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1. Introduction

Throughout the period of over 130 years since their discovery,
«-aminonitriles have been the subject of study for research scientists
in different countries. There is continuous interest in this class of
compounds mainly because they are intermediates in convenient
preparative methods for obtaining «-amino acids ! and nitrogen-
containing heterocycles,? which are biologically important compounds.
There has recently been a report about the possibility of the
prebiological synthesis of the simplest example of an a-amino-
nitrile—aminoacetonitrile—in an interstellar medium? as well as
under conditions simulating the original atmosphere of the Earth.*
There is theoretical interest in the mechanisms of the reactions used in
the synthesis of a-aminonitriles and also the characteristics of the
reactivity of the amino and cyano groups related to their close
proximity in o-aminonitriles.

A brief review of methods for synthesising a-aminonitriles is
given in one book.’ The use of the Strecker reaction for obtaining
o-aminonitriles has been examined.® A further review on o-amino-
nitriles has been published in Danish” and is difficult to access as a
literature source. Classification of the reactions involving a-amino-
nitriles and examples of them have been reported in one study,®
which, however, falls far short of including all known types of
reactions of a-aminonitriles. The use of a-aminonitriles in organic
synthesis is the topic of another review,® which appeared in Japanese
in a journal that is difficult to obtain in the USSR.

I1. Synthetic methods

1. The Strecker reaction

In 1850 Strecker® carried out the synthesis of glycine and alanine
by treatment of formaldehyde and acetaldehyde with aqueous
solutions of ammonia and hydrocyanic acid followed by hydrolysis of
the a-aminoacetonitrile and «-aminopropionitrile formed. This
reaction was subsequently extended to ketones and amines and
became known as the Strecker reaction.!!

re” R/ \NRIR# R* N\NRIRY

The replacement of volatile hydrocyanic acid and ammonia by a
mixture of potassium or sodium cyanide and ammonium salts was
proposed by Zelinskii and Stadnikov.!! In this case ammonium
chlorides or sulphates are reacted directly or are prepared in situ.

A modification of the Strecker reaction proposed by Tiemann'!
involves changing the order of mixing the reagents. It is suggested
that the increase in yield of a-aminonitriles that often occurs in this
case is due to participation of a-hydroxynitriles (cyanohydrins) (I) in
the reaction.

R/ R NoH R* SNRIR#

o

When the aldehydes have low reactivity, their bisulphite adducts
(II) are subjected to the Strecker reaction. When primary and
secondary «-aminonitriles are prepared, the reaction is carried out in
water with ammonium or alkylammonium salts in the presence of an
excess of free base. This form of the Strecker reaction has become
known as the Knoevenagel-Bucherer method.® The closest parallel
with it in the Soviet literature!! is given by the first two stages of the
Bucherer-Bergs reaction,'? in which adducts (II) are also frequently
used.
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In recent years the Strecker reaction itsel as well as the
Zelinskii-Stadnikov,®!%3%*® Tiemann,'?%2-5% and Knoevenagel-
Bucherer®>3-%® modifications have been repeated many times on
other substrates. Furthermore, the Strecker reaction in a broad
sense has been considerably extended by the use of other solvents
and sources of amino and cyano groups.

A number of syntheses of a-aminonitriles have been carried out
under non-aqueous conditions—in alcohols,?*¥9-64 tetrahydrofuran,‘
benzene,% in excess amine,®’ and also without any solvent.5® When
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the synthesis is carried out in liquid ammonia, it is necessary to use
a low temperature and high pressure,'2"% which makes it difficult
to obtain primary a-aminonitriles by this method.® By using
DMSO—H,0 (9:1, 19:1, and 20:1) systems as the solvent together
with water and a water-methanol (1 : 1) mixture, it was possible to
increase the yield of a number of a-aminonitriles by improving the
solubility of the initial aldehydes.”

The role of water in the Strecker reaction is not simply that of a
solvent. It was shown®” that water, including that formed during
the reaction, accelerates the epimerisation of a kinetically controlled
a-aminonitrile and is therefore a catalyst for the process.

The nature of the products in the Strecker reaction is
considerably affected by the pH of the medium, the ratio of
reagents, and the reaction temperature. The primary or secondary
a-aminonitriles formed initially are capable of undergoing a further
N-a-cyanoalkylation reaction.>-2533-487L72 Thyg in diamine (I11)
the hydrogen atoms of the primary amino groups are replaced first
of all and then those of the secondary groups are replaced.”’ A high
pH value of the medium helps to remove the primary a-aminonitrile
(IV) from the reaction as an azomethine (V).?*”> It is also possible
to stop the process at the first or secound stages by selecting the ratio
of reagents?>?%341.72 o1 the reaction temperature.>**! The exhaustive
cyanomethylation of ammonia to give nitrilotriacetonitrile (VI) has
been reported in a large number of patents.?>2>33-48

H,;CO,HCN H,CO, HCN_‘)

H.NGC,H,NH, "
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NCCH,NHC;H,CH,CN

— (NCCH,); NC,H N (CH.CN),,

NH; + H,CO -+ HCN — H.NCH,CN 252 H,C=NCH,CN

(v) V)
H,CO,
. J,H(.‘,N
N (CHAON)y —282 N (CHACN)y — 0 H,C (N (CHLCN) ).
(vl
N-a-polycyanoalkylation reactions are catalysed by alkali metal
cyanides.”!

It is possible to use paraformaldehyde instead of formaldehyde in
the synthesis of ¢-aminonitriles (VI). Urotropine 37#1-434%74 a4
1,3,5-trimethylhexahydro-sym-iriazine (VII) * can serve at the same
time as sources of both formaldehyde and ammonia or methylamine.
The thermolysis of formamide is a convenient method in the
preparative sense for generating a mixture of hydrogen cyanide and
ammonia.”

e
MeN NMe
\l\N /l/ —Fso— [HiCO + H.NMe] s MeNHCH,CN.
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The most significant development of the Strecker reaction has
been the introduction of new sources of cyano groups into synthetic
use. Acetone cyanohydrin,®7%77 isobutyral cyanohydrin,”® benzoyl
cyanide,” diethylphosphonocyanide,5® and trimethylsilyl cyanide
(TMSCN) 3%:60-%8.80 haye been used for this. The addition of
TMSCN to aldehydes is catalysed by Lewis acids, in particular by
zinc jodide,” and previously unobtainable a-aminonitriles can be
prepared. However, this reagent is susceptible to hydrolysis,
and therefore it is necessary to work under absolutely anhydrous
conditions. The most acceptable methods for synthesising TMSCN

are reported in two studies 534

A scheme for the extended Strecker reaction has been drawn up
to take account of these changes (see Scheme 1 below).

