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INTRODUCTION

The β-cyanoethyl group-CH2CH2CN is most frequently
introduced into compounds containing a mobile hydrogen
atom by reacting them with acrylonitrile. The cyanoethyla-
tion with acrylonitrile has in the last 15 — 20 years been
widely studied on many organic compounds. Alcohols,
phenols, mercapto compounds, oximes, amides, aliphatic
and aromatic amines, heterocyclic bases, phosphines,
arsines, and compounds in which a mobile hydrogen atom
is linked to carbon (certain hydrocarbons, polyhalogeno-
-alkanes, nitro-compounds, aldehydes, ketones, acid
derivatives, compounds of the acetoacetic and malonic
ester type, and sulphones) have all been cyanoethylated.

Several hundreds of original publications and patents and
several reviews have dealt with this subject1"3. Cyano-
ethylation is a very simple and convenient method for the
preparation of a large number of compounds otherwise
difficult to obtain, which are indispensable for the develop-
ment of various fields of chemical industry.

Cyanoethylation with acrylonitrile proceeds according to
the following scheme:

R-H + CH,=CHCN - R-CH2CHeCN.

Cyanoethylation is reversible. Hence by introducing a
new compound capable of cyanoethylation into a system in
equilibrium transcyanoethylation products can be obtained:

R—CH2CH2CN * CH,=CHCN · R'—CHJCHJCN
+k-H " -R'-H

In certain cases decyanoethylation occurs, when acrylo-
nitrile is eliminated (sometimes as a polymer or as acrylic
acid):

R—CHaCHaCN -» R-H + CH2=CHCN.

Cyanoethylation and its reverse are base catalysed4.

This review covers all the methods of cyanoethylation
with reagents other than acrylonitrile, as well as decyano-
ethylation and transcyanoethylation. This last reaction can
hardly be discussed separately, since it consists in simul-
taneous cyanoethylation and decyanoethylation:

R—CH,CH2CN + R'—Η — R'-CH2CH2CN + R—Η.

In addition to acrylonitrile, β-halopropionitriles, ethyl-
ene cyanohydrins, /3-alkoxypropionitriles, cyanoethyl
esters, β-aminopropionitrile and its N-substituted deriva-
tives, and certain other compounds can also be used as
cyanoethylating agents. In cases where cyanoethylation
with acrylonitrile yields polymers, by using some of the
above agents the reaction can be carried out under milder
conditions and arrested at the monomer stage. These
agents are also known to give positive results in cases
where acrylonitrile failed to react or gave too low yields of
the product. Certain cyanoethyl compounds can only be
obtained by transcyanoethylation.

The course of decyanoethylation and transcyanoethyla-
tion provides the evidence that the bond attaching β-cyano-
ethyl groups to oxygen, sulphur, nitrogen, carbon, etc.,
is, as a rule, more labile than the bonds between alkyl
radicals or other groups with these atoms. The mobility
of the β-cyanoethyl group is clearly demonstrated by the
decyanoethylation of certain cyanoethyl derivatives on
distillation.

Decyanoethylation and transcyanoethylation are interest-
ing both from the theoretical and preparative viewpoints.
For instance, β-cyanoethyl group can be used for protecting
an amino-group5»6:

1. β-HALOPROPIONITRILES AS CYANOETHYLATING
AGENTS

(a) C y a n o e t h y l a t i o n with β - c h l o r o p r o p i o -
n i t r i 1 e. The β-halopropionitrile most widely used in
cyanoethylations is β-chloropropionitrile.
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The reaction of /3-chloropropioni.trile with acid sodium
sulphide7, sodium sulphide8, potassium sulphide9, ammo-
nium thiocyanate10, sodioacetoacetic ester u and potassium
phthalimide " yields cyanoethylation products. For ex-
ample:

K2S + 2 Cl—CHJCHJCN - S(CH2CHiCN), + 2 KC1,

NH4SCN + Cl-CHjCHjCN - NCS-CH2CH2CN + NH«C1,

- C O
NK+C1—CHSCH 2CN

\ /
\rca

—co/

^ N — C H 2 C H , C N + KC1.

β-Chloropropionitrile has been used for the cyanoethylation
of ethanol13.

The reduction of /3-chloropropionitrile by Vyshnegrad-
skii's method yields y-alkoxypropylamines14:

Cl—CHaCH,CN R O — C H J C H J C H J N H J -

The reaction of β-chloropropionitrile with ketones15»16

can be more easily stopped at the stage of monocyanoethyl-
ation, and the yields of products are, as a rule, higher than
in the case of acrylonitrile.

Phenylmalonyl diethyl ester reacts with β-chloropropio-
nitrile forming 32% cyanoethylation product17:

COOCjHs

C6H5CH

COOC,HB

+ Cl—CHaCH,CN s C -

COOC2H6

Heininger10'18 showed that in the reaction of /3-chloro-
propionitrile with amines, different products are obtained
depending on the nature of the amine. Certain amines
(trimethylamine, triethylamine, quinoline, quinaldine,
α-picoline, acridine, etc.) react with /3-chloropropio-
nitrile forming amine hydrochlorides and acrylonitrile,
for instance:

(CH 3 ) 3 N+Cl—CH 2 CH 2 CN - (CHS),N-HC1 + CHj=CHCN .

On the other hand amines like n-butylamine, pyrrolidine,
and morpholine yield in this case the hydrochlorides of
Μ -substituted β-aminopropionitriles:

NH + Cl—CH2CH2CN N-CH2CH,CNHC1.

Still another group of amines (pyridine, isoquinoline,
β- and y-picolines) form the quaternary ammonium salts,
for example:

Nl + Cl — CH.CH2CN * N-CH2CH2CN] CI-,

According to Heininger18 the reaction of β-chloropropio-
nitrile with aniline in absolute ethanol yields aniline hydro-
chloride and acrylonitrile. Butkus and Denis19 showed,
however, that in aqueous solution these two compounds
react forming JV-(j3-cyanoethyl) aniline in good yield:

CeHjNHs + Cl-CHXHjCN -* C0H6NH-CHoCH,CN+HC1.

The cyanoethylation of α-amino-acids with β-chloro-
propionitrile20'21 is accompanied by heat evolution and pro-
ceeds according to the following scheme:

R

HOOCCHNH., -f Cl—CHX.HjCN — HOOCCHNH—CH2CH eCN + HC1

Cyanoethylation of glycine, alanine, a-aminobutyric
acid, cystine, β-phenyl-a-alanine, and tyrosine, in 70-
96% yields, has also been reported.

β-Chloropropionitrile was also used to obtain the iV-
- cyanoethylation products of β -phenyl-β- alanine22, y-
-aminobutyric acid, δ-aminovaleric acid, e-aminohexanoic
acid, and taurine2 3.

Tsukervanik and Grebenyuk24"26 showed that direct
cyanoethylation of benzene and chlorobenzene with acrylo-
nitrile by the Friedel—Craft—Gustavson method proceeded
with difficulty and gave low yields. This reaction proceeds
more readily and with better yields if hydrogen chloride is
added to acrylonitrile. In that case, presumably, it is not
acrylonitrile, but β-chloropropionitrile which takes part in
the reaction. The reaction proceeds equally readily with
β-chloropropionitrile:

C,H,+C1—CH 2CH 2CN C eH 6—CH 2CH 2CN + HC1.

Probably the nuclear cyanoethylation of phenols by
acrylonitrile and hydrogen chloride in the presence of zinc
or aluminium chloride also proceeds via an intermediate
formation of β-chloropropionitrile 27~34. Cyanoethylation
of the nucleus in the presence of the Friedel-Crafts -
Gustavson catalyst proceeds only with great difficulty.
β-Chloropropionitrile, on the other hand, may be used to
obtain the products of cyanoethylation in the nucleus of
many mono- and polyhydric phenols 32~34, for example:

CH
+ C1-CH,CH2CN — - i

LOH

If phenols are treated with β-chloropropionitrile in the
presence of caustic alkali, cyanoethylation takes place at
the hydroxyl group35, as for example:

Er

Br—I

—OH + Cl—CH2CH2CN —Ο —CH 2CH 2CN
+ HC1

β-Chloropropionitrile has also been used to cyanoethyl-
ate ammonia18'36"38, diethylamine39, glycylglycine21,
hexitylamines40, anthranilic acids41»42, piperidine43,
l-benzyl-5-aminotetrazole44, peptones and proteins23,
cellulose45 and other compounds6'39»46"52.

In certain cases the cyanoethylation seems to proceed
not by the direct substitution of the halogen but via the
formation of acrylonitrile as an intermediate15»41. This
assumption is favoured by the fact that acrylonitrile is
formed from β-chloropropionitrile by the action of potash,
caustic alkali or tertiary amines, i.e. compounds which
react with hydrogen chloride18»20»21»41'53. This reaction
may be of preparative importance, since the yield of
acrylonitrile may reach 75 — 80%. Other cases of the
formation of acrylonitrile from β-chloropropionitrile have
also been reported54.

(b) Use of o t h e r β - h a l o p r o p i o n i t r i l e s in
c y a n o e t h y l a t i o n . β-Bromopropionitrile was used for
the cyanoethylation of diethylamine, aniline, piperidine,
glycine, α-alanine, a-aminobutyric acid, cystine, a-amino-
phenylacetic acid, tyrosine, β-phenyl-α-alanine, β-phenyl-
-β-alanine, taurine, δ-aminovaleric acid, e-aminohexanoic
acid55, hexitylamines40, 5-aminotetrazole, l-benzyl-5-
-aminotetrazole44, certain compounds containing a mobile
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hydrogen atom attached to carbon56»57, and other com-
pounds 5S>39. Caustic alkali and tertiary amines react with
β-bromopropionitrile forming acrylonitrile 5 5.

