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Abstract. The literature data on the chemistry of trichloroethylene
are surveyed. Reactions involving the addition of inorganic and
organic reagents to trichloroethylene are examined and cyclo-
addition reactions with participation of trichloroethylene are
classified. A systematic account is given of the reactions of
trichloroethylene with various nucleophiles occurring with the
substitution of 1—3 chlorine atoms by nucleophilic residues. The
elimination and oxidation reactions of trichloro-ethylene as well
as aspects of the practical application of its derivatives are
considered. The analysis demonstrates the extensive possibilities
for the synthesis of polyfunctional organic compounds of various
classes from trichloroethylene. The bibliography includes 310
references.

1. Introduction

Trichloroethylene (TCE) is nowadays one of the main products of
organochlorine synthesis, the annual production of which is more
than 1 million tonnes.! Its practical applications are exceptionally
extensive and are being continually expanded. It is one of the most
important technical solvents and is used in various branches
of industry and for domestic purposes. It is employed as an
inhalation agent for narcosis and anaesthesia in medicine.
Industrial methods of synthesis from trichloroethylene of a
number of important products, including chloroacetic acid,
pentachloroethane, and dichloroacetyl chloride, have been
developed.

The synthetic possibilities of TCE as a polyfunctional
compound containing three chlorine atoms and a carbon —carbon
double bond are very great. It enters into chemical reactions of
various types (substitution, elimination, addition, oxidation, etc.),
which makes it a valuable and in certain cases an irreplaceable
intermediate in organic synthesis.
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The publication of a large number of studies on TCE
chemistry, which have revealed various new aspects of its
synthetic and practical use, required a systematic survey. The very
first data on TCE chemistry were briefly described in two
communications. >3 The state of research in TCE chemistry
towards the beginning of the 1980s was given in greater detail in a
monograph. 4 Extensive information about the reactions of TCE,
published during the last 10— 15 years, have still not been surveyed
and analysed critically. Only reactions involving the addition to
TCE of compounds containing N —Cl bonds and the thiylation of
TCE have been considered in recently published reviews.3-7

Experimental data on the chemical reactions of TCE collected
and dealt with systematically in the present review include
communications and patent data up to 1993.

I1. Addition reactions

Addition to TCE has been used to synthesise a wide variety of
polyfunctional organochlorine compounds. This reaction of TCE
is one to have been most thoroughly investigated.

1. Halogenation

Initial studies of the reaction of halogens (chlorine, bromine,
and fluorine) with TCE showed that it leads mainly to the
formation of the corresponding adducts—1,22-trichloro-
1,2-dihaloethanes. 2-# Iodine does not react with TCE; positive
results were not obtained even when the reaction was initiated by
y-radiation. 8

Pentachloroethane 1 can be synthesised by the addition of
chlorine to TCE in both gas and liquid phases. * The chlorination
of TCE in the dark proceeds only slightly, but the rate of reaction
increases sharply in the presence of ethylene.!® When TCE is
chlorinated with a solution of chlorine in carbon tetrachloride
(under illumination from an incandescent filament lamp),
pentachlorocthane is formed in a quantitative yield.!! The
role of radical addition increases significantly in the presence of
complex-forming solvents (benzene, carbon disulfide).

The interaction of TCE with chlorine in liquid hydro-
gen fluoride proceeds by an electrophilic mechanism via the
formation of ion pairs and leads to compound 1 and
the coupled chlorofluorination products-—1,1,2,2-tetrachloro-
1-fluoroethane. The overall yield of pentachloroethane and
tetachlorofluoroethane relative to the TCE which has reacted is
82% and their ratio is 85:15.12
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Under pressure and in the presence of free radical initiators,
chlorination of TCE is more far reaching, leading ultimately to the
formation of CCly and C,Clg. 13

Other chlorinating agents have no advantages over chlorine.
Thus the chlorination of TCE with a solution of trichloroamine in
methylene chloride (molar ratio NCl3: TCE = 0.04:0.09) in the
presence of small amounts of added benzoyl peroxide (BP) affords
pentachloroethane in 41% yield. 4 In the interaction of perchloryl
fluoride with TCE in the presence of aluminium halides, addition
of two halogen atoms from the aluminium halide is observed.
When AICl; is used, pentachloroethane is produced.!> The
oxychlorination reaction of TCE in the presence of hydrogen
chloride, oxygen, and the Deacon catalyst involves additive
chlorination with formation of compound 1, which is subse-
quently dehydrochlorinated to tetrachloroethylene.!® When
epoxyethane or epoxycyclohexane reacts with TCE and liquid
chlorine, coupled chlorination of TCE accompanied by
telomerisation is observed. !’

Bromine adds readily to TCE both in the presence and
absence of catalysts, affording a 1,2-adduct — 1,2-dibromo-1,1,2-
trichloroethane. 2 18

The interaction of TCE with fluorine proceeds less selectively
than with chlorine and bromine, a mixture of chlorofluoroalkanes
being formed; the main product is 1,1,2-trichloro-1,2-difluoro-
ethane.? The formation of side products is appreciably reduced
when the reaction is carried out at 70—85 °C. %20 Data on the
gas-phase fluorination of TCE in the presence of chromium
catalysts have been published. 2!:22

The reactions of TCE with mixed halogens have been investi-
gated for the reaction with chlorine monofluoride, which added
readily to TCE. 23 It is suggested that, owing to the appreciable
polarity of the CI-F bond and the high electrophilicity of the
chlorine atom in the CIF molecule, the addition is electrophilic.
In order to establish the mechanism of this reaction, the
chlorofluorination was carried out in the presence of an external
nucleophile (ethyl acetate).?* The reaction gave a mixture of
products 2 and 3, the formation of which may be represented by
the following scheme:

B
H Cl H Cl

o= o ar | el f‘gf CHCL,—C(OAc)Cl
o’ o’ Hra 3(28%)

|

CHCL,—CCLF .
2(65%)

The results demonstrate that the mode of addition of both the
internal (F~) and the external (EtOAc) nucleophiles to TCE is
virtually the same.

The reaction of TCE with the SbFs—HF —Cl, system has been
investigated 25 and it has been shown that this system is a source of
stoichiometric equivalents of chlorine monofluoride. The reaction
afforded the coupled halofluorination product CHCICCLF in a
quantitative yield. When the SbFs— HF — Br; system was used, the
product was 2-bromo-1,1,2-trichloro-1-fluoroethane.

2. Hydrohalogenation

On reaction with excess gaseous dry hydrogen chloride in the
presence of small amounts of FeCl; at room temperature, TCE
gives 1,1,1,2-tetrachloroethane 4 in 49% yield. When FeCl; is
replaced by AlICl; (5% — 10%), the yield of the adduct 4 increases
to 86% —88% (reaction temperature 30—40 °C). At a higher
temperature (50 °C and above), the yield of compound 4 falls and
the formation of 1,1,2,2-tetrachloroethane, 1,1,2,4,4- and
1,1,2,3,4-pentachlorobutadienes, and hexachlorobenzene is
observed.? A method has been proposed recently for the
synthesis of tetrachloroethane 4 by hydrochlorination of TCE in

the presence of FeCl; or AlBr; at a pressure exceeding 500 kPa and
atatemperaturein the range 10— 160 °C. Thus, when gaseous HCI
was introduced into a mixture of 2 moles of TCE and 1% of FeCls
(relative to the weight of TCE) up to a pressure of 3.46 MPa and
the mixture was heated for 3 h at 70— 80 °C, the target product was
obtained in 96.4% yield. 26

Hydrogen bromide adds to TCE only in the presence of
catalysts. Ionic addition (small amounts of added FeCl; and
AICl;) follows the Markovnikov rule and leads to the formation
of 1-bromo-1,1,2-trichloroethane (80%). In the presence of
peroxides, anti-Markovnikov addition of hydrogen bromice to
TCE occurs (the Kharasch ‘peroxide effect’) with the exclusive
formation of 2-bromo-1,1,2-trichloroethane (yield 91%).2%’

The interaction of hydrogen fluoride with TCE under the
influence of various catalysts has been described in the patent
literature. 2836 These reactions proceed in 2 complex manner and
lead to a mixture of chlorofluoro-compounds, among which deri-
vatives containing 3 —4 fluorine atoms predominate. Thus, when a
gaseous stream of TCE and HF (1 : 3.5) is passed over y-Al,O3 ona
metallic support at 230 °C, mainly 2-chloro-1,1,1-trifluoroethane
5 is formed (yield 91.5%). 28 Reaction of TCE with hydrogen
fluoride proceeds similarly in the presence of chromium(III)
halides on activated charcoal.? When HF is brought into
contact with TCE over a chromium catalyst [1%-10%
chromium(III) oxide] deposited on B- and/or «-AlF; and
treated with 1,2-dichloro-1,1,2,2-tetrafluoroethane, 1,1,1-tri-
fluoroethane is formed at 350 °C in 95% yield.3° When the
6% CrOs + 3% TiCl3/Al,O; catalyst treated beforehand with
hydrogen fluoride is used, the products of the reaction of TCE
with HF at 500 °C are compound § (50%) and 1,1,1,2-tetra-
fluoroethane (20%). 3! According to other data, 3233 the halides
TaFs, NbFs, MoCls, and TiCl, are also catalysts of the reaction of
HF with halogenated alkenes, including TCE.

The reaction of TCE with anhydrous HF under pressure in an
autoclave takes place at 115-130 °C. In the presence of
fluorination catalysts (arsenic and antimony compounds to
which transition metal derivatives have been added 34-36), the
yield of the main reaction product— 2-chloro-1,1,1-trifluoro-
ethane 5—reaches 87% —92%.

