥Ct

31,32

— CHCl—CHCI—CN

The patent literature gives several methods for obtain-
ing o-chloroacrylonitrile (Table 1).

The first publications on the preparation of chloro-
derivatives of methacrylonitrile appeared around 1950. 34,38
A proposed method was to chlorinate aB-unsaturated
nitriles at high temperatures (up to 600°C). A mixture
of Bw-dichloromethacrylonitrile with a 61% yield of w-chlo-
romethacrylonitrile was obtained:

CH,CI CH,CI
600° | |
CHy=C—CN = Cly —==8C_, tHC1—C—CN 4 CHp=C—CN - HCl .
CH, 8% 61%

Kondratenko and Khaskin®® have obtained isomeric chloro-
hydroxyisobutyronitriles by reaction between methacrylo-
nitrile and chlorine in an aqueous medium. Nitriles of
2-chlorocyclobutanecarboxylic acids have been claimed®’
as products of the cycloaddition of vinyl chloride toacryl-
onitrile. w-Chloromethacrylonitrile can be obtained®® by
the action of anhydrous liquid ammonia on aB-dichloro-
o-methylpropionitrile. Lower (Ci~7) w-chloro-nitriles
result®® from the telomerisation of cyanogen chloride

and ethylene in the presence of azoisobutyronitrile or
di-t-butyl peroxide under 52.5-70 atm.

The few publications that have appeared on halogeno-
derivatives of the isomeric crotononitrile relate mainly
to the formation of y-chlorobutyronitrile, ofi-dichloro-
butyronitrile, and a small quantity of a-chlorocrotono-
nitrile. Table 2 gives several methods for obtaining
chlorg-c}ieerivatives of crotononitrile under various condi-
tions™ ™

Table 2. Conditions of treatment of crotonitrile with
chlorine.
Yield of chloro-derivative, wt.%
Temp., °C Catalyst g-mono ap-di Ref.
20—250 —_ 55—61 — 4042, 44
595—700 — 57,7 — 43
400—600 — 62 — 45
680 metal oxides - 91 46

Halogeno-derivatives of aromatic nitriles are used for
the synthesis of dyes distinguished by excellent fastness,
as well as herbicides, insecticides, etc. The very few
publications on the preparation of halogenobenzonitriles
relate mainly to the o-chloro-derivative, which is the prin-
cipal starting material for the production of azo-dyes, e.g.
Basic Bordeaux, Disperse Violet, etc. Several methods
are known for obtaining halogenobenzonitriles by the oxi-
dative ammonolysis of halogenated aromatic hydrocarbons.
Application of this process to p-chlorotoluene on a catalyst
comprising arsenic and vanadium oxides promoted with
alkali metals at 250-300°C gives a 66.5% yield of p-chloro-
benzonitrile?’, A catalyst comprising vanadium (V) and
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iron(III) oxides on alumina can also be used*®, Table 3lists
conditions for the oxidative ammonolysis of chlorotolu-
ene49— 52

Table 3. Conditions of formation of chlorobenzonitriles*,
Yields of isomers, wt.%
Starting materials Toemp., Catalyst Ref.
c ortho:| meta para
o, m-, p-CICgH4CH3 + 455 | V, Ti, Sn oxides { — 50—80 47 49
03 + NH3 + Hy0* .
pCiCgH4CN + Cly 350 | V, Sb, Bi, Al oxides 18 49.5 32.5 51
P-CICgH4CN + Cl3 450 | V, Sb, B, Al oxides 25 45 30 52