/3-Iodopropionitrile has also been used in cyanoethyla-
tion4 6.

There are no data in the literature on the use of β-
-fluoropropionitrile for this purpose.

2. INTRODUCTION OF THE CYANOETHYL GROUP BY
MEANS OF ETHYLENE CYANOHYDRIN

The reaction of ethylene cyanohydrin with aqueous
solution of potassium cyanide results in low yields of
succinic dinitrile60.

In the course of the reduction of ethylene cyanohydrin
with sodium in a series of alcohols, e.g. ethyl, isopropyl,
η-butyl, and isopentyl, the alcohol undergoes cyanoethyla-
tion, which is followed by the reduction of the nitrile
group14:

HO—CHjCH2CN — ^ j

In no case was it possible to isolate y-propanolamine
from the reaction mixture.

Ethylene cyanohydrin reacts with benzyl alcohol in the
presence of sodium forming β-benzyloxypropionitrile61:

C 0H 6CH 2OH + HO—CH 2CH 2CN -* C,H6CH2O—CH2CH,CN + H 2O.

The reaction of ethylene cyanohydrin with triphenyl-
chloromethane in the presence of pyridine yields 0-(tri-
phenylmethoxy)propionitrile e 2:

(C eH 6),CCl + HO-CH 2 CH 2 CN - (C e H 6 ) 3 CO-CH,CH 2 CN + HC1.

Heated with ammonia, ethylene cyanohydrin forms
β-alanine63. When a mixture of an amine with ethylene
cyanohydrin at 300° is passed over finely powdered
aluminium good yields of N- substituted β-aminopropio-
nitriles are obtained64.

In the reaction with aniline ethylene cyanohydrin yields
only traces of /3-(phenylamino)propionitrile19.

The cyanoethylation of piperidine with ethylene cyano-
hydrin yields /3-(N-piperidyl)propionitrile65>66:

NH + HO—CH tCH,CN N—CH 2CH 2CN + H 2 O.

The yield of the product is 22%. If powdered tin is added
to the reaction mixture, as in the preparation of acrylo-
nitrile, the cyanoethyl derivatives of piperidine is obtained
in 52.5% yield.

In the presence of tin powder at 150°-170°, anabasine
and ethylene cyanohydrin form the corresponding N-cyano-
ethyl derivative in 60% yield67.

Chelintsev and his associates6 8"7 0 showed that ethylene
cyanohydrin reacted with esters of carboxylic acids in the
presence of equimolar amount of sodium alcoholate form-
ing β-alkoxypropionitriles:

HCOOC tH s -f HO — CH.CH.CN + C,H5ONa-> HCOONa + CjH5O—CH,CHjCN + C J H J O H .

The authors regard this reaction as an unusual alkylation
of ethylene cyanohydrin by carboxylic esters.

The reaction of ethylene cyanohydrin with acids, acid
anhydrides and acid chlorides, as well as with isocyanates,

yields the cyanoethyl esters of the corresponding
a c i d s 1>3,7i-84>

In the reaction with phosphorus trichloride, ethylene
cyanohydrin yields β-cyanoethyldichlorophosphite in addi-
tion to β-chloropropionitrile85:

PC13

-Cl—CH 2 CH 2 CN

*C1 2-PO—CH 2CH 2CN

There are data on the use of ethylene cyanohydrin in
cyanoethylations of hexitylamines40, aldehydes and
ketones86, resorcinol (in the nucleus)32, phenylhydrazine52,
indole87, and other compounds33'88'89. Attempts to cyano-
ethylate α-amino-acids20>90 and proteins23 with ethylene
cyanohydrin were unsuccessful, although under the same
conditions these substances reacted with acylonitrile and
β - halopropionitr iles.

Ethylene cyanohydrin react with certain ethers, replac-
ing an alkyl group by cyanoethyl group9 1 '9 2, for example:

(CH 3) 2 CHOCH=CH 2 + HO—CH,CH,CN-* CH 2 =CHO—CH,CH,CN + (CH 3) 2 CHOH.

The reaction can proceed similarly with esters 9 3.

3. MOBILITY OF THE CYANOETHYL GROUP BOUND
TO OXYGEN

(a) β- A l k o x y p r o p i o n i t r i l e s . The existence of a
dynamic equilibrium and the reversibility of cyanoethylation
is especially noticeable in the reaction of acrylonitrile with
alcohols. Only the β-alkoxypropionitriles obtained by
cyanoethylating lower primary or secondary alcohols (up to
C7) can be isolated from the reaction mixture by simple
distillation. On further increase of the molecular weight,
the boiling point of the resulting β-alkoxypropionitrile is so
high that on distillation the reverse reaction can occur1»94'95.
Yields obtained in cyanoethylations of secondary alcohols
are lower than those from primary alcohols. The reaction
of tertiary alcohols with acrylonitrile is even more diffi-
cult. Certain tertiary alcohols, eg. t-butanol, can be used
as solvents in cyanoethylations. On heating to 60° —80°
t-butanol reacts with acrylonitrile, but the resulting ether
readily decomposes into the starting components1-3.

An exchange of the alkyl radicals takes place on
heating (50°—60°) β-alkoxypropionitriles with aliphatic or
aliphatic-aromatic alcohols in the presence of alkali or
alcoholates e1,96;

RO—CH2CH2CN + R'—OH tL R ' O - C H ^ H j C N 4- ROH.

The yield of trans cyanoethylation products is 75 — 80%.

Kost and Yashunskii" observed that if in the Vyshne-
gradskii reduction the alkoxy groups in β-alkoxypropio-
nitrile and in the alcohol used as solvent are identical, the
normal reaction product is obtained, the amine corres-
ponding to the nitrile taking part in the reaction {e.g. β-
-ethoxypropionitrile in ethanol yields y-ethoxypropylamine).
If they are not identical, the y-alkoxypropylamine formed
contains the alkoxy group from the alcohol used as solvent.
For instance, the reductions of both β-methoxypropionitrile
and β-(β/-hydroxyethoxy)propionitrile in n-butanol yield
only y-butoxypropylamine. Similar observations were
made by Seeger97.

It may be noted that in the Vyshnegradskii reaction α-
and y-alkoxynitriles undergo normal reduction, without the
exchange of alkoxy groups.
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The cleavage of the cyanoethyl-oxygen bond occurs in
the reduction of β-alkoxypropionitriles with lithium alumin-
ium hydride98»99, or with Raney nickel catalyst 10°-102. The
yields of alcohols in reductions by lithium aluminium hy-
dride are 80-90%.

Attempts to hydrate the β-cyanoethyl ether derived from
dimethyl vinyl ethynyl carbinol in aqueous methanol solution
resulted in the splitting off of one molecule of acrylonitrile,
followed by the isomerisation of the remaining dimethyl
vinyl ethynyl carbinol into β,β-dimethyldivinyl ketone;
under the reaction conditions used the latter compound
united with methanol forming l-methoxy-5-methyl-4-
-hexen-3-ol103. The saponification of β- cyanoethyl ethers
to the corresponding acids has to be carried out with con-
centrated hydrochloric acid, since heating with alkalis
catalyses the reversal of cyanoethylation. The alkaline
hydrolysis of β-cyanoethyl ethers derived from acetylenic
alcohols in 50% aqueous methanol yields β-methoxypro-
pionic acid106. Heating β-alkoxypropionitriles with aqueous
ammonia yields β-alanine 107>108.

Decyanoethylation occurs on pyrolysis of β-alkoxypro-
pionitriles109. Heating β-methoxypropionitrile at 300°-
350° yields 80—90% acrylonitrile. Acrylonitrile is ob-
tained in the same yield from β-ethoxypropionitrile. Other
cases of the cleavage of the bond between the cyanoethyl
group and oxygen in acid109»110 or alkaline media1"3»14»95»110

are also knowa

Certain β-alkoxypropionitriles can be used as cyano-
ethylating agents. For instance, β-methoxypropionitrile
was used to cyanoethylate ammonia107»111, dimethylamine U 2 ,
dibutylamine 112>113, piperidine113, morpholine and other
amines112. In all cases the products of trans cyanoethyla-
tion were isolated, namely β-aminopropionitrile and its
N-substituted derivatives:

(CH3)i

NH + CH3O—CH2CH2CN

(CH 3 ) 2 N—CH 2 CH 2 CN + C H 3 O H ,

N—CH 2CH tCN + CH3OH .

In the reaction with β-ethoxypropionitrile, malonic
ester gave its mono- and di-cyanoethyl derivatives113.
This alkoxynitrile was used in the preparation οίΝ-ίβ-
-cyanoethyl)indole87. Cyanoethylation of diethylamine and
malonic ester was also carried out by means of β-butoxy-
propionitrile114.

Heating β-alkoxypropionitriles with aromatic amines19,115

in aqueous solution at 100° results in transcyanoethylation
according to the following scheme:

C,H5NH2 + RO--CH2CH,CN - C 8 H 5 NH— J C N + ROH

Alkoxypropionitriles were obtained by cyanoethylating
methyl, ethyl, propyl, butyl, isobutyl, s-butyl, pentyl,
and isopentyl alcohols. The reaction proceeds in the
presence of very small amounts of caustic alkali or tri-
ethylamine.

Instead of acrylonitrile, certain β-alkoxypropionitriles
were reacted with phenylhydrazine to form 3-amino-l-
-phenylpyrazoline52.