Methods for the synthesis of monofluoro- and difluoro-
derivatives from TCE have been proposed in recently published
patents. 3738 It has been shown?’ that, in the presence of
an aluminium oxide —magnesium oxide catalyst (Al,03: MgO =
3:1) subjected to a preliminary treatment with HF, the
main products of the interaction of TCE with HF were
1,1,2-trichloro-1-fluoroethane (53%) and 1,2-dichloro-1,1-
difluoroethane (41.5%). The formation of compound 5
was observed in this process, but its yield did not exceed
1.1%. 1,1,2-Trichloro-1-fluoroethane—the product of the
Markovnikov addition of hydrogen fluoride to TCE-—was
obtained in 80% yield in the presence of WFgat 50— 150 °Cand at
a pressure of 137 kPa.38

Hydrogen iodide does not add to TCE. After prolonged
illumination of a mixture of TCE with hydrogen iodide, only
partial reduction of TCE to 1,1,2-trichloroethane was observed. 2

3. Addition of certain other reagents

Chlorine chlorosulfonate 6, which has become available recently,
readily undergoes Markovnikov addition to TCE to form
1,1,2,2-tetrachloroethyl chlorosulfonate 7.39-40

1l CH,Cl,
Cl—O—ﬁ—-Cl + CHCI=CCl, —m’
6 O
— CHCl;—CCl,—0S0,Cl

7 (56%)
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Chlorine and fluorine fluorosulfonates react similarly with
TCE, affording respectively 1,1,2,2-tetrachloroethyl fluoro-
sulfonate (yield 80.7%) and 1,1,2-trichloro-2-fluoroethyl
fluorosulfonate (yield 70%).41:42 After brief heating of a
mixture of TCE and sulfur dichloride (2:1) in the presence
of BusPO, at 110 °C, 1,1,2,2-tetrachloroethanesulfenyl chloride is
formed. 43 Under radical conditions this reaction gives a similar
product only after prolonged irradiation of the mixture, in the
presence of small amounts of added phosphorus trichloride, by
light from a mercury lamp. %

UV irradiation of equimolar amounts of thiocyanogen
chloride and TCE in acetic acid gave two a-chloro-B-thiocyanato-
derivatives with preferential formation of the anti-Markovnikov
isomer: CHCIL,C(SCN)Cl, (yield 52%) and CHCI(SCN)CCl;
(yield 6%).%5 It is noteworthy that TCE does not react with
thiocyanogen chloride heterolytically. 46

In the presence of SbFj, the reaction of trifluoromethyl
hypochlorite with TCE gives a high yield of 1,1,2,2-tetra-
chlorotrifluoromethoxyethane. 47

4, Addition reactions leading to the formation of new C-C
bonds

Reactions involving the condensation of various organic
compounds with TCE have opened a pathway to the synthesis
of compounds with dichloro- and trichloro-vinyl groups which are
difficult to synthesise. Such reactions proceed both in the presence
of radical initiators and under the influence of the Friedel —Crafts
catalysts.

a. Radical condensation

The chlorovinylation of saturated hydrocarbons with the aid of
TCE, which proceeds on treatment with organic peroxides, was
first achieved by Schmerling 48 in 1949. He later investigated the
condensation of TCE with alkenes, °~5! alicyclic compounds, 52
and benzene derivatives. 3 The products of these reactions—
compounds with p,B-dichlorovinyl groups—have found
applications in the synthesis of alkenynes,® chlorinated
alkenylbenzenes, ® and cycloalkenes containing a triple bond
in a side chain. 52

A series of patents have been devoted to the development of
methods of synthesis of the practically important 1,1-dichloro-
4-methylpenta-1,3-diene, which is based on the condensation of
TCE with isobutene (or a tert-butyl halide). 3458

This reaction can be achieved both in the liquid and gas phases
(125-550 °C) in the presence of 0.05-5 mol% of radical
initiators. However, it is noteworthy that a high yield of the target
productis attained only when a twofold to threefold excess of TCE
is employed. On the other hand, in the presence of an excess of
isobutene, preferential formation of 2,5-dimethylhexa-1,5-diene is
observed.

The photochemical addition of bromotrichloromethane to
TCE leads to the formation of a complex mixture of products,
among which the following have been found: CHCIBr— CBrCl,
(2%), CCl3—CHCI-CBICl; (< 1%), CCl3—CCl3 (30%),
CBrCl=CHCl + CHBr=CCl; (26.5%), CCl;—CCl=CHCI
0.9%), CCl3—CH=CCl, (29.1%), and CHCIl,—CBrCl,
(11.9%).%® The kinetics and mechanism of this reaction
have been investigated.®®

The interaction of TCE with hexane in the presence of fert-
butyl peroxide (TBP) has been studied in detail. 8! It has
been established that the reactivities of the hydrogen atoms of
the first, second and third carbon atoms in hexane are respec-
tively 0.04, 1.68, and 1.0. The chlorovinylation of hexane
occurred mainly in the 2-position and to a lesser extent in the
3-position. The formation of the main products of this reaction
can be represented schematically as follows:

ROOR —»= 2RO’
RO’ + CeH;s — ROH + "CeHis
‘CeHis + CHCI=CCl, —» C¢H;3—CHCl—'CCl,
CeH13—CHCI—"CCl; + CeH;s —>
—» CsHy3—CH=CC), + HCl + ‘CsHy;
R = Bu'; ‘CéH;s = MeCHBu® or EtCHPro,

When hexane is treated with a mixture of TCE and carbon
tetrachloride, the main reaction product is 2-chlorohexane and
dichlorovinyl derivatives are not then formed.

The high-temperature condensation of TCE with naphthalene
at 535 °C leads to a complex mixture of isomeric products — cis-
RCCl=CHC], trans-RCCl=CHCl, RCH=CCl,, cis-R'CCl=
CHCI, trans-R'CCl=CHC], and R'CH=CCl, (R = B-CjoH>,
R’ = a-CoHy). % The isomer RCH = CCl, predominates, but it
could only be isolated in 10.6% yield in a pure form, which
undoubtedly lowers the preparative value of this reaction.

Reaction of TCE with 1- and 2-methylnaphthalenes proceeds
via the side chain to form a mixture of the corresponding
dichloropropenylnaphthalenes. > Under these conditions, the
main products contained the a,a-dichloropropenyl fragment
(yield ~90%), which makes this reaction preparatively promising.

The addition to TCE of m-carbaboran-9-yl radicals, formed
on photolysis of bis(m-carbaboran-9-yl)mercury, has been
achieved recently.%* The radical-adduct obtained is stabilised
by elimination of a chlorine atom, affording 9-(2,2-dichlorovinyl)-
m-carbaborane in 50% yield; 9-chloro-m-carbaborane (8%) and
m-carbaborane (10%) were also isolated.

In the presence of TBP, tetrahydrofuran reacts with TCE
to form 1,2,2-trichloro-1-(tetrahydro-2-furyl)ethane 8 (main
product), 1,2-dichloro-1-(tetrahydro-2-furyl)-ethylene 9, and
1,2-dichlorohex-1-en-3-one.% The presence of 1,2-dichloro-
hex-1-en-3-one among the reaction products confirms that
hydro-2-furyl radicals arising on treatment with the peroxide are
consumed in both addition and isomerisation reactions. The
formation of the first two products is presented in Scheme 1.

Scheme 1
! \ TBP { 5 CHCI=Cl,
0o (o]
Cl DH Cl
0 T o
Cl Cl Cl Cl
8
Cl Cl _:C_l> o Cl
Cl Cl
9

DH = hydrogen donor.

It has been shown that the phenyl radicals obtained on
decomposition of 2-phenylazopropan-2-ol add to the less-sub-
stituted carbon atom of TCE. The PhCHCl—"CCl, radicals are
formed and stabilised in this case by hydrogen atom abstraction,
and not by chlorine atom loss, affording trichlorophenylethane in
48% yield. The interaction of TCE with 1-cyclohexenyl radicals,
formed on decomposition of 1-(1-azacyclohexenyl)cyclohexanol,
gives a product with a similar group in the side chain—cyclo-
CsHyCHCICHCI, (23%). %6
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Syntheses based on the reaction of TCE with alcohols, acids,
ethers, and amines have opened a pathway to the preparation of a
whole series of polyfunctional compounds which were previously
difficult to obtain. Thus the reaction of TCE with methanol
(525-540 °C), initiated by CCly and CHCl; in a quartz flow
reactor, leads to CClo = CHCHOH in 22% yield. 67 A method has
been developed for the synthesis of chlorinated alcohols of the
type CHCI,CCI,CRR'OH and CCl,= CCICRR'OH on the basis
of the reaction of alcohols RR'CHOH (where R and R’ = Alk or
H) with TCE in the presence of organic peroxides. 98:69

2-Alkyl-3,4-4-trichlorobutyric acids have been synthesised in
preparative yields from TCE and carboxylic acids, having an
a-hydrogen atom, in the presence of peroxide initiators at
40-200 °C.70

Esters react with TCE under similar conditions, mainly the
a-carbon atom of the alcohol component of the ester molecule
participating under these conditions in the formation of a new
carbon—carbon bond in the adducts. 7" 72 The reaction of diethyl
malonate 10 with TCE proceeds via two pathways with formation
of compounds 11 and 12.

CH(COOEt), + CHCI=CCl, —»
10
ﬁC]z
EtOOC—CH,;—C—0CH—CH
11 CH3
Hj;
EtOOC—CH,;—C~—OCH—CCI
12 g y:ClH

Dichlorovinyl-substituted amines C;H;sCH(CH = CClz)NH,
and cyclo-C¢H1o(CH =CCl;)NH, have been obtained by the
reaction of TCE with the corresponding amines in the presence of
TBP. 7

b. Heterolytic addition
The synthesis of the practically important nonachloro-pentene is
based on the reaction of hexachloropropene with TCE on heating
in the presence of catalysts [AICl; and metallic aluminium in
proportions of (2-6):1].74
Aromatic compounds interact with TCE to form condensa-
tion products, However, one should note that the reactions of
benzene and ethylbenzene with TCE are accompanied by
appreciable tar formation and are of no practical value.?%7
Benzene derivatives 13, containing between 2 and 4 substituents,
react with TCE, affording substituted a,p-dichloro-styrenes 14 in
preparative yields, 7’
R.CeHs_, + CHCI=CCl; 2a  R,C(Hs_,CCI=CHCI
13 14

R = Alk, Hal, Alkga1; » = 2—4.

Polychlorotoluenes 15 react with TCE to form the chlorinated
propenylbenzenes 16 and 17.78.7°
RCl + CHCI=CCl; —» RCCI=CCIl, + HCl

15 16,17
R = CsClsCH; (16), C¢ClsCCl; (17).
It is noteworthy that, apart from compound 17, cis- and
trans-CeCls— CCl=CCl—CCl;, CeClsC=CCI(CCl,),CCl2 and

trans-C¢Cls — CCl1=CCICCI,CHCICCl3; are also formed in
the reaction of TCE with perchlorotoluene.