All the reactions positioned on the scheme above the continuous
line are reversible. Moreover, the synthesis of a-aminonitriles is also
carried out from individual compounds shown on the scheme
between the horizontal dotted line and the continuous line. Thus,
for example, the amination of cyanohydrins (I) with ammonia or
amines'>2%30:52,53,60,62,64,69.85-96 5114 even the reaction of a-mercapto-
butyronitrile (VIII) with ammonia®® can be regarded as specific
examples of the Tiemann reaction.

The use of Schiff bases such as (IX) 3!9277.79.80.97-100 44
hydrazones'®-1% as substrates of CN~ ions has been reported.
Aromatic nitrogen-containing heterocycles (X) can be regarded as
Schiff bases with an endocyclic C=N bond; when they are treated
with potassium cyanide and N, N-disubstituted carbamoyl chlorides
(XI), analogues of Reissert compounds (XII) are obtained.'®*

When they are reacted with TMSCN in the presence of palladium
compounds, azomethines (XIII) also exhibit properties of
1-aza-1,3-dienes, leading to the formation of by-products (XIV)
from 1,4-addition.'®

E{CHCN—"%- E{CHCN,
SH NH,
PUNLL
N
“X i ANSNX
|+ KON + CICNR} - H d ;O X=CH X
= iC&
NN NN N\aR2
| R/ NeN
R! (XT)
(X) (X11)
Rt Rt
| 5C |
MeN=CCH=CHR? —Sr— RICH=CHCCN + RIC=CHCHR?
(X1t | [
HNMe  MeNH  ON
(X1V)

R'=CF;, C,Fs; R*= C¢H,3-n, C¢H, -cyclo, Ph,
HC = CHMe-trans.

According to the modified method of Polonovskii-Potier!®
iminium salts of the type (XV) obtained in situ are treated with
KCN. When a methoxycarbonyl group is present on the reaction
centre it can be eliminated, and as a result demethoxycarbonylation

products (XVII) are formed together with a-aminonitriles. %1%’
Rl
Rl
N Ripspe e I
- SC=NR*R RICCN —m—rioiome— RICHON.
RINRS RINR®
(XV) (XVI) (XVI)

The addition of hydrocyanic acid to enamines such as (XVIII) in
a basic medium also gives a-aminonitriles.'®® All this naturally
raises the question about the mechanism of the expanded Strecker
reaction.

This problem was examined in the greatest detail in two
studies.’”*® However, the results obtained in them are ambiguous.
Thus, for example, in one article,® a-aminonitriles obtained by the
Strecker and Tiemann reactions have the same optical purity. On
the basis of this experiment the authors rejected a mechanism
involving stereochemical control of the reaction due to steric
hindrance in attack on cyanohydrins (I) and considered the
stereoselective addition of HCN to geometric isomers of Schiff bases
of the type (IX) more likely. In the other study®’ it was concluded
that cyanide ions most probably add on to ketiminium cations of
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the type (XV), the presence of which in the reaction mixture was
reliably detected. Moreover, the authors did not rule out the
possibility of a-aminonitriles being formed by Sx2 attack of CN~
on aminoalcohols such as (XIX).

Valuable information about the mechanism of this reaction was
obtained when the "retro-Strecker" decomposition of a-aminonitriles
was analysed. This process occurred in water at different pH
values, %1% during mass spectrometry,!!! during vacuum flash
thermolysis, gas-phase pyrolysis, and thermolysis.!'> It was shown
that the decomposition of N, N-dialkyl-a-aminonitriles occurs via
ketiminium ions such as (XV).!% In the case of primary and
secondary a-aminonitriles, intermediates of the type (XV) are also
formed, but they are much more difficult to identify because of their
rapid conversion to Schiff bases.

The molecular ions generated from primary and secondary
a-aminonitriles eliminate HCN to give Schiff bases, and only in the
case of tertiary o-aminonitriles does the elimination of an amino
group predominate, corresponding to a "retro-Tiemann" reaction.!!!
The latter type of decomposition was also demonstrated for aqueous
solutions of isobutyronitriles (XX) from the chemical reaction of its
products.'!?

Me:CON —22 [HNRIR? 4 Me,CCN —p=m~ HNR} -+ HCN 4- Me,C=0
Ri=R
RINR? b b
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HNR’R* R°CN
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A reliable determination of the mechanism of the Tiemann
reaction is made possible by comparing the yield of a-aminonitriles
obtained by this and other methods. In one study®® it was shown
that the yield of a number of a-aminonitriles from cyanohydrins such
as (I) is invariably higher than from azomethines such as (XVIII).
The difference between the Tiemann reaction and the "classical”
Strecker reaction is also exhibited when TMSCN is used as the
cyano group donor. In this case, however, the Strecker variant is
more favourable because of the low thermal stability of cyanohydrins
of the type (I) (where R® = TMS).%®

The data given indicate that in some cases cyanohydrins of the
type (I) lie within the sphere of the Tiemann reaction. By and large
the mechanism of the Strecker reaction is not universal and depends
on the nature of the solvent and the reagents and aiso on the order
in which they are mixed.

The various forms of the Strecker reaction differ slightly with
respect to their synthetic possibilities. Thus, out of the very large
number of «-aminonitriles obtained by the Strecker reaction only
compound (XXI) contains a substituent with distinct electron-
withdrawing properties on the a-carbon atom.!” When TMSCN was
it was possible to add to this a number of compounds such as
2-amino-(4-cyano- and 4-carboxymethyl-phenyl)acetonitriles
(XXI1).% 1t should be noted that the yield of «-aminonitriles (XXII)
is considerably lower than for the analogous compounds not
containing strong electron-withdrawing groups at the a-position
(15%, 17%, and 90-99% respectively).”® o-Aminonitriles with
strong electron-withdrawing groups at the 2-position, synthesised
from cyanohydrins, also constitute a small proportion of the total
number of compounds obtained by such methods, but nevertheless
ten 2-amino-2-fluorocarbonitriles (XXIII) 3¢ and six 2-carbonyl-
amino-2-(2-, 3-, and 4-nitrophenyl)acetonitriles (XXIV) % are among
them.

