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Progress in the chemistry of perhalomethanesulphenyl halides
I V Koval'
F Ε Dzerzhinskii Dnepropetrovsk Institute of Chemical Engineering

ABSTRACT. Results of investigations on perhalomethanesulphenyl
halides are systematised and correlated in the review. Methods of
obtaining perhalomethanesulphenyl halides are reviewed and their
nucleophilic, electrophilic and radical substitution, addition,
oxidation and reduction reactions are discussed.

The bibliography contains 232 references.
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halides by many investigators is explained primarily by the synthetic
value of these compounds The high lability of the sulphur—halogen
bond, its tendency towards heterolytic and homolytic fission, and
also two reaction centres (sulphur and carbon) impart the properties
of valuable synthons to the perhalomethanesulphenyl halides. On
the other hand certain representatives of this class of compound,
trichloromethanesulphenyl chloride and dichlorofluoromethane-
sulphenyl chloride in particular, are widely used in the manufacture
of biologically active preparations which are of interest.

Several reviews3'5"11 partially cover the chemistry of perhalo-
methylsulphenyl halides up to 1970, however, regretably there are no
exhaustive studies. In our view the proferred review may
compensate for this omission to some extent. The literature is
covered up to 1990.

I. Introduction

The chemistry of perhalomethanesulphenyl halides began with the
synthesis of trichloromethanesulphenyl chloride by Rathke.1'2

However this region of hetero-organic chemistry had its most rapid
development at the beginning of the sixties of the present century
after the discovery by Kittleson3 of the fungicidal properties of
ΛΓ-trichloromethanesulphenyl phthalimide and ΛΓ-trichloromethane-
sulphenyl 1,2,5,6-tetrahydrophthalimide, which have been widely
used as standard fungicidal preparations under the commercial
names Ftalan and Captan. Trichloromethanesulphenyl chloride is at
present the most widely studied perhalomethanesulphenyl halide.
Convenient preparative methods (both laboratory and industrial)
have been developed for obtaining it, its properties have been studied
in detail and areas have been found for its application in practice.
The structure of the trichloromethanesulphenyl chloride molecule has
been investigated in the gas phase by electron diffraction,4 from
which it was established that the chlorine atom Cl(l) on the sulphur
atom and one of the chlorine atoms of the trichloromethane-
sulphenyl group Cl(4) are in irans-disposition. The latter chlorine
atom and the sulphur atom are drawn together somewhat because of
the deviation of the C—S bond from the three-fold axis of the
trichloromethyl residue as a result of which the SCC1(4) bond angle
is 102° 5'. Such a peculiarity in the structure of the trichloro-
methanesulphenyl chloride molecule sets a stamp on its chemical
properties. Thus the nonequivalence of one of the chlorine atoms in
the trichloromethyl group [as a result of the deviation of the SCC1(4)
angle from 109°] is displayed in the increased reactivity of Cl(l) and
Cl(4) in free radical processes. The deformation of the SCC1(4)
angle also facilitates intramolecular nucleophilic attack of Cl(l) on
the carbon atom and makes the generation of dichlorocarbene
possible. The other perhalomethanesulphenyl halides known at
present have been investigated less and require further study. The
interest displayed in the chemistry of perhalomethanesulphenyl

Π. Methods of synthesis of perhalomethanesulphenyl
halides

1. Perchloromethanesulphenyl halides

a) Trichloromethanesulphenyl chloride
Trichloromethanesulphenyl chloride was obtained for the first

time in 1870 by the chlorination of carbon disulphide with chlorine
in the presence of iodine as catalyst.1'2 For a long time this reaction
was the subject of investigation by many scientists with the aim of
optimising the process of obtaining trichloromethanesulphenyl
chloride both in the laboratory and in industry. This is linked
primarily with the fact that in the chlorination of carbon disulphide
with chlorine other products are formed in addition to trichloro-
methanesulphenyl chloride, particularly sulphur mono- and
dichlorides and carbon tetrachloride. The probability of forming
any particular product is due to a series of factors,-mainly by the
ratio of reactants, the chlorination conditions and the nature of the
solvent. Depending on the ratio of reactants sulphur mono- and
dichlorides are formed in addition to trichloromethanesulphenyl
chloride in the chlorination of carbon disulphide, as illustrated by
the following reactions.

2CS2+5C12—>2CC13SC1+S2C12,

CS2+3C12-+CC13SC1+SC12.