2,3,5,6-Tetrachloro-1,4-bis(2,3,3-trichloroprop-2-enyl)-ben-
zene 19 is a product of the interaction of 2,3,5,6-tetrachloro-1,4-
bis(chloromethyl)benzene 18 with TCE. Its formation may be
represented by the following scheme: 8°

Cl Cl
CIH,C CH,Cl + CHCI=CCl, —»
Cl Cl
18

Cl Cl

—» CCl,=CCICHz CH,CC1=CCl, .
Cl Cl

19

Substituted chlorodiphenylethylenes (p-ROC¢H4)>C = CHCI
(R = H, Me) are obtained by the reaction of PhOR with TCE in
the presence of trifluoromethanesulfonic acid. 8!

In the presence of sulfuric acid, trichloroethylene and
formaldehyde condense, (the Prins reaction), with formation of
a-chloro-B-hydroxypropionic acid 20, which is dehydrated under
the reaction conditions, giving a-chloroacrylic acid 21. In the
presence of alcohol, the reaction product is methyl a-chloro-
acrylate 22,82

CH;0 + CHCl=CCl, 0% H:504

— HOCH,—CHCI—COOH —
20

H*, T

» CH,=CC]—COOH
21

H*/EtOH _

CH,=CCI—COOEt
22

The condensation of TCE with bis(chloromethyl)ether in
methylene chloride or carbon disulfide in the presence of alu-
minium chioride proceeds readily. The reaction product is bis-
(2,3,3,3-tetrachloropropyl) ether 23 (yield 87.5%). 8384 The ether
23 can be obtained using 1,3,5-trioxane instead of bis(chloro-
methyl) ether, which is a powerful lachrymator. When dry hydro-
gen chloride was passed through a mixture of TCE, 1,3,5-trioxane,
and aluminium chloride, the yield of the ether 23 was 92%.

0]
or \(|) + CHCI=CCl HCLAlch, (CCI3CHCICH2),0

~ 23

On treatment with zinc, perfluoroalkyl iodides and TCE
condense with formation of B,B-dichlorovinylperfluoroalkanes
RgCH = CCl,, which are the starting compounds in the synthesis
of valuable perfluoroalkanoic acids. 85

5. Addition reactions leading to the formation of a
carbon - heteroatom bond

a. Radical thiylation

The reaction of aromatic thiols 24 with TCE in the presence of
benzoyl peroxide (BP) leads to aryl B,B-dichlorovinyl sulfides
25. 8689

XCgHiSH + CHCI=CCh, —3f -+ XCeH,S—CH=CCl
24 25

X = 4-MeO, 4-Me, 3-Me, H, 4-Cl, 4-NO;.




Trichloroethylene in organic synthesis

645

Diaryl disulfides are side products in this reaction, while in the
interaction of TCE with p-nitrothiophenol oxidation products of
B,B-dichlorovinyl p-nitrophenyl sulfide—the corresponding
sulfone and sulfoxide—were detected.

Thiylation of TCE by aliphatic thiols, which leads also in this
case to the formation of the corresponding B,B-dichlorovinyl
sulfides, can be more conveniently carried out with irradiation by
UV light and heating of the reaction mixture (the TCE : thiol ratio
varies from 3: 1 to 4: 1). 3889 The free-radical chlorovinylation of
diaryl disulfides 26 by TCE leads to the formation of a complex
mixture of products. %071

ArSSAr + CHCI=CCl, -2+ ArS—CH=CCl, +

26 25

+ ArS—CCI=CHC! + ArS—CCI=CCl, +
27 28

+ ArS—CHCI—CCl; + CCl,=CH—CCl;—CHCl,
29 30

Ar = p‘MCCGH4, Ph,p-CngH.; .

Earlier studies on the free-radical thiylation of TCE and other
polychloroalkenes and diaryl sulfides have been surveyed by
Voronkov et al.”

b. Synthesis of compounds with C—N and C=N bonds

Voronkov and coworkers®%93 investigated the addition of
compounds containing a N—Hal bond to TCE and demon-
strated its extensive synthetic possibilities. Thus, the reaction of
N, N-dichloroarenesulfonamides 31 with TCE leads to penta-
chloroethane and (trichloroethylidene)arenesulfonamides 32. 92:%3

RNCI; + CHCI=CCl,
3la-c

—» RN=CHCCl; + CHCl,—CCl;
32a-c¢ 1

R = Ph502 (8), p—MeC6H4802 (b), p-CngI‘hSOz (c)

The reactions of TCE with N, N-dibromobenzenesulfon-
amide,%* N, N-dibromourethane,®> and N, N-dichloroethyl-
phosphoramide 6 proceed similarly. They afforded respectively
N-(2-bromo-2,2-dichloroethylidene)benzenesulfonamide, N-(2-
bromo-2,2-dichloroethyl)ethoxycarbonylimine, and 1,1,1-tri-
chloro-2,2-bis(diethylphosphoramido)ethane. The interaction of
N, N-dichlorourethane with TCE leads to chloral N-ethoxy-
carbonylimine. 7 When water is introduced into the reaction
mixture, chloral reacts with it and the urethane formed as a
side product, giving 2,2,2-trichloro-1,1-bis(N-ethoxycarbonyl-
amino)ethane (50%) and 2,2,2-trichloro-1-(N-ethoxycarbonyl-
amino)-1-hydroxyethane (20%). *® The free-radical mechanism of
the reactions involving the addition of N, N-dichloroben-
zenesulfonamide and N, N-dichlorourethane to TCE was
subsequently confirmed. %

It has been shown!%® that the reactions of N, N-dichloro-
acetamide 33a and N, N-dichlorobenzamide 33b with TCE under
an inert atmosphere give reaction products of the corresponding
chloral acylimines 34a and 34b—1,1-diacetamido-2,2,2-
trichloroethane 35a, 1,1-dibenz-amido-2,2,2-trichloroethane 35b,
N-(2,2,2-trichloro-1-hydroxy-ethyl)acetamide 36a, N-(2,2,2-tri-
chloro-1-hydroxyethyl)benzamide 36b, and pentachloroethane:

RCONCI, + CHCI=CCl;
33a,b

L o

— RCON=CHCCI; + CHCl;—CCl3

34a,b 1
RCONH; H>0O
(RCONH),CHCCls RCONHCH(OH)CCl3
35a,b 36a,b

R = Me (a), Ph (b).

The high electrophilicity of the acylimines obtained from
trichloroethylidenearenesulfonamides and TCE made it possible
to introduce them into reactions with nucleophiles, without
preliminary isolation, and to develop ways of obtaining different
polyfunctional compounds having the general formula

CCL,CHR/(NHSO;R)  (Refs 101 -104)

R = Ph, 4—MCC6H4;
= OH, OMe, OEt, OPh, PhSO:NH, 4-MeCsH4SO,NH,
PhC(O)NH, MeC(O)NH, OBu®, OCH,CH,Cl, O

—N=CMePh, O—N=C ), O—N=CMeBu",

MeCOO, SCH,COOH, O N, PhNH l N
€ ] 2 1 s » )
\ / /
C,
N\
o]

PhNHNH, PhNHC(O)NH, MeNH, Bu'NH.

The reaction of N-(2,2,2-trichloroethylidene)arenesulfon-
amides, obtained from N, N-dichloroarenesulfonamides and
TCE, with bifunctional nucleophiles such as mercaptoethanol
and monoethanolamine proceeds via the mercapto- and
hydroxy-groups respectively, giving the corresponding
adducts —N-[ 2,2,2-trichloro-1- (2-hydroxyethylthio) ethyl] - and
N-[1-(2-aminoethoxy)-2,2,2-trichloroethyl |- arenesulfonamides;
in reactions with ethylene glycol, the products of both mono-
and bis-o-amidoalkylation of the latter were obtained:
N-[2,2,2-trichloro-1-(2-hydroxyethoxy)ethyl] arenesulfonamides
and 1,2- (1-arenesulfonamido-2,2,2-trichloroethoxy) ethanes. The
products of the reactions of N-(2,2,2-trichloroethylidene)arene-
sulfonamides with mercaptoethanol — N-[2,2,2-trichloro-1-
(2-hydroxyethylthio)ethyl]arenesulfonamides —give  rise to
3-arenesulfonyl-2-trichloromethyl-1,3-thiazolidines on successive
treatment with thionyl chloride and then alkali. 105

In the reactions of chloral arenesulfonylimines 32 with
benzylideneazine 37, the latter behaves as a 1,3-dipolar reagent,
which combines with 2 moles of the imine to form 1,3,5,7-tetra-
azabicyclo[3.3.0Joctanes 38,106

It has been shown recently 197 that the product of the inter-
action of N-bromourethane 39 with TCE is 2-bromo-2,2-dichloro-
1,1-di(ethoxycarbonylamino)ethane 40. The reaction mechanism
includes a series of processes—disproportionation of N-
bromourethane to N, N-dibromourethane and urethane,
the reaction of N, N-dibromourethane with TCE to form
N-(2-boromo-2,2-dichloroethylidene)ethoxycarbonylamine, and
the addition of urethane to the latter—which lead to the final
product 40.
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ArSO;NCl; + CHCI=CCl,

—

PhCH=N—N=CHPh (37) _

—» ArSO,N=CHCCls
32
'PhﬁH Cls
— N\ﬁ/CH—ﬁSOZAr
Il
HCPh
[ PhAHC——NSO,Ar
—_ N;ﬁ/cnca3 ArSO;N=CHCCl,
Il
I HCPh
PhHC——NSO,Ar
N_ _CHCCl
cscHe” N7
ArSO,N——CHPh
38
Ar = Ph, 4 MeC¢H,, 4-CICeH, .
EtOCONHBr + CHCI=CCl, 877G,

39

—» (EtOCONH),CHCBrCl, + CHBrCICBrCl,

40

The reactions of N-haloamides with TCE have been considered in
greater detail in two reviews, 5 covering studies up to and
including 1987.