(b) β, β ' - D i c y a n o d i e t h y l e t h e r . Kost and
Yashunskii14 showed that the Vyshnegradskii reduction of
β, β'-dicyanodiethyl ether proceeded in an anomalous
manner, giving rise to y-alkoxypropylamines, in which the
alkoxy radical was that of the alcohol used as solvent:

O (CHoCHiCN)s
C 4 H 9 O—CH 2 CH 2 CH t NH,

The linear diamine could not be isolated.

Reduction of β, β'-dicyanodiethyl ether in the presence of
Raney nickel (15-150 atm, 80°-125°) yielded a mixture of
products, from which y,y'-diaminodipropyl ether, y-amino-
propanol, and propylamine were isolated116:

j , (XCH-CHJCHJNH,),

Ν HOCHJCHJCHJNH, + CH,CH2CH2NH,

Use of β, β'-dicyanodiethyl ether for cyanoethylating
hydrogen sulphide117, mercaptans and thiophenolsιω, and
ketones ι ω, has been described in patents.

Heating β, β'-dicyanodiethyl ether with aqueous aniline
in the presence of small amounts of caustic alkali or tri-
ethylamine gave the transcyanoethylation product, viz.
β- (phenylamino) propionitrile19.

Heating β, β'-dicyanodiethyl ether at 195°-210° in the
presence of sodium formate resulted in 94% acrylonitrile120.
Acrylonitrile utilised in the side-reaction for the formation
of β, β'-dicyanodiethyl ether during the cyanoethylation of
cellulose fibres, can in this way be recovered m .
Decyanoethylation occurs upon saponification122 and pyroly-
sis 1 0 9 of β, β'-dicyanodiethyl ether, or upon its heating with
aqueous ammonia108.

(c) P r o d u c t s of the c y a n o e t h y l a t i o n of
m o n o h y d r i c a l c o h o l s and c a r b o h y d r a t e s .
Dicyanoethyl derivatives of ethylene glycol and propane-
-1,2-diol and the tricyanoethyl derivative of glycerol react
in aqueous solution at 100° with aromatic amines forming
β-arylaminopropionitriles115. In contrast to β-alkoxypro-
pionitriles, the glycol di-β-cyanoethyl ether does not
require an alkaline catalyst.

Heating diethylene glycol with its dicyanoethyl deriva-
tive in the presence of caustic alkali yields the correspond-
ing monocyanoethyl derivative123.

Attempts to cyclise the dicyanoethyl derivative of 1,10-
-decanediol by the Ziegler method into the corresponding
imine were unsuccessful. In this reaction decanediol was
recovered in 90% yield124:

N C C H a C H 2 - 0 (CH 2) 1 0O—CH 2CH 2CN - HO (CH 2) 1 0 OH + 2 CH 2 =CHCN.

Yashunskaya et al.125 made a study of the conditions for
the preparation of carboxyethylcellulose via the cyano-
ethylation with acrylonitrile. They established that the
rate of cyanoethylation increased with increasing concen-
tration of sodium hydroxide up to 8%. Further increase of
alkali concentration caused a lowering of the number of
cyanoethyl groups in the reaction product. Other condi-
tions being equal, raising the reaction temperature to 45°
causes a considerable drop in the extent of cyanoethyla-
tion. However, the authors explain this by the concentra-
tion of acrylonitrile being reduced due to hydrolysis. On
treatment with a solution of caustic soda, or on repeated
washing with soap or soda solution, the nitrogen content of
the cyanoethyl derivative is lowered121. This was also
considered to be due to the saponification of cyanoethyl
groups. The authors neglected the possible reverse reac-
tion in the presence of alkali, namely of the removal of
acrylonitrile from the cyanoethyl derivative of cellulose,
or of acrylic acid from its carboxyethyl derivative. Such
cleavage of the bond between the cyanoethyl group and
oxygen is known to take place in the products of cyano-
ethylation of polyvinyl alcohol126»127 and certain polysac-
charides128. Further evidence was provided by the work
of Danilov and Lopatenok129, who showed that with sodium

586



Vol.30 No. 11 RUSSIAN CHEMICAL REVIEWS November 1961

in liquid ammonia cyanoethylcellulose underwent partial
deoxidation, the principal reaction under these conditions
being the direct removal of acrylonitrile. Polyacrylo-
nitrile and acrylic acid were also observed among the
reaction products. No carboxyethylcellulose was observed
under these conditions.

(d) P r o d u c t s of the c y a n o e t h y l a t i o n of*
a l i c y c l i c , a r o m a t i c , and h e t e r o c y c l i c
a l c o h o l s . Boiling β-cyclohexyloxypropionitrile, 1-
-phenyl-, 2-phenyl-2-propyl-, and 2-pheny 1-2-benzyl-1-
-(/3-cyanoethoxy)cyclohexane with chloroacetyl chloride in
chloroform or ether, or with bromopropionyl bromide in
the presence of potash, results in the formation of the
corresponding cyclohexylchloroacetates or cyclohexyl-
bromopropionates130.

The reaction of β-cyclohexyloxypropionitrile with aniline
consists in transcyanoethylation, the product being β-
- (phenylamino)propionitrile115.

The reaction product from benzaldehyde and acrylo-
nitrile eliminates acrylonitrile in alkaline media131.

97% decyanoethylation occurs on hydrolysis of the cyano-
ethyl derivative of £,/>'-dichlorodiphenylcarbinol with 15 —
25% alkali solution132:

CHO—CH2CH,CN

Cl—

CHOH + C H , = CHCN

The bond between the cyanoethyl group and oxygen in
/3-benzyloxypropionitrile undergoes cleavage in the pres-
ence of Raney nickel catalyst100.

Decyanoethylation is also observed during the reduction
of the cyanoethyl derivatives of certain heterocyclic alco-
hols in the presence of Raney cobalt133:

CH 2O—CH 2CH 2CN
I

=\
s

=/
CH 2 O-CH 2 CH 2 CN

CH2OH

s

CH2OH

+ 2 C H , = C H C N .

(e) β - A r y l o x y p r o p i o n i t r i l e s . The reaction of
/3-aryloxypropionitriles with aromatic amines in aqueous
solution at 100° consists of transcyanoethylation19»115:

ArO-CH 2CHoCN + Ar'NH2 - Ar'NH—CH 2CH tCN + ArOH.

This reaction proceeds more readily than in the case of
β-alkoxypropionitriles, and no alkali is required. In addi-
tion to the product of transcyanoethylation, that of decyano-
ethylation could often be isolated. It may be noted that
under similar conditions the reaction of aromatic amines
with β-aryloxypropionic acids did not form the products of
dealkylation or transalkylation.

Decyanoethylation occurs on heating β-phenoxypropio-
nitrile, the β-cyanoethyl ethers derived from a- and β-
-naphthols, as well as the dicyanoethyl ethers derived
from pyrocatechol, resorcinol,and hydroquinone, with 5%
alkali solution115. Decyanoethylation yields the corres-
ponding phenols, for instance:

+CH,=CHCM

The yield of β-naphthol is 87%.

Certain β-cyanoethyl ethers derived from 2- and 4-
-aroylphenols behave similarly134. For instance, 4-ben-
zoylresorcinol monocyanoethyl ether forms 2,4-dihydroxy-
benzophenone on heating for five minutes with 10% sodium
hydroxide:

ι—CH»CHtCN

H + CH,=CHCNV

It follows from the foregoing that the β- cyanoethyl
ethers derived from phenols cannot be saponified to cor-
responding β-carboxyethyl ethers using alkali. Mineral
acids should be used instead. If the cyanoethyl group is
not attached to oxygen, but to carbon [e^g. in l-(0-cyano-
ethyl)-2-naphthol] the saponification proceeds readily in
the presence of alkali hydroxides. In that case neither the
higher concentration of alkaline solutions nor longer heat-
ing can give rise to decyanoethylation135.

On heating 2-naphthyl β-cyanoethyl ether in benzene
solution in the presence of alkali, the cyanoethyl group is
transferred from oxygen to carbon, l-(J3-cyanoethyl)-2-
-naphthol being formed in the process"5:

CH,CHaCN

- O - C H l C H a C N

Similar reaction takes place on heating a methanol solution
of resorcinol dicyanoethyl ether in the presence of sodium
alcoholate:

O—CH 2CH 2CN

'—O—CH2CHjCN

O—CH,CH,CN
.1

—CH aCH 2CN

\/-°H

Possibly, the reported C-cyanoethylation of 2,6-di-t-
-butylphenol136, β-naphthol135, 9-fluorenol137, and resor-
cinol 1 3 8 with acrylonitrile in the presence of alkali also
proceeds via Ο-cyanoethylation.

The cleavage of the bond between the cyanoethyl group
and oxygen is also observed on reduction of /3-aryloxy-
propionitriles with lithium aluminium hydroxide98 or on
pyrolysis109.

(f) β - C y a n o e t h y l e s t e r s . The preparation of
acrylonitrile from ethylene cyanohydrin is sometimes
effected by the esterification of the latter compound with
acid anhydrides or chlorides followed by thermal or
catalytic removal of acrylonitrile V 8 ' 8 4, for instance:

CH3COO—CH,CH2CN

" V _ s o , O — C H j C H . C N

CH3COOH + C H j - C H C N ,

Vr >-SO2OH + CH2=CHCN

A nitrile group in the β-position to a -OPO3H2 group
acts as an activator of the hydrolysis of these phosphate
monoesters. If these two groups are separated by more
than two carbon atoms, the activating effect is lost. The
effect of the nitrile group in activating hydrolysis is
stronger than that of a carboxyl or ester group139»140. The
β-cyanoethyl group in mixed esters of phosphoric acid is
more readily removed by hydrolysis than other groups141.

