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I. INTRODUCTION
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An explanation for the regularities in cyanoethylation
and condensation with aB-unsaturated carbonyl-containing
compounds (a particular type of which is known as the
Michael condensation) has been sought frequently since the
time they were discovered up to the present (see earlier
reviews '-4). The investigators were interested in a simple
and cheap path of synthesis for compounds of the most
varied types, many of which became available even on an
industrial scale.

The main condition for the successful use of ethylene
compounds in these reactions is the presence of electron-
acceptor groups which activate the double bond. However,
the problems of a detailed study of the influence of electron-
acceptor groups on the condensation from a quantitative
standpoint received attention comparatively recently. The
influence on the mechanism and rate of reaction of the intro-
duction in series with the alkene bond of additional electron-
acceptor groups and of their nature has also been little studied,
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although even now it is clear that this influence is undoubtedly
great, as the example of tetracyanoethylene has shown. The
latter, as is well known, not only reacts readily with nucleo-
philic reagents, forming addition and substitution products,
but is also the strongest of the known 7-acids, capable of
giving a stable anion-radical, isolated in the form of salts
with various cations 5,8.

In the present brief review an attempt is made to gene-
ralise some of the properties of ap-substituted ethylene
systems in which the double bond is under the inconsistent
action of two electron-acceptor groups. Such systems can
be symmetrical (identical electron-acceptor groups) or un-
symmetrical (different groups), the interest being greatest
in unsaturated compounds with electron-acceptor groups con-
jugated with the double bond. An explanation of the regu-
larity in the direction of the attack of the nucleophilic agent
for unsymmetrical aB-diactivated ethylenes is also a sub-
ject of this review.

These problems are mainly considered by the example
of the compounds RCOCH=CHX, where X is CN, CO,R,
NO,, SO,Ar, COAr, etc. In connection with this in the
present review the preparation and reactivity of compounds
of this type will receive most attention.

II. MECHANISM OF NUCLEOPHILIC REACTIONS OF
AN ETHYLENIC BOND ACTIVATED BY ELECTRON-
ACCEPTOR GROUPS

The mechanism of the reaction of an activated double bond
with nucleophilic reagents was predicted theoretically by
Ingold” and confirmed experimentally by severalauthors?-14,
According to this mechanism the rate-determining stage is
the addition of the nucleophilic reagent to the S-carbon atom
of the double bond relative to the electron-acceptor substi-
tuent, which can be written in general form:

X—CH=CH, + 7 —2 X CH—CH,—Z

The reaction rate is given by the equation:

— d[XCH = CH,]
dt

4-H+ fast

XCH,CH,Z.

= k[XCH=CH,} [Z-].
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The reactivity of monoactivated ethylenes with nucleo-
philic reagents is usually linked with the polarisation of the
double bond !5 in these compounds, or, what is the same
thing, with the presence of an appreciable positive charge
on the B carbon atom of the double bond. From this stand-
point the high reactivity (see Table 1) of the ap-substitutedf
ethylenes of the trans-series is astonishing since the double
bond in these compounds should be polarised comparatively
weakly, as can be judged from the low intensity of the
absorption band of the double bond in the infrared spectrum
and the high intensity in the Raman spectrum .

The available information on the kinetics of the reaction
of monosubstituted and aB-disubstituted ethylenes, although
meagre, allows some comparisons to be drawn. Table 1
gives data on the kinetics of the addition of methanol to an
activated double bond, which show that the reaction rate is
much greater than that for disubstituted ethylenes.

In this connection it is desirable to consider the molecule
diagrams calculated by Shvarts?** by the molecular orbital
method for five cyano-substituted ethylenes. Table 2 gives
some data from these calculations.

In examining these diagrams the positive charges on the
ethylenic carbon atoms and the values of the energies of the
lower vacant orbitals must be compared. Clearly the

TABLE 1. Data on the reaction kinetics for the addition
of methanol to an activated double bond.
Alkene moIK:""::u:;" Activation porameters
trans~CyH,COCH==CHCN 17 425 (25°) ﬁ§=13.ft1.3 kcal mole™
=--11 e.u.
trans-CyH;COCH==CHCOC,H, 18| 182 (25°)
g==CHCN ¢ 0.722(25°) | AE=18.7 kcal mole™
=—{.4 €y
CH,=CHCOCH, »* 23.3 (19°)

TABLE 2. Calculationof the molecular orbitals of cyano-
substituted ethylenes*

o | Sletn s s on [ vyt o _ntr ot e

1 —o.m>—<—o,m a—0.4878 1.886

2 _o_o>—<m 184 a—0.3828 1.802

3 +o.oM.nss a—0.24B 1.784

4 +0-0Mo.ms a—0.4483 1.704

5 + o.o?—éomz a—0.0588 1.638

* This table gives data calculated using Pullman and
Pullman's parameters 2!
** The black circles denote CN groups, the lines C-H
bonds.

T In speaking of substituted ethylenes we will be thinking of
ethylenes containing electron-acceptor substituents as well as the
double bond.
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double bond is most polarised in the unsymmetrical com-
pounds I and 2 (see Table 2). In these instances a con-
siderable positive charge is concentrated on the 8-carbon
atoms in relation to the electron-acceptor groups. In com-
pounds 3 and 5 there is no polarisation of the double bond
(there is a small positive charge on both ethylene carbon
atoms), but the level of the first vacant orbital lies con-
siderably below that for I and 2. This difference appears
distinctly in the disubstituted alkenes 2 and 3, the first of
which is characterised by a strongly polarised double bond
with the maximal value of the positive charge on all five
cyano-substituents of the ethylenes and a higher level of the
energy of the lower vacant orbital of the last four. An
especially low energy level was calculated for tetracyano-
ethylene, in which it is close to the energy of the atomic
orbital. Hence it can be seen that the accumulation of
cyano-groups around the double bond lowers the energy of
the first vacant orbital. This agrees well with the ability
of tetracyanoethylene to form m-complexes and to give
radical-anions by accepting one electron5®. We note that
m-m-complexes of tetracyanoethylene with para-cyclophanes
are so stable that they could be isolated in the crystalline
state 22,

NC., ..CN

NC(.C=C\CN

[ca,)n [ch,

orange for m =n = 4; red for m =n = 6, red-black for

m=3,n=4

Rather stable n-complexes are also formed by aB-disub-
stituted ethylenes. According to Merrifield and Phillips 23,
who studied complexes of maleic anhydride and p-quinone
with pyrene (CH,Cl,, 22°) spectrophotometrically, the
equilibrium constants for the formation of the complexes
are 17.6 and 14.4 respectively. For tetracyanoethylene
with the same 7-base the constant is 29.5.

At the same time a- and ao-substituted ethylenes should
showa very weak tendency to 7-complex formation. Actually,
even methylenemalononitrile forms a very weak complex
with anthracene (benzene, 23°), the equilibrium constant
for the formation of the complex being close to zero?4.

Unfortunately, the necessary quantitative data on the re-
actions of these compounds with nucleophilic reagents do
not exist at present, so strict comparison with calculated
data is impossible. Such comparisons would be especially
interesting for methylenemalononitrile and fumarodinitrile.
However, the difference in the positive charges and energy
levels of the first vacant orbitals for the two types of sub-
stituted ethylenes (@ and oo, or a8 and aafB) suggests that
their reactions with nucleophilic reagents may have some
differences in mechanism.

A possible hypothesis is that a not inconsiderable part
(possibly the main part) in the mechanism of the aB- and
aapp-substituted double bond is played by the ability to
form m-complexes which subsequently rearrange into
g-complexes and then into the final product.