The ionic addition of N-haloamides to unsaturated
compounds, including TCE, has been studied inadequately
compared with the radical addition. It is known only that the
interaction of N, N-dichloroarenesulfonamide 31a with TCE in the
presence of Lewis acids gives a complex mixture of compounds 1,
32, 41, and 42,0819

ArSO;NCl; + CHCI=CCl,
31a

—_—

~~—»  ArSO,N=CHCCI; + (ArSO,NH),CHCCl; +
32 41

+ ArSO;NH; + CHCI,CCl;
42 1

The reaction of TCE with the amide 31a on heating and
subsequent addition of acetamide to the reaction mixture leads
to PhSO,NHCH(NHCOMe)CCl;. When acetoxime was
used instead of acetamide, the product PhSO,NHCH.
.(ON=CMe,)CCl; was obtained.!%® It has been shown that
N-(2,2,2-trichloro-ethylidene)arenesulfonamides can be used,
without isolating them from the reaction mixture, as
arenesulfonamidoalkylating agents. The C-alkylation of
thiophene 11 and aromatic compounds!!! has been achieved
with their aid.

c. Synthesis of compounds with a C—Si bond

The dichlorovinylation of triethylsilane 43 has been carried out
with the use of TCE (the reaction is initiated by y-radiation). The
formation of dichlorovinyltriethylsilane 44 can be represented as a
free-radical addition—elimination mechanism, 12

2ESiH —» 2Et:8i + H
43

EtsSi + CHCI=CCl, — EuSiCHCICCL,

Et:SiCHCICCl, —=  Et;SiCH=CCl,
4

The interaction of trialkylchlorosilanes 45 with TCE in
the presence of lithium gives the trialkylethynylsilanes 46 in
44%—-54% yield. The side products of this reaction are
bis(trialkylsilyl)alkynes 47.1!3
Li, THF

e

R3SiCl + CHCI=CCl, T

45

— R3SiC=CH + R;SiC=CSiR;
46 47

The gas-phase thermal reactions of TCE with trichloro-
silane 1'% and 1,2-bis(trichlorosilyl)ethylene ''* are more com-
plicated.

A
—

CHC1=CCl,

HSiCl3

Cl:SiC=CH + Cl3SiC=CSiCl; +
— + C138iCH=CHSICl; + Cl,C=CHSiCl3

ClLSiCH=CHSiCl;

ClL3SiCH=CCI; + CI,SiC=CH +
+ CI3SiC=CSiCl; + SiCly

Other organosilicon compounds with ethynyl groups—
diorganoethynylchlorosilanes and  diorganoethynylalkoxy-
silanes—have been obtained by the reaction of TCE with
diorganodichlorosilanes and  diorganoalkoxychlorosilanes
respectively in PO(NMey); in the presence of zinc dust. 16

6. Dimerisation of trichloroethylene

On treatment with various initiators, TCE can dimerise to form
C4H2Cls or products of its dehydrochlorination having the
composition C4HCls. 117-121 Despite the fact that numerous
studies were devoted to these processes, in particular the reactions
occurring in the presence of free-radical initiators, the available
information about the structure of the dimer formed remained
contradictory for a long time. !17 It has been shown recently that
the products of the reaction of acetyl peroxide with TCE are
1,1,3,3,4-pentachloropent-1-ene 48 and 1,1,3,3,4,4-
hexachlorobut-1-ene 49 (in yields of 0.6 and 4.0 mole per
mole of the peroxide respectively). The formation of these
substances can be explained in terms of the following scheme: 22

CHCI=CCl,

CH; + CHCI=CCl, —» MeCHCICCl, ———=—2,

— MeCHCICCLCHCICCl, —»

— MeCHCICCL,CH=CCl, + CI'
48

CHCI=CCl,

CI' + CHCI=CCl, —» CHCL—CCl, ===,

-— CHCLCCLCHCICCl, —

~— CHCL,CCl,CH=CCl, + CI' .
49

Hexachlorobutene 49 is a readily available and extremely
valuable organic intermediate. The synthetic possibilities of
compound 49 and of its derivatives have been reflected in a large
series of studies by the authors of the present review, 123-133
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The dimerisation of TCE under the influence of fluorosulfonic
acid proceeds differently: two hexachlorobutenes containing the
CCl;, CHCl = CCICHCICCl3, and CCl;CH =CCICHCI. groups
are formed in an overall yield of 37%.'3* At high temperatures
(460 -530 °C) trichloroethylene dehydrodimerises, giving prin-
cipally hexachlorobutadiene (30%) and hexachlorobenzene
(24%)' 135,136

The results of early studies of the interaction of TCE with
aluminium chloride are contradictory. ¥7-13% Detailed investi-
gation of this reaction showed that 2 H-pentachlorobuta-1,3-diene
predominates among the three isomers of C4HCls formed.'#

7. Cycloaddition reactions

Cycloaddition reactions with participation of TCE opened a
synthetic pathway to chlorine-containing cyclic compounds which
were previously difficult to obtain. Methods for cyclobutane
ring construction have been most thoroughly developed in this
series.

a. [2 +2]-cycloaddition reactions

When a mixture of bicyclopropylidene 50 and TCE was heated
(at 180 °C) for 96 h, 7,7,8-trichlorodispiro[2.0.2.2]octane 51 and
the cyclopropylidene cyclic dimer 52 were obtained. !4!-142

[>-:<] + CHCI=CCl, —

50

Cl

Cl

c
51 (18%) 52

The cycloaddition reaction of dehydrobenzene, generated
in situ from benzenediazonium-2-carboxylate, with TCE gives
1,1,2-trichlorobenzocyclobutene 53 in 18% yield. The use of
dehydrobenzene, generated in 1,2-dichloroethane and containing
a 15-fold excess of TCE, increased the yield of the target trichloro-
derivative 53 to 42%, but it was contaminated by 2% of
biphenyl. 143

On irradiation of a mixture of benzo[b]thiophene 1,1-dioxide
54 and TCE with light at a wavelength of 300 nm and above, the
adduct 55 was obtained in 52% yield. 1%

H
N + cHCI=cC, M»
S
PN
o” Yo
54 55

The photochemical reaction between phenanthrene and TCE
leads to two cyclic adducts—the anti- and syn-isomers of 1,1,2-
trichloro-1,2,2a,10b-tetrahydrocyclobutale]phenanthrene 56 —
in an overall yield of 55%. Each adduct has cis-stereochemistry
at the 2a- and 10b-positions and the gnti-isomer (R' = R2 = R* =
Cl, R?® = H) and the syn-isomer (R! = R2 = R3 = CL, R* = H)
were isolated in 48% and 7% yields respectively. 145

Oy ¥
oL

56

2]

~

w

el

1,4,5,8-Tetraazaphenanthrene also undergoes the cycloaddition
reaction. When its mixture with TCE was irradiated with UV light,
a cyclic adduct was obtained in 32% yield. 46

Photolysis of the dimethyl ester of 3-dehydrogibberellenic acid
57 in the presence of an excess of TCE in methylene chloride leads
to two dimers (50%) and the photoadduct 58.'47 Apparently
owing to the presence of a chlorine atom in the B-position relative
to the CO group, the latter is unstable and, after elimination of
HCl and isomerisation of the highly strained cyclobutene
derivative 59, is converted into the stable final product 60 in 43%
yield in accordance with the following scheme:

WwOH A, CHCI=CCl

Itis noteworthy that the photocycloaddition of the dienone 57
to TCE is distinguished by a high stereospecificity and leads to
only one adduct.

The photochemical syntheses of a series of new heterocyclic
systems from 2-pyrones and 2-pyridones have been achieved.
These reactions proceed in the presence of various sensitisers.

&;Pyrones 61 afford two types of cyclic adducts—62 and
63.

Me R
o4 hv
] + CHCI=CCl, —»
(o)
0
61
M R Cl
e Z C
— +
O Cl
H
(¢}
63

R = Me, OMe.
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Hydrolysis of the cyclic adducts formed as a result of TCE
addition to the C(3)=C(4) double bond of 2-pyrones yielded
compounds 64 and 65.

M R Cl 1
Cl Cl

64 65

The reactions of 2-pyridones 66 with TCE gave a complex
mixture of cyclic adducts 67 —70, among which the 5,6-adducts 68
and 69 predominate. 14

7,7,8-Trichloro-2-R-2-azabicyclo[2.2.2] oct-5-en-3-one 70,
formed as a result of the Diels — Alder reaction, is a [4 + 2]-adduct.

L || + cuo=ccy by,
R/
o}
66
a
= —Cl
—_—
_N L a * *
R H
o}
7
c H
a a
+ +
R/N 0
7

The photochemical reactions of TCE with thymine 71a and
5-fluorouracil 71b opened a pathway to the synthesis of the corre-
sponding cyclobutapyrimidinediones 72 and 73 (Scheme 2), '5°

o Scheme 2
“ R
Py I + cua=cc. 2
o
H
Tiab
0
TR a R
H c H H
AT T AT
0 Il o s
H « H d
728 73ab

R =Me(a); R=F().

Quadratic acid 76, which is of practical value, has been
synthesised by the reaction of TCE with dichlorovinyl carbonate
74 and subsequent hydrolysis of the cyclic adduct — 1,2-carbonyl-
dioxy-1,2,3,3,4-pentachlorocyclobutane 75.15!

Cl fo)
I >=o + CHC=CCl, 2»

Cl o
74
H Cl 0
a 0, " /°
>=0 HCl
al
Y \)
Cl Cl HO o}
75 76

TCE has been used to achieve the direct synthesis of cyclo-
butene derivatives in the reaction of perchlorophenylacetylene 77
with TCE. When a mixture of the alkyne 77 with TCE, present in
large excess in a sealed Pyrex tube, was irradiated with UV light,
3H-nonachloro-1-phenylcyclobutene 78 was obtained. 152

ClsC cl
ClsCC=CCl + CHCl=CCl, =
P al H
a a
78 (58%)

b. The Diels—Alder reaction

The [4+ 2]-cycloaddition reaction of TCE has been investigated
only for certain cyclic dienes. Thus cyclopenta-1,3-diene 79 reacts
with TCE to form 5,5,6-trichloronorbornene 80.!5* Successive
hydrogenation of the adduct 80 and dehydrochlorination of the

saturated compound obtained yielded 2,3-dichloro-2-norbornene
81. 154,155

CHCI=CCl, Cl 1.Hz

180-190°C 2. Bu'OK
a Cl

79 80 (24%)
—
Cl
Cl
81 (17%)

When 9,10-dichloroanthracene is treated with TCE
(autoclave, 230 °C, 48 h), a mixture of Diels—Alder adducts
is formed, the main one being 1,4,7,8-tetrachlorodibenzo-
bicyclo[2.2.2]octatriene 82.15¢

82 (10%)