Tributylphosphate, dibutyl β-cyanoethyl phosphite, and
butyl di-(β-cyanoethyl) phosphite were isolated from the
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mixture of products obtained in the reaction of β-cyano-
ethyl dichlorophosphite with butanol142:

P (OC.H,),
CljPO—CH2CHXN + C4H9OH • (C4H9O)2 PO—CHtCH2CN

9OP (O—CHsCHtCN)s

The reaction of p-toluenesulphonyl cyanoethyl ester with
benzene in the presence of aluminium chloride gave
β-phenylpropionitrile 7 8:

CHS-<^J)-SO2O-CH2CH2CN +

3-CH2CH,CN + CH3-<

A1CI,

With pyrrole potassium this ester yields N-(j3-cyanoethyl)-
pyrrole1 4 3.

Cyanoethyl esters have also been used for cyanoethylat-
ing piperidine144 and resorcinol (in the nucleus)33.

4. THE BOND BETWEEN A CYANOETHYL GROUP AND
SULPHUR

Decyanoethylation is observed during the reaction of
/3-alkylmercaptopropionitriles with organomagnesium
compounds145.

Transcyanoethylation occurs in the reaction of β-cyano-
diethyl sulphide with aniline i 9 in aqueous solution at 100°:

C 2HSS-CHXH 2CN + CeH6NH2 -» CeH6NH-CH2CHsCN + C2H5SH.

The yield of |3-(phenylamino)propionitrile is very small.
Certain S-cyanoethyl compounds react with heterocyclic
bases forming quaternary ammonium salts 1 0.

The reduction of dicyanodiethyl sulphide by the Vyshne-
gradskii method yields /3-alkoxypropylamines14:

S (CH2CH2CN)2
C4HBO—CH2CH2CH2NH2 ·

This reaction seems to proceed through the intermediate
formation of acrylonitrile. An attempt to obtain the linear
diamine was unsuccessful. Under these conditions other
S-cyanoethyl compounds also fail to give the normal reduc-
tion products146.

In 1956, in their study of the action of acrylonitrile on
the aqueous solution of sodium sulphinates, Achmatowicz
and Michalski147 showed that an equilibrium was estab-
lished in the system, containing only small amounts of
sulphones. To obtain the latter compounds they added
reagents which bind sodium hydroxide. The resulting sul-
phones (where the cyanoethyl group was one of the radicals)
are unstable in alkaline solution, and decomposes even at
room temperature yielding acrylonitrile.

ο
II

RS—CHXH..CN - RSO2H + CH., = CHCN .
II

ο

5. THE BOND BETWEEN A CYANOETHYL GROUP AND
NITROGEN

(a) C y a n o e t h y l a t i o n p r o d u c t s from
ammonia and h y d r a z i n e . Terent'ev et aZ.148 studied
the reaction of acrylonitrile with aqueous ammonia: the
proportion of the resulting mono-, di-, and tri-cyanoethyl
derivatives depends on the reaction conditions and the ratio

of the starting components. At all stages of the reaction
there existed a dynamic equilibrium between the partici-
pants:

+ N H , — N H , - N H ,

CH2=CHCN T — NH2—CH2CH2CN ~ · NH (CH2CH2CN)3 Ν (CH2CH2CN)3.
- N H , +NHa +NH,

Other research workers have also observed the dynamic
equilibrium in the cyanoethylation of ammonia 3>58>65>116>149"152.
Using only a small excess of ammonia the main reaction
product is β,β'-dicyanodiethylamine (88%). Increased
ammonia concentration causes an increase of the yield of
β-aminopropionitrile. Raising the reaction temperature
also has a favourable effect on the formation of the mono-
cyanoethyl derivative. If the reaction is carried out
rapidly (1-5 min), at high temperature (105°-110°), and
using considerable excess of ammonia, the yield of β-
-aminopropionitrile may reach 80—92%.

Moist β-aminopropionitrile decomposes on storage, and
pressure builds up in the container even at room tempera-
ture 1 5 3.

Whitmore and his collaborators considered that the poly-
mer formed during the storage of β-aminopropionitrile
consisted of polyacrylonitrile, formed as a result of the
liberation of ammonia58. Other authors, however, refuted
this assumption148»151.

On catalytic reduction of β-aminopropionitrile, tri-
methylenediamine, di-(y-aminopropyl)amine, and tri- (y-
-aminopropyl)amine are obtained58»116. The same mixture
was obtained by the reduction of β,β'-dicyanodiethylamine.

During the storage of pure β,β'-dicyanodiethylamine,
ammonia is liberated, leaving the crystalline tricyanoethyl
product. If the sample is kept in a closed container, part
of the liberated ammonia re-enters the reaction, and β-
-aminopropionitrile separates on distillation.

Heated to 200°-250° or higher, β,β'-dicyanodiethyl-
amine decomposes into acrylonitrile and β-aminopropio-
nitrile3»148»154:

NH (CH2CH2CN)2 -* NH2—CH2CH2CN+CH2=CHCN

This reaction proceeds more readily in vacuo in the pre-
sence of a catalyst, e.g. disodium phosphate. The yield
of β-aminopropionitrile in that case may reach 85%.
Ammonia reacts with β, β'-dicyanodiethylamine forming
β-aminopropionitrile148»149 or β-alanine155.

β,β'-Dicyanodiethylamine reacts with acetic anhydride
and phthalic anhydride forming, respectively, Ν-(β-
-cyanoethyljacetamide150 and the cyanoethyl derivative of
phthalimide (at 200°, by elimination of acrylonitrile)156:

jpCO,
"-CO' '

Ο + NH (CH2CH2CN)2

J - C O '
)N-CH2CH2CN + CH2=CHCN + H2O

Heating β,β'-dicyanodiethylamine at 230° with the an-
hydride of perylene-3, 4, 9,10-tetracarboxylic acid, yields
the dicyanoethyl derivative of the corresponding di-
imide157»158.

Efforts to synthesise β,β'dicyanodiethyl(triphenyl-
methyl)amine from β,β'-dicyanodiethylamine and triphenyl-
chloromethane failed owing to the elimination of one mole-
cule of acrylonitrile during the reaction62:

(C6H5)3 CC1 + NH (CH.CH.CN)2 - (CeH5)3 CNH—CHXHXN + CH2=CHCN + HC1.

β-Cyanoethyl(triphenylmethyl)amine was obtained in 78%
yield.
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In the presence of equimolar amounts of hydrochloric
acid, the mono-, di-, and tri-cyanoethyl derivatives of
ammonia react with aniline in aqueous solution yielding
β- (phenylamine)propionitrile ω .

Hydrazine hydrate reacts vigorously with acrylonitrile,
adding up to four molecules of the latter. However, the
tetracyanoethyl derivative of hydrazine loses two mole-
cules of acrylonitrile on distillation in a high vacuum
giving a mixture of the isomeric dicyanodiethyl derivatives
of hydrazine3.

Benzoyl chloride reacts with unsymmetrical di-(/3-
-cyanoethyl)hydrazine forming β-cyanoethyldibenzoylhydra-

zme

NH2N (CH2CH2CN)2 + 2 CeH6COCl
,CH,CH,CN

+ CH 2 =CHCN + 2HCI.

Kost and his associates160 found that heating β-cyano-
ethylhydrazine with mesityl oxide in neutral solution yields
3,5, 5-trimethylpyrazoline:

NH 2 NH—CH 2 CH 2 CN + (CH 3) 2C=CHCOCH 3

C H 3 .

Heating β-cyanoethyl(triphenylmethyl)amine with an
excess of ethylene glycol at 160° —170° for 4 — 5 hours
yields the decyanoethylated product166:

(C e H 6 ) 3 CNH—CHjCH2CN - ( C e H 6 ) 3 C N H 2 + C H 2 = C H C N .

The yield of triphenylethylamine is 90%. Decyanoethyla-
tion does not proceed with the same ease in the case of
/3-(dimethylamino) and β-

+ C H 2 = C H C N + H 2

£-(Diethylamino)propionitrile hydrochloride decomposes
on heating into diethylamine hydrochloride and acrylo-
nitrile167»168.

Acrylonitrile is readily removed by pyrolysis of the
quaternary ammonium salts prepared from β-dialkylamino-
propionitriles53. In the presence of alkali this proceeds
even at 100°, and the yield of acrylonitrile may reach 88%.

During the alkylation of the cyanoethyl derivative of 2-
- amino-2-methyl-1-propanol with ethyl iodide, acrylonitrile
is split off and the hydroiodide of the iV-ethylated amino
alcohol is obtained169:

HOCH,C(CHS),NH — CH2CH2CN + C2H5I - HOCH2C (CH3)2 NHC 2H 6-HI + CH2 = CHCN

AT-(/3-Cyanoethyl)pyrazoline could not be obtained under
these conditions. The authors consider that the reaction
proceeds by the intermediate removal of β-cyanoethyl-
hydrazine, forming unsubstituted hydrazine. The assumption
that the JV-(/3-cyanoethyl)pyrazoline already formed splits
off the cyanoethyl group is not probable, since this com-
pound is stable under the given condition.

(b) β - A l k y l a m i n o p r o p i o n i t r i l e s . The insta-
bility of the bond between the cyanoethyl group and nitrogen
is illustrated by the decyanoethylation of certain β -alkyl-
aminopropionitriles on distillation. Thus, the addition
products from acrylonitrile and ethanolamine or diethanol-
amine decompose completely on vacuum distillation into the
starting components58'161. The vacuum distillation of higher
/3-dialkylaminopropionitriles has to be carried out rapidly
and at the lowest possible residual pressure, in order to
avoid an appreciable dissociation into starting compounds58.