RIGH(CHO + HNR® eomams— RICH,CHCN,
HNR?
(XXI)
R! = NO,-2: R? == Ph, C,HMe-4,
-~ 4-R1C4H,CHCN,

$RIGH,CHO + TMSCN - NHy —fo :
C
I NH,
RY == CN, COMe. (XXI1)
RIR?CFCHCN —=2®_, RIR?*CFCHCN,
| |
OH HNR?
(XXI)
R = Alk!, R*= AIK?, R' - R® = (CHy),, n = 4.5.
T‘.’.
RIC,H,CHCN + HNCR® — RIC;H,CHCN,
| i
oH o) RENCR?
i
0
(XXIV)

R! = NO,-4, NO,-3, NO,-2; R* =H, Et; R® = OEt, NH,.

It should be noted that in the latter reaction weakly basic
compounds such as urethane and urea are used as the amino
components. Apart from urea and urethanes,’>% benzamide®* and
formamide®>*? also react with cyanohydrins.

A comparison of two other modifications of the Strecker reaction
(the Zelinskii-Stadnikov and Knoevenagel-Bucherer methods) on
eight substrates has been carried out.® Itshowed that the first method
is suitable for preparing N-adamantyl and N-benzyl derivatives of
a-aminonitriles, while catalysis with sodium metabisulphite is advisable
for the synthesis of primary a-aminonitriles. In this case it was only

possible to obtain 2-methylamino-2-(4-benzyloxyphenyl)acetonitrile
using the Knoevenagel-Bucherer method. These results indicate that
the choice of a specific modification of the Strecker reaction can also
be determined by the nature of the substituent in the amino group of
the target compounds.

Thus, by using the Strecker reaction and its modifications with
various sources of the cyano group, catalysts, and solvents it is
possible to obtain a variety of a-aminonitriles in a relatively simple
manner, but a-aminonitriles with strong electron-withdrawing groups
at the 2-position are not very amenable to synthesis.

2. Other methods

A further limitation of the Strecker reaction is the difficulty
in obtaining «-oxo- and «-cyano-aldehydes, so that
2-amino-3-oxopropionitrile and 2-aminomalonitrile cannot be
prepared by it. In this case the synthesis of primary «-aminonitriles
is carried out by reduction of accessible 2-hydroxyiminoacetonitriles
(XXV) with sodium dithionite,'"*!!* aluminium amalgam,''*'*® and
bis(2-methoxyethoxy)aluminium hydride.'?! Reduction of N-benzyl-
2-cyano-2-hydroxyimino acetamide is complicated by rearrangement
of the intermediate a-aminonitriles to ethylenediamines (XXVII) and
(XXVII. 14

RICH,oN —222, picen ™ RicHeN
NOH  NH,
(XXV)  (XXVD)
B,NHCOCCN 2 B NHC,H,NH, + B;NHC,H,NHMe

I
NOH (XXVID) (XXVIL)

1

R!=CN, CR.

The reduction of derivatives of 2-hydroxyimino-2-cyanoacetic acid
with alkali metal dithionites,'? hydrogen on platinum,'?® and zinc
dust'?*!% in simple organic acids or their anhydrides results in the
formation of N-acylated a-aminonitriles. When these reactions are
carried out it is necessary to bear in mind that the cyano group in
the a-aminonitrile formed is also susceptible to reduction.

Direct introduction of an amino group into the 2-position of
malonodinitrile is achieved by treating it with 0-(2,4,6-trimethoxy-
phenylsulphonyl)hydroxylamine.126 ’

It is possible to increase the number of a-aminonitriles by
transaminating them; the yield of the secondary compounds (XXIX)
in this case amounts to 13-82%.!?" Introduction of an amino group
also takes place by treatment of 2-haloacetonitriles with a twofold
excess of ammonia or primary amine.!?®

R? R?
| |
R‘('ZCN -+ HNR:R® = R’C|CN + HNR®RY,
R3NR* RsNR® (XXIX)
R3 R?
| |
R'CCN + H.NR® - RICCN,
|
Hal HNR® (XXX)
Rt=C Hyy,,» = 1—11, Ph; R*=H, Me; R* = H, GH,Cl-4,

CH (Me) Ph; Hal = Cl, Br,

The other group of methods for synthesising «-aminonitriles is
made up by reactions that form a cyano group in amines. One of
these, for example, is the dehydration of N-substituted «-amino-
amides (XXXI) with phosphorus oxychloride.'”® However, this
method has no synthetic value since the initial amides (XXXI) are, in
turn, usually obtained from a-aminonitriles. A process which is
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formally the reverse of reduction of a-aminonitriles forms the basis
for obtaining N, N-difluoro-a-aminonitriles (XXXII).'*

R? R?
R‘(l:C<o POty men,
| “NHj |
R®NH ) RNH
(XXXD
I
R¥= Ac, COBz, Ts, SO.C;t1,NO;-2.
Rl . RR
| |
RICCH NF,—g—— RICCN,
| (AIkONa) |
s 2
(XXXII)

R! = Alk, Ar, Hal; R*=H, Alk, Ar, Hal,

The simultaneous introduction of amino and cyano groups is
achieved when the olefin (XXXIII) is reacted with hydrocyanic and
hydrofluoric acids. 2-N-Alkylaminomalononitrile (XXXIV) has been
identified among the products of this reaction.'*! Treatment of
1,2,2-trichloroethylene with ammonia at high pressure is the most
effective method for synthesising aminoacetonitrile.!>%!%3

The synthesis of primary «-aminonitriles from aromatic aldehydes
(XXXYV), chloroform, ammonia, and water in the presence of alkali
at a raised temperature and pressure'>*
A study of the mechanism of this reaction could show whether its
resemblance to the Strecker reaction is purely superficial. The scope
for applying this method,'* however, is limited to aldehydes
(XXXV) that are readily soluble in chloroform.

Me

: q CN
iso-PrCH =CMe; + HCN + HF — ... t-BuCNHCHiCN
(XXXIII) Me
(XXXIV)

AN eae® 4 NHg — H,NCH,CN
= [~ -— o P. y
/R i

ArCHO 4 HCCl; 4 NH; m-, Ar(l:HCN.

(XXXV) NH,

I11. Stereochemistry

o-Aminonitriles are widely used for the synthesis of ¢-amino
acids, whose biological activity depends fundamentally on their
configuration.! Therefore, a considerable amount of attention has
been given by synthetic chemists to stereoselective methods for
obtaining «-aminonitriles.