¢. Cyclopropane formation reactions

The formation of cyclopropane rings by reaction with dihalo-
carbenes is known to be one of the best methods for this purpose.
Since both TCE and dihalocarbenes have pronounced electro-
philic properties, it might have been expected that reaction
between them would proceed with difficulty. Indeed pentachloro-
cyclopropane 83 has been obtained only after prolonged refluxing
(~2!/,— 5 days) of a mixture of TCE and sodium trichloroacetate in
1,2-dimethoxyethane. '’
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a a
xCClz
CHCl=CCl, —=» |§ ;7‘
2 c\j/Cl
Cl

83 (22.4%)

By varying the conditions in the cyclopropanc formation
reaction, it was later possible to raise the yield of the adduct 83 to
45%, 158.159 By generating dichlorocarbene from organomercury
compounds, it is possible to carry out the cyclopropane formation
reaction at room temperature. Thus, cyclopropane 83 has been
obtained in 22% yield by the reaction of bromodichloromethyl-
(cyclohexyl)mercury with TCE. 160

The simpler method for the generation of :CCl, from sodium
trichloroacetate in the presence of phase transfer catalysts makes it
possible to carry out the cyclopropane formation reaction in an
aqueous medium, but the adduct 83 is formed in a low yield
(~9%), 161

Methods for the synthesis of halocyclopropenes and
halocyclopropanes, 158192 which were previously scarce, and
a convenient method for the synthesis of 7,7-difluorocyclopropa-
benzene 163 and other compounds have been developed which
involve the use of pentachlorocyclopropane 83.

e. Other cycloaddition reactions

It has been found 64 that, on interaction with TCE, diphenyl-
nitrile imine 84 behaves as a 1,3-dipolar reagent. This reaction is
completed by the formation of 4,5-dichloro-1,3-diphenylpyrazole
85 and is an example of the [3+2]-cycloaddition reaction.

+ -
Ph—C=N—N—Ph N
Ph—_~7 -
1 CHCI=CCl, \;_\ZI Ph
- o+ cl cl
PhC=N=NPh

85 (68%)
84

II1. Elimination reactions

Among elimination reactions, the dehydrochlorination of TCE
and to a lesser extent its dechlorination have been investigated in
the greatest detail. The elimination of a hydrogen chloride
molecule from TCE proceeds on treatment with alkalies and leads
to the formation of dichloroethyne 86, which is an extremely
explosive product. 165 When the dehydrochlorination of TCE is
carried out in diethyl ether, dichloroethyne is isolated in the form
of the stable complex CIC=CCl- Et,O 87. Various modifications
of this method have been described, 166-169

Under laboratory conditions, small amounts of compound 86
can be obtained by treating a TCE —ether mixture with lithium
hexamethyldisilazide in hexane, but this procedure requires the
use of an expensive base and careful drying of the reactants. 170

LiN(SiMe_;):
—_—

CHCI=CCl, ether, hexane

CIC=CCl"Et,0
87

Two improved methods for the synthesis of dichloroethyne
have been proposed recently. One of them is based on the phase
transfer catalytic method. Makosza and coworkers 17! showed
earlier that, in the presence of ammonium catalysts, TCE gives rise
to the trichloroviny! anion, which decomposes above 40 °C to
form dichloroethyne. 172 Treatment of a mixture of TCE and ether
with a 50% aqueous solution of NaOH in the presence of
triethylbenzylammonium chloride (TEBA) at 70 °C led to the
formation of complex 87 in a high yield.

Another rapid method for the synthesis of pure dichloro-
ethyne, also in a high yield, is based on the reaction of TCE with
potassium hydride in tetrahydrofuran (THF) in the presence of
catalytic amounts of methanol. 7> When TCE is exposed to laser
radiation, the dehydrochlorination reaction predominates and
dechlorination is a side process. 174-17° When low pressures are
employed, the yield of dichloroethyne 86 diminishes, whereas
that of chloroethyne 88 increases. On exposure to an electric
discharge at a reduced pressure, TCE gives rise to chloroethyne
88, 180182

The reaction of TCE with naphthalenesodium in pentane or
THF leads to the complete dechlorination of TCE with formation
of ethyne and ethene (overall yield 97%). 183

IV. Substitution reactions

1. Interaction of trichloroethylene with nucleophiles
Nucleophilic substitution at a vinyl carbon atom is known to
be difficult. In some studies, one can encounter the claim even
nowadays that TCE does not enter into nucleophilic substitution
reactions. Indeed, under the usual conditions, TCE is not hydro-
lysed by aqueous solutions of alkalies, which makes it possible to
employ them for the purification of TCE. However, under certain
conditions TCE does react with nucleophiles of different nature,
which can be accounted for by the presence in its molecule of
the C=C electrophilic bond. The synthesis of a wide variety of
products has been achieved by using nucleophilic substitution
reactions of TCE.

The reactions of nucleophiles with chloroethenes can proceed
via at least two pathways: (1) via the addition—elimination
mechanism; 184 (2) via the elimination—addition mechanism. '8
TCE apparently reacts with nucleophiles via the second
mechanism. Dichloroethyne is formed initially and the
nucleophile then adds to it. The nucleophilic addition stage
proceeds stereoselectively and constitutes an anti-process, which
leads in most cases to final products with the (F)-configuration.

a. Interaction with O-nucleophiles

The reaction of O-nucleophiles with TCE was first investigated
in its reaction with sodium ethoxide: the product was 1,2-dichloro-
vinyl ethyl ether 89.2

The interaction of sodium alkoxides with TCE has been
studied recently in very great detail in connection with the use of
alkyl dichlorovinyl ethers 90 for the synthesis of various
derivatives of alkoxyalkynes. 186 It was found that alkoxides of
primary and secondary alcohols react with TCE on refluxing to
form the ethers 90 in moderate yields (34% —54%).

According to a patent, '87 ether 89 is obtained by treating TCE
with an alcoholic solution of alkali and is used subsequently in the
synthesis of 2-bromo-2-chloro-1,1,1-trifluoroethane. The reac-
tions of sodium phenoxide and its derivatives with TCE proceed
readily in aprotic solvents. 188190 It has been shown recently that
TCE interacts with various phenols also under phase-transfer
catalytic conditions in the presence of Makosza’s catalysts. !°! The
products of these reactions are the 1,2-dichlorovinyl ethers 91-97
having the (E)-configuration. The simplest and most convenient
method for the synthesis of the ethers is under the conditions of
phase-transfer catalysis.

‘When two chlorine atoms in the TCE molecule are replaced by
nucleophilic residues, chloroketene acetals are formed. It was
found that potassium fers-butoxide interacts extremely vigorously
with TCE, affording the acetal 98, 186 whereas the acetal 99 —the
product of the reaction of sodium PB-methoxyethoxide and
TCE —takes place under fairly severe conditions. 92
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PhOCCI=CHCI @—oca:cna
91(88% (a), R 92,93 (~ 50%
78% ()] 93 (~50%)
I e ]
5 |
CHCI=CCl,
d l e

R’—@-OCCI=CHC]

94-96 (50% — 60%)

Ll{e
cnc1=cc1o—©—$—©—occ1=a{a
Me

97 (62%)

a—PhOH; Na + MeOH, DMFA ;188
b—PhONa; DMSO; 189

c— @—om (R = NO2, Me); DMFA ;1%
R
d— R’—@—OH (R’ = Me, Et, NOy); H;0, NaOH,

CeHsCHN(Pr™);Cl— ; 19!

l\l'ie
e-— HO—@—?—@—OH; H,0, NaOH . 191
Me

CHCI=CCl,
a I b
(ButQ),C=CHCI (MeOCH;CH>0),C=CHCI
98 (85%) 99 (53.2%)

a—ButOK, THF, —60°C;1%¢
b —MeOCH,;CH,ONa, xylene, 100—130 °C. 192

The product of the interaction of TCE with tetrahydrofurfuryl
alcohol and sodium under a nitrogen atmosphere is the orthoester

cn;cxc(ocm—[oj ), i

which indicates the possibility of the addition of a molecule of the
nucleophile to the intermediate chloroketene. !9

Convenient methods for the synthesis of acetylenic esters from
TCE have been proposed recently. 194195 The possibility of the
synthesis of the alkyne 101 has been demonstrated in the reaction
of cyclopentenol 100 with TCE. 194

@—OH + cHa=ccl, eNHz_

100

— @OCCI=CHC1 Bulli
H;0
— D—OCECH
101

A simple and general method of synthesis of acetylenic ethers
102 has been developed on the basis of secondary alcohols and
TCE. 195

KH, CHCI=CCl, _

ROH BurLi; R'I or H,O

RO—C=C—R'(H)
102

Ph CeH,3
RO = N 7/'40 3 /l'—" O >
le) I:I Me ‘H
/&Sj\'é\l{ ; O
O 0,NEt;

OMe . R' = Me, Et.
Y

A new and effective two-stage synthesis of propargyl ethers
ROCH,C=CH [R = cyclohexyl, (-)}-menthyl, (—)-bornyl, or
I-adamantyl] has been achieved by isomerising 1-propynyl
ethers ROC = CMe, obtained from the corresponding secondary
alcohols and TCE, on treatment with potassium 3-amino-
propylamide. 96 According to a patent, !9’ TCE and other alkenyl
polyhalides are used in the esterification of resin acids and their
derivatives.

b. Interaction with S-nucleophiles

When TCE interacts with S-nucleophiles, products containing one
or several thiolate residues are formed depending on the reaction
conditions. A detailed study has been made of the reaction of
sodium p-methylthiophenoxide with TCE, which proceeds only in
the presence of sodium ethoxide. !%¢ For a 1: 1 reactant ratio and
after brief heating of the mixture, the main reaction product is
1,2-dichloro-1-(p-tolylthio)ethylene 103. In the presence of a four-
fold excess of the thiolate and after prolonged heating of the
reactant mixture, 1,1,2-tris(p-tolylthio)ethylene 104 was obtained.
By varying the reaction conditions, it was also possible to isolate
the intermediates in this reaction: 1-chloro-1,2-di(p-tolylthio)-
ethylene 105 and di(p-tolylthio)ethylene 106. The results show
that the reaction of TCE with sodium toluene p-thiolate
proceeds via elimination—addition and addition—elimination
mechanisms:
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— B _ ArSNa
CHCI=CCl;, —» CCI=CCl] FiOH
ArS\ /C]
c=c ArSNa

\ EtOH
T
103 (81%)

C —_——
—» [ArSCCICHCISAT] or [ArSCHCICHCISATr] "0 (or —HC))
ArS H
\
— —=C

Cl SAr
105 106

B — ArSNa
— ArSC=CSAr FOH

— (ArS),C=CHSAr

104 (78%)
B = base, Ar = p-MeC¢Hj.