The correctness of this suggestion is confirmed by a
series of experimental results. Actually tetracyanoethyl-
ene%®, tricyanovinyl chloride?®, dicyanobis(ethoxycar-
bonyl)ethylene 26, maleic anhydride®, and esters of fumaric
acid?~2° have been separately shown to be capable of
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forming m-complexes and of reacting with nucleophilic re-
agents. Rappoport and coworkers *® have experimentally
confirmed the formation of a m-complex which is an inter-
mediate in the reaction of tetracyanoethylene with dimethyl-
aniline. On investigating this reaction spectrophotometri-
cally they found the rapid and reversible formation of a
m-complex (Kequt = 15 litre mole™), which, they think,

is converted into a o0-complex and then into the final pro-

duct. This can be represented schematically:
CNN o CN _DMA
CN/ cN + (CH,):N-@ -— CN/C

“New
(cn,w@

m-complex
CNN= N
. o Ry — (CH,),N—@—CI=C(CN),.
(CH,»,IJ\'I N
g-complex

Here it should be noted that a very low activation energy
(5.7 kcal mole™~!) is found for the 7-complex — o-complex
stage. Foster and Hanson suggested a similar mechanism
for the reaction of tetracyanoethylene with indole 3!.

On the other hand, of the a- and aa-substituted ethyl-
enes, as noted above, even methylenemalononitrile forms
a weak complex. In this connection it is interesting to
consider the reaction of arylmethylenemalononitriles with
tributylphosphine. 1In a spectrophotometric investigation
of the kinetics of these reactions Rappoport and Gertler 32
observed the direct conversion of these compounds into an
addition compound, having, according to the infrared spec-
tra, the structure of a bipolar ion, which corresponds to
the o-complex:

_ N
ArCH=C (CN), -+ (n-CHy)s P 2 ArCH—C<
*P(CHo)s

It was found that the addition product readily dissociates
into the initial components. The authors did not observe
any intermediate products within the sensitivity limits of
the method.

Hence, on the basis of the above evidence it seems logi-
cal to suggest that the observed increase in reaction rate
with methanol for ap-disubstituted ethylenes in comparison
with monosubstituted ones (see Table 1) can be due to the
reaction with the disubstituted ethylenes proceeding through
the intermediate formation of a m-complex.

III. ORIENTATION OF NUCLEOPHILIC ATTACK AT THE
DOUBLE BOND OF THE X-CH=CH-Y SYSTEM

When ethylenes unsymmetrically substituted at each side
react with nucleophilic reagents the orientation of the
nucleophilic attack must be determined. = The scheme of
reaction of nucleophilic reagents with compounds of the
type XCH=CH-Y, where X and Y are electron-acceptor
groups, can be represented in the general form as follows:

X—CH==CH—-Y + Z~

LY NNk
X—CH—CH-Y X—CH——CH—Y
| |
Z (la) Z (Ib)
kay kos BN Ko ko Jk -y RGN £
X—CH, ('ZH—Y X—CH= CH—Z X— 'CH—CHz—Y Z-CH~—CH—Y
Z A

(Ila) (Iic) (Ib) (11d)

In this, there are different probabilities of the formation of
two carbanions (Ia) and (Ib). Kinetic investigations of
reactions of this type undertaken by various authors!® and
by us 17,33 agree with these suggestions}.

The stabilisation path of these carbanions will depend
on several factors and above all on the nature of X and Y,
on the nature of the nucleophilic substance, and on the
surrounding medium. The stabilisation directions most
frequently realised are§: (1)the addition of a proton or
any positive species, as a result of which addition products
(IIa) and (IIb) are formed; (2) ejectionof an anion or neutral
molecule and forination of substitution products (IIc) and (IId);
(3) hydrolytic breakdown when the nucleophilic reagent is
the OH™ ion. Naturally, the first stabilisation path of
carbanions (Ia) and (Ib) predominates in systems where X
and Y are electron-acceptor groups incapable of readily
leaving in the form of anions (for example, RCO-, COOR).
On the other hand, for X and Y which are easily removed
in the form of stable anions (NO,, halogens) the second path
is possible. Naturally, for some examples of systems
which we will consider mixed stabilisation of carbanions
can occur (for example, where X is a group readily leaving
as an anion and Y is not.

Let us consider additions and their energetic profile
(Fig. 1), that is, that part of the general scheme by which
products (IIa) and (IIb) are formed. According to the
theory of the transition state, the ratio of the amounts of
two kinetically controlled reaction products ( P) formed
from a single initial substance depends solely on the dif-
ference between the free energy levels of the two transition
states and is not connected with the free energy level of
the principal state (it is suggested that the reaction includes

free energy

reaction coordinate

Fig.1l. Energy profile of the reaction:
Y
and/or

XCH:CHY + 2~ — XCHZCH/
Nz

X
N\
7
. ¥ # i
state I; Fjand F;—free energies of tran-

sition states leading to the carbanions (Ia)
and (Ib).

CHCH,Y. F,;—free energy of initial

1 The kinetic data also do not contradict the intermediate for-
mation of a m-complex,

§ In the present work we shall consider only some of the pos-
sible stabilisation paths. For a detailed discussion of this prob-
lem see the paper of Patai and Rappoport 34,
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the same kinetic expressions for the formation of both pro-
ducts)
ey
_ e W

In our particular instance the direction of attack of the
nucleophile will be determined by the ratio k,/k,, and evi-
dently to form a judgement about it the transition states
leading to the carbanions (Ia) and (Ib) must be considered
and an attempt made to evaluate their relative free energies
F,* and FZf According to Hammond's hypothesis 5 the tran-
sition states can suggest by their structure the final products
of a given stage, that is, the carbanions (Ia) and (Ib)f in
our example and in the first rough approximation can be
limited to comparison of the relative stability of the carb-
anions themselves, XCH-CHYZ (Ia) and XZCH-CHY (Ib)
and this, in turn, for lack of other data, has to be judged
from dissociation constants or from the rate constants for
deuterium exchange of substituted methanes X-CH; and
Y-CH;. Here it is suggested that the stability of the
anions depends primarily on the capability of the group
directly adjoining the anionic centre to delocalisation of
the negative charge. Such an approach is of course a con-
siderable simplification, above all because it starts from
these assumptions: the transition states which are formed
either by the addition of negatively charged species to the
double bond, or as a result of the dissociation of C-H
bonds in saturated hydrocarbons, can be comparable in
their structuref, that is:

X—CH=CH—Y+Z~ 7 X—CH—CH—Y & X—CH,CH—Y.
| |
z z

Moreover, this approach makes no allowance whatsoever
for the fact that steric factors for groups ZYCH in (Ia) and
ZXCH in (Ib) and solvents (especially strongly solvating
anions) can have a significant influence on the formation of
carbanions. Furthermore, the possibility of interaction
between the groups themselves which enter into the carb-
anion and the formation of cyclic transition states can be of
great importance. However, this approach can be useful
to a certain extent since it is valid for many reactions,
which will be considered below.

It is noteworthy that for most substitutions where the
heterolysis of the C-X or C-Y bond in the stabilisation of
carbanions (Ia) and (Ib) —with the formation of the products
(Ilc) and (IId)—takes place very readily (where the group
leaving is a halogen or NO,), the energy profile can relate
solely to what has been discussed. However, a more com-
plex example is presented by substitutions in which the
heterolysis of the C-X(Y) bond proceeds slowly. Fig.2
shows the generalised picture of the energy profile for such
reactions.

