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The Development and Synthetic Applications of the Meerwein Reaction

A.V.Dombrovskii

The development of the study of the Meerwein reaction is described and the reactions involving the anion-arylation and
arylation of unsaturated compounds by aromatic diazo-compounds and catalysed by transition metal salts are examined and
surveyed. The modern ideas about the mechanisms of these reactions and the possibility of their employment in organic

synthesis are discussed.
The bibliography inciudes 144 references.
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I. INTRODUCTION

Meerwein' described in 1939 the copper(Il) chloride-cata-
lysed reaction of unsaturated compounds with arenediazonium
chlorides (ADC), which results in the elimination of the
nitrogen of the diazo-group and the hydrogen attached to
the sp?-carbon atom is substituted by the aryl group or the
aryl group and the chlorine atom add to the multiple bond.
Subsequently these reactions were called arylation and
chloroarylation respectively : ?

| .
-——— ArCH—CC! (chloroarylation).
!

—CH-C— - ANl
| ~Na

roing AIC]:'(’?— (arylation).

The Meerwein reaction proved to be an extremely valuable
synthetic method whereby it is possible to obtain aliphatie-
aromatic olefins and polyfunctional compounds in a single
step at low temperatures from a very large number of readily
available, cheap, unsaturated compounds and aromatic amines.
The olefins can be used in their turn in many reactions in
organic synthesis to obtain substances of practical interest.

The subsequent development of this reaction involved the
improvement of methods and expansion of the range of satu-
rated and aromatic diazo-compounds employed, containing the
anions C1I", Br™, CN™, HO™, BF;, MeCOO~, SO,H™, NOj, etc.
Chloroarylation can be regarded as a special (albeit the
commonest) case of the general reaction involving the anion-
arylation of unsaturated compounds by aromatic diazo-com-
pounds. Subsequently, it was found that, apart from CuCl,,
the reaction is catalysed by CuCl and other salts, mainly
transition metal halides.

Since the discovery of the Meerwein reaction, several
hundreds of publications, both experimental and theoretical,
concerning chloroarylation and arylation of unsaturated com-
pounds have appeared, mainly in the Soviety Union. The
first survey of the reactions of unsaturated compounds with
aromatic diazo—-compounds was published by the present
author.® Subsequently other reviews appeared, *"® covering
the literature mainly up to 1970, in which the results obtained
were not fully described. This review suggests and surveys
the literature data up to 1983. The results of earlier studies
are quoted only in so far as it is necessary.
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Il. THE REACTION MECHANISM

The mechanism of the Meerwein reaction has been discussed
for a long time. It was not clear whether the reaction is
of the ionic or radical type. The question of what is in actual
fact the catalyst, CuCl, or CuCl, has been controversial; in
the absence of these salts, neither chloroarylation nor aryla-
tion occurs in most cases. There was a need for theoretical
and experimental explanations of a number of side reactions
and products accompanying the chloroarylation and arylation
reactions. Different versions of the mechanism of this reac-
tion, based on theoretical and experimental studies performed
with different degrees of scientific expertise, have been
proposed at different times. The polar mechanism proposed
by Meerwein! and other investigators =% proved unacceptable
for a number of reasons. In both early and later studies
the majority of investigators of this reaction concluded that,
like the Sandmeyer reaction, the Meerwein reaction is cata-
lysed by copper(l) halides and has a radical mechanism. ’®

The Meerwein reaction should probably be regarded as an
extended version of the Sandmeyer reaction, which in this
case occurs in the presence of an unsaturated compound.

In the Sandmeyer reaction the aryl radicals and halogen
atoms combine to form aryl halides. On the other hand, in
the presence of an unsaturated compound, these species
interact with the multiple bonds to form chloroarylation and
arylation products. The involvement of the molecules of
the unsaturated compound, interacting with the arenedi-
azonium ion and the catalyst, apparently leads to the
appearance of a ternary reaction complex in the simplest
case, ® which in its turn modifies the mechanism of the
entire process.

It is known that transition metal halides, including copper-
halides, react with arenediazonium chlorides to form com-
plexes (double salts), 7" which are relatively stable in
aqueous organic solutions in the cold and at room temperature
but begin to decompose after the addition of an unsaturated
compound. It has been demonstrated by ultraviolet and
infrared spectroscopy !® that there is a chemical bond between
the metal ions and the nitrogen of the diazo-group in double
salts of this kind. On the other hand, it is known that
copper(l) halides form m-complexes with many olefins even in
an aqueous medium. Such complexes react with the ADC to
form the product of the Meerwein reaction. The stability of
the complexes diminishes in the sequence CuCl > CuBr > Cul;
the cyanide CuCN does not form complexes and does not
catalyse the Meerwein reaction.® The Meerwein reaction and
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the catalytic effect of copper halide on the latter should
therefore be regarded as radical oxidation-reduction addition
to olefins'’ whose mechanism includes a series of consecutive
elementary reactions leading to the main and side products.
The most logical and experimentally demonstrated mechanism
of the interaction of the ADC—copper chloride—~unsaturated
compound system has been proposed by Schrauzer!® [reac-
tions (1)—(8)1.

Under the classical conditions of the Meerwein reaction, an
aqueous acetone solution of CuCl,, whose reduction by ace-
tone to CuCl is well known!® [reaction (1)], is used. The
CuCl generated at the instant of reaction is apparently more
reactive than the preparation obtained beforehand. The
CuCl formed during the reaction or introduced as such forms
a double salt with the ADC [reaction (2)], in which the
diazo-group is coordinated to the complex anion CuCl;; such
complexes are known for transition metal chlorides.?® The
double salt then forms a ternary reaction complex with the

olefin (—~CH=C < ), in which the diazo-group and the olefin

are linked to the copper ion in conformity with the coordina-
tion number, which is two [reaction (3)]. The details of the
binding and of the geometry of the species within the ternary
complex are so far unknown.

The onset of reaction is signalled by the evolution of
nitrogen (as a result of its elimination from the diazo-group),
which begins only after the addition of the olefin. Under
the influence of the polarising action of the copper ion and
the olefin, the arenediazonium cation is reduced to the radi-
cal Ar*. The electrochemical reduction of arenediazonium
salts at copper, iron, and other metal cathodes in the pres-
ence of unsaturated compounds has demonstrated?! that this
involves the generation of aryl radicals, which interact with
the m-bond of the olefin. In this case the diazonium cation
is initially reduced via a one-electron mechanism to the
arenediazonium radical, which then decomposes to the radical
Ar* and free nitrogen: 2723

[PhNy]* + e — PhN; — Ph" - N, .

Without being released into the bulk of the medium, the
radical Ar’ reacts with the olefin to form an aliphatic-aromatic
radical [reaction (4)] whose interaction with CuCl, entails
the formation of the chloroarylation product as a consequence
of the transfer of the radical species Cl' [reaction (5)]. If
there is a hydrogen atom at the a-carbon atom in the aliphatic
component of the aliphatic-aromatic radicals, the latter can be
eliminated together with a chlorine atom in the form of HCI
[reaction (5a)], which constitutes one of the interpretations
of the arylation mechanism.® One cannot rule out the possi-
bility that the hydrogen atom in the olefin or another ligand
can be substituted by the radical Ar’ directly:

2CuCl; + Me,CO — 2CuCl + MeCOCH,CI + HCI (1)
ANICI + CuCl = ArNYCUCL; | (2)
Y |
b THe=CS g CT
ArN; CuCl; ArN; CuCly ——C‘J‘H , (3)
|
[ArN'cucr (ﬂ_] — [ArCH—C— - -CuCly] 4)
2 2 -Ng ~ 3l ,
—CH |
|
——— AlCH—C—CI, (5)
. |
ArCH—C—- . .CuCly] ——=
L i ol o P (5a)
—r— AC=C—
Ar + CuCl, — ArCl + CuCl , (6)
Ar' + Me,CO — ArH -+ MeCOCH, , D
AN,Cl - H,0 — ArOH + HCI + N, , (8)
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| |
—HC="—
K==, Ar(CH=C-),Cl ,

ArCH—CH—- - .CuCl,
[

(9

2Arc'—c'— - (ArCl-('l———)
[ S I (10)

Thus, under the conditions of "cuprocatalysis", the chloro-
arylation proceeds as a redox-initiated free radical addition
via stage involving the formation of intermediate complexes
of the catalyst with the diazo-compound and with the unsatu-
rated compound.