The reaction of other thiolates with TCE in aprotic solvents
also leads to the initial formation of (£)-1,2-dichlorovinylation
products, for example compound 107, which can be involved in
further reactions, giving compounds with two and three thiolate
groups, for example, compounds 108-111.

(E)-EtSCCI-CHCI EtSCCi=CHSEt EtSC=CSEt
107 108 109
- l -
CHCI=CCl»
b I c

' E

(E)-PhSCCECHSPh
110 (68%)

RSCH=C(SR),
111 (85%~95%)

a — EtSNa, DMF;!88
b — PhSNa, PhSNa:TCE = 3:1, DMF;!%?
¢ — PriSNa or MeSNa, DMF .19

c. Interaction with N-nucleophiles

TCE reacts with amines only in the presence of strong bases, which
shows that the reaction proceeds via the elimination—addition
mechanism. The 1,2-dichlorovinylation of certain amines has been
achieved with TCE, and convenient methods have also been
developed for the formation of chloroketene aminals,
diaminoalkynes, and glycine and its derivatives.

The dichlorovinylation of aliphatic amines has been investi-
gated in relation to dimethyl- and diethyl-amines. 1,2-Dichloro-
1-(N, N-dialkylamino)ethylenes 112 and 113 have been obtained
by treating TCE initially with lithium dialkylamide in ether and
then with the amine. 200

LiNR,, Ry,
CHCI=CCl, —gsg> CCl=CCl _7:){2 BT
—» CHCI=CCINR;
112,113

R =Me (112, yield 75%); R = Et (113, yield 85%).

On heating (60— 70 °C) with an excess of dimethyl- and diethyl-
amine, the enamines 112 and 113 are converted into the
corresponding chloroketene aminals CHCl=C(NR>); [R = Me

(compound 114), R = Et (compound 115)]. 2% The mono- and
di-substituted products 112115 have found applications in the
synthesis of diaminoalkynes of the type RoN ~ C=C—NR,, 200,201
which are important synthons. 292

The direct synthesis of these compounds has been developed
only for bis(dimethylamino)ethyne 116, which is obtained via the
reaction203

NaNHy/Me;NH_ - N—C=C—NMe,.

CHCI=CCl,
116 (60%)

The interaction of TCE with heterocyclic amines has been
more widely investigated. Thus treatment of TCE with a
mixture of potassium hydride and imidazole in THF in the
presence of catalytic amounts of methanol leads to the formation
of N-(1,2-dichlorovinyl)imidazole in 80% yield.'”® Another
method has been proposed 2°* for the alkenylation of imidazole
and its derivatives, which involves treatment of the reaction
mixture with an agueous solution of NaOH in the presence of
dimethyl sulfoxide (DMSO). The reaction proceeds stereo-
selectively with formation of the corresponding (E )-derivatives of
imidazole 117-119 in 60% —-62% yield.

R!
N/
)\<NH + CHCl=CCl; —»
——
R2
R3
R!
-
— N—CCI=CHCI
R

R 117-119

R! = R? = R? = H(117); R! = Ph, R? = R? = H (118),
R! = H,R? = R? = Ph (119).

N-[(E)-1,2-dichlorovinyl]benzimidazole is formed in 60% yield
from benzimidazole and TCE under similar conditions.

The interaction of carbazole and its derivatives with TCE
under phase-transfer catalytic conditions has been investigated
recently. 205 On treatment with aqueous NaOH and catalytic
amounts of triethylbenzylammonium chloride, this reaction
proceeds stereoselectively via the intermediate formation of
dichloroacetylene 86, affording high yields ( ~80%) of 9-[(E)-1,2-
dichlorovinyljcarbazole derivatives.

A new general method of synthesis of symmetrically
substituted, N,N,N’,N'-tetraalkylglycine amides 120-124 has
been developed based on the reaction of TCE with more
nucleophilic secondary amines under phase-transfer catalytic
conditions, 172-206

NaOH_  R,NCH,C(O)NR,

120-124

2 R;NH + CHCI=CCl,

RoN = O N (120,yield 71%); { N (121, yield 83%);

Bu3N (122, yield 81%); EtoN (123, yield 79%);
Me:N (124, yield 51%) .

The less nucleophilic aromatic amines do not react with TCE
under these conditions.
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It has been suggested that the reaction takes place via the
intermediate trichlorovinyl anion, 7' which is converted into the
alkyne 86 and the latter reacts with the amine in accordance with
the mechanism

C]\ /Cl Cl Cl
( NaOH (aq) \C=E: /

~-Cl-
Cl H Cl/

R2N, Cl

R,NH \C= C/
/ \

NaOH

CIC=CCl
—HCI

86 Cl

RaN H
H0 \ /
—_— =C
/ \
HO Cl

enolic form

RoN—C=CCl

RoN

\
//C'— CH,Cl R;NH, NaOH

0
Il
RoN—CH;—C—NR; .
120-124

In order to confirm the postulated mechanism, an attempt was
made to isolate the intermediates, but R,NCOCH,Cl was isolated
only in the reaction of TCE with morpholine.

The reactions of TCE with a mixture of two unequally nucleo-
philic amines in the presence of phase-transfer catalysts is
of definite synthetic interest. Thus, when a mixture of morph-
oline and diethylamine was used, the glycine amide derivatives
125--127 were obtained, the main product being compound
125,207

CHCI=CCl, + O NH + Et,NH 50% NaOH
— O NCOCH;NEt; + ENCOCH,N O +
_/
125 126
+ 0 NCOCH.N O
127

Treatment of TCE with carbazole and a secondary aliphatic
amine leads to the formation of the products 128130, the yields
of which depend on the nature of the aliphatic amine and the ratios

of all the reactants. 208
|
R—C=CHCI

!
CCl=CHCI
128 129

I
CH2COR
130

T\
R=ELpN,PuN, ( N, O N.
/

The synthesis of glycine, 131, based on the reaction of TCE
with an aqueous ammonia solution is important.20%.210 The
reaction takes place in an autoclave on treatment with various
alkaline catalysts, among which the most effective is NaHCOs.
Under optimum conditions (14% aqueous ammonia, pressure
294 kPa, temperature 180 °C, 4 h), the yield of glycine is 71.6%.

It has been suggested that the reaction proceeds via the initial
formation of aminoacetonitrile 132 in accordance with the
mechanism
— NHCHCN B2,

132

2NH; + CHCI=CCl,

—= NH,CH,COOH .
131

Indeed, when anhydrous ammonia and lower temperatures
(7080 °C) are used, the main reaction product is the nitrile 132
(vield 70%).21

d. Reactions with C-nucleophiles

Study of the reactions of TCE with C-nucleophiles is of undoubted
interest because the problem of new C—-C bond formation is
extremely pressing.

The reaction of TCE with organomagnesium compounds
leads to the formation of a complex mixture of substances. 1%
Grignard reagents are known to be fairly strong bases and
moderate nucleophiles, so that the occurrence of competing
elimination and substitution reactions is possible. In the presence
of catalysts, TCE reacts with Grignard reagents more selectively
and the nature of the catalyst influences the mode of the reaction
more significantly. Thus aromatic Grignard reagents and TCE
afford diarylalkynes 133 and biaryls 134 (by reduction of the
Grignard reagent) on treatment with cobalt(I) or nickel(II)
salts. 212

AtMgBr + CHCl=CCl, 2CROrNiCh)

—» Ar—C=C—Ar + Ar—Ar + ArH
133 134

Ar = Ph, p-MeCgHy, 1,3,5-MesCeHa,

The yields of the alkynes 133 depend on the structure of the
reagent employed. For example, in the reaction of TCE with
1,3,5-Me3CsH2MgBr the yield of the corresponding alkyne is
48%, whereas when phenylmagnesium bromide was used the
target product was obtained in a yield of only 5%.

The interaction of TCE with organomagnesium compounds
proceeds differently in the presence of phosphinepalladium-
(nickel) catalysts. A simple method of synthesis of substituted
1,1-dichloroalkenes 135 has been developed which employs the
reaction of a Grignard reagent with TCE catalysed by tetrakis-
(triphenylphosphine)palladium (or nickel).2!3 It has been
suggested that the reaction proceeds via the initial formation
of intermediates involving the oxidative addition of the catalystin
a monosubstituted position in TCE. The intermediate then reacts
with the Grignard reagent and is converted into the corresponding
alkene after reductive elimination.

Pd(PPhs)s

o Ni(PPhy), ~ RCH=CCL

135

RMgCl + CHCI=CCl,

R = n-CgH,7 (65% — 75%), n-CsH 13 (60% ~ 72%), Bui (55%),
Pri (52%), cyclo-CsHi1 (81%).
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The reaction proceeds under mild conditions (room temperature,
solvent— mixture of ether with benzene), but we may note that
phenylmagnesium bromide gives a mixture of three products in
40% yield under these conditions.

The regio- and stereo-selective monoalkylation and mono-
arylation of TCE by Grignard reagents or organozinc reagents
was achieved for the first time in the presence of the
phosphinepalladium catalyst {PdCl,[Ph,P(CH2)4sPPh]}. 2% In
this case, the reaction involves the CCl, group of TCE and is
completed by the formation of monosubstituted (Z)-1,2-dichloro-
ethylenes 136 in good or high yields.

Cl H R, H
/ \ /
RM + /c=c\ __ catalyst /c=
Cl Cl Cl Cl
136

R = Ph, 4-CICéH,, Qs; M = MgBr or ZnCl.
——

When TCE was treated with organolithium compounds,
metallation products of both TCE (trichlorovinyllithium 137) 2!
and dichloroethyne (chloroethynyllithium 138) were obtained. 18

RLi, THF
S aEE—

CCL=CCILi
137
CHCI=CCl, —]
RLi,DMF oo RU L oo=cy

—HCl
138

The carboxylation of vinyllithium 137 leads to the formation of
trichloroacrylic acid in 81% yield.”®

It has been shown in a number of studies 216-218 that TCE isan
effective agent for the alkenylation of tertiary conjugated enolates.
Although the latter are in fact ambident nucleophiles, only their
tertiary carbon atoms are subjected to electrophilic attack. Thus
lithium enolates, obtained from the substituted cyclohexenones
139 and 140 (lithium dialkylamide, THF, —78 °C), react with
TCE under mild conditions, giving the 1,2-dichlorovinylation
products—the dichlorovinyl ketones 141 and 142.2!6

o

(o]
R R CCl=CHCl
+ CHCI=CCl, —*
X X

139, 140 141, 142

X = OEt,R = H (139, 141); X = H, R = Me (140, 142).