There are several experimental facts which agree with
the above ideas on the orientation of attack by a nucleophile
at an ethylenic double bond activated at each side. We will
restrict discussion mainly to those instances for which the
dissociation constants of the corresponding substituted
methanes or the rates of their deutero-exchange are known.

7 According to the results of most of the kinetic investigations,
the addition of nucleophilic reagents at an activated double bond
leading to the formation of carbanions is the limiting stage of the
process "1, The rapid second stage of protonation proceeds in

practice with a low activation energy,
1 Possibly a more complete introduction to the transition state

in these examples can be given by a study of the secondary «a-iso-
topic effect 37,38,
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free energy
~
Y

coordinate of reaction

Fig.2. Energy profile of the reaction:
XCH=CHY + Z~ — XCH=CHZ and/or
ZCH=CHY where the heterolysis of the
C-X(Y) bond is slow.

1) Initial state; 2) transition state lead-
ing to carbanion 3; 4) transition state
of heterolysis of the C-X(Y) bond;

5) final state.

On comparing the dissociation constants of nitromethane
(K cugno, = 6 % 10711) % and acetic acid (K cusco,n = 10724) %
(see Table 3), it can be predicted that -nitroacrylic acid
will add on nucleophilic reagents in the following manner:

NO,CH=CHCOOH+HZ ~+ No,crx,lcncooﬁ.
z

In fact, Shechter and coworkers ** have shown that this acid
adds on methanol and water with the formation of products
of this structure. It is important to note that the addition
of methanol proceeds very easily even in the absence of
basic catalysts.

On studying the deuterium exchange of cis- and trans-
arylsulphonylacrylic acids in D,0-NaOD medium by NMR
spectra, Montanari and coworkers 4 found that the 8-H is
exchanged first, then the a-H, and addition products with
deuterium oxide (III) and (IV) are formed:

ArSO,CH=CHCOOH — ArSO,CD=CHCOOH — ArSQ,CD=CDCOOH

| DO | DO
ArSO,CD,(IZHCOOH ArSO,CD,?DCOOH.
oD oD
(I11) 20% (IV) 80%

In H,0-NaOH solution (III) exchanges all the deuterium atoms
for hydrogen, but (IV) under the same conditions retains
one deuterium atom, which rules out alternative structures
for the B8-~hydroxy-acids in which after the exchange one or
two deuterium atoms respectively should remain. Although
in the sulphonyl-substituted methane series the dissociation
constant is known only for dimethylsulphone (K cuyso0,cH, =
10-23) 3 there will be no great error in taking the disso-
ciation constant for CH;SO,C¢H; to be close to this value.

TABLE 3. Dissociation constants for substituted methanes.
Dissociation Dissociation
Substituted methane | constont of | Reference|| Substituted methane | constant of |Reference
the C—H bond the C—H bond
CH.NCO)& 6.4-40™1 » (CFy),CFH 10 ©
CH,COCH;COOR | 2.1.10-u » CH,SO,CH, 10-3 2
SO R I - R
CH,(CN) 6.5.10712 ~24.5
CH:ECOdC.Hb)g 5.10-14 » CHiN = ° 10~ EY
COCH 101 41 CH,CONH' 1025 )
ch,COCH,” 10~ » 2CONH,
3 s CF3(CF;),CF,H 10-% 0

* Here, naturally we refer to constants for dissociation with
the formation of the anions "CH,CO,H and “CH,CONH, and not
CH,4CO; and CH3CONH.
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Trichloromethylnitroethylene[3,3,3-trichloro-1-nitro-
prop-1-ene] also exhibits an extremely electrophilic double
bond and with nucleophilic reagents it gives addition pro-
ducts 4-% of the expected structure:

CClgCH==CHNO,+HZ — CCl,CHCH,NO,

where HZ = amines, alcohols.

By the action of hydrogen chloride upon it, Dornow and
coworkers ° obtained an a-chloro-oxime, for the forma-
tion of which they proposed the following mechanism:

CCl3CH=CHNO, -+ HCl —— CCI,?HCH,NO, —_
C
o-
+/

HCI
—_— CCl,—?H—-CH:N ~— CClyCHCH=NOH,
|

N
a OH Cl

Perfluoroalkylnitroethylenes react! in an analogous
fashion 5,52:

R;CH=CHNO, + HZ — R,CIHCH,NO,,
z

where Ry = CF;, C;F,, and HZ = CH,(CO,R),, C,H,OH,
p-NH,C4H,CO,H, CH,NO,, or RMgX.

By studying the addition of water and ammonia to
B-trifluoromethylacrylic acid and its derivative (V), Wal-
borsky and coworkers 53,54 explained their results by the
ability to stabilise the neighbouring anionic centre in the
transition state being less for the CF,; group than for the
CO.H, CO,R, or CONH, groups. McBee and coworkers
carried out an analogous work 3s:

CF;CH=CHCOOR + HZ —— CF,(]ZHCH,COOR.

z
v
Knunyants and Cheburkov 3¢ and McBee and coworkers 57
found that the methyl ester of 3-methyl-4,4,4-trifluoro-
crotonic acid (VI) adds on nucleophilic reagents as follows:

F,C FoC
>C=CHCOOCH, +HZ s >c-cx-1,coocn,.
HyC H€
(\)]

As Table 3 shows, the attachment of CF, groups sharply
raises the acidity of the hydrogen atoms in the a-position.
In accordance with this ethyl BB-bis(trifluoromethyl)acryl-
ate (VII) reacts according to the scheme58:

FyC FsC
>C=CHCOOR +HZ— >CH—CHCOOR.
FyoC F,C )
v

On determining the relative rate of formation of anions
from deuterohaloforms, Hine and coworkers % found that in
their ability to accelerate this reaction the halogens are
arranged in the following order: I~ Br > Cl1> F. Slaugh
and Bergman® came to similar conclusions in studying the
kinetics of deuterium exchange inhaloforms. This suggests
that fluorine atoms stabilise neighbouring anionic centres
worse than the other halogens. In this connection it is

1 Andreades ¥ gives K = 1073 for CF3[CF,];CF,H. Evidently
it can be assumed that the dissociation constants of CF3CHg and
C4F;CH; will be even smaller,

interesting tonote that dichlorodifluoroethylene and chloro-
trifluoroethylene add on nucleophilic reagents thus %!-%3:

CFy=CCly+HZ — ZF,C—CHCl,
CFy==CFCl4-HZ — ZF,C—CHCIF .

The following results evidently also fit into the frame-
work of the rule being considered®*:

)
b CHwCHCOOR 4 H_PE — ROCOCH,CH [P<o ]
(A0}, RHB=PS oAty * (OAIK),

]

Bose and coworkers %% observed an interesting depend-
ence of cyclisation upon the nature of substituent X in
B-substituted acrylamides. They found that in cyclisation
instead of the y-lactams usually obtained, g-lactams are
formed when X = CO,R or p-NO,CgH,:

R’
R—Ne—ui—R"

R—N—CHR'R” OLL:,H’X .
0=t cH=cH_X R_.N__-'_R’
ol écux

The most extensive study of the orientation of the addi-
tion of nucleophilic reagents was made for the RCOCH=CHX
system, where X represents an electron-acceptor group;
therefore we will consider these examples in somewhat
greater detail. It is noteworthy that there is a general
method of making most of these compounds, based on the
reaction known as B-ketovinylation§.