If for any reason the radical species Ar” and Cl’ leave the
inner sphere of the reaction complex, side reactions take
place, in the first place the formation of ArCl (the Sand-
meyer reaction), aromatic hydrocarbons and phenols reaction
(6)—(8). The Meerwein reaction is also accompanied by the
formation of resins, telomers, and additive dimers. The
telomers are formed if the aliphatic-aromatic radical reacts
with the next molecule of the monomeric olefin and then the
CuCl, radical [reaction (9)]. As in the polymerisation of
unsaturated compounds in the presence of variable-valence
catalysts, telomers appear in this instance and under certain
conditions can be the main reaction products.®*~2° Additive
dimers arise as a consequence of the recombination of the
same aliphatic-aromatic radicals [reaction (10)].3%3!

Arylation formally involves the substitution of a hydrogen
atom at a carbon atom involved in the multiple bond by the
aryl group of the diazo-compound. Arylation should appa-
rently be regarded in most cases as an addition—elimination
process, which can be demonstrated by purely chemical
means. It has been shown *? that, on interaction with the
ADC, a-chlorostyrene gives rise smoothly and in satisfactory
yields to the a-chlorostilbenes PhCCl=CHAr (Ar = Ph,
4-MeCH,, or 4-O,NC¢H,). If a-bromostyrene is used in the
reaction, then the same a-chlorostilbenes are obtained in
virtually quantitative yields: *3

PhCBr=CH, -= ArN,Cl — 2% [PRCBrCl—CH,Ar] —pzr— PhCCI=CHAT,

Consequently, the arylation of o-halogenostyrenes proceeds
via a stage involving the addition of the Ar group and the CI
atom of the arenediazonium cation to the ethylenic bond.

Since the C—~Cl bond in the adduct obtained from a-bromo-
styrene is stronger than the C—Br bond, HBr and HKCI are
split off on spontaneous decomposition of the unstable inter-
mediate adduct and a-chlorostilbene is obtained as a result.

1{l. FACTORS DETERMINING THE EFFECTIVENESS OF THE
REACTION

The effectiveness of the reaction, i.e. the yields of the
chloroarylation and arylation products, depends on a series
of factors, the most important of which are as follows.

The unsaturated component (olefin). The vinyl monomers
H,C=CH-X and H,C=CX,, in which the ethylenic bond has
been activated by one or two electron-accepting groups
(X =Cl1, CN, Ar, -C=CH,, COR, COOH, COOAIk, etc.)
usually react satisfactorily. Because copper halides are
capable of transferring radical chains very effectively, such
monomers do not give rise to high-molecular-weight com-
pounds. Ethylene, acetylene, and their substituted deriva-
tives, containing electron-donating groups, react poorly.
The unsaturated compounds RHC=CHR in which the double
bond has been blocked also react with difficulty.

The arenediazonium component. ADC (concentrated or
even saturated aqueous solutions are used for the reaction),
which are capable of forming complexes with copper halides,
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give the best results in most cases. Arenediazonium salts
containing other anions usually give rise to lower yields of
chloroarylation and arylation products.

The best yields of products are obtained when the para-
position in the aromatic ring contains a substituent, regard-
less of the electronic effect which it exhibits; ortho- and
meta-substituted derivatives give rise to lower yields.

Apart from arenediazonium salts (including tetrafluoro-
borates **»*®), other compounds forming aryl radicals, for
example, benzoyl peroxide, arylhydrazone peroxides,
l-aryl-3, 3-dimethyltriazenes, N-nitrosoacetanilides, diazo-
aminobenzene, and diaryliodonium salts, have been proposed
for the arylation of olefins;® aryl radicals generated by the
electrochemical reduction of diazonium salts have also been
used.?! However, with the exception of arylpalladium
reagents, *®*7 such sources of aryl radicals have given lower
yields of arylation products and in most cases initiated the
polymerisation of the olefins. ©

Catalysts. Apart from copper halides, the salts FeCl,, 3%:31,%®
HgCl,,*® LiPdCl,, ** and Pd(0) (obtained in situ)*' and the
CuSO0, +FeSO,, Cu(NO,), + Cu, and Cu(NO;), + Fe systems®’
have been used for chloroarylation and arylation. However,
CuCl, and CuCl, used in an amount equivalent to 10—20 mole %
per mole of the ADC, still remain the best catalysts. An
increase of the catalyst concentration promotes the occur-
rence of the Sandmeyer reaction, while at lower concentra-
tions ArH is formed. 2®

The catalytic capacity of copper halides, iron(Il) salts, and
certain other redox initiators, can be explained by the com-
paratively low oxidation-reduction potentials E of the ions of
these metals; for example, E = 0.16 eV for the Cu* » Cu?*
system and E = 0.77 eV for Fe?" » Fe’*.

The potentials E for the metal ions in the salts FeCl;, AlCl;,
ZnCl,, CdCl,, CoCl,, MnCl,, and NiCl,, which do not catalyse
or only weakly catalyse chloroarylation and arylation, are
significantly higher.3' Cases are known where arylation
takes place in the absence of catalysts, for example, in tke
reactions of arenediazonium salts with coumarin,® quinones,
and ferrocene, > which can be accounted for by the fairly low
oxidation-reduction potentials of these compounds. !

Solvents. The chloroarylation and arylation reactions
usually take place in aqueous organic media with vigorous
stirring. In the absence of water, the reactions hardly
begin. In those cases where the arenediazonium and olefinic
components dissolve in water, the reactions have been
achieved successfully in aqueous media.?® The nature of
the organic solvent has a significant influence on the effec-
tiveness of the reaction. The most important requirement
which this organic solvent must meet is that it is miscible
with water without binding the catalyst chemically at the
same time. Solvents such as tetrahydrofuran (THF), 1,4-
dioxan, ether, dimethylformamide (DMF), dimethyl sulph-
oxide (DMSO), and pyridine, which apparently bind copper
halides and other catalysts in complexes removing them from
the reaction sphere thereby, proved to be ineffective. ?:%:*?

Acetone, acetonitrile, and sulpholan proved to be the most
suitable solvents. A water—acetone mixture, the volume
ratios of the components of which are varied in the range
3:1-7:10, is usually employed for the reactions.

The pH of the medium. Media close to neutrality (pH 4—6)
are optimal in reactions with arenediazonium salts containing
electron-donating substituents in the aromatic ring. In the
presence of electron-accepting substituents in the ring a
high acidity of the medium is required (pH 1-2). It has been
suggested that MeCOONa, CaO, Ca(OH),, and NaHCO, be
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added to the reaction mixture in order to maintain and regu-
late the necessary pH. 2

Temperature. The chloroarylation and arylation reactions
proceed under mild conditions as regards temperature (from
-5 to +30 °C). In a few instances the evolution of nitrogen
begins at —10 °C. If the temperature is not regulated, then
the interaction becomes vigorous, the temperature rises
rapidly, and nitrogen is evolved in abundance; in such
cases the Sandmeyer reaction and resin formation predom-
inate.

IV. THE LATEST DATA ON THE MEERWEIN REACTION

Studies devoted to the reactions of olefins and their
derivatives with arenediazonium salts, which have not been
included in previous reviews, >*® are discussed below. In
a number of instances the applications of the products of the
anion-arylation and arylation reactions in organic synthesis
are indicated.

1. Alkenes, Halogenoalkenes, and Certain Vinyl Monomers

The simplest alkenes, namely ethylene and propene, react
with difficulty even with the most reactive ADC. Only
under comparatively severe conditions in an autoclave, does
ethylene react with diazotised 4-nitroaniline to form 1l-chloro-
2-(4-nitrophenyl)ethane (45-50%),“® which is quantitatively
converted into 4-nitrostyrene on dehydrochlorination: ?

H,C=CHp + 4-ONCHN,Cl G
42 =75 atm N,

— 4-0,NCH,CH,CH,Cl —qagr—

- 4-0,NCgH,CH=CH, ,
Halogenoalkenes with halogen atoms attached to the sp®-
carbon atom give rise to chloroarylation products on inter-
action with ADC; the mode of addition to the multiple bond
is then consistent with the Markovnikov rule. The vinyl
chloride gives rise to 1,1-dichloro-2-arylethanes (60—-70%;,* %
which have served as starting materials for the synthesis of
4-nitrophenylacetaldehyde, "’ R-chlorostyrenes, *® 1,4-bis-
(B-chlorovinyl)benzene, and 1,3-dioxolan~-4-ylphenylene-
diacetaldehyde: “®

H,C=CHCI + ArN,Cl =255 ArCH,CHCI,
Ar=Ph, 4-MeCgH,, 4-MeOCyH,, 4-BrCoH,,

2,4-Cl,C;H;, 4-O,NCgH, .