When the enolate 140 is used, the chloroalkyne 143 is formed
as well,

143

It has been shown with the aid of X-ray diffraction that the ketone
142 has the (E)-configuration.

Two products are formed in the reaction of the lithium enolate
of the substituted tetralinone 144 with TCE: the dichloroalkyne
145 and the chloroalkyne 146. The complete conversion of
compound 144 into the chloroalkyne derivative 146 (vield 44%) is
achieved by repeated treatment of the mixture of products with
lithium dialkylamide (THF, —78to 20 °C).

(o} [0}
Et t
—_ CCl=CHC] —»
OMe OMe
144 145
(0]
Et
—_ C=CCl
OMe
146

Diethyl ethylmalonate 147 condenses with TCE under more severe
conditions (NaH, THF, HMPA, refluxing), forming compound
148.

CO,Et Br CO:Et
Et—CH CHCI=CCl, >
CO,Et CCH=CCl “CO,Et
147 148

The dichlorovinylation of ethyl 2-acetylpropionate proceeds
similarly. The reactions with participation of deuteriated TCE
have shown that the dichlorovinylation of the tertiary enolates
investigated takes place by the elimination —addition mechanism
via dichloroethyne as an intermediate. 2'7 The condensation of
enolates with TCE can be formally regarded as a reaction
involving substitution of a chlorine atom in the dichloromethylene
group of TCE. The attempt to extend this reaction to other types
of enolates was unsuccessful, 2'8

e. Reactions with other nucleophiles

It has been shown 219220 that selenophenol reacts with TCE in
concentrated NaOH solution to form 1,2-dichlorovinyl phenyl
selenide 149 in a high yield. The reaction is catalysed by
ammonium salts and leads to the (Z)-isomer for an equimolar
ratio of the catalyst and the selenol. In the presence of a tenfold
excess of the selenol, a mixture of the (Z)- and (E)-isomers is
formed. It has been suggested that the interaction of the selenol
with TCE takes place by the elimination—addition mechanism and
subsequent isomerisation of the (Z)-selenide, formed initially, to
the thermodynamically more stable (E)-isomer.

CHCl=CCl, NOH_  =cc -PhScH,NaOH

—»  PhSeCCl=CHCI
(Z,E)-149

Diethyl ether is used to bind the dichloroethyne formed in situ. The
nucleophilic substitution of chiorine in TCE by the PhSe-ion in
ethanol and DMF also leads to a mixture of the (Z)- and
(E)-selenides, but the product yields are appreciably lower than in
a two-phase system.

The interaction of TCE with diphenyl and dimethyl diselen-
ides 150 in the presence of tributylbenzylammonium chloride as
the phase-transfer catalyst proceeds, on the whole, similarly to the
reaction with the selenol. However, under these conditions,
an appreciable amount of trichlorovinyl selenides 151 and
1,2-dichloro-1,2-bis(organoseleno)ethylenes152isformed together
with the expected (Z)-1,2-dichlorovinyl selenides and the
products of their isomerisation [the (E)-isomers]. 22!
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0/ _ 150, .
CHCI=CCl, + RSeSeR —-1%)NaOH —F1O

150

—> RSeCCl=CCISeR + RSeCCl=CCl; + Z(E)-RSeCCl=CHCI
152 151

R = Ph,Me.

The data obtained can be accounted for by the formation, in
the course of the reaction, of selenolate ions RSe— by heterolytic
cleavage of the selenides in an alkaline medium, the ions adding to
the CCI=CCl generated in situ from TCE.

TCE is phosphonylated by the sodium salts of dialkyl
phosphites. Depending on the structure of the phosphites
employed and the reaction conditions, the esters of tri- and/or
tetra-phosphonic acids are produced.???

f. Hydrolysis
When TCE vapour is passed through concentrated sulfuric acid
heated to 180 °C, a technically valuable product is formed —
monochloroacetic acid 153.! In order to increase the yield of
the acid 153 and to reduce the process temperature, it is
recommended that the hydrolysis be carried out at a reduced
temperature, 1223

A method has been proposed for the synthesis of
monochloroacetyl chloride through hydrolysis of TCE in the
liquid phase in the presence of partly suspended iron(II) chloride
with continuous passage of hydrogen chloride under pressure. The
acid 153 is in this case a side product of the reaction. 224225
Alkaline hydrolysis of TCE (steel reactor, sodium methoxide,
60—-65 °C) leads to the formation of methyl monochloro-
acetate, 226

2. Interaction with electrophiles

The reactions examined above confirm that TCE has pronounced
electrophilic properties. One can therefore postulate that its
interaction with electrophiles is difficult and is possible only with
electrophiles stronger than TCE itself.

According to patent data, 227228 TCE reacts with nitric acid.
Thus, when TCE is refluxed with 30% —80% aqueous HNO;
and also on slow addition of 90% —100% HNO; to TCE at
65-175 °C, trichloronitroethylene is formed in a preparative yield.
However, together with the nitration of TCE, the molecules of
the latter are degraded, which results in the formation of dichloro-
dinitromethane.

Trichloroethylenesulfonyl chioride has been obtained in high
yield by the reaction of TCE with chlorosulfonic acid.??® The
reaction is carried out at the boiling point of TCE (87 °C), the
hydrogen chloride formed being removed by passing dry nitrogen
through the reaction mixture.

V. Oxidation reactions

1. The effect of oxygen
The oxidation of TCE by oxygen, the study of which was begun as
early as 1911,220 js nowadays being investigated in fair detail
commercially. Its main products are dichloroacety! chloride 154
and trichloroepoxyethane 155, the yields of which depend to a
considerable extent on the oxidation reaction conditions.

The studies on the oxidation of TCE published up to 1970 have
been examined in a monograph. 4 The oxidation of TCE under the
influence of ionising radiation has been described in a recent
monograph. 231

The patents, published during the last 10—15 years and
devoted to this problem, are concerned primarily with
improvement of the synthesis of compound 154.232-241 Tt
has been shown 23 that the photochemical oxidation of TCE at
70-80 °C in the presence of catalytic amounts of a chloride in

DMF makes it possible to obtain compound 154 in 90% yield
with ~90% conversion of TCE. Compound 154 has been
obtained in a high yield also by oxidising TCE in the presence of
azobisisobutyronitrile (AIBN) or benzoy! peroxide and trialkyl-
amines, 234 pyridines, 235236 quinoline, and isoquinoline. 237 The
rate of oxidation increases appreciably when TCE containing
small amounts of added compound 154 is irradiated by short-
wavelength light. 238 The target product 154 was obtained with
99.47% purity and 99.9% conversion by varying the power of the
UV irradiation. 23°

There are data showing that haloalkenes are oxidised on
heating under pressure without a catalyst.24® In industry,
dichloroacetal chloride is obtained by the continuous oxidation of
TCE with air or an oxygen—air mixture at 170 °Cunder a pressure
of 491 kPa in the presence of benzoyl peroxide and amide
catalysts, 24!

Trichloroepoxyethane 155 — the second main product formed
on oxidation of TCE —is extremely reactive and is used in the
synthesis of a wide variety of substances. It is obtained by
McKinney’s method 242 involving the autoxidation of TCE in
methanol in the presence of RCOOOH under irradiation with
light from an Hg lamp 243 or as a result of radiation-chemical
oxidation, 244

Study of the low-temperature photoinitiated oxidation of
TCE showed that selectivity in epoxide formation increases after
the addition of aromatic ketones and on irradiation with light at
A = 300 nm for low (15% —20%) conversions of TCE. An increase
in the yield of the epoxide is also promoted by carrying out the
process at low temperatures. 24° The radiation-chemical method of
synthesis of the epoxide 155 is promising because in this case the
oxidation reaction proceeds at low temperatures, 246

The characteristic features of the oxidation of haloalkenes,
including TCE, have been examined in communications 247-250
and monographs, 231.251-253

Results of kinetic studies on the oxidation of TCE in
both liquid and gas phases indicate a radical-chain oxidation
mechanism. However, the mechanism of the oxidation of TCE has
not hitherto been fully elucidated.

Certain quantitative characteristics of the liquid-phase AIBN-
initiated oxidation of TCE have been established recently, 254255
It has been shown that, in the presence of the above initiator, TCE
is oxidised via a radical-chain mechanism, compounds with long
chains (» > 10) without degenerate branching being obtained.
The epoxide 155 and dichloroacetyl chloride 154 are formed
simultaneously, their ratio remaining constant at ~3, i.e. the
selectivity with respect to the epoxide is ~75% —80%.

Taking into account the literature data on the oxidation
kinetics of alkenes 252:253 and haloalkenes, 259-251 Kucher et al. 255
proposed on the basis of the results obtained a mechanism for
TCE oxidation in which, together with the radical pathway, a
molecular pathway leading to the formation of the epoxide 155
is described. In the gas-phase oxidation of TCE, the main
reaction product is also dichloroacetyl chloride.?’¢ Various
modifications of the gas-phase oxidation reactions of TCE have
been examined. 257

Interesting data have been obtained for the joint oxidation of
certain organic compounds with TCE. It was concluded 258 that
the co-oxidation of cyclohexane with TCE, which gives rise to very
reactive peroxyl radicals, can serve as an effective method for the
regulation of both the rate and selectivity of the oxidation of cyclo-
hexane to alcohol, a ketone, and adipic acid. The co-oxidation of
cyclohexane with TCE at 75 °C has been investigated 259 and it has
been shown that cyclohexanol and cyclohexanone are formed
simultaneously in the chain termination reaction. It was
established that, when the TCE concentration is varied from
zero to 50 vol.% in a mixture with cyclohexane, the cyclo-
hexanol : cyclohexanone ratio can be varied in the range from 1.75
to 3.3.