•
On heating for many hours at 250°-275° the cyanoethyl

derivative of methyldodecylamine decomposes practically
quantitatively into the initial amine and acrylonitrile5'6:

CH 3

C H 3 ( C H . , ) U N - C H 2 C H 2 C N - C H 3 ( C H 2 ) U NHCH3 + CH 2 =CHCN.

β-(Cyanoethyl)methyldodecylamine is usually obtained
by cyanoethylation of dodecylamine followed by methyl-
ation. The foregoing reaction thus represents a method for
preparing unsymmetrical secondary amines, the cyanoethyl
group serving to protect the amino radical.

On heating dicyanoethylethylenedinitramine with
aqueous alkali the starting nitramine is recovered in 82%
yield162:

X N C H 2 C H 2 N ( - O 2NNHCH 2CH,NHNO, + 2 CH 2 =CHCN
^ X C H 2 C H , C N

Decyanoethylation is also observed during the heating of
certain β-alkylaminopropionitriles in the presence of
water163, during their saponification in acid media164, and
in some other cases165.

Allyl bromide reacts similarly.

Methylation of β-(benzylamino)propionitrile by formal-
dehyde and formic acid yields 38% benzyldimethylamine 17°:

C e H 6 CH 2 NH—CH 2 CH 2 CN + 2 CH2O + 2 HCOOH -

- C e H 5 CH s N (CH3)2 + CH 2 =CHCN + 2 CO2 + 2 H 2O

A great deal of work has been devoted to the study of
β-aminopropionitriles as cyanoethylating agents. By
heating β-dimethylaminopropionitrile with piperidine at
150°-160° for 10 h, Terent'evef ai . 1 1 3 succeeded in
obtaining 30% β-CN-piperidyl) propionitrile:

NH — N—CH2CH,CN + (CH3)2 NH.(CH3)2 N - CH2CH,CN +

They carried out the cyanoethylation of dibutylamine in the
same manner.

By heating methanol and butanol with the quaternary
methosulphate of β-^ϊηιβίΙ^^ΐηΐηοίρΓορίοηίίΓίΙε, the above
authors obtained β-methoxypropionitrile and β-butoxypro-
pionitrile, respectively. For example:

(CH 3 ) 3 N— CH 2CH,CN(CH 3)SO7 + CH3OH -* CH3O—CH2CH2CN + (CH3)3 Ν + CH 3 HSO 4 .

Heated with indole in alkaline solution, β-
amino)propionitrile forms β-(Ν-ΐΜο^1)ρΓορΐοηΐΰ acid87.

Methyl and butyl alcohols react with the quaternary
salts derived from β-dialkylaminopropionitriles yielding
the corresponding/3-alkoxypropionitriles53. β-Butoxy-
propionitrile was obtained in 74% yield.

and β-(ethylbenzylamino)-
propionitrile methiodides react with potassium cyanide
forming succinic dinitrile60. β-(Diethylamino)propionitrile
methiodide reacts with the aqueous solution of potassium
cyanide forming succinic acid53, β-(Diethylamino)propio-
nitrile methiodide has also been used for the cyanoethyla-
tion of morpholine and malonic ester1 1 4.

Bradford and his collaborators171 failed in their attempt
to cyanoethylate dimedone with acrylonitrile. They suc-
ceeded, however, in cyanoethylating the sodium salt of
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dimedone withi3-(diethylamino)propionitrile methiodide:

ο
II

/ \
= 0

—CH2CH2CN

ο
/Ν^—CHaCH2CN

= 0

Nazarov and Zav'yalov172 showed later that in the presence
of aqueous caustic soda at 100° dimedone reacts readily
and completely with acrylonitrile forming mono- and di-
-cyanoethyl derivatives. These authors dispute the reac-
tion mechanism suggested by English research workers,
whereby the possible intermediate formation of acrylo-
nitrile is excluded.

Heated with triethylphosphite, /3-(dimethylamino)pro-
pionitrile methiodide forms the diethyl ester of /3-cyano-
ethylphosphinic acid173.

In the reaction of acrylonitrile with 9,10-dihydrophen-
anthridine Bates and Cymerman-Craig174 observed that the
latter compound underwent dehydrogenation. The cyano-
ethyl derivative of 9,10-dehydrophenanthridine was obtained
using β - (diethylamino)propionitrile.

By heating j3-(diethylamino)propionitrile with the salts of
aromatic amines, Bekhli167»168 obtained the monocyanoethyl
derivatives of the latter compounds, and thus discovered a
new method for the preparation of /3-arylaminopropio-
nitriles. The author regards this reaction as one of alkyl-
aryl transamination. £-(Diethylamino)propionitrile reacts
similarly with anthranilic acids 4 1 .

Cyanoethylation of aromatic amines with |3-(diethyl-
amino)propionitrile has also been studied by a number of
other research workers ω,βο,ΐ75-ΐ77#

Besides /3-(diethylamino)propionitrile, the monocyano-
ethyl derivatives of methylamine, dimethylamine, butyl-
amine, benzylamine19 and ethylbenzylamine60, and the
dicyanoethyl derivatives of methylamine, ethylamine, and
butylamine, have also been used for cyanoethylating
aromatic amines19.

Since it requires only one mole of acid, cyanoethylation
is usually carried out with the salts of aromatic amines
(hydrochlorides, acetates, sulphonates, etc.), or the salts
of β-alkylaminopropionitriles. If two moles of acid are
present, as for instance in the reaction of the hydrochloride
of an aromatic amine with β-alkylaminopropionitrile hydro-
chloride, transcyanoethylation does not take place. The
yield of β-arylpropionitrile increases with the basicity of
the aromatic amine. The presence of O- oriV-substituents
in aromatic amine has an adverse effect on the yield of
cyanoethylation products. The presence of a methyl radi-
cal in the cyanoethyl group lowers the capacity of this
compound to take part in such reactions. /3-(Diethylamino)-
-α-dimethylpropionitrile (where elimination of the unsatu-
rated compound is not possible) does not react with
/>-anisidine. Nevertheless, the problem of the reaction
mechanism remains uncertain.

Bekhli167'168 considers that the cyanoethylation of aro-
matic amines by /3-(diethylamino)propionitrile proceeds via
the formation of acrylonitrile, followed by the addition of
the latter to the amine. The experimentally established
elimination of acrylonitrile in 47% yield under the condi-
tions used in this reaction, and in 77% yield on heating
/3-(diethylamino)propionitrile hydrochloride in the absence
of arylamine, may be taken as evidence supporting this
mechanism.

According to Cymerman-Craig and his associates m

this reaction proceeds by a substitution mechanism. They
showed that in the cyanoethylation of arylamine salts by the
deuterated diethylaminopropionitrile, (C2H5)2N-CH2CHDCN,
the — CH2CHDCN group remains unchanged throughout the
reaction.

A method has been described for the cyanoethylation of
aromatic amines 178>179 (in the form of hydrochlorides or
benzenesulphonates) and of anthranilic acid41, by means of
acrylonitrile and diethylamine. It is possible that here the
reaction proceeds through the intermediate formation of
diethylaminopropionitrile, namely that it is in fact a trans-
cyanoethylation.

The cyanoethyl derivatives of dimethylamine and di-
ethylamine rather than acrylonitrile itself were reacted
with phenylhydrazine in the synthesis of 3-amino-l-phenyl-
pyrazoline52. j3-(Dimethylamino)propionitrile and£-tolyl-
hydrazine similarly gave 3-amino-l-/>-tolylpyrazoline180.
The reaction of acrylonitrile with pyrazolines in anhydrous
media results not in cyanoethylation, but in a vigorous
polymerisation of acrylonitrile. The cyanoethylation of
pyrazolines was carried out with /3-(dimethylamino)pro-
pionitrile181:

-R'
R' + (CHj)2 N-CH2CH2CN > ^

\/r + (CH3)2NH-HC1.

H-HC1
C H J C

The reaction proceeds at 170° in the presence of one
equivalent of hydrogen chloride (either pyrazoline
hydrochloride or aminonitrile hydrochloride are used).
The yields of the cyanoethylated pyrazolines are 30—50%.

(c) iV-Cyanoethyl d e r i v a t i v e s of ac id
a m i d e s . On vacuum distillation (150°, 1.9 mm) the
dicyanoethyl derivative of acrylamide yields the mono-
cyanoethyl derivative182:

CH2-=CHCON (CH2CH2CN)a - CH2=CHCONH =CHCN.

On heating the dicyanoethyl derivatives of a series of
amides of carboxylic and sulphonic acids (acetamide,
benzamide, p-nitrobenzamide, p-chlorobenzenesulphon-
amide, etc.) in absolute ethanol, or benzene in the presence
of sodium afcoholate or potassium hydroxide for 2 —5 h, the
iV-monocyanoethyl derivatives of the corresponding acid
amides are formed in good yields183:

RCON (CHaCH2CN)j — RCONH—CHjCHXN + CH 2=CHCN ,

RSO2N (CH2CH,CN), — RSO2NH—CHiCH2CN + CH2=CHCN

j3-Ethoxypropionitrile may be found among the reaction
products. In the presence of even very small amounts of
water the nitrile group is partly hydrolysed183»184.

The elimination of one cyanoethyl group is observed on
heating certain dicyanoethyl derivatives of thiourea in the
presence of alkoxides185.

One cyanoethyl group is also eliminated during the re-
duction of the nitro-group iniV,JV-di-(j3-cyanoethyl)-£-
-nitrobenzamide, under the conditions leaving the nitrile
group intact 1 8 3 :

^ - CON(CHaCH2CN)2 - . N H 2 — { *N 0 , - < - C O N H - CH,CH2CN-f CH a = CHCN.