Sulphur mono- and dichloride are formed in the reaction of
chlorine with carbon disulphide, the dichloride practically always
predominating.3 The formation of trichloromethanesulphenyl
chloride by the reaction of chlorine with carbon disulphide at a ratio
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of 2:5 occurs by the following conversions in the opinion of certain
authors.12

2CS2+2C12^2C1C (S) SCI,

2C1C (S) SC1+C12-+2C12C=S+S2C12,

2C12C=S+2C12—2CC1,SC1.

Although such a mechanism for the chlorination of carbon
disulphide is confirmed to a certain extent by the formation of
trichloromethanesulphenyl chloride in the reaction of thiophosgene
with chlorine,12·13 it has nevertheless been questioned.14 These
authors14 considered that the addition of chlorine occurs at the two
C = S bonds of carbon disulphide simultaneously with the formation
of dichloromethanedisulphenyl chloride, the further chlorination of
which leads to the formation of trichloromethanesulphenyl chloride.

with the aim of converting sulphur mono- and dichlorides to
trichloromethanesulphenyl chloride.3

2CS2 + 4C12 CIS

Cl

—C—SCI

Cl

2CC1.SC1.

A change in the ratio of the initial reactants in the direction of
increasing the quantity of chlorine leads to a reduction in the yield
of trichloromethanesulphenyl chloride and the formation of carbon
tetrachloride which arises from the following reaction.3'15

2CC1SSC12+C12—2GC14+S2C1=.

The conversion of trichloromethanesulphenyl chloride into carbon
tetrachloride is assisted by sunlight,3 and also by the presence in the
reaction mixture of such metals as iron, tin and copper.3'5 It is
recommended to carry out the chlorination of carbon disulphide
with chlorine in the temperature range from 15 to 30 °C.5 Carrying
out this process at higher temperatures assists the formation of
carbon tetrachloride, while a reduction in the temperature of the
process slows down the rate of chlorination of carbon disulphide.
Water,5 carbon disulphide,16 organic solvents such as heptane,
carbon tetrachloride, etc.17 are used as reaction medium. In view of
the relatively high stability of trichloromethanesulphenyl chloride
towards hydrolysis the chlorination of carbon disulphide in an
aqueous emulsion is more preferred since the sulphur mono- and
disulphides formed in the process are partially decomposed by water
to water-soluble products which assists their separation from
trichloromethanesulphenyl chloride. Purification of trichloro-
methanesulphenyl chloride from byproducts is a relatively complex
operation. The low-boiling sulphur dichloride and carbon
tetrachloride are separated from trichloromethanesulphenyl chloride,
which has bp 147 °C, by simple distillation but it is practically
impossible to separate sulphur monochloride (bp 136 °C) by simple
distillation. Several methods have been developed for purifying
trichloromethanesulphenyl chloride from sulphur monochloride. The
most widespread are methods comprising steam distillation of
trichloromethanesulphenyl chloride18 and washing trichloromethane-
sulphenyl chloride with water,5 or with aqueous solutions of
reducing19 or oxidising3 agents which convert sulphur monochloride
into compounds readily soluble in water. After chlorination the
reaction mixture is treated with a fresh portion of carbon disulphide

2S2C1*+CS2

2SC12+CS2-

*CC13SC1+5S,

'CC1 3SC1+2S.

After chlorination, treatment of the reaction mixture with sulphur
dioxide has been proposed.3 This converts sulphur monochloride
into thionyl chloride which is readily separable from
trichloromethanesulphenyl chloride by simple distillation.

S2C12+SO2—>SOC12+S+SO2.

It was reported3 that the chlorination of carbon disulphide with
chlorine in hydrochloric acid leads to the formation of practically
pure trichloromethanesulphenyl chloride since sulphur mono- and
dichlorides are readily hydrolysed in hydrochloric acid.

CS2 + 5C12 + 4H2O
HCl

CC18SC1 + H2SO4 + 6HC1.

Other means of obtaining trichloromethanesulphenyl chloride are
based on the reaction of chlorine with methane-, chloromethane- or
dichloromethanesulphenyl chloride,3 with dimethyl disulphide,3 with
methyl trichloromethyl sulphide,3 methyl thiocyanate,5 dimethyl
sulphide,20 chloromethyltrichloromethyl sulphide,20 and carbon
selenosulphide.21 However these methods are not widely used due to
the low availability of the starting materials, the low yields of
trichloromethanesulphenyl chloride and the complexity of isolating
it.

b) Trichloromethanesulphenyl bromide

Trichloromethanesulphenyl bromide is formed in quantitative
yield by the reaction of trichloromethanesulphenyl chloride with
48% hydrobromic acid at 23-25 Χ. 2 2" 2 4