* Proportions of starting materials
ClCsH4CH;:Oz: NHs: H2O = 1:83:19:105,

However, the technical complexity of the suggested
methods and the need for expensive catalysts led to the
proposal that interesting monomers should be obtained by
a single-stage method®=® of chlorination of nitriles. A
technical scheme has been put forward®” for the chlorina-
tion of Cz~4 nitriles, in which the reaction vessel contains
a stationary layer of catalyst. Since the type of catalyst
(perlite, quartz, AG-3 actlvated carbon) had no clear effect
on the yield of products®®, and perlite is inexpensive and
readily available, subsequent investigations were made on
this catalyst. The highest yields of chloro-nitriles have
been observed®’—®! with a molecular ratio of nitrile to
chlorine of 2:1. With a short period of contact, however,
dichloro-derivatives are formed: i.e. chlorine is added.
As the time of contact lengthens, a- and B-chloro-nitriles
are formed; the maximum yield (80-85 wt.%) is achieved
with a time of contact of 5-6 s. Chlorination thus follows
an anomalous course, as a consequence of dehydrochlori-
nation of oB-dichloropropionitrile: i.e. substitutive chlo-
rination takes place. The influence of temperature on the
yield of chloro-nitriles is similar to that of the time of
contact: at low temperatures dichloro-derivatives are
formed, but withrise in temperature their yielddiminishes,
and that of monochloro-nitriles increases in proportion,
Experiments and calculations®®* have made it possible to
establish optimum conditions for obtaining chloroaceto-
nitrile, a@-chloroacrylonitrile, and w-chloromethacrylo-
nitrile.

The kinetic and other studies of the chlorination of
acrylonitrile and methac 4ylomtrlle have led to a tentative
reaction mechanism®’ in which these nitriles are
regarded to a first approximation as unsaturated hydrocar-
bons®., The unusual course of chlorination of the latter
was first observed during the nineteenth century®~*°, Tish-
chenko™™"™ later found that anomalous chlorination of
unsaturated hydrocarbons is observed when a quaternary
carbon atom is adjacent to the double bond, the mainprod-
uct is then an isomeric monochloride in which the double
bond has been displaced, accompanied by only a small
quantity of the dichloride.

On the basis of the mechanism of the anomalous chlo-
rination of hydrocarbons it has been suggested® =% that the
chlorination of acrylonitrile can be represented by the

scheme

CH, CH,ClL CHCl=CH—CN

f v_+ 'fl —> CHCl

N ~cr CN

HC

CH,=CCI—CN ,
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Chlorine adds to the acrylonitrile molecule, the double
bond opens, and ofB-dichloropropionitrile is formed. At
high temperatures this is accompanied by dehydrochlori-
nation of the dichloro-derivative to give a- and B-chloro-
acrylonitriles. This scheme is supported by experiment,
since at sufficiently high temperatures (350-380°C) with
contact lasting for 6~7 s the competitive addition of both
chlorine atoms to acrylonitrile diminishes, and a mono-
chloro-nitrile is formed.

The chlorination of methacrylonitrile can probably be
represented

CH, «. CH,CI
I S ~cr’

H,c—(lz <& — Be—t—a
cN o Tor cN

However, the product is unstable, and stabilisation occurs
by elimination of hydrogen chloride to form w-chlorometh-
acrylonitrile:

CH,
CH(I L, CHClmb—cN
H,C—(!,-—Cl —Hel, .
By - CHy=C—CN
dnar

The direction of the dynamic effect is opposite to that of
the static effect of conjugation. Therefore methacrylo-
nitrile undergoes chlorination under more severe conditions
than does acrylonitrile.

On the basis of the above investigations and the classi-
cal interpretation of the anomalous chlorination of unsatu-
rated hydrocarbons it has been suggested®”®* that the chlo-
rination of acrylonitrile can be represented by the scheme

CHy=CH—CN -+ Cl; —

e~ CHCl,—CHCICN —<!

— CH,Cl—CHCI—CN —

—HC, cHel—cclien

g~ CH,=CCICN -+ CHCI=CHCN
and that of methacrylonitrile by

CHCH CH,CI
| |
CH, CH, i~ CH,Cl—CCICN 2 CHCI=C—CN

|
cn,:cl—CN €l , CH,CI--CCICN —

LHEl, CH,=C—CN + CHCl=C—CN

CH,CL CIH;,

Adequate attention has been paid to aspects of the lig-
uid-phase chlorination of acetonitrile®**™™, Chlorina-
tion involves intermediate formation of a nitrilium salt to
give finally trichloroacetonitrile.