When acetamide is heated with its dicyanoethyl deriva-
tive in the presence of alkali the monocyanoethyl derivative
is obtained in 62% yield3:

CH3CON (CH,CH2CN) t + CH3CONH2 - 2 CH3CONH-CH2CH.,CN.
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/>-Toluenesulphonamide and its dicyanoethyl derivative
similarly form the monocyanoethyl compound186. In fact,
the disproportionation of dicyanoethyl compounds in the
presence of alkali is the best method for preparing the
monocyanoethyl derivatives of arylsulphonamides187.

Heating dicyanoethyl monoamides of dibasic acids yields
the corresponding iV-cyanoethyl imides156'188, for instance:

\y

—CON (CH 2CH 2CN) 2

! - C O O H

—CO.

-co/
—CH 2CH 2CN + CH 2 =CHCN + H 2O

Alkaline hydrolysis of N,N-dicyanoethyl derivatives of a
series of sulphonamides (toluene sulphonamide, £-chloro-
benzenesulphonamide, β-naphthalenesulphonamide, etc.)
yields the corresponding carboxylethyl derivatives184»189"191:

RSOaN (CH 2 CHXN) 3 - RSO 2NH—CHXH 2COOH .

The hydrolysis of ΛΓ,ΑΓ-dicyanoethyl sulphonamides into
dicarboxyethyl sulphonamides is carried out in the presence
of hydrochloric acid192 or a concentrated solution of potas-
sium hydroxide in isopentyl alcohol187.

(d) C y a n o e t h y l a t i o n of a m i n o - a c i d s and
t h e i r d e r i v a t i v e s . The mobility of β-cyanoethyl
group in mono- and di-cyanoethyl amino-acids and their
derivatives has lately been given much attention. Butskus
and Denis193 established that one of the two cyanoethyl
groups attached to nitrogen in amino-acids is easily re-
moved on heating in water in the presence of tertiary
amines or caustic alkali:

HOCOCHN (CH 2CH 2CN) 2 — HOCOCHNH - C H 2 C H 2 C N + C H 2 = C H C N .

In certain cases this reaction proceeds on simply heating
the aqueous solution, or by pyrolysis.

On heating α-amino-acids with their dicyanoethyl deriva-
tives in the presence of caustic alkali, a redistribution of
cyanoethyl groups takes place:

R R
I I

HOCOCHN (CH 2 CHXN), + HOCOCHNH2

R
I

2 HOCOCHNH — C H X H X N .

In their study of the AT,iV-dicyanoethyl derivatives of
α-amino-acids, McKinney and his collaborators194"196

observed the instability of one cyanoethyl group to heat,
alkali, and acids. On heating Ν,Ν-di-(/3-cyanoethyl)-a-
-alanine above its melting point, it solidifies and then
melts again at the melting point of N-monocyanoethyl-a-
a'lanine.

During the hydrolysis of dicyanoethyl derivatives of
a-amino-acids one cyanoethyl group is eliminated giving
rise to the formation of monocarboxyethyl derivatives of
amino-acids:

R

HOCOCHNH —CHXHoCOOH .HOCOCHN (CHXHXN).,

There is no formation of dicarboxyethyl derivatives in this
reaction.

By selecting suitable reaction conditions, complete
removal of cyanoethyl groups in mono- and di-cyanoethyl
derivatives of α-amino-acids can be effected193:

R

HOCOCHNH — C H X H X N

R

HOCOCHN ( C H X H X N ) ,

—CH,=CHCN

HOCOCHNH,.

The yields of the products of complete decyanoethylation
may reach 80%. The compound to undergo decyanoethyla-
tion is heated at 100° in aqueous solution of ammonia,
hydrazine, dimethylamine, diethylamine, or piperidine.
Other amines, e.g. methylamine, ethylene diamine, etc.
can also be used. Good results are obtained using 2 — 10%
aqueous ammonia. By increasing the ammonia concentra-
tion to 25% the yield of the decyanoethylation product is
lowered. Use of gaseous or alcoholic ammonia does not
give positive results.

The decyanoethylation of esters, amides, or hydrazides of
cyanoethyl derivatives of α-amino-acids by 10% aqueous am-
monia is accompanied by hydrolysis of the ester, amide, and
hydrazide function to carboxylic acid 1 9 3 J 1 9 7 . it is remarkable
that the presence of water favours both the introduction of
cyanoethyl groups into the esters of α-amino-acids198, and
their removal20'193.

N-Mono- and N,N-di-(j3-cyanoethyl)glycylglycine
readily undergo decyanoethylation in the presence of 2—5%
aqueous ammonia, namely under the conditions which do
not affect the peptide bond193. It is thus possible to use the
/3-cyanoethyl group for the protection of the amino-group in
the synthesis of peptides.

Heating mono- and di-cyanoethyl derivatives of β-amino
acids22, e-aminohexanoic acid, and taurine23 with an
aqueous solution of ammonia and hydrazine, results in the
formation of the corresponding unsubstituted amino-acids.
This reaction proceeds less readily with the cyanoethyl
derivatives of δ -aminovaleric acid.

On heating α-amino-acids in glycol solution diketopiper-
azines are formed. Butskus199 showed, however, that on
heating the monocyanoethyl derivatives of α-amino-acids
(glycine, alanine, α-aminobutyric acid and valine) in
ethylene glycol at 160° —170° the expected l,4-di-(/3-cyano-
ethyl)-2, 5-diketopiperazines are not formed, but their
decyanoethylation products, namely 2, 5-diketopiperazines:

Η
R y N x

= / X - R
2 HOCOCHNH - CH,CH2CN

R-
\ N /

Η

= O
+ 2 CH2=CHCN + 2 HX>.

Dicyanoethyl derivatives of α-amino-acids behave likewise.

HeatingiV,iV-di-(j3-cyanoethyl)glycylglycine in ethylene
glycol removes one cyanoethyl group and causes simul-
taneous cyclisation into 1-(β-cyanoethyl)-2, 5-diketopiper-
azine:

CHXHXN
Ν (CH 2 CHXN) 2

COOH CH, ^

I
CH, CO

CH2=CHCN + HX>.

l-(/3-Cyanoethyl)-2, 5-diketopiperazine is obtained by
cyclisation of iV-(/3-cyanoethyl)glycylglycine, viz. the reac-
tion proceeds without the elimination of the cyanoethyl
group.

The conversion of the cyanoethyl derivatives of a-amino-
-acids to 2, 5-diketopiperazines seems, therefore, to pro-
ceed via decyanoethylation, followed by the cyclisation of
the resulting α-amino-acids. The fact that the reaction can
be stopped at a stage where compounds present give a
positive ninhydrin reaction, contain an amino-group which
may be determined by the Van Slyke method, and give a
negative picric acid reaction, may be taken as evidence in
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favour of this mechanism199. Besides, heating the cyano-
ethyl derivatives of amino-acids incapable of forming
cyclic derivatives (α-aminophenylacetic acid, phenyl-
alanine, and tyrosine) in glycol yields entirely the decyano-
ethylation products166. On the other hand 1,4-di-03-cyano-
ethyl)-2, 5-diketopiperazine remains unchanged under the
above reaction conditions199.

Mono- and di-cyanoethyl derivatives of taurine also
undergo decyanoethylation on being heated in ethylene gly-
col166. Decyanoethylation is observed on heating Ν-(β-
-cyanoethyl)tyrosine in 1,2-propanediol, glycerol, and
erythritol166, as well as on pyrolysis of Ν-(β-cyanoethyl)-
glycylglycine 2 0 0 . The products of the decomposition of
JV-^-cyanoethyl)alanylglycine in the presence of alkali
seem to contain the decyanoethylated derivatives 2 0 1 .

Butskus and others 23,197,202,203 studied the reaction of
cyanoethyl products from amino-acids and their deriva-
tives, with aromatic amines. Amines such as aniline,
/)-nitroaniline, £-toluidine, and β-naphthylamine react
with mono- and di-cyanoethyl derivatives οία-, β, γ-, δ-,
and e-amino-acids forming their decyanoethylated products,
namely α-, β-, γ-, δ-, and e-amino-acids, as well as the
corresponding products of trans cyanoethylation, viz.
β-arylaminopropionitriles. This reaction, studied in a
number of cases, proceeds according to the following
scheme:

HOCO (CH2)V. NH—CH 2CH 2CN -f ArNH2 — HOCO (CH,) t NH, + ArNH—CH 2CH 2CN,

HOCO(CH 2) v .N(CH.CH,CN) 2 + 2 ArNH2-> HOCO (CH2)V.NH, + 2 ArNH—CH2CH2CN.

The yields of amino-acids range from 36 to 92%. The re-
action of aromatic amines with the cyanoethyl derivatives
of taurine, glycylglycine and alanylglycine proceeds like-
wise. In the reaction of aromatic amines with the esters,
amides, and hydrazides of the cyanoethyl amino-acids
hydrolysis of the ester, amide, or hydrazide function to
carboxylic group occurs simultaneously with transcyano-
ethylation.

The cyanoethyl derivatives of proteins and peptides react
with aromatic amines forming β-arylaminopropionitriles23.

All the above reactions are carried out by heating
aqueous solution at 100°. Heated at 130°-140° with
aromatic amines without the solvent the dicyanoethyl
derivatives of a-amino-acids split off one cyanoethyl group
forming the monocyanoethyl derivatives. At higher tem-
peratures (180°) the second cyanoethyl group is also
eliminated. Nevertheless, in this case the reaction pro-
ceeds less readily than in water solution, and there is
considerable resinification.