CClsSCl+HBr—-CCl3SBr+HCl.

c) Trichloromethanesulphenyl fluoride

The unstable trichloromethanesulphenyl fluoride is formed on
heating trichloromethanesulphenyl chloride with activated potassium
fluoride and is converted under the reaction conditions into
dichlorofluoromethanesulphenyl chloride.25'26

Of the perbromomethanesulphenyl halides only tribromomethane-
sulphenyl bromide is known and is formed on reaction of
dibromochloromethanesulphenyl bromide with 48% hydrobromic
acid22 and by the reaction of bromine with carbon disulphide8 and
carbon selenosulphide.21

The formation of the unstable triiodomethanesulphenyl iodide on
reaction of carbon disulphide with iodine has been presumed in the
literature.27
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2. Perfluoromethanesulphenyl halides

a) Trifluoromethanesulphenyl chloride

Trifluoromethanesulphenyl chloride is formed in relatively good
yield by the reaction of chlorine with hexafluorodimethyl-
disulphide8'27 and also with silver28 and mercury8*29 trifluoromethyl-
mercaptides.

0.5CF3SSCF3

CF3SAg

Cl2 (ftv)

0.5(CF3S)2Hg-

-AgCl

Cl2

—> CF3SC1

- H g C l

Replacement of the chlorine atoms by fluorine in trichloro-
methanesulphenyl chloride by the action on it of sodium fluoride,30

potassium fluoride31 or hydrogen fluoride32 also leads to the
formation of trifluoromethanesulphenyl chloride, but in low yield,
since fission of the C—S bond occurs with the formation of various
products in addition to the chlorine—fluorine exchange. Because of
this it is more rational to convert trichloromethanesulphenyl chloride
into hexafluorodimethyldisulphide as follows.23

HBr

CGI3SCI-

C , H > 2

CCl3SBr

(CCUS—) 8

(CF 3 S-) 2

K F

Hexafluorodimethyl disulphide may also be obtained by the
fluorination of carbon disulphide or by the reaction of
trifluoroiodomethane with sulphur.

cs.

2CFSI

ΙΪ»

2S
CF3SSCF3.

Replacement of chlorine by fluorine in chlorodifluoromethane-
sulphenyl chloride may be effected with antimony trifluoride.34

CFoClSCl
SbF3(SbCl,,)

CF,SC1.

Fission of the S—Ν bond of trifluoromethanesulphenamides35

and also of the S—C bond of trifluoromethyl sulphides36 by reaction
with hydrogen chloride and chlorine also leads to the formation of
trifluoromethanesulphenyl chloride.

HCl

CF3SNHCOCI

CF3SCH0CI

—NH.COC1

Cl,
CF3SCI.

b) Trifluoromethanesulphenyl bromide
Trifluoromethanesulphenyl bromide is obtained in 40% yield by

the reaction of bromodifluoromethanesulphenyl bromide with
antimony trifluoride in the presence of antimony pentachloride.34

FJBrCSBr
SbFj(SbCI5, 100° G)

CF,SBr.

c) Trifluoromethanesulphenyl iodide
The unstable trifluoromethanesulphenyl iodide, which readily

converts into hexafluorodimethyl disulphide, is formed as an
intermediate in the fluorination of carbon disulphide with iodine
pentafluoride between 60 and 200 °C.27

CS 2 +IF 5 -+SF 4 +F 2 C=S,

F 2 C=S+IF-^CF 3 SI,

CFSSI-*CF,S*+I\

2CF3S"-*CF3SSCF3.

d) Trifluoromethanesulphenyl fluoride
Trifluoromethanesulphenyl fluoride is formed in low yield on

exhaustive fluorination of trichloromethanesulphenyl chloride with
activated potassium fluoride.26

3. Mixed perhalomethanesulphenyl halides

a) Dichlorofluoromethanesulphenyl chloride
Several methods have been developed for obtaining dichloro-

fluoromethanesulphenyl chloride, however they do not provide a
high yield. One of these methods comprises replacement of one of
the chlorine atoms in trichloromethanesulphenyl chloride by reaction
with potassium fluoride25'26'31'40 or hydrogen fluoride.56 Another
method is based on the addition of chlorine to the C = S bond of
thiocarbonyl chlorofluoride.24

Cl

=s + ci2
CFCUSCl.