It was possible to obtain optically active products from the
Tiemann reaction by introducing just one optically pure reagent into
it. Thus, for example, the reaction of optically active cyanohydrins
with ammonia or amines occurs with a considerable degree of
inversion of the chiral centre.®® From a racemic mixture of
cyanohydrins (XXXVII), the (R)-form predominantly reacts with
(S)-amines (XXXVI).®5 When the latter reaction was carried out
according to the Strecker method this also gave an optically active
product, which had an optical purity that differed slightly from that
achieved in the first method (36-51% and 44-48% respectively).>®

R H H & H i
b - \\ 1
‘c/ + c/ ——» Rl---CNHC —aR®
RN 7N\ i, |
NH, NC OH R® CN
(xxxvi) (XXXVID)
R'='Ms, COOH ; R’=Ph; C H,; R’= Me,Et, Pr-iso, CH,Pr-iso.

should be noted in particular.

Under quasi-kinetic conditions, piperidine mainly attacks axially
the conformer of 4-t-butylcyclohexanone cyanohydrin (XXXVIII)
with an equatorial configuration of the cyano group.’’” In the
presence of water the kinetically controlled a-aminonitrile (XXXIX)
rapidly epimerises.

CN
OH

(XxxvIII)

N

e’
O
The correspondence between the thermodynamic properties
of the racemisation of optically active secondary a-aminonitriles
and those for their decomposition to Schiff bases and hydrocyanic
acid indicates that there is a common mechanism for these two
processes. '3’
The addition of HCN and TMSCN to the C=N bond of Schiff
bases (XL) also takes place stereoselectively; the optical purity of
a-aminonitriles (XLI) is improved when a bulky R! substituent is

introduced into compounds (XL) and when the addition of TMSCN
is carried out in the presence of Lewis acids,*20:61:97:98.136-139

—

(XXXIX)

, , ReN v,
&'Ne= CHR' ~———= R’CHCN R®CHCN
(XL} RNR' HNR'
(XLI)
QPiv
pn AN Me Piv0 : ('l)
i . A
R'= CH(Mo)Ph, /%ONM , opriv Y . Piv=CBu-t
L]

OPiv
R? = Et, Pr, Priso, Bu-iso, Ph, Ar; R®= H, TMS. ”

An asymmetric Strecker synthesis has also been used widely to
>btain optically active a-amino acids.206196136-140 The amino
components used in it are amines that are readily separated into
enantiomers and containing those substituents which are readily
eliminated from the required o-amino acids. Among such substituents
are N-phenylalkyl, removed by hydrogenation of palladium, and
N-(2,2-dimethyl-4-phenyl-1,3-dioxan-5-yl), which is eliminated on
oxidation. The presence of the latter substituent in amine (XLII)
gives better results,2%61136-140 Thyg the (§)-(—)-a-amino acid is
obtained from amine (XLII) with a (45,55 )-(+ )-configuration, while
the (R)-( +)-a-amino acid is obtained from the (4R,5R)-(—)-amine.
It should be noted that only ketones (XLIII) (R! and R? # H) are
suitable for conducting the asymmetric synthesis; otherwise
asymmetric transformation of the chiral centre formed in «-amino-
nitriles (XLIV) will occur during the reaction.'*

0 R
da . g
RCR® + R'NH, + HCN RCCN

(XL11D) (XLID)

HNR®
(XLIV)

Q
Ph Me

R*=CH(AIk)Ph, 0 '\<
Mo

In contrast to the Tiemann reaction, dehydration of a-amino-
amides occurs with retention of configuration.'?®
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In the remaining cases a racemic mixture of enantiomeric
a-aminonitriles is formed. In order to resolve this, either fractional
crystallisation'® or salt formation with optically pure organic acids
such as tartaric acid®”'*'=3 and its derivatives'® and brucine®® are
used. In one study'*! it was possible to obtain pure isomers only
when this reaction was carried out in the presence of ketones.

IV. Chemical properties

a-Aminonitriles can contain a different number of reaction
centres. Thus, for example, C-benzylation of compound (XLV)
occurs on its methylene group.'*

phclnncmcn B, PhC=NCHCX.
|

Me Me Bz
(XLV)

C-Alkylation,'*> C-bromination,'*® and intramolecular interaction
between the cyano and methylene groups’? have also been reported.
Ammonia'*® and hydrazine' replace the ethoxyl group in ethyl
2-amino-2-cyanoacetate.

However, the overwhelming majority of reactions of a-amino-
nitriles involve their amino and cyano groups. In making a
convenient presentation of the material, these two classes of
reactions are described in the respective sections. The syntheses that
involve both amino and cyano groups also shed light on the
reactivity of these functional groups in a-aminonitriles. Moreover,
intermediates have been isolated in some of them. However, in view
of the importance of a-aminonitriles for heterocyclic chemistry,
reactions of the latter type have been grouped in a separate section
of this review.

1. Reactions of the amino group

The amino group in «-aminonitriles is quite basic and therefore
readily undergoes characteristic reactions. Primary and secondary
«-aminonitriles undergo N-acylation,26:58.77:8490.120,123,124,135,142,150-155
which is a reason for their use in peptide synthesis.’**!*” Removal
of the protecting group causes certain difficulties since the cyano
group in a-aminonitriles is sensitive to both acids and bases. In this
respect it is convenient to use a 2-nitrophenylsulphenyl protecting
group, which is readily removed on treatment with hydrochloric
acid.!%®

When primary a-aminonitriles are treated with half the quantity
of ethyl chloroformate or an equimolar quantity of carbon
dioxide'®!%? it is possible to obtain symmetrical ureas (XLVI).

R? o]

y NC O CN
R (I:CN CICOEt (CO,)

]
aad R’CIIHNCNH(‘ZR’,
|
NH, R R
(XLV])
R'=H, Me; R*=H, Me, Et.