Vinylidene chloride reacts particularly effectively with
ADC to form 2,2,2-trichloroarylethanes (~80%),“° which
proved to be convenient starting materials for the synthesis
of arylacetic acids® and 1,4-bis(B8-dichlorovinyl)benzene: 5

CuCl,

H,C=CCl; 4+ ArN,Cl N, ArCH,CCl; 3
Ar-4-MeCgH,, 4-CICsH,, 4-MeOCgH,,
4.0,NCyH,, 4-Cl4CH,CsH, .

Biphenyl-4,4'-bisdiazonium chloride reacts via both diazo-
groups with two molecules of vinylidene chloride to form
4,4'-bis(2,2,2-trichloroethyl)biphenyl (30%), which is con-
verted into biphenyl-4,4'-diacetic acid after hydrolysis.
Vinylidene chloride reacts analogously with tetrazonium
chloride containing a bridging group between the benzene
rings: %2

_ ST == CuCl,
2HC=CH, + CINe——_ »—R— " >—NiCl —5g-
/ Vi HgO/MeCOOI S .
- (ewcen,—” H—) R TR (HOOCCH24.<_>—)2R ;
R=— CH, .



946

The symmetrical dichloroethylene reacts poorly with ADC.
The reactivity of the E-isomer is twice as high as that of the
Z-isomer. The reaction results in the formation of 2-aryl-
1,1,2-trichloroethanes (two conformers), which are con-
verted into the E- and Z-aryl-1, 2-dichloroethylenes on
alkaline dehydrochlorination. HCI is eliminated as a result
of the abstraction of the a-hydrogen atom and the chlorine
atom from the transoid B-position: *°

t i

[T ! 5
P

il ! c
\(‘___(‘/ N - \(,_( //
7N 4 NN A N
H &5} HY Ar G Ar Gl
E 7 , E
l ol Ql cl L I &
N/ N LA N_ /.
C=( + ANyl > C—C c=cC ’
v AN -Na “~ AN -Hici Ve .
1 H H; Ar H Ar H
!
z , VA

Ar=Ph, 4-CICgH, .

1,3-Dichlorobut-2-ene reacts with benzenediazonium chlo-
ride to form MeCCl,CH(Ph)CH,CI in a low yield (~30%), **
while trichloroethylene gives rise to moderate yields (~50%)
of aryl-1,1,1,2-tetrachloroethanes, which are smoothly
dehydrochlorinated by an alcoholic solution of alkali to give
a,8,B-trichlorostyrenes: 55

CIHC=CCl, + ArN,Cl —® > ArCHCICCl, —nor— ArCCI=CCl, |

Ar=Ph, 4-MeC¢H,, 4-BrCsH,, 4-0,NC(H,

Fluorine-containing olefins react with ADC in the usual
way, forming adducts, which are converted on dehydrochlo-
rination into the corresponding fluorine-containing aryl
derivatives, *® for example:

FoCHCF,CH=CH, + 4-RCHNiCl — 25

— F,CHCF,CHCICH,CH R4 —gp o — FCHCF,CH=CHCGH,R-4 1
R=Cl, NO,, COOH (28 — 50%) -

F,CHCF,C(Me)=CH,, F,CH(CF,)CF=CF,, CF;(CF,),CF=
CF,, and C ,H,CF=CFCI react analogously; chlorotrifluoro-
ethylene gives rise to the adducts ArCF,CFCl1 (27%) only
under comparatively severe conditions (40—50 °C, in an
autoclave), while H,C=CF, and F,C=CF, hardly react even
with the most reactive ADC. *®

1,1,1-Trifluoropropene reacts with 4-nitrobenzenediazonium
halides to form adducts (yield 30—40%), which are also readily
dehydrohalogenated and give almost quantitative yields of
2- (4-nitrophenyl)-1-trifluoromethylethylenes: 3’

aX,, MeCOONa

E
FsCCH=CH, -+ ArN,X — ~ FyCCHXCH,Ar —pin— F,CCH=CHAr ;

Ar=4-O,NCgH,; X=Cl, Br .

The reactions of ADC (catalysed by CuCl,) with vinyl-
silanes, vinylphosphonate, and vinyl sulphones also involve
the addition of chlorine and the aryl groups in the oa- and
B-positions respectively to the vinyl component. Vinylsilane
Ph,;SiCH=CH, gives rise to 15-37% yields of the compounds
Ph;SiCHCICH,Ar (Ar = 4-CIC¢H,, 4-BrCg¢H,, 4-HOCOC.H,,
or 3- and 4-O,NC¢H,);? the reactions of (EtO),P(O)CH=CH,
result in 45% yields of the compounds (EtO),P(O)CHCICH,Ar
(Ar = Ph or 4-CIC¢H,).%®

Vinyl sulphones react analogously with ADC to form g-aryl-
a-halogenoethyl sulphones (yields up to 45%), which are
converted on dehydrochlorination into styryl sulphones in
high yields: **"&!
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RSO,CH=CH, — 52 %, R3O, CHXCH Ar — 23— RSO,CH=CHAr;

R=Me, Et, CFs, 4-McG,H,; X=Cl, Br;
Ar_-Ph, 4FCsH,, 4-CICH,, 3- and 4-O,NCH,, 4-HOCOCH, .

2. Acetylenes

The C=C bond is less reactive in the reactions with ADC
than the C=C bond. Like ethylene, acetylene itself under-
goes the Meerwein reaction with 4-nitrobenzenediazonium
chloride to form a low yield (~20%) of the chloroarylation
product, which is wholly dehydrochlorinated by an alcoholic
solution of alkali and is converted into 4-nitrophenyl-
acetylene. Substituted acetylenes are more reactive. Thus
phenylacetylene is chloroarylated to a-chlorostilbenes in
satisfactory yields (46—70%) and the latter have been con-
verted on dehydrochlorination into tolanes (yield 85%):°

CuCl KOH/ dioxan
Ko~ R—CCl=CH—Ar — g0 —

R=H, Ph; Ar=Ph, 4-O,NC¢H, .

R—C==CH 4 ArN,Cl — R—C=C—Ar;

Vinyl- and isopropenyl-acetylenes react with ADC via the
ethylenic bond to form chloroarylbutynes, which are con-
verted into arylbutenynes on dehydrochlorination. Allene
derivatives have been detected in small amounts together

with the chloroaryl derivatives: °276*
HC CR—C=CH - ArNCl =252~ ArCH,CCH (R)~C=CH -~ —pe——
- ArCH CR—C=CH
R-H, Me: Ar Ph. 4-CIC;H,, 4-McOG;H, .

Tetrazonium chloridee based on 4,4'-diaminobiphenyl,
4,4'-diamino-3, 3'-dimethoxybiphenyl, di(4-aminophenyl)
sulphone, and di(4-aminophenyl) ether react via the
acetylenic bond with propargyl alcohol, propargylic acid,
and phenylacetylene (in the presence of CuCl as the cata-
lyst) with evolution of nitrogen from both diazo-groups,
forming bischloroarylation products (46—58%): ©°

CuCl,

2HC = CR - R [—CsHy(R') NyCll, " [—CiH; (R") CH=CCIR],R" ;
R.=MeO, COOH, Pi; R"- H, McO;
R~ -, CH,, SOy, O.

3. Arylethylenes

Arylethylenes in which the aryl group is conjugated with
the ethylenic bond have been widely used in the anion-
arylation and arylation reactions. Arylethylenes with a

termina}>C=CH2 group exhibit an enhanced reactivity.

Apart from the electronic effects, steric factors have an
effect in this case.

Styrene reacts with ADC at pH ~ 5 (CuCl,, aqueous ace-
tone solution of MeCOONa) to form stilbenes;? however, in
an acidic medium (pH 1-2) chloroarylation takes place and
2-aryl-1-chloro-1-phenylethanes are formed in satisfactory
yields and are readily dehydrochlorinated and converted

almost quantitatively into substituted stilbenes: 55768
P PHHC=CHAr , ()
PhHC=CHj, + ArN,Cl
~Ne pH 1-2

- PhHCCICHAr — — "3 pyHG—CHAr:
{a) Ar-4-CIC;H,, 4-MeOC;H, ;
(b) Ar—4-MeCyH,, 4-McOC,H,, 4-CIC,H,, 4-BrCsH,,
4-EtOCOC,H,, 4-Et;NC;H,0COCH,,
9-0;NCeH,, 3-0,NH H,, 4-O;NC;H, .
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Arylethylenes containing electron-donating substituents
in the aromatic ring or at the ethylenic bond are as a rule
readily arylated. The reaction is one of the practically con-
venient methods of synthesis of substituted stilbenes, fre-
quently in high yields; examples are presented below (the
yields expressed as percentages are indicated in brackets):

RRIC CHR® - Ar¥,Cl =5 * RR'C CR:Ar - HCI
R Ph, 4-McCiH,, 4-McOGiH,; R 11, Me. ¥, Cl, Ph;
R H, Lt; At Ph, 4-MeCH,, +:CIC 11, 2.0,NC,H,,
3-0sNCH,, 4-0,NCiH,, 4-HOCOC 1, 4-MeOC,H,,
4-NCCyH,. 4-MeCOC,L,, 4-HOSO.CLIT,, 4 HNSOLCIT,,
A-ENG TGl 4-FLNCULOCUC T, 2,33, 68, 6

Styrene enters into the copper salt-catalysed anion-aryla-
tion reaction with benzenediazonium salts in the presence of
sodium nitrite or sulphide: "

_NanOs pRGH (NO ) CHLPIU (209;)
N L Cudcl k]
PhHC :CH,I I\N,(;z(, Cly

_NES (PUCH,CHIPLY, S (25%) .