When heated under the above conditions in aqueous
ammonia or aniline, or in glycol solution Ν-(β-cyanoethyl)-
aceturic acid, JV-^-cyanoethyl)hippuric acid a.ndN,Nf-di-
-(/3-cyanoethyl)-2, 5-diketopiperazine do not undergo
decyanoethylation. This is evidence that the bond of the
cyanoethyl group with an amide nitrogen atom is stronger
than that with an amine nitrogen.

If heated for many hours with aromatic amines either
without a catalyst or in the presence of acids or alkalis,
the iV-carboxy ethyl derivatives of α-amino-acids also fail
to undergo dealkylation or transalkylation.

( e ^ - ( C y c l o h e x y l a m i n e ) p r o p i o n i t r i l e . The
cleavage of the bond between the cyanoethyl group and
nitrogen in /3-(cyclohexylamino)propionitrile has been
reported 1 6 5 ' 2 M .

(f) β - A r y l a m i n o p r o p i o n i t r i l e s . The bond
between the cyanoethyl group and nitrogen is stronger in
β-arylaminopropionitriles than in β-alkylaminopropio-
nitriles. /3-Arylaminopropionitriles and Ν -{β -cyanoethyl) -
anthranilic acid do not undergo decyanoethylation on being
heated in ethylene glycol166. Some authors205, however,
report that the removal of the cyanoethyl group from
dicyanoethyl derivatives of aromatic amines may occur
during their cyclisation. Bekhli206 pointed out that in
acid or alkaline media β-arylaminopropionitriles undergo
not only saponification, but also decompose forming an
arylamine. This process is minimised by lowering the
reaction temperature. Products of the decomposition in
acid media of /3-(methylphenylamino)propionitrile207,
β - (ethylphenylamino)propionitrile 2 0 8 , and Ν-{β- cyanoethyl)-
anthranilic acid41'209 also contain decyanoethylated
derivatives.

(g) Cyanoethylation of h e t e r o c y c l i c com-
pounds containing ni t rogen in the nucleus.
Certain derivatives of iV-(j3-cyanoethyl)pyrrole lose a
cyanoethyl group on being heated at 150° with sodium
ethoxide in absolute ethanol, forming the corresponding
pyrroles210. For example:

H,C-

C J H J O C O -

COOC2H5

-CH 3

H3C-

\ N .

CH aCH2CN

rr-COOCHs
+ CH2 = CHCN

^ - C H 3

In the reduction of β-(2,
carbonylpyrryl-l)propionitrile by the Kishner method,
2,3,4-trimethylpyrrole is obtained:

H,C-

C.H6OCO—

-CHO H.C-

' - C H ,

CH,CH,CN

-CH3

\ N /
Η

-CH,

The JV,£-dicyanoethyl derivative of indole splits off acrylo-
nitrile on heating in vacuo to 250°, forming quantitatively
β-cyanoethylindole, which is stable under these condi-
tions 8 7 :

H 2 C H 2 C N -CH.CHoCN
+ CH2=CHCN.

H2CH2CN

Heated with concentrated potassium hydroxide Ν- {β-
-cyanoethyl)indole undergoes hydrolysis to the corres-
ponding acid, and yields at the same time indole (10%),
the product of decyanoethylation. Under similar condi-
tions certain derivatives of iV-(j3-cyanoethyl)indole yield
the corresponding indole derivatives211.

The cyanoethyl group attached to nitrogen in indole, or
the more stable one in the β-position can thus both be
eliminated. The migration of the cyanoethyl group from
the nitrogen atom to the β-position in indole has not been
effected212.

It seems that the hydrolysis of iV-^-cyanoethyl)gramine
to the corresponding amino-acid is accompanied by decom-
position213. Under specified conditions Ν-(β-cyanoethyl)-
indoline may yield indoline and acrylonitrile214»215.
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Heated with aqueous solutions of acids or alkalis the
cyanoethyl derivative of benzimidazole undergoes decyano-
ethylation to benzimidazole216:

-Ν—CHXHXN y\- -NH

The cyanoethyl group, however, could not be eliminated
from the cyanoethyl derivative of 2-methylbenzimidazole.

Hydrolysis of 1-03-cyanoethyl)-5-aminotetrazole with
aqueous barium hydroxide is accompanied by decyanoethyl-
ation44:

NCCHjCH 2—N- - N H , HN- -NH.

Pyrolysis of l-(j3-cyanoethyl)-6-methyl-2-pyridone yields
6-methyl-2-pyridone and acrylonitrile217

O

The cyanoethyl derivative of piperidine must be
distilled rapidly in vacuo, since slow distillation results
in partial decyanoethylation65. Decyanoethylation is also
observed on heating /3-(ZV-piperidyl)propionitrile in ethylene
glycol166.

On reduction /3-(iV-cyanoethyl)morpholine forms, in
addition to other products, morpholine and propylamine58:

Ν — CHXHXN

1—CHXHXR.NH.,,

N H + C 3 H 7 N H 2 .

Decyanoethylation occurs during the oxidation οίΝ-(β-
cyanoethyl)anabasine by means of potassium permanganate.
This reaction is taken as evidence of the structure of
anabasine 67

O

Attempts to remove the cyanoethyl group from l-(/3-
- cyanoethyl)-4-keto-1, 2, 3,4-tetrahydroquinoline using
alkali have failed. In the presence of a mixture of concen-
trated hydrochloric acid and excess acetic anhydride, how-
ever, l-acetyl-4-keto-l, 2, 3,4-tetrahydroquinoline was
isolated205.

Smith218 made an effort to hydrolyse the cyanoethyl
derivative of phenothiazine by heating it with sodium
hydroxide in aqueous ethylene glycol. Instead of the car-
boxyethyl derivative, however, he isolated phenothiazine
and acrylic acid (the latter, in the author's opinion, being
formed by dehydration of /3-hydroxypropionic acid):

CH2=CHCOOH.

Smith obtained the carboxyethylphenothiazine by hydro-
lysis of the corresponding cyanoethyl derivative with alkali
in aqueous methanol. It was later shown, however, that
under these conditions considerable decyanoethylation takes
place2 1 9. Smith himself220 observed this in the case of the
oxidation product from Ν-{β- cyanoethyl) phenothiazine.

Alkaline hydrolysis of β-cyanoethyl phenoselenazine
yields the carboxyethyl derivative, while by acid hydrolysis
the product of decyanoethylation is formed221.

Decyanoethylation takes place during the hydrolysis of
the cyanoethylphenoxazine with caustic soda in ethanol222.
Under these conditions Ν-(β-cyanoethyl)benzophenothiazine
simultaneously undergoes hydrolysis and decyanoethylation.

Certain cyanoethyl derivatives of heterocyclic nitrogen
bases were used for introducing the cyanoethyl group into
other compounds. Thus, iV-(/3-cyanoethyl)pyrrolidine and
iST-(/3-cyanoethyl)morpholine methiodides with potassium
cyanide formed succinic dinitrile60. Cyanoethylation of
aromatic amines has been effected by means οίΝ-(β-
- cyanoethyl)pyrrolidine60, iV-(/3-cyanoethyl)piperidine19,
andiV-(/3-cyanoethyl)morpholine60. However, the trans -
cyanoethylation does not take place during the reaction of
aniline with l,4-di-(/3-cyanoethyl)-2, 5-diketopiperazine.
Only by adding small amounts of an alkali hydroxide or
triethylamine was it possible to isolate traces of /3-(phenyl-
amino)propionitrile 2 0 2>2 2 3.

The reversibility of the reaction of iV-(a-cycloalkenyl)-
pyrrolidines with acrylonitrile has been reported224.

6. THE BOND BETWEEN A CYANOETHYL GROUP AND
PHOSPHORUS

The bond between a cyanoethyl group and phosphorus
has been studied in the case of the mono-, di-, and tri-
- cyanoethyl phosphines as well as of their Ρ-substituted
derivatives. Although Rauhut and his associates 2 2 5 were
unsuccessful in their attempts to remove the cyanoethyl
group from these compounds, other American workers2 2 6

showed that decyanoethylation and trans cyanoethylation are
possible in case of P-cyanoethyl compounds.

7. THE BOND BETWEEN A CYANOETHYL GROUP AND
CARBON

If during cyanoethylation the cyanoethyl group becomes
attached to a carbon atom, it can only be removed with
difficulty.

Chloroform reacts with acrylonitrile in the presence of
alkali at 0° — 5°, yielding not more than 12% cyanoethylated
derivative. The low yield is taken to indicate the rever-
sibility of this reaction1»227'228:

CHC13+CH2=CHCN T- CIX—CHXHXN -

Under similar conditions bromoform yields only 5% of
cyanoethyl derivative.

Acrylonitrile reacts with compounds containing mobile
hydrogen atoms in methylene or methyl groups, yielding
mainly the di- and tri-cyanoethyl derivatives. Even in the
presence of an excess of the substance undergoing cyano-
ethylation, the yield of monocyanoethyl derivative is
usually small. However, under certain conditions (high
temperature, small amounts of sodium cyanide and water),
the reaction can be arrested at the mono cyanoethylation
stage2 2 9"2 3 1. The monocyanoethylation of a series of
ketones with acrylonitrile has been carried out in the pre-
sence of amines, amino-alcohols, and Schiff's bases2 3 2"2 3 4,
in 80 — 95% yields. It should be noted that the C-mono-
cyanoethyl compounds are obtained either under very mild
conditions or, as above, under more vigorous conditions
than the corresponding di- and tri-cyanoethyl derivatives.
In the latter case the high temperature and other conditions
seem to favour the reverse process, viz. decyanoethylation.
If a compound easy to cyanoethylate, e.g. an amine, is
added to the reaction mixture, trans cyanoethylation may
also take place.
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It is most interesting that if during the monocyano-
ethylation of diisopropyl ketone with aerylonitrile the re-
action mixture is treated with small amounts of the reaction
product, viz. the monocyanoethyl diisopropyl ketone, the
yield of the latter compound is increased from 33 to 70%.235

In the reaction of acrylonitrile with phenyl benzyl sul-
phone, in dioxane at 80°, and in the presence of alcoholic
sodium ethoxide, the methylene group only forms the
monocyanoethyl derivative, since the dicyanoethyl com-
pound is unstable under these conditions V .