B8-Ketovinylation can be effected in two ways, which dif-
fer in principle. The first is based on nucleophilic sub-
stitutions, mainly in 8-chlorovinyl ketonesY and in B-acyl-
vinyltrimethylammonium salts. In the second, which has
been comparatively little developed, nucleophilic addition
to the triple bond of ethynyl ketones is employed73-73;

— RCOCH=CHX .
HX|

Note that as the present authors have shown in various
papers it is best to use B-acylvinyltrimethylammonium
salts for the ketovinylation of anions 76-8°,

da
RCOCH=CHCI [or N (CH,)]

RCOC=CH

The chemistry of the B-acylacrylic acidst started to
develop extremely rapidly after it had been observed that
antibiotic action was exhibited by a series of compounds
containing the grouping

|
—CO—C= F~COOH s

especially penicillic acid (VIH): 15¢

CH,
EI) (I)CH, HO C=CH
H,C=C—C—C=CHCOOH Y o VD
| A
CH, CH,=C

CH,

§ The term ketovinylation implies the introduction of the resi-
due RCOCH=CH into the molecule, This term was proposed by
Kochetkov %6,

¥ The chemistry of the g-chlorovinyl ketones has been pre-
sented in several reviews -7 and in a book 2.

1 Preparation described elsewhere 81153,
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Since many authors thought that the antibiotic action of
these compounds is based on the ability of easily adding
on the active SH-~, and possibly NH groups of bacterial
enzymes, the -acylacrylic acids and thelr derivatives were
studied intensively in pharmacology. They were actually
shown to be active against a series of gram-positive and
gram-negative bacteria3,95,144,185-159 and in some instances
they showed fungicidal activity®%. The nucleophilic reac-
tions of the B-acylacrylic acids take place very readily
and were investigated for a wide range of nucleophilic re-
agents. On comparison of the dissociation constants of
acetophenone (Kcgn,cocn, = 107*°) #' and of acetic acid, its

amide, and esters (KCH3C02H = 10724, K cuyconn, = 10725,
and K cnyco,r = 10724:%), % it can be suggested that addition
products of the following structure are formed:

RCOCH=CHCOOR’ +- HZ -» RCOCH,CHCOOR ,
|
A

Actually in most of the investigations} it was found that
as a result of the reaction of the 8-acylacrylic acids or
their derivatives with nucleophilic reagents, a-substituted
B-acylpropionic acids are formed. For example, even in
the first work on the investigation of the properties of
B-benzoylacrylic acid !®® it was shown that it readily adds
on water, sodium cyanide, ammonia, aniline, hydrogen
halides§, and that the general scheme of reaction can be
represented as above. Sodium sulphite also adds on simi-
larly 92,170,

Cromwell and coworkers 171,12 studied the reaction of
methyl B-benzoylacrylate with primary and secondary
amines:

CH,COCH=CHCOOCH,+HNR; R, CeH,COCH,;CHCOOCH,.
NR,R,

The study of the various conversions of the reaction pro-
ducts and above all their reduction to o-amino-y-phenyl-
butyric acids, showed that amines add on in the o position
to the methoxycarbonyl group.

The reaction of B-aroylacrylic acids with ammonia pro-
ceeds in a similar manner }49,152,168173  The structure of
the addition product of B-benzoylacrylic acid and ammonia:

ArCOCH=CHCOOH--NH; — ArCOCH,,(l}ICOOH
NH,

was shown by the yield of the known B-benzoyl-a-hydroxy-
propionic acid under the action of nitrous acid:

|
NH, OH

HNO,
qn,,cocn,gxcooa ——+C,H,COCH,CHCOON ,

1 The work of a group of French authors 97167 somewhat con-
tradicts these results; the Frenchworkers ascribetotheproducts
of the addition of ammonia and amines the structure of g-acyl-g-
aminopropionic acids, without giving, in essence, any evidence in
support of their structures.

1t is curious that in their earliest work 168 these very investi-
gators held a contrary opinion about the orientation of the addition

of amines.
§ The addition of hydrogen halides to o B-unsaturated ketones

can be considered as the proton-catalysed addition of weak nucleo-
philic reagents—halide anions 49,
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The ability of B-aroylacrylic acids to add on ammonia
was used in several studies to make dl-kynurenine and
some of its derivatives 8!,148-153;

Hy/Pd ” j

N7 \NH,

N\ /COCH=CHCOOH N C%Hg~CHCOOH
Ha
p— NH

J\/l \NOg Q/l \Noz ’

/COCH,CHCOOH

It is known that I-kynurenine—a natural a-amino-acid—
plays an important part in the genetic formation of pig-
ments in insects 7 and is also the main product of the
metabolism of tryptophan in the organism of mammals and
micro-organisms 74175, Kynurenine was first synthesised
by Butenandt 76177 who also established its structure.

It was shown that 8-benzoylacrylamide also readily adds

on aniline !"8:
C¢HyCOCH=-CHCONH,-+NH,C,H; — C4H,COCH,CHCONH,,
NHCH,

Bougault and Chabrier '"® investigated the reaction of
B-benzoylacrylic acid with thiols and found that the orien-
tation of nucleophilic attack is here the same as for amines

CsHyCOCH=CHCOOH+RSH — C,H,COCH,CHCOOH,

&

Additions of cysteine can also be classified as this type
of reaction®. Reactions of B-aroylacrylic acids with
alcohols have been somewhat less studied. Here reference
can be made to the work of Lutz and Scott %%,181 and also
toRice's earlier paper '#2, where it was assumed that meth-
anol adds on in the a position to the carboxyl group:

ArCOCH=CHCOOH + CH,OH ——— ArCOCH,CHCOCH.

:]

It was found '6,1%8 that in acid medium water adds on to
B-benzoylacrylic acid with the formation of B-benzoyl-a-
hydroxypropionic acid:

C4H,COCH=CHCOOH + H;0 ——— C.H5COCH,1CHCOOH .
OH

At the same time aqueous alkali solutions bring about
hydrolytic splitting of the double bond 3,167,168,183,184.

CgH;COCH=CHCOOH + H,0 P C¢HyCOCH; +- CHOCOOH ,

According to the generally accepted mechanism of simi-
lar reactions 185-1%% the rate-limiting stage of the reaction
is the addition of hydroxide ion to the double bond, as a
result of which a carbanion (IX) is formed. The formation
of acetophenone thus demonstrates that here the usual
direction of nucleophilic attack is retained:

CgHgCOCH=CHCOOR + OH~ ——— C,H,COCHCHCOOR 7*
H
(1X)
2 CgHyCOCH;CHCOOR ~—— C¢H;COCH, + CHOCOOR.
- C¢H;COCH,

Julia and Bonnet ¢ showed that the addition of malonic
ester to B-benzoylacrylic acid also goes in the 8 position
to the carbonyl group 1%°:

CH,COCH,CHCOOH
CH(COOR),

_/COOR
CoH,COCH=CHCOOH--CH, —
\COOR OH-~

The addition of acetophenone ¥ and nitromethane 11-162
isanalogous. A large number of reactions of 8-aroylacrylic
acids with nucleophilic reagents which lead to cyclic products
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is known, and for many of these it is natural to postulate
initial addition at the a-carbonatom of the double bond 1#3-184
for example:

SH S,
|/\"/ ., CH-=CHOOAT Ir \I/ \<|:HCH,00Ar
AT N \o
H
COOR’

|
RCOCH=CHCOOR’+CH;=CHOR" — l(\l .
R/\o/\ok'