Anion-arylation of styrenes. Styrene reacts with arene-
diazonium sulphates in an acetic acid—acetone solution satu-
rated with sulphur(IV) oxide in the presence of thiocyanate
anions and copper(I) thiocyanate. It is assumed that arene-
diazonium thiocyanates are formed in the reaction and then
generate Ar’ radicals. The latter react with SO, to form
arenesulphonyl radicals, which add together with thio-
cyanate radicals to the ethyleneic bond of styrene. This
results in the formation of 2-(arenesulphonyl)-1-phenyl-
1-thiocyanatoethanes (in ~60% yields):"’

ArNgSO,H + NH,SCN 2 ArN.SCN - NH,HSO, ,

> [ArSO} - SCN| —TMEE L pRHC (SCN) CHLSOAT |
Ar =Ph, 4-MeCyH,, 4-MeOC,H,,

2-0,NC;Hy, 3-O,NCyHy, 4-O,NGiH,

Under analogous conditions but in the presence of chloride,
bromide, O,0O-diethyl phosphorodithioate, or xanthate anions
and catalytic amounts of copper ions, styrene reacts with
aromatic diazo-compounds, forming crystalline anion-sulpho-
nylation products (in yields of ~80%): 2-(arenesulphonyl)-
1-chloro-1-phenylethanes, 2-(arenesulphonyl-1-bromo-1-
phenylethanes, 2-(arenesulphonyl)-1-(0,0-diethylphosphoro-
dithioato)-1-phenylethanes,and 2-(arenesulphonyl)-1-(O-ethyl
dithiocarbonato)- 1-phenylethanes: *®

ArN,SCN

50, CUSCN

CuHal

PhHC=CH; 4 ArN,X + SO, 4+ MHal — PhHC (Hal) CHSOzAr ;
X=Cl, Br, SO,H; M=Na, K; Hal=Cl, Br, (EtO), PS..
EtOC(S)S; Ar=:Ph, 4-MeC;H,, 4-CIC;H,, 4-O,NC¢H, .

Styrene reacts with biphenyl-4,4'-bisdiazonium chloride
with evolution of nitrogen from both diazo-groups, one of
which undergoes the Sandmeyer reaction, while the other
chloroarylates one styrene molecule to form 4-chloro-4'-
(2-chloro-2-phenylethyl)biphenyl in 57% yield. o~Substituted
styrenes (R = Ph, Cl or 4-MeC¢H,) gives rise to products of
arylation involving one diazo-group, while the other diazo-
group is substituted by chlorine (yields ~50%): **

/:\—/=\~N Cl
Nt N
- PhRCClCH2—<— /\.—<_>—Cl ,

- —CHL N TN .
Lo PhRC=CH—_ >—(_ >~—Q ;

- PhHClCHz——<3\-> R(),
\ 2

PhRC=CH, + CIN;—
R=H

CuCl,
—2N,

R=Cl, Ph, 4-MeCqH,
PhHC=CH,

/ —_— .

PhRC=CH, e T N .
et . (ParC=cH—¢ M=) R

(a) R=S (40), CH, (67);
(b) R=S; R’=Cl (33), Ph (49); R=CH,; R'=Cl (54), Ph (49) .
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It has been stated’’ that styrene is arylated by bisdiazotised
benzidine to form 4,4'-distyrylbiphenyl (yield 14%). Tetra-
zonium chlorides with a bridging S atom or CH, group between
the benzene rings react with styrene via both diazo-groups.
In reaction {(a) the diazo-groups of di(4-diazoniaphenyl)-
sulphide chloride and di(4-diazoniaphenyl)methane chloride
react with two molecules of styrene to form chloroarylation
products. In reaction (b) a-substituted styrenes react

with the same tetrazonium chlorides to form arylation prod-
ucts®? (the yields expressed as percentages are given in
brackets). Numerous biphenyl, diphenyl sulphide, and
diphenylmethylene derivatives have been synthesised from
compounds obtained by chloroarylating and arylating
various styrenes by tetrazonium chlorides. *?

Like styrene, 2-vinylpyridine reacts with ADC to form
2-aryl-1-chloro-1-(2'-pyridyl)ethanes (in 50-60% yields),
which are readily converted into 2-stilbazoles on dehydro-
chlorination (80—96%): *

AN AN AN
I co |

N\
Ny CH CHe b ANGL IRt \ I —CHCICHAAT —— \N/I—CH:CHAL';

Ar =Ph, 4-MeCgH,, 4-MeOC;H,, 4-CIC;H,,
4-BrCgH,, 2-O,NCgH,, 4-O,NCsH, .
2-Vinylpyridine is also readily chloroarylated by tetrazonium
chlorides, giving rise to bisadducts, which are converted
into bis-stilbazoles (in 80% yield) on treatment with an alco-
holic solution of alkali: "’

VN
2 | e fepva o N_° CuCl: 0- 25°C
bodoen a4 o= - R Lupoe
x b (CNe=(_ N R
o /‘/ \[
v | 2 R;
(\ \N//,,»L,H(,K,Hz_\ T ; R—a~ (\N/ —CH L‘“__‘\\~/‘%/ ) ;
R -, CHg, O, S, SO, .

4. Conjugated Dienes

Conjugated dienes react extremely vigorously with aromatic
diazo-compounds, evolving nitrogen from the diazo-group and
giving rise to arylation, chloroarylation, and anion-arylation
products, which are formed readily when the reaction is cata-
lysed by both CuCl, and CuCl.

In order to explain the mechanism of the chloroarylation
of conjugated dienes, it has been assumed, ® on the basis of
data obtained from conductimetric measurements in the
ArN,Cl—CuCl-buta-1,4-diene system, that the chlorine atom
in the double salt of arenediazonium and copper(l) chlorides
is substituted by the diene. The resulting ternary complex
decomposes with evolution of nitrogen from the diazo-group
as a consequence of a redox process within the complex and
with participation of the copper ion, accompanied by the
simultaneous addition of the aryl radicals and chlorine atoms
formed to the diene in the 1- and 4-positions. This leads to
the formation of l-aryl-2-chlorobut-2-enes:

diene
ArN,Cl - CuCl & [ArNoCuCl]*Clm T " [ArN,- diene -Cu™J2* 2CI~ ;
[Ar : Ng tdiene:Cu}* ' 2C1™ —g—— ArCH,CH-- CHCH,Cl + CuCl 3
diene==CHy~ CH- CH- CH; .