The vapour-phase chlorination of acetonitrile with a
molecular ratio nitrile: chlorine = 2:1 at 350°C for 5-6 s
gives mainly chloroacetonitrile with a small quantity of
trichloroacetonitrile®”%:1%  Two fractions correspond-
ing to these products were isolated. Hardly any dichlo-
roacetonitrile was observed. Traces of a nitrilium salt
are also formed'®. The salt decomposes at high temper-
atures, so that it cannot be formed in vapour-phase chlo-
rination at 350-360°C. The nitrilium salt is most prob-
ably formed on cooling, when chloroacetonitrile reacts
with hydrogen chloride. From the above considerations
the mechanism

C1
~ThHci™ CCICN

CHLCN + Cl,

ML, [lcHpc1 —CNHJ*CI-

has been suggested for the chlorination of acetonitrile,
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It has thus been ascertained that the vapour-phase
chlorination of nitriles follows the anomalous chlorination
mechanism of unsaturated hydrocarbons. This method
can be used also to obtain unsaturated monochloro-deriv-
atives of other classes of compounds.

III. REACTIONS AND PRACTICAL APPLICATION

Chloro-derivatives of nitriles find application as insec~
ticides. They also exhibit bactericidal properties®, and
are very effective against soil pests'®.

Chloro-derivatives of nitriles are a little investigated
class of compounds. Few papers have appeared on the
reactions of the unsaturated representatives, since
hitherto they have been unavailable. Development of
methods for the preparation of chloro-derivatives of ali-
phatic and aromatic nitriles has made it possible to study
their reactions. A process has been claimed® for obtain-
ing derivatives of a-chloro-g£-p-hydroxyphenylpropioni-
trile, which can be used as intermediates in the produc-
tion of medicinals.

Polymeric materials obtained from chlorine-containing
monomers possess valuable properties, in particular fire
resistance. The presence of a nitrile group together
with a chlorine atom in a monomer may confer on the poly-
mers also frost resistance, gas impermeability, and
resistance to corrosive media. It is therefore of prac-
tical interest to study the polymerisation of chloroacryl-
onitrile and chloromethacrylonitrile as examples of such
monomers. «@-Chloroacrylonitrile has been used”™® to
obtain polyconjugated polymers both of linear (polyvinyl-
ene) structure and of ladder structure with fused naphthy-
ridine rings. As well as the synthesis of homopolymers

CN CN
| I
oo —CHy—C—. .. o —CH,—C—...
! !
cr CHCl dn

the possibility has been investigated of the copolymerisa-
tion of chloromethacrylonitrile with styrene to give
_ oN -
TCH;—?H—CHZ—IF‘-— e

/j (l:HQCl
O

-

n

Chloroacrylamides have been obtained®® by conversion
of the nitriles into amides under conditions of .acid hydra-
tion:

NH
_HoH | _ Yo
CH,=CCI—CN CH, ,ccx--c\O .

Chloro-derivatives of nitriles are interesting starting
materials for the single-stage preparation of chloro-
derivatives of unsaturated acids by hydration in the pres-
ence of 75% sulphuric acid. Such acids can be formed
also®~®1% py direct chlorination of acrylic and meth-
acrylic acids:

CHy=c1—CN —22, CH,=CCI—COOH « otz CH,=CH~COOH .

Addition of alcohols to a~chloroacrylonitrile in the
presence of AV-1T7 anion-exchange resin, sodium meth-
oxide, and aminesiscatalysed by the amines themselves® ™%

ROH 4 CH,=C(1—CN — ROCH,CHCI—CN
R=CH,, CHy—CH=CH,, CH,C=CH
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R N
NH + CH;=CCl— N  \NCH,CHCI—~CN
R/ R/

R'=R=CgH;; R=R'=CH;; R=R'=CHg
R=R'=CH, .

Nucleophilic substitution by treatment with alcoholshas
been used to examine the reactivity of the chlorine in
chloro-nitriles and to develop a procedure for obtaining
hydroxy-derivatives of aliphatic nitriles®*®., The reac-
tions of Ci1-- aliphatic alcohols and of cyclic and unsatu-
rated alcohols have been studied'’:

CICH,CN + ROH — ¥ NCCH,OR -+ NaCl -+ HOH

R=CHj, C;Hs, CsHy,1C4Hyg, CHyy, Colis, CiHys,

Ve
() , CH,—CH=CH,, CH,—C=CH,

C (CHy)o—C=CH .
Organosilicon nitriles are obtained by condensing
incompletely substituted silanes with alkenes'°"”!%, Unsat-
urated nitriles react with silicochloroform and with alkyl-
chlorosilanes:

CHy=CH (CHy),, CN - CH,SiCl,H

> {CHg) C1,SiCH,CH, (CHy), CN .