The synthesis of asymmetric ureas and thioureas starting from
a-aminonitriles can be achieved with the use of isocyanates'®® and
isothiocyanates'**16! respectively. The reaction of primary
o-aminonitriles with aldehydes’®">!? and ketones'%*~!5° gives
azomethines. When primary a-aminonitriles were treated with ortho
esters and imidates under mild conditions, the corresponding
N-substituted imidates were obtained.'®-'72 On the other hand,

the base-catalysed addition of N-cyanoimidate (XLVII) to
N-methylaminoacetonitrile results in elimination of the methoxyl
group and formation of amidine (XLVIII), which cyclises under
these conditions without participation of the cyano group from the

initial a-aminonitrile.!”
NCN N NH,
Il Et,N E{ONa =
MeNHCH,CN - MeCOMe —resm— HaCCN —Fon— '
(XLVII) MeN\ +N
MeNC (Me)=NCN Il/
(XLVIHI) Me

N-Alkylation of primary and secondary «-aminonitriles was
carried out using derivatives of acrylic acid;'™"'" tertiary
a-aminonitriles were quaternised with alkyl halides in propanol
and acetone.!”” 9-Chloroacridine derivatives arylate the amino
group of primary a-aminonitriles.'”®'” Diazotisation of primary
o-aminonitriles gives 2-diazonitriles;!!-150180-183 the diazothioamide
(XLIX) generated in this way cyclises to S-amino-1,2,3-thiadiazole

(L) during the reaction.!8%1%°

S s - CN
i HONO n N—
HNCCHCN ————~ | H,;NCCCN | — J
. I | AN
NH, N, s/ NNil,
(XLIX) (L)

Primary a-aminonitriles undergo an azo-amino interaction with
diazonium salts to form triazenes, which then cyclise to heterocycles
containing three nitrogen atoms. #6187

N-Chlorination of primary and secondary «-aminonitriles is
carried out with chlorine'®® and isopropyloxonium chloride.'®®
Replacement of the hydrogen atoms of the amino group in
a-aminonitriles by a cyano group is carried out using cyanogen
chloride.!®® The reaction of secondary a-aminonitriles with 98%
nitric acid results in the formation of N-nitro derivatives.!”! The
synthesis of diaminodisulphides (LI) from secondary a-aminonitriles
and sulphur monochloride has been reported in a patent.!??
Oxidation of primary a-aminonitriles with alkali metal hypochlorites
in an organic solvent gives azobisnitriles (LII).'*?

RINHCH,CN —=, 5, (RINCH,CN),,
(LY

l?‘l Rl Rl
- .
RICCN —2 2, NCCN=NCCN.
| |
NH, RE e
(L

2. Reactions of the cyano group

Historically the first and most important use of a-aminonitriles
has been their hvdrolysis to the corresponding o-amino acids,’
which are widely used in organic synthesis, medicine, agriculture,
and other areas of the economy. The hydrolysis is carried out
in aqueous and water—ethanol solutions®® of mineral acids
(hydrogen halide™®51-71,80.8688.96-99,141 1 qyiphuric acids” and also
bases, 047 7172133,142,193-199 1y e patent®®™ the hydration of
a-aminonitriles on polymer-bonded N-acyl-4-piperidones is reported.
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‘When there are other groups that are susceptible to hydrolysis in the
a-aminonitrile molecule, the reaction can be caried out selectively by

choosing a suitable solvent.2’!
0 (o} o O
i I y i
EfOCCHCN —ggy— HOCCHCN — R~ HOCCHCOH

HN_%OBZ HNCOBz HN'('IOBi
[

The reaction of a-aminonitriles with water is catalysed by
compounds and alloys of zinc, cadmium, and boron,*% and also
by iron(III) chloride.*

When suitable conditions (concentrated sulphuric acid at room
temperature®? or aqueous alkali in the presence of ketones'®*) are
chosen, it is possible to discontinue the hydrolysis of «-aminonitriles
at the stage when o-aminoamides are formed. On the other hand,
dilution of the sulphuric acid and raising the reaction temperature®®>
or increasing the time of contact with alkali'®’ results in the
conversion of aminoamides to amino acids.

The directed synthesis of a-aminoamides is carried out by treating
o-aminonitriles with aqueous hydrogen peroxide.2** It is possible to
hydrate selectively one cyano group in polycyanomethylamines using
this method.?%*

N-t-Butyl a-aminoamides (LIII) were obtained by the Ritter
reaction, which was complicated in a number of cases by hydrolysis
of the tertiary amino group.?%

.0
]
——— RI!CHCNHBu-t
R'Il‘R’
RICHCN .%.%H_— (L)
l o 0
RNR® N

_IL.RICIHCNHBu-t
OH

The reaction of a-aminonitriles with alcohols in the presence
of hydrogen halides under anhydrous conditions gives the
corresponding imidates (LIV),%6:296207 which can then be converted
to esters (LV) 2 or amidines (LVI).2% In aqueous ethanol in the
presence of hydrogen chloride the initially formed imidates (LIV) are
spontaneously hydrolysed to esters (LV),?” which can be converted
to the corresponding amides LvIn.27

R R N o® 0 i 0
I | ANHC™ 4o | NH, |
rodo % e 1 wee | e Reyy,
R3NH R3NH OEt R:NH RNH
wv) ) (Lvin
lH,NR“
!
Rt
| ,NH
RIC .
'|(<NHR‘
R3NH
(VD)
H, Me;

R! = H, Alk, Alk-cyclo, alkenyl,Ph, C¢HMeO-4; R? ==
. R = H, Me, Ph Ar, C(O) CsHu. RY= H, Bz.

Nitrilotriacetonitrile (VI) can add on 3 moles of hydroxylamine
directly.?®® In the presence of sodamide, dicyanomethylamines
(LVIII) add on primary amines to give 2,5-diiminopiperazines (LIX)

and (LX).°® The a-aminonitriles (LXI) add on azide ions to give
tetrazoles (LXII).2%

N (CHiCN), -+ HaNOH — N[cCHicd
( \:I) )s + H. i ( 2 <NOH):,
(

/—_{\NOH
——> RIN NH
N/
N\NOH
RIN (CH:CN); o (LIX)
(LVIID) i
.
N
—-—~> BzN NH
N/
NNR?
(LX)
0 0 N——N
N i Bu,SuN, 10 ‘L LN “ []\IJ
(R'0), PCH,NHCH,CN —5i=p — (R'0), PCH, ”VC”" BN
(LX) (Lxm H
R! = H, Et.