Julia and Bonnet'*° proposed to use the condensation of
B-acylacrylic acids (or esters) with acetoacetic ester in
the presence of basic catalysts for the synthesis of substi-
tuted cyclohexenones. It was shown, by the example of
B-benzoylacrylic ester, that the reaction proceeds through
an intermediate cyclic addition product (X), which under
the action of alkali leads to a 3-substituted 5-carboxycyclo-
hex-2-en-1-one. The ester of this acid is readily dehydro
genated into an ester of 3-hydroxy-5-phenylbenzoic acid,
which also confirms its structure:

Ly (|:H, I/\] _/COOR "/\|
I 4+ C=0 - R\ _—
CH | NaOH
N\ \COOR’ NN
RéO ‘]3“= G NCOoR H.c./ ook
COOR’
X)

The diethylamide of acetoacetic ester reacts analogously 19,
In a brief communication Stork and Landesman '** described
the reaction of ethyl 8-acetylacrylic acid with an enamine
(XT), as a result of which a bicyclic product (XII) was iso-
lated:

O

H,(‘\C//
LJ G ¥

_CH
+ CH,COCH=CHCOOR ——> C|H
COOR

(x1) I
2 HsC

Q Q o
J D Ej \C//
N, N |
D N ,CHs
COOR «——— COOR “_y+ COOR i H
=N COOR

Hence all the known reactions of 8-acylacrylic acids with
nucleophilic reagents are characterised on the one hand by
the ease with which they take place (apparently connected
with the marked electron impoverishment of the ethylene
bond in these compounds) and on the other by the invariable
direction of attack by the nucleophile, which is probably
explained by the stability of the carbanion of type

E—j"f\c}
X La
3

ol

|
COOR

4 D))

R—(I:;-,CH —CH—COOR'
- 4
which is formed being greater than that of the carbanion

RCOCH—CH—COR"
! %
z )

For B-cyanovinyl ketones ™ (the nitriles of B-acylacrylic
acids) the expected direction of attack by the nucleophilic
reagent:

RCOCH,CHCN  (XIV)
fy'

RCOCH=CHCN+Z~ - R—(;,—-'CH —(’_HCN\
B z RCOCH=CHZ  (XV)
(X111

is the same as for the B-acylacrylic acids.

Let us remember that (Kcgucocy, = 107%) # and
(Kcugon = 10725).3°  Actually in all the instances studied
only one reaction product was observed in the reaction
medium and this product contained the nucleophilic moiety
in the B position to the carbonyl group, as was confirmed
by thin-layer chromatography. However, unlike the
B-acylacrylic acids, the intermediate carbanion (XIII)
which is formed in attack by the nucleophile Z~ can be sta-
bilised in two ways, giving addition product (XIV) as a re-
sult of protonation (Fig. 1 can represent the energy profile)
and the substitution product (XV) as a result of possible
heterolysis of the C-CN bond (energetic profile of Fig. 2).
It is noteworthy that replacement of the CN group at an
activated double bond has been observed repeatedly in the
reactions of tetracyano-1,2-diethoxycarbonylethylene 5,198
and 1,2-dicyano-1,2-diethoxycarbonylethylene *" with
certain nucleophilic reagents:

CN N B CN CN
N C\C iCH_.’ >C=C<OCH
& e T g o

00C , CN
R AN c_—_c<CN ‘ﬂ. \C=C<COOR
& COOR Rood  NHR

Nesmeyanov and Rybinskaya !78,1°® ghowed that the reac-
tion of B-cyanovinyl ketones with amines (primary and
secondary) takes place very readily on simple mixing of
the reagents in an appropriate solvent, as for 8-acylacrylic
acids. In this way aryl B8-cyanovinyl ketones give an addi-
tion product in high yield. The method can serve as a
preparative path for the synthesis of a-amino-y-keto-
nitriles"

ArCOCH=CHCN + HNR'R" —— ArCOCH,CHCN ,
NR'R"
The structure of these compounds was shown by hydro-

lysis, which yielded known @-amino-B-benzoylpropionic
acids.

However, methyl B-cyanovinyl ketone gives an addition
product only with aniline !, and the reaction is slower than
for the aryl B-cyanovinyl ketones. Substitution products
are formed with diethylamine and piperidine 198:

CH,COCH=CHCN + NH,C¢Hy; ——— CH;COCH,CHCN

NHCH;
CH,COCH=CHCN + HNR; ——> CH,COCH=CHNR,

NRy=N Gl aadN >
N

459
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The latter is evidently explained by aliphatic amines
being stronger bases than aniline, so that the equilibrium
is more displaced towards the intermediate carbanion

xvr),

RCO(':H(]:HCN
NR'R*
(XvI)

as a result of which the possibility of heterolysis of the
C-CN bond is increased. It is therefore natural that the
action of bases stronger than the amines (for example,
alkalis) on the addition products should result in the loss
of a molecule of hydrogen cyanide 78,198;

NaOH
RCOCH,CHCN ——— RCOCH==CHNR'R" .,
NR'R*

It is interesting to note that 8-cyanovinyl methyl ketone,
like B-chlorovinyl methyl ketone 1%, gives 3-methylpyra-
zole with hydrazine:

CHy,COCH=CHCN+-NH,NH, — " hl C“'.

v/
H

Nesmeyanov and coworkers !” showed that in the pre-
sence of basic catalysts cis- and ¢{rans -B-cyanovinyl phenyl
ketones 2*° add on methanol to form B-benzoyl-a-methoxy-
propionitrile:

CoH,COCH=CHCN-+CH,OH = CHCOCH,CHON
OCH,

This was hydrolysed by 70% perchloric acid to give the
B-benzoyl-a-methoxypropionamide:

C¢HyCOCHyCHCN ———— C4Hy,COCH;CHCONH, ¢———
HCIO, 1. CH,;N,

Hg Hs 3. NH,

CH,OH
« C;H,COCH,CHCOOH «——— C,H,COCH=CHCOOH,

which was obtained by counter-synthesis from B-benzoyl-
acrylic acid. Consequently the direction of the addition of
methanol to 8-cyanovinyl phenyl ketone is the same as to
B-benzoylacrylic acid. The addition of methanol to cis-
and ¢rans -B-cyanovinyl phenyl ketones seemed a convenient
method for the investigation of kinetics and mechanism 7.
Spectrophotometric studies of the kinetics showed that the
reaction is reversible, but the equilibrium is strongly dis-
placed to the side of the addition product and the equili-
brium position is almost independent of the pH of the
medium but dependent upon temperature (at 10° there is
90% addition, at 25°, 85%). It was found that the reaction
is of first order in both cis- and {rans -8-cyanovinyl phenyl
ketones and first order in methoxide ion¥.

From a comparison of the second-order rate constants
at 25°, ki, trans = 425 litre mole~* min~'and k; cis = 260 litre
mole~! min~! it is evident that there is a not very marked
relation between the reaction rate and the geometrical iso-
merism in the 8-cyanovinyl phenyl ketones.