It has been established 2 that the presence of two chlorine
atoms in the terminal — CC1,OO" fragment of the peroxyl radicals
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leads to an appreciable increase in their electrophilicity and
reactivity in the dehydrogenation of organic compounds. It has
been shown that the reactivity of secondary C-H bonds in
n-alkanes is independent of the length of the carbon skeleton of the
molecule.

The co-oxidation of TCE with aromatic alkyl compounds 26!
and oxygen-containing aliphatic compounds 262 has been recently
investigated and it has also been shown that the reactions involved
in hydrocarbon processing, which proceed via a radical mecha-
nism, can be facilitated by their co-oxidation with TCE, which
generates highly reactive peroxyl radicals.

The main product of the reaction of TCE with PCl; in the
presence of oxygen is acetyl chloride 154 (yield 45%), while the
phosphorus-containing compounds 156 and 157, formed as a
result of the rupture of the C = C bond of TCE, were found among
the side products. 263

PCl; + O
CHCl=CCl, —=2""»

—» CHCLCOC! + CLP(O)CHCI, + Cl,P(0)OCHCl,
154 156 157

2. The effect of ozone

On treatment with ozone, TCE undergoes oxidative cleavage. The
main products of this reaction are phosgene, hydrogen chloride,
and carbon oxides, 247-264. 265 The kinetics of the ozonisation
reaction in various media have been investigated. 266-267 Peroxy-
formic acid has been detected among the products of the gas-phase
reaction of ozone with TCE.268

3. The effect of peroxide reagents
The main products of the reaction of TCE with peracetic acid
are dichloroacetic acid and pentachloroethane. The optimum
conditions for this reaction have been investigated and possible
pathways leading to the formation of the main and side products
have been proposed. 26°

The interaction of TCE with benzoyl peroxide leads to the
formation of trichloroepoxyethane 155, which readily isomerises
to CHCL,COCI in the presence of catalysts (for example,
Et;NBr). 27

VI. Other reactions

1. Reaction with diazonium compounds

The diazonium derivative of methyl anthranilate 158 reacts
with TCE to form methy! o-(a,B,B,B-tetrachloroethyl)benzoate
159,27

NH,
@: NaNOy, H*
—_—

COOMe

.

N>Cl- CHCICCly
@E CHCI=CCl, @[

COOMe COOMe

158 159

The reaction of anthraquinonediazonium sulfate 160 with
TCE in acetic acid leads to the highly reactive 3-chloro-2H,7H-
dibenzo[de,hlchromene-2,7-dione 162, possibly as a result of
cyclisation and dehydration of the anthraquinone-1-chloroacetic
acid 161 formed initially. 272

+
0 N2 -HSO¢

160 O

CHCI=CCl,

o CHCICOOH
- 0 -
161 O

2. The Bott reaction

Bott 273275 showed that compounds of the adamantane and
norbornane series, which form stable carbonium ions in sulfuric
acid, react with TCE, affording substituted chloroacetic acids 163.

R+ + CHCl=cCl, 225%,
o
.\ .
— RCHO—G _solvolysis | p cHCICOOH
al 163

The syntheses of numerous adamantylchloroacetic acids in
preparative yields have been achieved in this way. When the acids
formed contain a hydrogen atom at the bridgehead carbon atom
of the bridged system, new carbonium ions arise, which results in
the appearance of dibasic adamantane-1,3-bis(chloroacetic) acids
among the reaction products.

The reaction of norbornene with TCE leads to 2-exo-norbor-
nylchloroacetic acid in 66% yield.?”> Numerous substituted
benzyl alcohols and their ethers 164, which give rise to stable
benzyl cations in sulfuric acid at temperatures above 80 °C, react
with TCE, affording derivatives of a-chlorohydrocinnamic acids
165 in 30%—85% yield.274.275
H3504, 85-95 °C

—_— e

RCgH/CH,OR’ + CHCI=CCl,
164

— RC¢H4CHCHCICOOH
165
R = p-O:N, m-O;N, p-HOOC, m-HOOC, p-MeSO,,
p-PhSO,, p-Bz; R’ = Hor Ac.

The substituted 1,1,2-trichloroalkenes RCsH4CH2CCl= CCl; are
side products in this reaction.

The Bott reaction has undergone further development recently.
Thus the interaction of hydroxyadamantanes with TCE in concen-
trated H>SO4 leads to a mixture of the corresponding diada-
mantylchloroacetic and diadamantanebis(chloroacetic) acids. 276
A method has been proposed for the synthesis of various
derivatives of diamantane-4,9-bis(chloroacetic) acid. 277

We may note, however, that, in the interaction of diamantane-
3-spiro-3'-diazirine with TCE under the conditions of the Bott
reaction, the corresponding acids are formed in only trace
amounts, while the principal products are diamantane,
diamantanone, 3-chlorodiamantane, and 1-chlorodiamantane. 278

3. Reaction with nitric acid and its oxides

The interaction of nitric acid and its oxides with TCE proceedsina
complex manner. The main product of the reaction of TCE with
the HNO3 + HSO4 nitrating mixture is the chloride of chloro-
nitroacetic acid 166, obtained in 80% —85% yield. 2 The acid
chloride 166 is apparently formed as a result of the initial addition
of the nitronium cation to the double bond of TCE and the
subsequent reactions of the carbonium ion. 280
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+
NO,

+ HSO;
CHCI=CCl, —=» CHCI(NO,)CCl, —»
—> CHCI(NO,)CCLOSO:H  —jpoemar™

—» CHCI(NO,)COCI
166

Dichloroacetyl chloride, pentachloroethane, and nitryl chloride
were found among the side products of this reaction. The influence
of the composition and amount of the nitrating mixture on the
nitration process has been investigated. 28!

The interaction of TCE with nitrogen monoxide involves
nitration, nitrosation, oxidative degradation, and chlorination
reactions, which lead to the formation of 1,1,1,2-tetrachloro-
2-nitroethane 167, dichloroacetic acid 168, pentachloroethane 1,
1,1,3,3,4-pentachloro-4-nitrobut-1-ene, and also carbon dioxide
and monoxide. The same set of products has been obtained also in
the reaction of N;O; with TCE.

In the dark and at a temperature above 100 °C, nitrosyl
chloride behaves only as a chlorinating agent. In the reaction of
TCE with nitrosyl chloride in sunlight at room temperature,
pentachloroethane 1, 1,1,1,2-tetrachloro-2-nitrosoethane, the
nitroalkane 167, the acid 168, and a pentachloronitrobutene,
whose structure has not been established, were obtained.
Consequently, under conditions promoting the formation of
free radicals, nitrosyl chloride exhibits nitrosating, nitrating, and
oxidising activities. 283

VII. The practical use of trichloroethylene and its
derivatives

By virtue of its high reactivity, incombustibility, and inappreciable
toxicity, TCE is an excellent solvent and is used widely in the
national economy.! In addition, it is used in medicine as a
powerful narcotic.284.285 According to patent data,?86.287 the
addition of TCE improves the properties of insecticidal
preparations. One of the ways of eliminating hexachloroethane
from hexachlorobutadiene is based on the fractional distillation of
the mixture in the presence of TCE. 288 The use of this compound
as a solvent in the pentafluorobenzylation of organic acids
appreciably increases the yield of benzyl esters. 222 In the synthesis
of m-chloroperbenzoic acid, TCE has also been recognised as the
best inert solvent.?°° A new reaction involving the thermal
heterocyclisation of arylchlorosilanes in the gas phase, which
proceeds in the presence of TCE (and certain other halo-
derivatives), has been discovered.?®! Thus the pyrolysis of
dichlorodiphenylsilane in a mixture with TCE (1 : 1 ratio) leads to
9,9-dichloro-9-silafluorene (yield 35%).292.293

The chemical properties and in particular the poly-
functionality of TCE have led to extensive possibilities for its
employment in organic synthesis (see the present review) and
in chemical engineering?®* as a most valuable intermediate.
Industrial methods of synthesis of monochloroacetic acid, which
is an intermediate in the synthesis of dyes and pesticidal and
medicinal preparations, have been developed on the basis of
TCE.2%5 The chloride of dichloroacetic acid, formed in the
oxidation of TCE, is the main intermediate in the synthesis of the
antibiotic levomycetin. 295

Further examples of the practical use of other TCE derivatives
have now been discovered. Thus it has been suggested that
1,2-dibromo-1,1,2-trichloroethane be used as an anaesthetic. '8
The product of the interaction of TCE with HF —1,1,1,2-tetra-
fluoroethane —is a potential blood substitute.3! According to
patent data, 296.297 the steroids synthesised with participation of
TCE, containing the chloroethynyl group in the C(17) position,
possess a broad spectrum of physiological activity. Other
TCE derivatives are physiologically active as well, such as—
chlorine-containing amines, 3 2-bromo-2-chloro-1,1,1-trifluoro-
ethane,?®® and substituted vinylthioacetamidooxacephalo-
sporins. 2%

Many of the compounds obtained with participation of TCE
have been proposed as pesticides. Derivatives of urea 199,300,301
and chlorine-containing aromatic compounds 77 exhibit a herbi-
cidal activity. 4-(Diphenylacryloyl)morpholines are used as
fungicides 32 and 4-chlorobenzyl 2,2-dichlorovinyl sulfide is
a nematocide. 393 Insecticidal activity has been discovered in
chloronorbornenes. Trichloronitroethylene, 228 bis(dichlorovinyl)
sulfide, 304,305 bis(dichlorovinyl) disulfide, 3% and 1,1-dichloro-
4-methylpenta-1,3-diene, which is a product of the condensation
of TCE with isobutene (it is used in the synthesis of
pyrethroids 6-58), have a broad spectrum of activity.

Fireproofing agents 397 and flame extinguishers 38 as well as
regulators of molecular mass in the manufacture of silicone
rubbers and oils 116 have been found among TCE derivatives. The
polylactones obtained from TCE and paraformaldehyde are used
in the manufacture of insulating materials and detergents, 3%

* * *

The claim that TCE is a relatively unreactive compound can still
be encountered in the literature. For example, in a recently
published monograph 3¢ it is noted that TCE does not enter into
nucleophilic substitution reactions. However, our analysis
demonstrated the extensive synthetic possibilities of TCE,
including their use in processes involving the formal nucleophilic
substitution of chlorine atoms. Convenient methods of synthesis
of polyfunctional compounds of different classes have been
developed on the basis of TCE, substances with useful properties,
which were previously difficult to obtain, have been synthesised,
and new nontrivial features of certain chemical processes have
been discovered.
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