The N-benzyl protecting group excludes the amino group of
compound (LXIII) from the reaction with amidines (LXIV), which
results in the formation of pyrimidines (LXV).?!® In a similar
manner carbon disulphide does not affect the benzylidenamino group
in the aminoacetonitrile derivative (LXVI).!%

o} ’ OH

N:Q
R*OCyH CH,— \ NHBz

: ocHCHL
EtOCCHCN + 4-R'OCHy gC\NH‘

—EtOH
HNBz
(LXIII) Y (LXIV) ' (LXV)
PhC=NCH,CN + CS, — PhC—N-—L )k
L SH
(LXVD

In the examples given a-aminonitriles undergo reactions that are
typical for nitriles in general.?!*'2 On the other hand, addition
of carbon disulphide to «-aminonitriles usually gives a mixture of
thiols (LXVII), disulphides (LXVIII), and a-aminothioamides
(LXIX).2536120 1 this case the latter component is only stabilised
when R! = H; R?, R3, R* = Ph, H, iso-Pr; CsH3(MeO);-3, 4, H, Me;
CsH3(MeO),-3, 4, Me, Me; Ph, Me, Me; CsH3(MeO),-3, 4, H, Ph;
Ph, H, H; t-Bu(O)C, R® + R* = Phth

Rl
|
RICCN 5 s RIRICHSH + RIRICHS), — 4 RICCSNH,.
rolias @LXVI)  (LXVIH) Rols
(LXIX)

The reaction of a-aminonitriles with hydrogen sulphide followed
by oxidation of the initially formed thiols so that disulphides
(LXVIII) can be obtained deliberately is reported in a patent.?'?

The synthesis of 2-aminothioacetamide hydrochloride (LXX) was

successfully carried out in two stages.?!*
rSH s
1S, AcM 1C I
HNCH.ON 7 omr L J o~ HCl - HNCH,CNH, .
Me/ (LXX)

The reactions of a-aminonitriles with organometallic compounds
also occur in a unique manner. Thus, for example, in the reaction of
a-aminonitriles with Grignard reagents and lithium alkyls, products
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with a "normal" structure—o«-aminoketones (LXXI)—have been
detected.”2'* However, a more typical course for the reaction of
a-aminonitriles with organometallic compounds is replacement
of the cyano group by the radical R?, resulting in the formation of
amines (LXXII).”2'%%'7 In two studies®'®?!? the formation of
diamines (LXXIII) has been recorded in the reaction between
a-aminonitriles and Grignard reagents.
Rﬂ
0]
HO | b/
I C
— R |C\Ru
R*NR*
(LXXD) .-
R? R?
b |
RICCN jrpieril—ex=—— RICRs
R*NR* RONR4
(LXX11)
R¢ R}
i ]
PER— (REN—C‘—)Q .

RY - wxxnp

The general mechanisms of the reaction between a-aminonitriles
and organometallic compounds has been discussed in a review.??°
They are determined by the nature of the a-aminonitriles themselves
and the reagents. Thus, for example, it was observed that an
increase in the degree of substitution of a-aminonitriles and the size
of the substituents R® and R* leads to a change in the ratio of
aminoketones (LXXI) to amines (LXXII) in favour of the former;
the sole products of the reaction between N-acetyl-a-aminonitriles
and Grignard reagents and alkyllithium are compounds (LXXI).”’
Derivatives of aminoacetonitrile that are not substituted on the
carbon atom react with alkylmagnesium halides to give mainly
substitution products (LXXII).”” In general, replacement of the
Grignard reagent by alkyllithium 77 and dialkylmagnesium?'® assists
in the formation of products (LXXI) derived from addition on the
cyano group.

In one study”'® using a deuterium label it was possible to
determine the mechanism of the reaction of a-aminonitriles (LXXIV)
with cyclohexylmagnesium bromide, which gave a compound of the
type (LXXII) and a reduction product (LXXV)

—— PhCHC¢H, ,-cyclo

219

218

NEt,
PRCHCN 4 BrMgC H, -cyclo - [PhCH=NEt,]'— (LXX1D)
r!m, — PhCH,NEL,
(LXXV)

The other group of reactions of the cyano group that is
closely related to that just considered is made up by the reactions
of a-aminonitriles with reducing agents. Thus, for example, when
a-aminonitriles are reduced with sodium in a water—ether
emulsion?*"??? and boiling toluene,??* with hydrogen on Raney
nickel, platinum, and palladium,??* and also with lithium aluminium
hydride,??’ the same by-products (LXXII) and (LXXIII) are formed
as in the reaction with organometallic compounds. In general, these
reducing agents can in principle be regarded as a special case of
Yorganometallic" compounds in which hydrogen or aluminium plays
the role of the metal and H' represents the "organic" radical.

At the same time there have been reports about the reduction of
a-aminonitriles with hydrogen on Raney nickel,**?** platinum, and
palladium,??* lithium aluminium hydride,”®!*? and also diborane and

diisopropylbutylaluminium 7 giving exclusively "normal” products—
ethylenediamines (LXXVI). As hydrogen is evolved it reduces
a-aminonitriles to compounds of the type (LXXVI) only when R!
and R? = Ar.??! Otherwise the formation of products (LXXII)
from the reductive elimination of the cyano group (LXXII) 221-223
and their dimers (LXXIII) occurs. Hydrogenation of a-aminonitriles
on Raney nickel, platinum, and palladium ?** also generally gives a
mixture of compounds such as (LXXVI) and (LXXIII). When the
reaction is carried out in an alcoholic solution of ammonia, the
formation of dimers of the type (LXXIII) is inhibited.??® When
treated with sodium borohydride 22 and hydrogen on palladium
oxide in 0.5 N hydrochloric acid,** a-aminonitriles are selectively
converted to products of the type (LXXII) derived from the
reductive elimination of the cyano group.

R'I
|
—-—— R'CCH.NH,
RONRS
(LXXVI)
R? R RS
| L]
RICCN ——zx=— R!CHNR*
Rsr\rJR* (LXXID
- R'l Rl
!
s (RN—C—),
pa
(LXXI1I)

In the reaction of ¢-aminonitriles with lithium aluminium hydride,
an excess of reducing agent?'® assists the formation of diamines of
the type (LXXVI), the presence of aluminium chloride 2% favours
the formation of amines (LXXII), and the formation of dimers such
as (LXXIII) is assisted by an excess of initial a-aminonitrile %*° and a
high reaction temperature.?** The course of the reaction is also
related to steric factors.?!