7 See Table 1 for the activation parameters.
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The experimental results agree with the reaction mech-
anism, which postulates a slow attack by the methoxide
anion in the first stage with subsequent rapid protonation
of the carbanion formed:

L - L
C¢HyCOCH==CHCN+CH30~ z._: CeHsCOCH —CHCN h= C4HgCOCH,CHCN.
1 —3
H,

Alkyl and aryl B-cyanovinyl ketones add on thiophenol,
the reaction being accelerated by the presence of bases, as
a result of which B-acyl-a-phenylmercaptopropionitriles
are formed in high yield 2°!:

RCOCH=CHCN+HSC H; - RCOCH,CHCN.
Hy

The structure was shown by the hydrolysis into the
known B-aroyl-a-phenylmercaptopropionic acids. The
B-acyl-a-phenylmercaptopropionitriles are oxidised by
peroxide to the corresponding sulphones, which are more
stable than the initial phenylmercapto-derivatives. It is
interesting that when alkali acts on the latter there is an
elimination of benzene sulphinic acid, which is evidently
evidence that the heterolysis of the C-SO,CgH, bond in the
carbanion (XVII) formed as intermediate is easier than the
heterolysis of the C-CN bond:

H,0, NaOH —
CgH3;COCH;CHCN ——— C¢HyCOCH,CHCN —— C4H,COCHCHCN —

i u
H, 50,G,H, (VI)  SO,CH,

(XvID) — CgHyCOCH=CHCN +50,C,H;.

Probably it is for the same reason that when 1,2-dicyano-
1,2-disulphonylethylene reacts with nucleophilic reagents a
sulphonyl group and not a nitrile group is replaced2:

RSOz CN RSO, CN RSO, CN
>C=C< +Z- - >E—C£SO,R - >=C< + SO.R .
CN SO,R AN AN CN z

4

Aryl B-cyanovinyl ketones also add on sodium hydrogen
sulphite very readily in aqueous alcoholic medium "8, When
the addition products are boiled with concentrated hydro-
chloric acid the monosodium salts of B-aroyl-a-carboxy-
ethanesulphonic acids are formed, which can be obtained by
direct synthesis from B-aroylacrylic acids 92,%70;

HCI
RCOCH=CHCN-}-NaHSOs — RCOCH2$HCN —_—

SOsNa
— RCOCH,CHCOOH « RCOCH=CHCOOH - NaHS0j.
sNa

B-Cyanovinyl phenyl ketones react with 2-naphthol in the
presence of catalytic quantities of calcium hydroxide '8,
When the reaction is carried out in 10:1 water-dioxan
mixture in the cold in the presence of calcium hydroxide,
B-benzoyl-a-~(2-hydroxynaphthyl)propionitrile (XVII) is
formed. However, the same reaction at room tempera-
ture in 1:9 water~dioxan mixture with addition of catalytic
amounts of calcium oxide gives a cyclic addition product, the
imine of 1-H-1-phenacylnaphtho{2,1-6]furan-2-one (XIX).
On hydrolysis with hydrochloric acid, (XVII) and (XIX) are
converted into 1-H-1-phenacylnaphtho[2,1-b]furan-2-one
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(XX), which was also obtained by fusion of 8-benzoylacrylic

acid with 2-naphthol:
OH
CrH;COCH=CHCN @i)/

CsHsCOCH,CHCN CeH, cocn,cn-—c =NH

O©”\/

CsHscOCH.,CH—

(XX)

<— CeHsCOCH=CHCOOH + B-CioH;OH.

As might be expected, under the action of aqueous alkali
B-cyanovinyl phenyl ketones decompose with the formation
of acetophenone7:

CgHzCOCH=CHCN+OH — CeH,COCHCHCN =
OH
= C.H,,COCHa(l:HCN — CgH;COCH,CHO ~ C,H,COCH, .
O-

The addition of nucleophilic species in the B position
to the carbonyl group is also characteristic for the af-un-
saturated ketosulphones 73775,80,203,204 RCOCH=CHSO,CgzH,
(KCGHSCOCHS = 10712 apd KCH3502CHS = 10" 23) 36,41 As
already noted, there is a possibility of heterolysis of the
C-SO,R bond from the B position to a negatively charged
atom in the intermediate carbanion. Therefore for aB-un-
saturated ketosulphones the formation of addition and sub-
stitution products is to be expected. However, the reac-
tions of 8-benzoylvinyl sulphone have only been investigated
for a limited number of examples.

Kohler and Larsen?®°* found that the addition of water is
catalysed by bases. The addition product obtained decom-
poses into benzoylacetaldehyde and benzenesulphinic acid:

H,0
CaH3COCH=CHSO,CiHy —— CeH,COCH,CHSO,C,H,——
- vy
H
W s CyHyCOCH,CHO + HSO,CHs +

In the reaction with a Grignard reagent the main product
is a chalcone 2°4:

C¢HyCOCH=CHSO0,C,H; + CiH;MgX — C.H,—I(‘:—(_:H—CH—SO,C,H. —_
da,
——» C4H,COCH=CHC¢H,.
The same authors found that the addition product of hydro-
gen bromide has the structure of 2-benzoyl-1-bromoethyl
phenyl sulphone 2°4:
C¢HyCOCH=CHSO,C¢H, 4+ HBr ——» C,H;COCH,CH—SO,C(H; -
&
The following results 2°> can evidently be classified as in

agreement with the rule stated above (note that K CHy (50, CHy),
10 14) 39

SO,CeHs  _ SO,CeHy
SO,C.H, OH-
CH,COCH=C [CH,COCH:C —_—
AN H,0 N
a S0,CeHs

S0,CeH,
———— CHy—C—CH—C +—= CH,COCHCH (so.c.uo.] —
0l (I)H \SO;C.Hl ~
CeHs
/SO.
— CH,

S0,CeHs

Note also the work of Kreutzkamp and Schindler 2°6, who
showed that dibutyl 2-acetylvinylphosphonate adds on dibutyl
phosphite to form tetrabutyl 2-acetylethane-1,1-diphos-
phonate:

CH,COCH=CHPO (OC,Hy) +HPO (OC,H,), - CHsCOCH ST
H,COCH=CHPO (OC;Hy), +HPO (OCiHy); — CHiCOCH,CHC - -

Hence the examples mentioned can serve as illustrations of
the position stated above: that the direction of nucleophilic
attack in XCH=CHY systems can be judged by comparison
of the dissociation constants of the corresponding substi-
tuted methanes.

However, the above approach does not always fit the
experimental facts. For example, it is inapplicable to
ethylenic systems which contain several bulky substituents
at the double bond, capable of delocalisation of the neigh-
bouring anionic centre, mainly owing to the conjugation
effect. As Ch'en and coworkers?°” showed, the reverse
of the expected direction of attack of the nucleophile occurs
for hexafluoroprop-2-ylidenemalonic ester with ammonia
(K¢crgr,cn, = 1072, Ky, (co,py, = 10719).

FiC COOR FiC CCOR
>c=c< Ny SeH—c
FiC COOR Fy | ~COOR "] "gaponification
3 NH, P!
2 2. decarboxylation
F,C
- >CH~—CHCOOH
FiC YL'H,

The structure of this product was convincingly demon-
strated by conversion into hexafluorovaline, which was
known already. At the same time, nucleophilic reagents
add on in the expected direction to 1,1-dicyano-2,2-bis-
(trifluoromethyl)ethylene, in which the ethoxycarbonyl
groups have been replaced by more compact CN groups
(K cuyccnyp,= 10712). % As Middleton has shown?*® 1,1-di-
cyano-2,2- b1s(trl.fluoromethyI)ethylene reacts with amhne
water, and cyanide ion as follows:

FsC CN FsC CN
>C"C/ +HZ— Z>C—CH
LY oY AANY

! FiC
= Nclc--c<C
¢ N

where Z = OH or NHC.H,.

Uchibayashi's results 2°® also do not fit within the frame-
work of the proposed hypothesis. He studied the reaction
of cyanomethylenemalonic ester (XXI) with sodiomalonic
ester (KCHSCN = 10"2% and Kc]-[z(c(),‘,m2 = 10-14); %

H CN CH,CN CH,CN
\ﬁ/ . CH/ COOR [ 200 é £
-+ ~ C(COOR), - CHC
C (COOR), \coor ( )2 OOR
(XX1) CH (COOR), H,COOR

T Andreades gives K = 102" for (CFy),CFH; it canbeassumed
that K‘CFa’zCHz will be even less.