The mechanism proposed also makes it possible to account
for the chloroarylation of unsaturated monomers and the
formation of the products of the side reactions (ArCl,
telomers, additive dimers, ete.). >

Numerous reactions of buta-1,4-diene with ADC and other
anion-substituted arenediazonium compounds have been car-
ried out. In most cases trans-chloroarylbutenes are
obtained in satisfactory yields (50—80%): 257475
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(‘uCI,

CHy=CH—CH=CH; + ArN,Cl — ArCH,CH--CHCHyCI ;
Ar=Ph, 2-MeCy¢H,, 3-MeCaH4, 4-MeCgH,,
4-HalCgH, (where Hal=F, Cl, Br, ),
2,4-C1,CyHy, 2,4-BraCsHs, 2-, 3- and 4-O.NCgH,,
4-MeOCgH,, 4-HpNSO,CeH,, 4-Et,N(CH,); OCOCsH,,

—N
7 . NHSO,CsH,
S

Divinyl sulphone, in which there is virtually no conjugation
between the vinyl groups, reacts with ADC to form adducts
involving both one and two vinyl groups (in yields of ~50%):7¢

——» ArCH,CHCISO,CH=CH,
(he-cinyso, i, [T TR
—> (ArCH,CHCl); SO4 3
Ar=Ph, 4-CIC¢H,, 4-O;NC¢H, .
Isoprene is chloroarylated in the 1- and 4-positions with
formation of l-aryl-4-chloro-2-methylbut-2-enes (yields
65—170%): 227"

Cul
it > ArCH,C (Me)—CHCH,CI ;

Ar=Ph, 4-MeC¢H,; 4-HaiCsH, (where Hal=F, Br, 1),
4-MeOC;H,, 4-EtN (CHj), OCOCsH,

HaC=C (Me)—CH=CH, - ArN,Cl

Mono- and dichloro-substituted conjugated dienes react
analogously with ADC, giving satisfactory yields of 1,4~
adducts: »777%°

CuCl,

H,C=CH—CCl=CH, + ArN,Cl —x—=— ArCH,CH=CCICH,Cl,

Cu

HyC=CH—CH=CHCI 4 ArN,Cl — ArCH,CH=CHCHCl, ,
CuCI,

H,C=CCl-CCl=CH; + ArNCl ——— ArCH2CCl=CClCHgCl s
H;C= CCl—C(Me)==CHj -+ ArN,Cl ﬁ‘&—» ArCH;CC1=C (Me) CH,CI .

In its reaction with ADC piperylene combines in all cases
with the Ar’ radical at the methylene group. However, the
chlorine atom of the diazo-compound adds in both 2- and
4-positions of the conjugated system, forming a mixture of
arylchloropentenes (overall yield 60—70%). The latter are so
unstable that they lose HCI already during their isolation or
purification; 1l-arylpenta-1,3-dienes are obtained on a
preparative scale when the above chloro-derivatives interact
with bases: %

——> ArCH,CHCICH=CHMe —

HC=CH-—CH=CHMe —— ArCH;CH=CHCHCIMe —

i ArNLCl -

—c; 7 ArCH=CH—CH-CHMe ;
Ar=Ph, 4-MeCgH,, 4-BrCsH,,

4-MeOCgH,, 4-CICsH,, 4-O2NCgH,

Bi-isopropenyl is chloroarylated to 4-chloro-2,3-dimethyl-
but-2-enes (in yields of 50—58%): %2

H,C— C (Me)—C (Me)==CHy + ArNyCl —x-— ArCH,C (Me)=C (Me) CH;Cl 3
Ar=Ph, 4-MeCgH,, 4c1c6H,, 4-MeOCsH, ,

The chloroarylation of conjugated dienes catalysed by FeCl,
has been described. The yields of the chloroarylbutenes
obtained thereby are somewhat lower (~55%); in this case the
reaction is accompanied by the formation of considerable
amounts of the products of the Sandmeyer reaction, telomers,
and the products formed as a result of the additive dimerisa-
tion of the initial monomers. %31

Tetrazonium chloride based on benzidine and diamines con-
taining bridging R? groups between the benzere rings chloro-
arylate conjugated dienes with participation of both diazo-
groups (yields 50—60%): 85785

2H,C—CR—CH=CH, + (cNg—__>—] R® o,

Rl
— SN\ .
- (cicHucrR—=cHCH; —( >— ), R 5
R=H, Me, Cl; R'=H, Me, MeO;
Ri=—, S, CH; ,
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Chloroarylbutenes are compounds exhibiting different types
of reactivity which have been used as the starting materials
for the synthesis of many new substances which are otherwise
difficult to obtain. Chloroarylbutenes are readily dehydro-
chlorinated by bases, being converted thereby into a-aryl-
butadienes. In particular, a convenient method has been
developed for the dehydrochlorination of chloroarylbutenes
by heating in dioxan with KOH or NaOH powder, which
makes it possible to obtain very satisfactory yields of
o-arylbutadienes with various substituents in the benzene
ring and in the side chain: 7’

base

ArCH,CR =CRICH,Cl — = ArCH=CR—CR’=CH, }
R=R'=H; R=Me, R'=H; R=Cl,
R’'=H; R=R’'=Me; R=-Ph, R'=H;
Ar=Ph, 4-McGH,, 4-CICH,, 4-ONG;H, etc.

The reactions involving the substitution of the allyl chlorine
atom in chloroallylbutenes are widely used for the synthesis
of l-alkyl-4-arylbut-2-enes, > 1-alkoxy- and l-amino-4-aryl-
but-2-enes, ’*®¢ the corresponding quaternary ammonium
salts, ’* N-arylbutenyldiethanolamines, ®” N-arylbutenyl-
sulphonamides, ®® and diethyl 4-arylbut-2-enylphosphonates.®®
The aldehydes ArCH,CH=CHCH,CHO, which are difficult to
obtain, have been synthesised from chloroarylbutenes by the
Sommelet reaction.®® The chloroarylbutenes undergo the
Vilsmeier reaction with formation of penta-2,4-dienals.® A
novel method has been developed recently for the synthesis
of diaryloctatetraenes containing substituents in the aromatic
rings and in the aliphatic chain. !

1,4-Di(4'-chlorostyryl)- and 1,4-di(4'-nitrostyryl)-
benzenes were obtained by the interaction of diazotised
p-chloro- or p-nitro-aniline with 4,4'-divinylbenzene followed
by the dehydrochlorination of the chloroarylation products
(in yields of 14 and 30%):7*

CuCl,

H,C:CH— /-—-CH CH, + 2 (4—RC;H N,Cl)

— 4-RCyH,CHCHCI— >—CHCICH,C3H4R 4o

- 4-RCaH,CH=CH—<— ) —CH=CHCHR—4;
R=Cl, NO, «

KOH/C,H;OH
—-2HCl

The reaction of ADC with conjugated arylbutadienes cata-
lysed by copper chloride is of special interest. In this case
arylation takes place, namely substitution of the terminal
hydrogen atom in the aliphatic chain by the aryl group of
the diazo-compound. This results in the formation of con-

jugated 1,4-diarylbutadienes: >-°2,%%
4RC,H,CH=CRI—CR! ~CHR® -+ ArNyCl —jqiy > 4RC;H,CH=CRI—CRI=CRSAr

R=H, Me, Cl, NO;; R'=R?2=R*=H, Me, CI,
=Ph, 4-MeCsH,, 4-CIC3H,, 4-O;NC;H, ,

The interaction of a-arylbutadienes with biphenyl-4,4'-
bisdiazonium chlorides entails the evolution of nitrogen from
both diazo-groups. One diazo~group is involved in arylation
and the other in the Sandmeyer reaction (yield ~ 35%):°°°

{CH=CR'—CH=CH, + CIN;CiH,—C,H,NoCl —jxiter—

— 4-RCsH,CH =CR" —CH=CH—C;H,—C;H,Cl ;
R=H, Me, CI; R'=H, Me, Cl.

4-RCH.

Apart from the reactions with ADC, the interaction of
conjugated dienes with arenediazonium salts containing other
anions has been described. Buta-1,4-diene reacts with
benzenediazonium bromide (in the presence of CuBr, as the
catalyst), giving a low yield (~20%) of PhCH,CH=CHCH,Br;?
chloroprene is bromoarylated with satisfactory yields (50 to
58%): °¢

H,C=CCl—CH=CH, - 3-RC¢HN,Br —> 3-RC3HCH,CCl=CHCHBr;
R=H. Me, M604
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The interaction of buta-1,4-diene with arenediazonium
sulphates and nitrates catalysed by CuSO, and Cu(NO;),
respectively in the presence of added copper or iron powder
leads to the formation of a mixture of 1,2- and 1,4-hydroxy-
arylbut-2-enes (in proportions of 1:4 and in an overall yield
of ~25%). The same hydroxyarylbutenes (in proportions of
1:7 and in an overall yield of ~40%) are also obtained in the
reaction of buta-1,4-diene with arenediazonium tetrafluoro-
borates in the presence of (MeCOO),Cu as the catalyst:

pH 5-7 -

HoC =CH—CH=CH; - 4-RCsH;NeX ——x;
— 4-RC4H,CH,CH (OH)—CH=:CH, + 4-RCiH,CH,CH=CHCH,0H j
X=HSO,, NO;, BF,; R=H, Me, MeO, NO; .

The products of anion-arylation are apparently formed
initially and are then hydrolysed to hydroxyarylbutenes
under the reaction conditions (in an aqueous acetone
medium). *’

Buta-1,4-diene is anion-arylated by arenediazonium ace-
tates to give l-acetoxy-4-arylbut-2-enes (25—30%), which
are smoothly converted into l-aryl-4-hydroxybut-2-enes on
alkaline hydrolysis: °®

HyC CH—CH=CH, -+ 4RC;H,N,OCOMe — 00,
H,0 .
~ 4-RC,H,CH,—CHCH;0C0Me ~— gt 4-RCoH,CH,CH=CHCH,0H §
R=H, Me, MeO .