More promising from a preparative standpoint is the replacement
of one of the chlorine atoms by fluorine in iV-(diethyl)-
trichloromethanesulphenamide with subsequent fission of the S—Ν
bond in the resulting iV-(diethyl)dichlorofluoromethanesulphenamide
by reaction with hydrogen chloride.41 A maximum yield (37%) of
dichlorofluoromethanesulphenyl chloride was observed at a reactant
ratio of 1:1, a temperature for fluorination of 55 °C and duration
105 min.

CC13SN(C2H5)2
CFC1 2SN(C 2H 5) 2

2HG1

-(G iH 6),NH.HGl

-CH,C1, - ^ GFCLSC1.

In the latter case the ease of fission of the S - C bond is explained
by the structure of the initial sulphide. Consequently there is great
interest in the radical perfluorination of thiols37"39 as a result of
which trifluoromethylsulphides themselves of various structure may
be obtained.

RSH + GF,I -1 >- RSCF 8 .

b) Chlorodifluoromethanesulphenyl chloride
Chlorodifluoromethanesulphenyl chloride is formed in 22% yield

on replacing two chlorine atoms by fluorine in iV-(diethyl)chloro-
difluoromethanesulphenamide with subsequent fission of the S—Ν
bond in the resulting N-(diethyl)chlorodifluoromethanesulphenamide
by reaction with hydrogen chloride.41 This compound may also be
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obtained by the partial fluorination of trichloromethanesulphenyl
chloride with potassium fluoride24 and by the addition of chlorine to
the C = S bond of thiocarbonyl difluoride.8

\
C = S -f Cl 2

CF2C1SC1.

c) Dibromochloromethane- and dibromofluoromethanesulphenyl chlorides
The addition of chlorine or chlorine fluoride to the C = S bond of

thiocarbonyl dibromide leads to the formation of dibromochloro-
methanesulphenyl chloride or dibromofluoromethanesulphenyl
chloride in yields of 34 and 18% respectively.42

III. Reactions of perhalomethanesulphenyl halides

1. Nucleophilic substitution reactions
Perhalomethanesulphenyl halides react vigorously with amines,

alcohols, thiols and other nucleophiles with the formation of various
perhalomethylthio derivatives. Some of these reactions are fairly
unusual compared with the analogous reactions of alkanesulphenyl
halides containing no halogen in the alkyl group. In the majority of
cases these reactions proceed by an S^2 mechanism with the
formation of a transition state in which the entering and leaving
groups are at apices of a trigonal bipyramid.45

S- Ι β-
Nu-S-X

Br

Br

ci .

C-S-
G1P

CBraClSCl.

CBr2FSCl .

d) Brotnodichloromethanesulphenyl bromide
Bromodichloromethanesulphenyl bromide is formed by the

reaction of trichloromethanesulphenyl chloride with 48% hydro-
bromic acid.3 The formation of this compound has also been
mentioned in the reaction of trichloromethanesulphinic acid with
thionyl bromide.43

CC1,SO,H
SOBr 2

- S O , , - H G 1
CCLBrSBr.

e) Bromodifluoromethanesulphenyl bromide
The addition of bromine to the C = S bond of thiocarbonyl

difluoride leads to the formation of bromodifluoromethanesulphenyl
bromide in relatively good yield.44

\
(

/
C=S + Br2 CF2BrSBr.

f) Dichlorofluoromethane, dibromofluoromethane- and bromochloro-
fluoromethanesulphenyl bromides

It has been shown that dichlorofluoromethanesulphenyl chloride
is converted by step-wise bromine—chlorine exchange into
dichlorofluoromethanesulphenyl bromide, bromochlorofluoro-
methanesulphenyl bromide and dibromofluoromethanesulphenyl
bromide.24

CCLFSC1
H B r

-»- CGLFSBr

H B r
* CGlBrFSCl *- CBr2FSBr.

Bromochlorofluoromethanesulphenyl bromide is also formed by
the addition of bromine to the C = S bond of thiocarbonyl
chlorofluoride .2 4 > 4 4

Cl
\

C=S -f Br, CClBrFSBr.

X = Hal.

The possibility of some reactions occurring by an
addition—elimination mechanism is not excluded.45

RNH2 + CX3SC1 • RNHSCX3 + HC1.

a) Interaction with /V-nucleophiles
Interaction with ammonia. The vigorous reaction of trichloro-

methanesulphenyl chloride with ammonia was remarked upon even
by Rathke,1 however the structure of the resulting product was not
determined. Significantly more recently the reaction of trichloro-
methanesulphenyl chloride with ammonia was studied in a
heterogeneous medium of benzene and water.46 The product formed
in this reaction was assigned the structure of 3,6-dichloro-l,4-dithia-
2,5-diazine, but proved to be more complex.47 The reaction of
trichloromethanesulphenyl chloride with 25% aqueous ammonia
solution in a two-phase benzene—water system leads to the
formation of 2,3,7,8-tetrachloro-5,10,l l,12-tetrathio-l,4,6,9-tetraaza-
tricylo[5,3,H2>6]dodeca-3,8-diene.