461
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However, the replacement in this example of the cyano-
group by the CCl, groupf, which is considerably less capable
of stabilising a negative charge, leads to a product with the
expected orientation of attack by a nucleophile 210-215;

H.__,CCls ?
c S, | (ROOC); CH— C—CH (COOR),
[} --3CH, (COOR); —— _
/(,\ (ROOC); CH—C—CH (COOR),
ROOC COOR ll'[
COOR
Nat |
- 07 ——I =0.

N
rooc CooRN
AN

ROOC COOR

These examples show the great importance of secondary
steric effects for the type of reaction being investigated 2!6.
Actually, if the electron-acceptor substituents, whichdeloca-
lise the negative charge mainly by a conjugation effect, cannot
occupy a planar position in the transitional complex owing
to interference with the sides of other groups, then the stabili-
sation of the anionic centre of such substituents is much
worse, which can also lead to orientation of the attack of
the nucleophile opposite to what is expected. Naturally,
secondary spatial effects do not play a large part for groups
which stabilise the anionic centre mainly by an induction
effect (such as CHal,, SO,R, etc.). Probably for these
very reasons bicyclot?,2,2]octane-2,6-dione (XX1) is
devoid of acidic properties?', although it is a 1,3-diketone,
whereas the trisulphone (XXIII) exhibits high acidity 2'¢:

H H
v /k\
Oﬁ 0:5” $5;501
(XX1) ~ (XXIII)

It is noteworthy that the addition of the bulky anion of
malonic ester to the carbon atom of cyanomethylenemalonic
ester (XXI), which is already carrying two carboxylgroups 2%,
shows that primary steric effects play such a small part in
this type of reaction?®. The minor part played by these
effects is also demonstrated by the example already given
of the addition of amines to esters of B-trifluoromethyl-
acrylic (V), B-trifluoromethylcrotonic (VI), and B3-bis-
(trifluoromethyl)acrylic (VII) acids. Whereas introduction
of a CH, group into the 8 position of the first of the esters
mentioned has no effect on the orientation in the addition,
replacement of the methyl group by CF; in the second leads
to a change in the direction of nucleophilic attack. Hence
the orientation of nucleophilic addition is mainly due to
electronic influences, not steric.

It was stated earlier that the approach to the problem of
the orientation of nucleophilic attack from the position of a
determination of the stability of carbanions from the disso-
ciation constants of the corresponding substituted methanes
is a crude simplification in many respects. = Thus, in clear

1 Even if in this reaction chlorine atoms are first replaced by
malonic ester residues, then this would have little effect on the
capability of the —CCL[CH(CO,R)], group to stabilise the neigh-
bouring anionic centre in comparison with the CCl; group.
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contradiction to this there is the example of the reactions
of aryl B-nitrovinyl ketones.  Although a comparison of
KCHSNOZ =6.1%X 10" and Kcsﬂscocﬂs = 10-'% suggests that

the direction of attack of nucleophilic reagents can be re-
presented as follows:

RCOCH=CHNO,+HZ — RCOCHCH,NO,,
)
z

in reality, in addition to the products of the expected direc-
tion, products of the reverse orientation (and sometimes

solely of the reverse orientation) are formed; it can be
noted that for methanol3%™ and aniline?!® both products

belong to the kinetically controllable type.

Our own studies have repeatedly shown enhanced electro-
philic nature of the ethylenic bond in these compounds. It
was established that the reaction of aryl B-nitrovinyl ketones
with aniline is exothermic?'®. As a result a mixture of the
aryl a-anilino-B-nitroethyl ketone and the B-anilinovinyl
aryl ketone is formed and the ratio of the products in the
mixture depends on the nature of the substituent in the ben-
zene ring:

ArCOCH=CHNO, + NH,C,H; ~ ArCOCHCH,NO, + ArCOCH=CHNHC,H,.
l
NHC,H;

As Table 4 shows, the introduction of electronegative
substituents (p-NO,, p-Br) facilitates attack by the nucleo-
philic reagent at the B-carbon atom, and of electron donor
ones (p-CH,) at the a position.

Unfortunately, the dissociation constants of acetophen-
ones substituted in the nucleus have not been determined.
However, it is known that their enolisation, which is cata-
lytically based, varies in the order H < p-Hal < p-NO,. 220
The products liberated are kinetically controllable and can-
not be interconverted. Thus under the action of bases
a-anilino-B-nitroethyl phenyl ketone loses nitric acid, as
a result of which @-anilinovinyl phenyl ketone is formed,
the structure of which is shown by hydrolysis to methyl
phenyl diketone:

C,H;COCHCH,NO, Y&, ¢ by coc=cH, 2%B5% ., ¢ H,cOCOCH,
|
NHG,H, NHC,H; -
M CHs O(
N \NH,
N/ N/ \C,H5

The dual direction of attack of the nucleophile was also
observed by the example of the reaction of ¢rans-phenyl

TABLE 4. Proportions of the products of
the reaction of aryl 2-nitro-
vinyl ketones with aniline.

Proportions of the products
of the reaction, mole %

i aryl 2-anilino-

2 ';::;:;:hﬂ vinyl ketone
p-CHgCyH, > 95 < 5
CgHy 92 8
p-BrCgH, 60 40
p-NO,C.H, 0 100
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B-nitrovinyl ketone with methanol™. The reaction can be

represented as follows:

C4HsCOCH=CHNO, -+ CH,OH

Keor
CgHzCOCHCHNO, C4¢H;COCH—CHNO,
H+ (‘)CH, _Fo, (‘)CHa
C4H,COCHCH,NO, C4H,COCH=CHOCH; (XXV)
ACH, (XXIV) CHOH | &,
CeH;COCH,CH (OCHy),.  (XXVI)

It takes place very readily and does not require a basic
catalyst. Kinetic studies 3% showed that the reaction is
pseudounimolecular in frans -phenyl B-nitrovinyl ketone
and its overall rate (k) considerably exceeds the rate of
addition of methanol to other af-disubstituted ethylenes
(see Table 5). It appeared that the reaction of B-nitrovinyl
phenyl ketone proceeds irreversibly in both directions.

Moreover, it was found that the rate of formation of
a-methoxy -B8-nitroethyl phenyl ketone (XXIV) (a orienta-
tion), (&, = 2.05 X 1072 min™) is only twice the rate of
formation of S-methoxyvinyl phenyl ketone (XXV) (B orien-
tation), (k, = 0.92 X 1073 min-?), Conversion of (XXV) into
benzoylacetaldehyde dimethylacetal (XXVI) took place much
more slowly (k; = 9.1 X 1075 min~!).