Buta-1,4-diene and isoprene react with arenediazonium
tetrafluoroborates in agqueous alcoholic media to form
1-alkoxy-4-arylbut-2-enes (in yields of 30—50% for primary
alcohols); secondary alcohols give low yields (~15%), while

tertiary alcohols hardly react: ®®

) KOH, (MeCOO),
HaC= CR—CH=CH, + 4R CyH,NBF, — i ecoonc

-~ 4-RCsH,CH,R'C=CHCH,0Alk ,
R=H, Me; R’=H, Me, Cl; Alk=Me, Et, Pr, iso-Pr, Bu, PhCH, .

In the presence of ethylene glycol the above dienes are
alkoxylated with participation of both hydroxyls and give
35—57% yields of the ethers (4-R'CH,CH,CR=CHCH,0CH,),.**
On interaction with arenediazonium sulphates, nitrates, and
tetrafluoroborates in the presence of sodium nitrate, sodium
halides, or sodium salts of carboxylic acids and with catalysis
by (MeC0OO),Cu, the same dienes combine with the aryl
groups of the diazo-compounds and the anions of the corre-
sponding sodium salts at the ends of the conjugated system
to form anion-arylation products (25—45%):1°°
H,yC~ CR—CH—CH, -+ ArNoX —j o> ArCH,CR=CHCH,Hal ;
R=H, Me; X=SO,H, NO,, BF,;
Hal=NO,, F, Cl, Br, MeCOO, EtCOO, PrC00;
Ar=Ph, 4-MeC¢H,, 4-CICsH; .

On interaction with arenediazonium tetrafluoroborates or
sulphates in the presence of potassium salts of O, 0-dialkyl
or O,0-diphenyl phosphorodithioates, buta-1,4-diene and
isoprene give rise to 1,4-adducts (in 66—80% yields): %!

(R20),P(8)SK, CuCO,(0OH),

H;C=CR—CH=CH; + 4-R!IC;H N,X
— 4-RICsH,CH;CR=CHCH,SP (S) (OR”), H
R=H, Me; X=BF,, HSO,; R%=Me, Et, Pr, iso- Pr, Bu, iso-Bu, Ph

5. Vinyl Ethers and of-Unsaturated Aldehydes and Ketones

Vinyl acetate results with ADC*°2 (and also with arene-
diazonium tetrafluoroborates®?) to form l-acetoxy-2-aryl-1-
chloroethanes (in yields of 30—50%), which readily hydrolyse
on steam distillation, giving high yields (~90%) of arylacet-
aldehydes: %"
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LuC 2

- MeCOOCHCICH, AT —rr—airam - ArCH,CHO,
Ar~Ph 4-MeCgH,, 4-MeOCgH,, '
2-u 4-CICeH,, 4-BrC;H,; X=Cl, BF, -

A method of synthesis of a~arylketones by the reaction of
ADC with enol acetates has been proposed. For this purpose,
enol acetate (or enol benzoate or disulphide) is obtained from
the initial ketone. On interaction with ADC, the acetate is
arylated in the a-position in the ethylene group. After the
removal of the acetyl group (by hydrolysis), the c-aryl-
ketone is obtained. ArCH,COMe (from acetone), ArCH,COPh
(from acetophenone), ArPhCHCOPh (from benzyl phenyl
ketone), etc. have been obtained in this way:10%105

MeCOOCH=CH, - ArN,X

RC(OAQ) =CH, — 222 R (0A) ~CHAT — 155

R=Me, PhCHg; Ar=4-CICsH,.

RCOMe ——tm —-/\rL)Il — RCOCH:A,

Acrolein and crotonaldehyde are chloro- and bromo-
phenylated, combining with the halogen and the Ph’ radical
at the ethylenic bond in the o~ and g-positions respectively.
Best results (yields of 20-50%) are achieved when the reac-
tion is carried out at 0—2 °C and pH ~ 7 (Dombrovskii®):

RHC=-CHCHO - PhNgX “i - RCH (Ph) CHXCHO;
R=:H, Me; X=Cl, Br.
Methyl vinyl ketone is chloroarylated analogously, forming
a-chloro-substituted aliphatic-aromatic ketones (yields 20 to
40%):*

CuCl,

MeCOCH=CH, -+ RCH;N,Cl N, > MeCOCHCICH,C;H,R |
R=4-Cl, 4-O;N, 4-COOH ,

Aryl vinyl and aryl isopropenyl ketones react in the same
way, forming unstable aryl 8-aryl-a-chloroethyl ketones
(yields 25—40%); some of these are dehydrochlorinated even
on vacuum distillation and are converted into chalcones:*°®

CuC],

Ar'COCR=:CH; -} ArN,Cl = Ar'COCRCICH,Ar —5
R= H Me Ar=Ph, 4-O,NCsH;;
Ar’=Ph, 4-MeC;H,, 2,4-Me,C;H;,

4Cl- and 4-BrCgH,

— Ar'COCR =CHAr ;

Quinones undergo a vigorous arylation reaction with
arenediazonium salts, a distinctive feature of which is that it
proceeds in the absence of catalysts owing to the low redox
potentiul of the quinonoid system. 3! The arylation of
p-benzoquinone has been widely investigated. This reaction
constitutes an excellent method of synthesis of numerous
monoaryl-p-benzoquinones, whose yields frequently reach
80—90%: 2° Ar

_ _
0= D=0 + ANX ——er— O = >=0

=
Ar=Ph, 2- and 4-MeC4H,, 2-, 3-und
4-CICsH,, 2,6-ClyCeH,, 2-BrCeH,,
2,6-Meg-4-BrCgH,, 4-HOCH,, 2- and
4-MeOCH,, 2,4-(MeO); CgHy, 2-, 3- und 4-O,NCeH,,
4-MeCOC,H,, 4-HOCOC;H,, 3-MeOCOC;H,,
2-PhCgH,, 4-PhCeH,, 4-HNSO.CeH,,
1-and 2-CoH,; X=HSO;, CI~, Br~, PO}”

Monosubstituted p-benzoquinones are arylated predomi-
nantly in the 5-position for steric reasons, forming 2-R-5
aryl-p-benzoquinones in satisfactory yields: *®

O [¢]
)\ /.\r
() msx g [ ]
R/ \H,/ R \/
O O

R -Me, Cl, Ph, 4-CIC;H,, 2-O,NCsH,,
4-MeOCOC4H;; Ar- Ph, 3-and 4-CIC4Hjy,
2- and 3-BrCgH,, 2,- 3- and 4-OoNCqH,, 4-MeOCyH,,
4-MeOCOCH,, 1-and 2-C,oH,; X -HSO,, Cl,
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2,3, 2,5, and 2,6-Disubstituted p-benzoquinones are
effectively arylated by diazo-compounds (the 2,3-derivatives
in the 5-position and the 2,5- and 2,6-derivatives in the
3-position). 2:°

1,4-Naphthoquinone and its 2-substituted derivatives are
arylated to 2-aryl-1,4-naphthoquinones and 2-R-3-aryl-1,4-
naphthoquinones respectively (in moderate yields): 2:®

(o] (6]

I
AR \/\/R
[ ]+ AaNe ——=m L )
% \/\A,

o]

R=H, Me, OH, MeO; Ar=Ph, 2- and
4-MeCgH,, 4-CICgH,, 4-MeOC4Hy,
3-and 4-O, NC H,, 4-HOCOCzH,,
4-HOSO,CgH,, 3-HO-4-HOCOC4H,, 2-C;,H, ,

1,2-Naphthoquinone is arylated in the presence of the CuCl
catalyst in acetate buffer, giving low yields (5—37%) of
3-aryl-1,2-naphthoquinones: %7

o o]
) [
/\/\/ /\/\ ¥
| CuCl, AcONa H
| +aNe = | ||
NN S AN Nar

Ar=2-, 3.and 4-CICH,,
6. aB-Unsaturated Acids and Their Derivatives

The reactions of of-unsaturated carboxylic acids their
derivatives with ADC have been investigated and described
fairly completely. A survey of the available data shows that
the reactions of aB-unsaturated carboxylic acids in which the
carboxyl is conjugated with electron-accepting groups pro-
ceed with substitution of the vinyl a-hydrogen atom by the
Ar’ radical derived from the diazo-compound with simultane-
ous decarboxylation and elimination of HCI.