Reduction of the cyano group in «-aminonitriles may be
accompanied by side reactions. Thus, for example, the hydrogenation
of N-acetyl-a-aminonitriles (LXXVII) on Raney nickel takes place
concurrently with removal of the protecting group.”®? Reduction of
the acetyl derivative (LXXVIII) in acetic anhydride, on the other
hand, gives the diacylated product (LXXIX).2**> An exception to the
general pattern of reactions of o-aminonitriles with reducing agents
is the hydrogenation of compounds (LXXX) on Raney nickel in the
presence of semicarbazide to give a-aminoaldehydes (LXXXI). 234

Me,CON — 2L, Ae,CCH.NH,
HI\'IAC I\‘IH.J
TLXXVID -
R R?
RiCCN — RCCHNHAC
HNAc - HNAc
LXXVII) (LXXIX)
o)
RiNCHg(lIHCN — RN R;NCH,CHgH.
_ NRY NR}
XXX (LXXXD)

R! = Me, Et, Pr, By, CH,5; R} = C:HOCH,, (CHus.
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Treatment of N-trimethylsilyl-a-aminonitriles with silver fluoride
results in elimination of the trimethylsilyl and cyano groups with
formation of azomethine ylides (LXXXIII). 235236

TMSCH,NCH,CN —2¢— 1,ER=CH,.
L !
(LXXXI) (LXXXII)

3. Reactions of the amino and cyano groups
(a) a-Aminonitriles in the synthesis of heterocycles

Usually both nitrogen atoms of the initial molecule are retained
when o-aminonitriles undergo heterocyclisation, while one of
them can be converted to an exocyclic amino functional group.
This nitrogen atom always originates from the cyano group in
a-aminonitriles.

a-Aminonitriles that contain not less than one double bond in the
amino functional group will undergo heterocyclisation. Thus, for
example, N-acylated «-aminonitriles (LXXXIV) can, depending on
the conditions, cyclise to pyrrolidones (LXXXV),2* the oxazole
(LXXXVI),?*® imidazolinones (LXXXVII),**?*® or imidazolines
(LXXXVIII).>®

(o]

NH, I Me 0
>__ *  koNa H,0 Me,CCNH, >_—/
Eon o e e
o MeNCR MeN N
R N i NS
h/\Ac y © lla*
o) ! :
RICCN (LXXXVID
(LXXXV) , RY = Me, CyHan
R?=H, Et RINCRS
éﬂ)
(LXXXIV)
o Re R/
/COBI' HCL | E/Ni RICCHNH. 3 RZ/l —l\
i B0 MeNAc M AN
HuCs” N0 “NH, 1|V!e
(LXXXVD) (LXXXVI)

The reactions of primary a-aminonitriles with immonium salts are
widely used for the synthesis of 5(4)-aminoimidazoles (LXXXIX).
The reaction of a-aminonitriles with amidines,”®'*%2® imidates,240-2%
and thioimidates 24224%2% i5 accompanied by elimination of
ammonia, alcohols, and mercaptans respectively. In one study®*?

an intermediate of the type (XC) was isolated in a pure state

Rl
re N—
RICHCN + >C=NH:—_,;;{,—* RICHCN  —p5— {‘ ﬂ
) R? VAN
NH, * HNC=NH} R ;\: NH,
I .
RS (LXXXIX)
(XQ)
0 0 0 0
o vy I
R! = H, Ph, C¢H,OMe-4, COEt, COPr-iso,COBz, COPh,
0 o o 0 0
i I 1 Il I
COC;H,Cl-4, CNH,, CONHMe, CNHEt, CNHPL, CN; R = H, Alk,

e}
Il
C¢H;-cyclo, Bz, glycosyl, CH,OPh, C.H,Ph, COEt, Ar, Het,
OMe, SH, SMe, SBz, SPh; R? == NH,, OAlk, SMe, SBz.

However, it should be noted that only condensation of
«-aminonitriles with thioimidates achieved a satisfactory yield of
imidazoles (LXXXIX).

"Linear imidates" (XCI), obtained from primary a-aminonitriles
and imidates under mild conditions or from «-aminonitriles and
ortho esters, when treated with primary amines are also converted to
amidines of the type (XC) and then cyclise to aminoimidazoles such
as (LXXXIX).9168.169.247.248

Re R!
| 5 N—
RICHCN -+ RPOCR? —pm— RICHCN -5 picHen ) gf

ANRYAN
NH, N==COR® NeCNHRE RSN,
| ]
RS R (LXXXIX)
(XCl) (XC)
c o o o NH

I il i I
R}=CPh, COEt, CNH,;, CNHMe, C—NH,, CN; R3=H, Me,

CH,CH (OH) CH,OH, Bz; R®=Me, Et, Bu-iso CgHy; R*=H, Alk,

(e}
I

CeHyj-cyclo, CHCOEt, D-ribofuranosyl, galactosyl, xylopyranosyl, phosphoribosyl
|

CN
NH., NHMe, NMe;;
R8s = NH,; OR3,

When there are other reactive groups in addition to the cyano
group in the "linear imidate" molecule, alternative pathways of
cyclisation are possible, leading, for example, to thiazoles (XCII) or
imidazoles (XCIII) 2* and pyrimidinediones (XCIV).2%

e /N
—
R]/\S//\NHQ
If' - 3 (X1
H,NCCHCN L, | H,NCCIHCN - S
i
- - . I
N——CIOCSHn-lso N~?NH: /(‘ZNH,
R R . ﬁi \]
Rl/‘\i\;/\NHl
(NCIL)
RY:==H, Me
0
0 o /”\ eN
I . N
EIOCNHCCHCN —poming , HN
- o” N’
N=CHOEt REED
(XCIv)

In aqueous alkali solutions azomethines (XCV) are cyclised either
to imidazolones (XCVI) or to oxazolimine (XCVII).!** The first
stage in the reaction of azomethine (XCVIII) with the olefin (XCIX)
in the presence of sodium methoxide, which gives pyrrole (C) in the
end, is apparently intramolecular attack by the methylene group on
to the carbon atom of the cyano group in compound (XCVIII).!$?
The a-hydroxyiminoketone (CI) can undergo cyclisation with a
primary a-aminonitrile in the absence of water to give the
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2-aminopyrazine-1-oxide (CII).%*!
——y R /,O
RO dn
R? R' N/
Riéey O, Rlcc\ o RV g
1{[ ~CRIRS 'NH, (XCVI)
- \CRQRG ph
(Xcv) ’ T
., M
Me” N0/ \NH
(Xcv)
. il
H:'CCN (") T MeONa t-BuC NH; | —
N= ICCHZCOBu»t /"\ )
Me N
Me H
(Xcvimy
Ac O
\C—C<
Me” Ac t-BuC /NHCHCHAq
(XCIX)
- /K J
Me
(C)
[o] () [o]

Hy;NCCHCN + BzCH,CCH=NOH —+ H;NCCHCN

] Ii !
) | Y
NH, N=CCH=NOH H,NC CH,Bz

“(Cn |
CH,Bz
‘ (I

The synthesis of imidazoles (CIII) from secondary o-aminonitriles
and benzaldehyde occurs in a different manner.'®* Dithiocarboxylic

acids (CIV) constitute another group of condensation agents for
a-aminonitriles.!*?
RICHCN + PhCOH — "i‘l’_n
HI&R’ : Ph/ \gz/ \Rx
(CHI)
[o]

. i .
Ri==Ph, COEt; R®*=H, Me,

0
: ]
0 s CNH;
] ] N—(
A
NH, @v) R ST ONH;
Ri=H, Bz.