On hydrogenation of 1,2,3,6-tetramethyl-3-cyanoethyl-
-4-piperidone at 100° -120° in the presence of Raney nickel
a considerable amount of a compound, which has been
assigned the structure of 1,2,3,6-tetramethylpiperidine,
is obtained236. On hydrogenation over copper chromite,
the dicyanoiethyl derivative of phenylacetonitrile (220°,
175 atm) forms /3-phenylpiperidine237. Heated 3 h with
phenylacetonitrile at 225° in the presence of a small amount
of sodium cyanide, the same compound yields the corres-
ponding monocyanoethyl derivative23*;

CN

C,H6C (CH 2CH 2CN) 2

CN

- 2 C,H6CH—CH2CH,CN .

Under the same conditions acetophenone reacts with its
tricyanoethyl derivative forming mono- and di-cyano-
ethylated products:

-» C6H,COCH,-CH2CH2CN + C

Under certain conditions succinic dinitrile (the cyano-
ethylation product from hydrocyanic acid) decomposes into
hydrocyanic acid and acrylonitrile (94%):3>238~240

NC-CHaCH,CN -• HCN + CH, = CHCN.

On alkaline hydrolysis the tricyanoethyl derivative of
nitromethane splits off one molecule of acrylonitrile
forming y-ketopimelic acid3:

O2NC (CH2CH CN)3 - OC(CH,CH aCOOH) 2 ·

Although in tricyanoethylacetone all cyanoethyl groups
are attached to the same carbon atom, the compound has
withstood all efforts at decyanoethylation or transcyano-
ethylation. Heating 1,1, l-tri-()3-cyanoethyl)acetone to
150° with acetone in the presence of potassium hydrazide,
or to 200° in the presence of sodium methoxide or di-
ethylamine, gave only the starting compounds and small
amounts of resin1 1 3.

Attempts to obtain the monocyanoethyl derivative of
ethyl methyl acetone from ethyl methyl ketone and its
dicyanoethyl derivative have also failed241.

It was shown above that the reaction of aromatic amines
with/3-alkoxy-, β-aryloxy-, /3-alkylmercapto-, and β-
-alkylamino-propionitriles yields β-arylaminopropio-
nitriles. Transcyanoethylation does not occur, however,
when aniline is made to react with compounds containing
cyanoethyl groups attached to a carbon atom, e.g. 1,1,1-
-tri(|3-cyanoethyl)acetone, 2,2,6,6-tetra-(β-cyanoethyl)-
cyclohexanone, etc.19.

Although the thermal decomposition of polystyrene,
rubber, polymethylmethacrylate, and certain other poly-
mers involves the formation of the corresponding mono-
mers, no depolymerisation occurs in the case of poly-
acrylonitrile. Polyacrylonitrile is very resistant to heat,
and remains unchanged up to 300°. It decomposes at
higher temperatures, without forming acrylonitrile242.

8. MISCELLANEOUS CASES OF TRANSCYANOETHYLA-
TION, DECYANOETHYLATION, AND THE FORMATION
OF ACRYLONITRILE

The reaction product from acrylonitrile or ethylene
cyanohydrin and furfural, furfurylideneacryl amide, may
act as a cyanoethylating agent in the reaction with com-
pounds containing a mobile hydrogen atom243.

On heating, the Diels—Alder reaction between tetra-
phenylcyclopentadienone and acrylonitrile is reversed244.

Pyrolysis of 1-cyano-l-ethoxycarbonylcyclobutane at
520° yields 56% of acrylonitrile245:

ίπΊ CH,=CHCN + CH2=CHj

Acrylonitrile was also observed among the pyrolysis pro-
ducts from l-cyano-2, 2-dimethyl-3-methylenecyclo-
butane 2 4 6.

Passing the vapours of β-alkoxypropionamide over
silica gel at 350°— 500° results in the formation of acrylo-
nitrile 2 4 7 . Acrylonitrile was also obtained in 40% yield by
the pyrolysis of β-methoxypropionamide248, and during the
pyrolysis of a-chloro-, a-hydroxy-, anda-acetoxy-propio-
nitri les l . In the presence of catalysts at 620° the last
compound yields 90% or more of acrylonitrile2 4 9:

OCOCH3

CH3CHCN - CH,=CHCN 4- CH3COOH

There are no data in the literature on the cleavage of
the bond between the β-cyanoethyl group and silicon. It
was recently shown, on the contrary, that the Si—cyano-
ethyl compounds are resistant to high temperatures,
alkalis, and acids, and that they do not lend themselves to
decyanoethylation or transcyanoethylation reactions 2 5 0>2 5 1.

SUMMARY

The bond of the β-cyanoethyl group with oxygen, sulphur,
nitrogen, carbon, etc. is as a rule more labile than the
bonds between other alkyl radicals and these atoms. The
β-cyanoethyl group is more mobile than other groups or
alkyl radicals. To a certain extent this can be explained
by the considerable tendency of acrylonitrile and its
derivatives to form systems with conjugated multiple bonds.
The conversion of the cyanoethyl compounds to correspond-
ing amides, alkoxycarbonyl and carboxyethyl compounds
lowers reactivity, eg. in dealkylation and transalkylation.
This difference is more prominent in compounds which are
unable to form systems of conjugated multiple bonds. The
conversion of the cyanoethyl compounds to corresponding
amides, alkoxycarbonyl and carboxyethyl compounds lowers
reactivity, e.g. in dealkylation and transalkylation. This
difference is more prominent in compounds which are
unable to form systems of conjugated multiple bonds.
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the following explanation of the formation of isopropanol,
in addition to n-propanol, when nitrous acid reacts with
n-propylamine:

CH3-CH-CH3 -

CH3-CH-CH3

OH

CH3-CH,-CHi-NH,

HNOj

i H,O
« CH3-CH-CH2

+ ·-

(Vy

anomalous product 58%

CH3CH3CH2OH +• 1

normal product
42%

The concept of intermolecular hydride transfer was
introduced by Bartlett et al.5 in 1944. They studied the
reaction of isopentane with t-butyl chloride in the presence
of aluminium bromide. Using an ingenious technique and
apparatus, they shortened the time of contact of the com-
ponents to 0.001 sec and obtained isopropyl bromide and
isobutane. The reaction appears to involve intermolecular
hydride transfer:

CH3

CHj-C-Cl

Cllj

CH

CH3

Ch»

CH,

CH3

+ C - C H 3 ;

CH 3

[A IBr,Cl ]~

CH3

H,C CHa

J H S - C - B T

CH 3

AlBr,Cl.

NEW DATA ON HYDRIDE-TRANSFER
REACTIONS

D. N. K u r s a n o v and Ζ. Ν. P a r n e s

There are many organic reactions involving intermole -
cular transfer of hydrogen in the form of a proton. Such
processes, which are fairly well understood, do not however
constitute the only possible pathway for hydrogen transfer:
in particular, a hydrogen nucleus associated with a pair of
electrons may be transferred from one molecule to another.
Processes of this sort are known as hydride-transfer re-
actions1»2. The present review is not concerned with the
problem of the form and extent of association between a
hydrogen nucleus and an electron pair in these reactions.
However, the fairly high affinity of a hydrogen atom for an
electron, 17.5 kcal mole"1, suggests that such association
may exist in hydride transfers3.

As far as we know, the concept of intramolecular hydride
transfer was first introduced in 1932 by Whitmore4 to ex-
plain the anomalous course of reactions which may involve
the formation of carbonium ions as intermediates. Accord -
ing to Whitmore, the latter isomerise through intramole-
cular hydride transfers. For example, Whitmore gives

In recent years the concept of intermolecular and intra-
molecular hydride transfer has been widely employed to
interpret the mechanism of complex reactions, and also
to some extent in the search for new synthetic methods.
Hydride transfers have been included in many mechanisms
proposed for a large number of important organic reac-
tions: the mechanism of the Meerwein-Ponndorf-Verley
reaction proposed by Woodward et al.6; the mechanism of
the Cannizzaro reaction proposed by Hammett7; the mech-
anism of the Tishchenko reaction proposed by Pfeil8; the
mechanism of the Leuckart reaction proposed by Pollard
and Young9, and by Titov10; the mechanisms of aluminium
chloride catalysed reactions of saturated hydrocarbons,
proposed by Nenitzescu2; the mechanism of the isotopic
hydrogen exchange in saturated hydrocarbons under the
action of sulphuric acid, proposed by Otvos et al.11, and a
similar mechanism propsed by Kursanov and Setkina12;
and many others.

In general, hydride transfer involves the transfer of a
hydrogen nucleus with an electron pair, H: (subsequently
to be called a hydride ion), from a donor to an acceptor.
The acceptors are very often carbonium ions; the donors
can belong to many different classes. When the migrating
hydrogen atom is initially bound to a carbon atom, hydride
transfer results in the formation of a new carbonium ion.
Obviously the activity of a given substance as a hydride
donor increases with increase in the stability of the cor-
responding carbonium ion.

A characteristic feature of the mechanisms quoted
above and of many of the mechanisms discussed in a
recent review by Deno et al.13 is the fact that hydride
transfer is effected through as powerful a hydride accep-
tor as the carbonium ion. This in fact frequently results
in a certain arbitrariness of the proposed mechanisms,
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