Thus the reactions of B-arylacrylic (cinnamic) acids with
ADC proceed via this pathway and constitute the basis of a
convenient and simple method of synthesis of numerous stil-
benes, whose yields are in most cases good or entirely satis-
factory : °

RCX—=CHCOOH + ArN,Cl —acle & CUCL, pex-—-CHar;

X = H, Ph, or other ary!l groups;
Ar = Ph or other aryl groups.

Fluorine-containing stilbenes 4-HOC H,CH=CHC:H,CF; and
4-EtOCOC H,CH=CHC¢H,CF;-4 have been obtained in this
way from diazotised fluoroanilines and cinnamic acid
derivatives (yields of 60 and 33%).1%®
On interaction with tetrazonium chlorides, i.e. the chlorides
of diphenylbisdiazonium, 3,3'-dinitrobiphenylbisdiazonium,
methylenebis(benzenediazonium), oxybis(benzenediazonium)j,
and bis(diazoniaphenyl) sulphone, cinnamic acid give rise to
the corresponding bis-stilbenes (in ~50% yield), which exhibit
a semiconductor type sensitivity to light:°®
2R—\<_____>—CH=CH—COOH + (CIN,—\<:>—)‘R’ -
oy
(e D -en-eS ),
Rl

CuCl, 10° C, Me,CO-H,0
—2N3, ~2CO4, —~2HCL

R?
R=H, MeO, NO,;, Me;N;
R!=H, NOy; R¥=—, O, SO, CH,

B-Aroylacrylic acids react analogously with ADC, forming
as a rule chalcones in high yields, which constitutes an
effective method of synthesis of these compounds: 22610
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RCOCH=CHCOOH -+ ArNyCl —p, 0T~ RCOCH=CHAr ;

R = Ph or other aromatic groups;
Ar=2-, 3- and 4-HalC;H, (where Hal=Cl, Br),
or 2- 3- and 4-OgNCgH,

Coumarin and unbelliferone are arylated in the a-position
relative to the carbonyl group, forming 3-arylcoumarins (in
yields up to 80%): %542

NN\ /\/\/

\)\O/\o k/\o/\o
Ar=4-CIC¢H,, 2-, 3- and 4-O,NCgH, etc.

CuCly; pH2—4
+ AN,Cl =R B

’

In the reactions of ADC with maleic acid one of the COOH
groups is split off and cinnamic acids are obtained as a result
(in yields of ~60%):

HC—COOH

il + ArN,Cl
HC—COOH

Ar=2-, 3- and 4-CIC4H,, 2.6-Cl3CH; etc.

N coope— ArCH=CHCOOH ;

In the arylation of citraconic or bromomaleic acid the COOH
group adjoining the methyl group or the bromine atom
respectively is split off. %°

Under the conditions of the Meerwein reaction, sorbic and
cinnamylideneacetic acids are arylated at the a-carbon atom
with simultaneous decarboxylation. This results in the
formation of 4-aryl-1-methyl- and 1,4-diaryl-buta-1, 3-dienes
(for the latter, this reaction is one of the effective methods
of synthesis): »*

R (CH=CH); COOH + ArNyCl —f-—Gooiper— R(CH=CH), Ar;
R=Me, Ph; Ar=2-, 3- and 4-CICgH,,
2- and 4-MeOCgH,, 3- and 4-PhCgH, -

Cinnamylideneacetic acid reacts also with aromatic tetrazo-
nium chlorides forming bisbutadienes (in yields up to 64%):*°°

9Ph (HC=—CH), COOH + (CIN,-—<=>—) R -

———_,N,,_igg, —sAcT > Ph (HC=CH), —\ J —R—/ —-(Hc:cm,ph ;

R=—, CH,, O, SO, -

In media close to neutrality acrylic and crotonic acids are
arylated at the B-carbon atom with retention of the carboxy-
group, while in acid media they are halogenoarylated also with
retention of the carboxy-group: 21!

pH~5
CHy=CR—COOH -+ ArN,X —S %
_PHI1=2 _ ArCH,C(R)CICOOH (X=Cl, Br) ;
R=H, Me; Ar=2- and 4-MeCyzH,,
2-, 3- and 4-CICeH,, 2-, 3- and 4-BrCeH,,
2., 3-and 4O,NCgH,, 2- and 4-MeOCgH,, 1-CoH, .

—> ArCH=CRCOOH (X=Cl) »

Methyl acrylate and methacrylate react with ADC, combin-
ing with a chlorine atom in the a-position and with the aryl
radical derived from the diazo-compound in the B-position.
This results in the formation of chloroarylation products
(the yields reach 70%).2!%11% The products obtained from
acrylic acid and its derivatives are valuable starting
materials for the synthesis of substituted cinnamic acids and
their esters and, after aminolysis, they serve as a source of
phenyzls:lanines with various substituents in the benzene
ring:

H,C=CRCOOMe + ArN,Cl — = ArCH,C (R) CICOOMe —jig-—

— ArCH,CR (NHy) COOH
R=H, Me, Cl, Br; Ar=Ph etc.

The reactions of methyl acrylate and methacrylate with
bisdiazotised 4,4'-diaminobiphenyls, di(4-aminophenyl)-
methane, and di(4-aminophenyl) ether proceed via two
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pathways: chloroarylation with participation of both diazo-
groups (the main reaction with yields of products of 42—62%)
and chloroarylation with participation of only one diazo-
group and the replacement of the second diazo-group by a
chlorine atom via the Sandmeyer reaction (yields 5-21%).

The reactions are catalysed by both CuCl, and FeCl,, but

the latter promotes the formation of telomers. The bischloro-
arylation products are smoothly dehydrochlorinated and
hydrolysed by alkali, being converted into the corresponding
biscinnamic acids:*

= NaOH, H,0
[Meococ ®) cicH, — _}-LW L
;
Rl
~ (nococrR=cH—{” >~| R
Dan /2
R

R=H, Me; R}=H, MeO, NO,;
Ri=0, CH; .

The reactions of maleate and fumarate esters with ADC
proceed mainly as trans-addition of the Ar’ radical and a
chlorine atom to the ethylenic bonds in fumarate esters, to
which the maleate esters also isomerise under the reaction
conditions.!® This results in the formation of a mixture of
the erythro- and threo-forms in proportions of 72:28: 115,116

COOR COOR
P s B

CuCly .

ROCOCH=CHCOOR + AN,Cl ——g*— + ;
H_.[—Ar H—|—Ar
COOR COOR

R=Me, Et; Ar=Ph, 4-CIC;H, .

Acrylamide undergoes the chloroarylation reaction and
gives satisfactory yields (60—70%) of B-aryl-a-chloropropion-
amides, whose dehydrochlorination by organic bases results
in their smooth conversion into R-arylacrylamides, which is
also of synthetic interest: !’

CuC E
HyC—CHCONH; -+ ArN,Cl — =t > ArCH;CHCICONH, —i5—~ ArHC=CHCONH, ;

Ar=Ph, 4-MeCgH,, 4-MeOCgH,,
4-CICeH,, 2-, 3- and 4-O,NCgH, .

Acrylonitrile, the most important derivative of an af-unsat-
urated acid, is widely used in reactions with numerous ADC,
which results in good yields (up to 90%) of R-aryl-oa-chloro~
propionitriles. The reactions are catalysed by CuCl,, CuCl,
and other catalysts: 2:5)18,19,116,119

H,C=CHCN 4 ArN,Cl = ArCH,CHCICN ;
Ar==Ph, 2-, 3- and 4-MeCgH,, 2-, 3- and 4-CIC4H,,
2.4-ClaC¢Hs, 2-, 3- and 4-BrCgH,,

2-, 3- and 4-OgNCgH,, 2.4-(O3N)3 CgHg,
4-MeOCgH,, 4-NCCsH,, 4-HOSO,CgH,,
1- and 2-CyyH,,

N,
5- and 6~ Me_C//Q
Ns

o-Methyl- and o-~chloro-acrylonitriles form analogously
g-aryl-a-chloroisobutyronitriles ArCH,C(Me)CICN *2° and
g-aryl-ao-dichloroacrylonitriles ArCH,CCL,CN 2! respectively
in yields of 50—70%:

(Ar=Ph, 4-MeCgH,, 4-Cl and 4-BrGeH,,
4-MeOC4H,, 2-, 3- and 4-O5NCeH,).