When a-aminonitriles are reacted with acetylenes or olefins that
can undergo cis-elimination of water or hydrogen halides,
3-aminopyrroles (CV) are formed as final products.?s

nlclsﬂcu + REXR? - RICHCN - H,N. R
NH, HN(i-—.CHR’ : E }
RV NN/ NR2
R? H
(CV)
OH Hal

| |
X =—C=C—, —HC=C—, —C=C—

Heterocumulenes constitute a large group of reagents that react
with both the amino group and cyano group of a-aminonitriles. A

feature of these reagents is that they convert a-aminonitriles directly

to aromatic five-membered heterocycles. Thus, for example, the

monosubstituted urea and thiourea (CVI), which are obtained from
2-amino-2-cyanoacetamide and potassium cyanate and thiocyanate
respectively, are cyclised to 2-oxo- 2** and 2-thio-5-aminoimidazole-
4-carboxamides 2** (CVII) respectively. In turn, N, N-disubstituted
ureas and thioureas (CVIII) in an ethanol solution of sodium
ethoxide are cyclised to 5-aminooxazoles '%° and 5-aminothiazoles
(CIX). On the other hand, in the presence of hydrogen chloride

148

compounds (CVIII) are converted to the hydantoin'®® and
thiohydantoin ' (CX).
o]
I
<“) HN( _ CNH;
H,NCCHCN — [ ]
| HN NH
HNCNH, N/
I I
X X
(CVI) (CVID)
X=0,S§
N—-—/Rl
EtONa . ]
T EtOH,R=H
R"NH/\X/ “NH,
R‘EHCN (CIX)
RINCNHR® : H 0
) i N
HO R R i
(cvin “HCIEIoH RN NR?
AN
1
X=0, S )&
(CX)
When treated with carbon disulphide!**'¥19%242 and carbon

oxysulphide,?* primary a-aminonitriles are converted to 2-mercapto-

and 2-hydroxy-5-aminothiazoles (CXI). In the presence of potassium
carbonate a dithiocarbamate of the type (CXII) is cyclised to the
dithiohydantoin (CXIII).2%

R
R‘(':HCN + CXS - RICHCN —» /]
| Hx/ \s \NH,
NH. HNCSH
: i (€X
€xn
{h.co.
HN—— )\C.H.,
(cxuu

Et o o0 o S

' | oo I i
R!=H, Me, Et, Pr, CiHy, CHBu, CBu, CNH,, COEt, CNH,;
X=0,S

Hydantoins (CXIV) are the final products in the Bucherer-Bergs

reaction.!%31%7
R? o}
| HN— R
RICON - (4N, C0; + HO = | /l<
NH, o 1;4{ R?
(CX1V)

Condensation of 2-phenyl-2-aminoacetonitrile with ethyl
acetoacetate gives the aminopyrrole (CXV).2” The reaction of
aminoacetonitrile with o-dicarbonyl compounds (CXVI), giving
condensed pyridines (CXVII), occurs in a different manner.2%-26!
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o
I
0o o EtOC._ /NH,

Lo
PhCHCN + MeCCH,COEt -» I
NH, Mc/\rlq-!/\ph

(CXV)

1 m
"ol |
NSRS /\(CN
HyNCH,CN + | - N
Y\z \CRt Y\z/ \/
Il
Rl

(€XVI)
X, Y, Z=CH, N,

(CXVI)

Other bifunctional reagents such as cyclopropenyl cations
(CXVIII) 2 and oximes (CXIX) 2% have also been used for the
heterocyclisation of a-aminonitriles.

Rl
SR!
H,NCH,CN + coy —= /@[
B " Nsm'! ne” N sy
H

(cxvi)
Alk
Hal N
R'CHCN + ArCHCAlk ——= Ar ‘?—NH,
NH, NOH R’
(CXI1X)

V. Physicochemical properties of o-aminonitriles

Stretching vibrations from the cyano group of q-amino-
nitriles appear in the region 2210-2250 cm™ in their IR
spectra, “S10LNTI28150.153 ypon hydroxyl or acetyl groups are
present in the a-aminonitrile molecule, the intensity of this band is
considerably reduced.?!! Thus, IR spectroscopy is not always a
reliable method for confirming the structure of a-aminonitriles; in

this respect a more promising method could be mass spectroscopy.'!!

The 'H and '*C NMR spectra,2>1361381490 microwave® and
EPR 2% spectra of a-aminonitriles have been reported. In one
study?®® information about the acid-base properties of aminoaceto-
nitrile is given. It was shown that the experimental pK,, value (5.17)
was in good agreement with the results of quantum-chemical
calculations of the atomic charges.

V1. Biological activity of a-aminonitriles

At the present time the biological and biochemical properties of
a-aminonitriles have been studied quite widely. It has been found,
for example, that aminoacetonitrile inhibits different enzymes,
including monoamino oxidase,?%-2%® dimethylase,2*~2"! glycine
decarboxylase?’>?”® and nitrilase.?*®?’* Aminoacetonitrile also has
an effect on the contraction of muscles?”>"?"” and the mechanical
properties of bones?™ 28 and it inhibits the introduction of gallium
into tissues.®!

In 1983 the first report was published on the antitumour activity
of 2-amino-2-phenylacetonitrile derivatives.® Three compounds of
this series proved to be highly effective towards carcinoma and
seminoma in a clinical experiment.

A number of o-aminonitriles exhibit fungicidal®*? and
herbicidal 44154283 gctivity.
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