=1

Petrov et al.” studied the addition of alkoxysilanes to but-
3-enonitrile, B-allyloxypropionitrile, and acrylonitrile,
and established that addition conforms to the equation

R’ (RO), SiH 4 CH=CHCH,X — R’ (RO), SiC,H,CH,X

R’= CHy, OCoH;, OCHz; R=CH,, CoHy; X=OCH,CH,CN, —CN.
Condensation of acrylonitrile, 2-vinylpyridine, and meth-
acrylaldehyde with triethoxysilane and several other partly
substituted silanes in the presence of activated AV-16
anion-exchange resin yields B-triethoxysilylpropionitrile
and other silicon-containing nitriles®*~

Golubtsov et al. ® investigated the reactions of methyl-
dichlorosilane with acrylonitrile in the presence of various
catalysts (pyridine, chloroplatinic acid), butdidnot achieve
satisfactory results.

The action of a silicon-copper catalyst on 3-chloropro-
pionitriles forms S-trichlorosilylpropionitrile'®:

——— HSICl + Sicl,
___— CH,=~CH—CN
——-+ CLSICH.CH,CN .

SiCi
CICH,CH,CN —]

Mono-, di-, and tri-nitriles containing chlorine attached
to silicon have been obtained'**"*® directly from chloro-
acetonitrile, @-chloroacrylonitrile, and w-chlorometh-
acrylonitrile:

— » HSiCl, + SiCl,

RCI Si/Cuy|
——= R,SiCl,_,
R=CH,CN, C—CN, CHy—C—CN; n=1-3 ,
i I
CH, CH,
103,104

These workers examined the reactions of chlorosily-
lated nitriles, and have established''! that silicon-contain-
ing nitriles can be obtained by condensation of a silanol
with a chlorinated nitrile:

R3SiOH + CIR'CN — R;SiOR’CN
R=CHz; R'=—CH,—, —C=CHy—, —CH;—C=CH,, —CH=CH—,
|

—CH=C—CH,, CH,—CH=C—
| |

The products can be converted by hydration into unsatu-
rated organosilicon acids:

RySIOR'ON 1t~ R,SiOR'COOH .
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An original synthesis of organosxhcon mtrlles was sug-
gested by Chernyshev and his coworkers'***, o- m-, and
p-Trichlorosilylbenzonitriles and the corresponding meth-
yldichlorosilyl compounds have been obtained''? from a
hydrolytic mixture of trichlorosilane or methyldichloro-
silane with the appropriate chlorobenzonitrile in the gas
phase at 500-650°C for a very short period of contact
(10-90 s), after which the products were separated:

HSIRRZ+0—, m—, p—Ci{ SN - Ned SRR

R'=R®*=Cl; R'=CH,, R*=Cl
The same workers suggested''® gas-phase pyrolysis of
silicochloroform or methyldichlorosilane with 8-chloro-
acrylonitrile or ap-dichloroacrylonitrile at 500-650°C
for 10-100 s to obtain the chlorosilylacrylonitriles:

HSICl; + CICH=CH—CN — Cl3SiCH=CHCN .

Like acrylonitrile chloro-derivatives of nitriles con-
dense with dienes. The diene condensation of a-chloro-
acrylonitrile with butadiene, isoprene, etc. can be repre-

K =0

R—R'=H; R=H, R'=CH; R=H, R'=Cl
R=Cl, R'=CHjz 'R=R'=Cl «

Bicyclic chloro-nitriles have been synthesised!®® by the
diene condensation of a-chloroacrylonitrile and w-chloro-
methacrylonitrile with cyclopentadiene:

z 110 - 140° 1
4+ CIRCN ——>
X N

R;-—(I:zcﬂ,; —m{g—(|:=cﬂ2 .

The above survey shows that development of the pre-
paration of chloro-derivatives of nitriles offers great
promise, since the resulting monomers possess wide syn-
thetic possibilities and have important applications.
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