It was shown that the formation of 8-methoxyvinyl phenyl
ketone (XXV) is not connected with the elimination—addition
mechanism which presupposes the intermediate formation
of ethynyl phenyl ketone, since the ultraviolet absorption of
the latter in standard buffer solution did not change in 24 h.
After this period B-nitrovinyl phenyl ketone is almost com-
pletely converted into (XXIV) and (XXVI), and consequently
the mechanism shown below does not take place:

—HNO,. CH,OH

C¢H; COCH=CHNO,

CgHy COC=CH

CeHyCOCH=CHOCH,,

The alternative mechanism of a elimination (HNO,) with
subsequent reaction of the carbene formed with methanol
also seems improbable, since Smith and Davis #?! have
shown that B-nitrobenzalacetophenone (which does not have
an a-H close to the NO, group) reacts with the ethoxide ion
to give B-ethoxybenzalacetophenone:

- CeHs
CeH,COCH=C—CgH; + OCH, — C,H,,COCH=C< .
o o OC;H,

In the hydrolytic decomposition of 8-nitrovinyl phenyl
ketone the main products isolated were benzaldehyde and
benzoic acid (products of @ orientation of the OH" ion), and
there were traces of acetophenone (8 orientation):™

a B
C4H,;COCH=CHNO,

B

CeH;COCHCH—NO,

6Hl

C¢H;COCH—CHNO,
|

OH OH
C“H-,co?chgNoz C4H,;COCH,CHNO,
|
OH (XXVII) O. —— C4HCOCH;.

C4H,COOH «—— (,H; CHO

Here it is suggested that an intermediate o -hydroxy-ketone
(XXVII) is formed, which on breaking down by a type of

TABLE 5. Data on thekinetics of reactions with methanol
of trans-ap-disubstituted alkenes in standard
buffer solution (0.0024 M CH3CO,H—0.0024 M
CHgCO,Na) at 25°,

Alkene k, min™® | Ref.

CyH;COCH=CHN 2.98x10-3| 33
CyHyCOCH=CHCOC, H [2.0x10-5 | 18
CyH,COCH=CHCN 1.8x10-8 | 17

retrobenzoin decomposition??2-22¢/ ig capable of giving
benzaldehyde.

A dual direction of attack by a nucleophile was also ob-
served by Smith and Davis ?2! in the example of the reaction
of B-nitrobenzalacetophenone with sodiomalonic ester:

H,

CO0R S
c.H,_]c=choc.H, +TH

NO, \COOR

=

- c,H,_,/ 0+ CgH,CH=C—COG,H,
({ N CH(COOR),
O0R O

Aryl B-nitrovinyl ketones add on hydrogen chloride and
bromide to form mainly aryl a@-halo-g8-nitroethyl ketones
(XX VII): 25

ArCOCH=CHNO,
HHal

%{a 1
ArCOCHHalCH,NO, ArCOCH=CHHal.

Among the products of the reaction of B-nitrovinyl phenyl
ketone with hydrogen chloride, frans-g-chlorovinyl phenyl
ketone was observed. The formation of these products
confirms the possibility of dual orientation of the attacking
reagent.

(XXVII)

Note that when these hydrogen halides are passed for a
long time into a solution of aryl B-nitrovinyl ketones the
reaction is complex and leads to the formation of isoxa-
zoles.

However, when frans-B-nitrovinyl phenyl ketone reacts
with sodium azide or sodium benzenesulphinate 226 in aqueous
alcoholic medium only products of replacement of the nitro-
-group which retain the ¢rans -configuration are formed:

Na— H>C —C /N,
CeH,C "
B\ A0
C.,H‘.,JC%/ NH T
SO,CoHs.
50,C.H, H\c=c/ e

C.Hbﬁ/ “H

Hence the above examples of the reaction of the aryl
B-nitrovinyl ketones contradict the orientation rule. Evi-
dently these contradictions are due to several factors,
which are not taken into account in the simplified approach
to the orientation problem. Of such factors mention
must first be made of the mutual influence of the groups
entering the carbanion. The fact that these groups have an
important influence is to some extent confirmed by the
rather great sensitivity of the results of the reactions
to the nature of the attacking nucleophile (compare the
reactions with CH;OH and NH,C.H; with those with N; and
S0,C¢H;). The explanation of these anomalies is best pro-
vided by the hypothesis of the intermediate formation of
m-complexes, the rearrangement of which into carbanions
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is influenced by the nature of the groups entering into the
carbanions. A noteworthy point is that the orientation rule
is invalid for nitro-compounds in which the nitro-groups
are replaced. It should be noted that, as already demon-
strated 2", ananomalous course of reaction is also observed
for BB-bis(trifluoromethyl)nitroethylene; Kcugno, = 1071,
Kcpgacrn = 10720 9,49

FiCo

FsC
SC=CHNO, +Z~ — >C=CHZ
C F,C

3

The nitro-group is known to be very easy to remove in

nucleophilic substitution. Possibly its removal starts

even before the m-complex is completely rearranged into
the carbanion.

Furthermore, the influence of solvation can be of some
significance and should be especially great for a solvent
which strongly solvates anions (protonic solvents). The
role of the solvent appears particularly clearly in the ioni-

sation of }C-H acids activated by electron-acceptor groups.

For example, nitromethane in aqueous medium with OH~
ions reacts 10° times more slowly than phenol, but in
dimethylformamide proton transfer for both these acids is
diffusion-controlled 228,

The decrease in the rate of ionisation of }C-H acids in

proton-containing solvents is connected with the reconstruc-
tion of the solvate sheath, due to a change in the electronic
structure on going from a neutral molecule to a mesomeric

anion, unlike -OH or >N—H acids where there is no signi-
ficant rearrangement of the electronic structure 228,

If it is assumed that this hypothesis is correct for the
formation of anions by the ionisation of }C -H acids, then

evidently it can be taken that solvation can also have con-
siderable influence in the formation of carbanions by
the addition of a nucleophilic reagent to a carbon-carbon
double bond.

Naturally in oB-disubstituted ethylenes different elec-
tron-acceptor groupings at the two ends of the ethylenic
bond will be solvated differently. It can therefore be
expected that the rate of formation of carbanions from
these ethylenes will also show the influence of effects due
to the rearrangement of the solvate sheaths. The dif-
ference in these effects can lead to some levelling of the
rates of formation of the carbanions, in both the o and the
B directions. Possibly such influence of the solvent will
show particularly strongly in the reactions of substituted
nitroethylenes.

In conclusion we must note that the problem of the orien-
tation of nucleophilic attack at the double bond in XCH=CHY
systems is too complex for it to be fully covered in the
present review. Moreover, unfortunately this problem
has not been studied systematically and with a purposeful
direction. For this reason the present review only attempts
to consider certain aspects of the problem.
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information appeared on the synthesis of alkynylsilanes»2;
the more systematic investigation of the alkynylsilanes
started much later 3.

The first communication on the preparation of organo-
germanium compounds containing an acetylenic bond was
published in 1958.4 The first organotin acetylene deriva-
tives were obtained in 1954.5 A large number of ace-
tylene derivatives of silicon, germanium, and tin are now
known.

The present review considers only the acetylene deriva-
tives of silicon, germanium, tin, and lead having a triple
bond in the @ or B positions to the atom of the element.
Organoelemental compounds with a triple bond in the o
position show most markedly the mutual influence of the
m-electrons of the triple bond and the electrons of the ele-
ment atoms.

The prop-2-ynyl derivatives of the Group IVb elements
(C=C in the B position) are interesting because they allow
the influence of the elements on the prop-1,2-dienyl-prop-
2-ynyl isomerism to be studied. The prop-1,2-dienyl
derivatives formed as a result of the isomerisation are
electronic analogues of ethynyl compounds (sp -hybridisa-
tion) [sic (Ed. of Translation)]; the resulting intramole-
cular interaction with the atoms of the Group IV elements
should give effects analogous to those found with ethynyl
groups [sic (Ed. of Translation)]. Therefore the prepara-
tion and properties of prop-2-ynyl compounds will also be
considered within the bounds of our review.

This review describes in succession the synthesis and
the chemical and physical properties of the ethynyl and