Arylchloropropionitriles have served as starting materials
for the synthesis of new compounds which are otherwise
difficult to obtain. Thus they are readily dehydrochlorinated
by bases, being converted almost quantitatively into the
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nitriles of cinnamic acids, whose hydrolysis give rise to the
corresponding acids [reaction (11)],2°1'%11% op their amides
[reaction (12)].%2? The successive reduction and hydrolysis
of chloropropionitriles make it possible to obtain hydro-
cinnamic acids [reaction (13)], 2 while alkaline hydrolysis in
aqueous alcohol gives rise to esters of a-chlorohydrocinnamic
acids [R = Me or Et; reaction (14)].% It has been suggested
that the ester 4-CIC;H,CH,CHCICOOMe be used to eradicate
wild oats in wheat fields. }?*»!2* The hydrolysis of chioro-
propionitriles with a mixture of concentrated formic and
hydrochloric acids gives rise to B-aryl-a-chloropropionic
acids in ~95% yields [reaction (15)]; 2 hydrolysis with the
same mixture of acids followed by treatment with ammonia or
urotropine results in the formation of D,L-arylalanines and
their derivatives from arylchloropropionitriles [reaction
(16)1: 2,125

—mr——— ArCH=CHCN —*2- ArCH=CHCOOH , (11)

ES0  ACH—=CHCONH, , (12)

12 seon ArCH,CH,COOH , (13
ArCH,CHCICN—

ROHNOWHO _, A/cH,CHCICOOR , (14)

HCOOMAHEL _ , ArCH,CHCICOOH |, (15)

;)) :g{?om HOl__, ArCH,CH (NHy) COOH , (16)

Biphenyl-4,4'-bisdiazonium chloride reacts with acrylo-
nitrile with evolution of nitrogen from both diazo-groups and
produces 4,4'-bis(2-chloro-2-cyanoethyl)biphenyl in 78%
yield. The latter is readily dehydrochlorinated and con-
verted into 4,4'-bis(2-cyanoethylene)biphenyl in 71% yield
and on heating with a mixture of concentrated HCOOH and
HCI it gives rise to 4,4'-bis(2-chloro-2-carboxyethyl)biphenyl
in 87% yield: %2

2H,C=CHCN + ClN2—<:>7<i/>~N3C1 S,

pyridine /=N
D S >—CH=CHCN
< Ner )3

- (= S —cHHCIeN) —
( N : )2 HeoomrHel [T N\

_HeOORHEI |, (¢ % CH,CHCICOOH) .

— .

Acrylonitrile gives rise analogously to the chloroarylation
products X(C,H,CH,CHCICN),, where X = CH, or S, on
reaction with methylenebis(benzenediazonium) and thiobis-
(benzenediazonium)chlorides (yields 44 and 66% respec-
tively). %2

In reactions with ADC, 4,4'-bis(2-cyanovinyl)biphenyl is
arylated in the o-position relative to the CN group (reactant
ratio 1: 2, catalyst CuCl, pH 2—4, aqueous acetone medium),
giving rise to bisarylation products—4,4'-di(cyanostyryl)-
biphenyls (yields 33—52%):1%®

=N e NN el et ON
R~ >Nl + NeH=CH— >~ >—CH=CHON ~—5 e
T e N
(FL =<3 ),

R=H, Me, MeO, Br, 1, NO, .

The anion-arylation of acrylonitrile by the diazonium salts
ArN3A~ also proceeds with addition of the anion A~ and the
radical derived from the diazo-compound in the a- and
B-positions of the ethylenic bond respectively. It has been
shown that the interaction of acrylonitrile with arenediazonium
sulphates in the presence of thiocyanate ions and catalytic
amounts of copper(I) thiocyanate leads to B-aryl-a-thio-
cyanatopropionitriles (in yields of ~60%)."“’ In this case
considerable amounts of ArSCN (up to 35%) are also
obtained. *?’ Arenediazonium thiocyanates are apparently
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formed initially in the exchange reaction and then react
further with acrylonitrile in accordance with a familiar
mechanism:

ArN:HSO, + NH,SCN = ArN;SCN 4 NH,HSO, |

H,C=CHCN + ArN,SCN —558 4cH,CH (SON) N 4
ArPh, 4-McC.H,, 4-CIGH,,
2-0,NGH, .

8-Aryl-a-(O-ethyl dithiocarbonato)propionitriles have
been obtained analogously in the presence of potassium and
copper(l) ethylxanthates, '2® while in the presence of sodium
and copper(I) diethyl phosphorodithioates the products are
B-aryl-a-(0, O-diethyl phosphorodithioato)propionitriles (in
yields of 40—72%):12°

H,C=CHCN -+ 4.RC,H,N,HSO, -
—Na

EtOC(S)SK

—Fiociese— 4RCHCHCHSC(S) OB CN , (@)

{E10),P(S)SN.
S EOPEIRey ™ 4'RCH,CHLCH [SP (S)(EtO),] CNy (b

(1) R=H, NOy; {b) R=NG; .

7. Aromatic Systems

In conclusion we shall consider data on the arylation of
aromatic systems under the conditions of the Meerwein reac-
tion or similar conditions. Benzene, toluene, xylenes,
halogenobenzenes, and nitrobenzenes are apparently hardly
arylated under the conditions of this reaction. However,
certain polycyclic aromatic systems enter into the arylation
reaction. Thus anthracene is arylated by ADC, forming
mixtures of 9-aryl- and 9,10-diarylanthracenes, whose
yields vary from 7 to 54%:!%°

CgH R CsHyR
INANSN o NSNS\ AV AVAN
I | H | + RGHNCL N, TH(’] e I “ ” ' + l ! “ [ -
NN\ ' NSNS NN
CeHR

R=H, 4-Cl, 4-MeO, 2-NO,, 4-NO, .

Cyclohepta-1,3,5-triene is also arylated, giving low yields
(7-29%) of arylcycloheptatrienes (the position of the Ar group
has not been established): '**

== CoH4R-4
CuCly
| 4 4-RCGHNyCl ——3= ,
=Ny, ~HCl ’

R=H,Cl NOy -
It has been shown in the studies of Nesmeyanov, Pereva-
lova, and co-workers*®?7*?* that ferrocene is arylated by
arenediazonium salts in the absence of catalysts, giving
satisfactory yields (~60%) of arylferrocenes:

v°C; AcOH .
TeH + ArNpX ——> Fo—Ar i
-N,, -H(1

; X =Cl, HSO4; Ar=Ph, 4-MeCgHy, 4-MeOCgH4,
3 and 4-0oNCgHy .

Among heteroaromatic compounds, substituted furans
proved to be the most reactive in relation to ADC. Furan
itself is arylated in the o-position with low yields.13%:13¢
a-Substituted furans, namely furfural, 2-acetylfuran, furan-
2-carboxylic acid, and furyl-2-nitroethylene, are arylated
in the 5-position on interaction with various ADC (in the
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presence of CuCl, or CuCl as the catalysts), giving rise to
5-aryl-2-substituted furans, whose yields vary from 6 to
80%:

77N

R—-/ N\ + ANCl —xr T R‘\O/ —Ar;

No”
R=CHO, Ar=3-O,NC¢H,, 4-HOC¢H,, 4-PhC¢H,,
4.(4-MeOCH,) CsH,  137—139 ; R=COMe,
Ar=4-CIC¢H,, 4-BrCH,, 4-O,NCsH, 140 ;

R=COOH, Ar=3- and 4-CICsH,, 4-BrCzH,,
3- and 4-O,NCgH, 14i, 142 ; R=COOAlk (Alk=Me, Et, Pr),
Ar-2-, 3 and 4-CICgH,, 2- and 3-O,NC,H,,
2.4-(O,N), CgHg 136, 142 ; R=COCOOH, Ar=:4-BrC;H, 143 ;
R=CH=CHNO,, Ar=4-CIC¢H,, 4-BrCsH,,
4.0,NCeH, 144 .

The data described show that the scope of the reactions of
unsaturated compounds with aromatic diazo-compounds has
not been exhausted. There is apparently no doubt about
the radical mechanism of the reactions catalysed by transition
metal salts and in the first place by copper chlorides. There
is a need for further studies in order to elucidate the
details of the mechanism of the conversion of the olefin—
catalyst—aromatic diazo-compound complex, which results in
the formation of anion-arylation and arylation products. The
latter is apparently a process involving the addition-elimina-
tion of the elements of arenediazonium at the multiple bond
of the unsaturated compound.

Further expansion of the range of unsaturated compounds
and aromatic diazo-compounds used in the Meerwein reaction
in order to obtain aliphatic-aromatic compounds containing
several reaction centres is of undoubted interest for organic
synthesis. The improvement of the anion-arylation and
arylation methods will make it possible to reduce to a minimum
the competing reactions, which will reduce the amount of side
products.
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