Cl Cl

:—c—-N-
CCLSC1 + NH,

<
— C — C

I I
C! Cl

Trichloromethanesulphenamide has been proposed47 as an
intermediate in this reaction and was obtained more recently by the
reaction of trichloromethanesulphenyl chloride with liquid ammonia
in pentane at -70 "C. 4 8 This unstable compound, which decomposes
at room temperature, is preserved at -80 °C without decomposition
for 7 days.

CCLSC1 + 2NH,
- 7 0 ° G ->CC],SNH9 + NH,C1.

Dichlorofluoromethanesulphenamide,49 chlorodifluoromethane-
sulphenamide49 and trifluoromethanesulphenamide,50 formed by the
reaction of the corresponding sulphenyl chlorides with liquid
ammonia at -60 °C in trichlorofluoromethane, proved to be more
stable. Further reaction of perhalomethanesulphenamides with one
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or two moles of perhalomethanesulphenyl chloride leads to the
formation of bis-(perhalomethanesulphen)amides and tris-(perhalo-
methanesulphen)amides . 4 9 > 5 1 - 5 3

RSNH, -f RSC1 (RS)2NH
RSCl

-HC1 " " -HC1

R=CC12F, CC1F2, CF3.

(RS)3N,

Interaction with amines. The reaction of perhalomethane-
sulphenyl halides with primary and secondary amines leads to the
formation of JV-substituted amides of perhalomethanesulphenic acids.
iV-Substituted amides have been described for trichloromethane-
sulphenic,3'5 trifiuoromethanesulphenic,3'54 dichlorofiuoromethane-
sulphenic,3'10'55 chlorofluoromethanesulphenic3'41 and bromochloro-
fluoromethanesulphenic3 acids. The formation of N-disubstituted
trichloromethanesulphenamides has been established in the reaction
of trichloromethanesulphenyl chloride with aminals.56 The
instability of ΛΓ-substituted trichloromethanesulphenamides formed
by the reaction of trichloromethanesulphenyl chloride with primary
amines has been recorded.10 For example N-alkyltrichloromethane-
sulphenamides are converted into N-trialkylguanidines in the
presence of alkylamines.

AlkNHSCCl3 • AlkN=C

NHAlk

NHAlk

iV-Aryltrichloromethanesulphenamides are converted on heating in
the presence of alkali into 2,5-diaryl-3,3,6,6-tetrachloro-l,4-dithia-
2,5-diazines.10

Cl Cl Ar

/Δ /
2ArNHSCCl3 *- S S

—2HG1 ν 3

Ν C

Ar Cl Cl

2-(iV-Trichloromethanesulphenamino)pyridine, formed by the
reaction of trichloromethanesulphenyl chloride and 2-aminopyridine,
is converted by an excess of the latter into (2-pyridylamino)-3H-
l,2,4-thiadiazolo[4,3-a]pyridine.10>57

The reaction of perhalomethanesulphenyl halides with tertiary
amines proceeds in a more complex manner. For example, the
reaction of trichloromethanesulphenyl chloride with triethylamine in

benzene at 20 °C leads to the formation of l,l-bis(trichloromethane-
sulphenyl)-2-(iSr,AT-diethylamino)ethylene.58

2CC13SC1

Interaction with hydrazine derivatives. The reaction of

perhalomethanesulphenyl halides with hydrazine derivatives has been
studied mainly for trichloromethanesulphenyl chloride. Reactions
have been described for trichloromethanesulphenyl chloride with
alkylhydrazines,59"*1 arylhydrazines61 and alkane(arene)sulpho-
hydrazides.61 Nucleophilic attack at the sulphur atom is, as a
rule, effected by the NH2 group. However, participation of the
NH group in such attack has also been recorded. For example
the reaction of trichloromethanesulphenyl chloride with benzene-
sulphonohydrazide in dimethoxyethane leads to the formation
of two products, viz. N-benzenesulphono-.W-trichloromethane-
sulphenohydrazide and JV-benzenesulpho -N-trichloromethanesul-
phenohydrazide.61

»PhSO2NH—NHSCC13

PhSO2NH—NH2 -f CC18SC1—
PhSO2N—NH2

SCC13

The trichloromethanesulphenylation of diacylhydrazines has been
carried out in aqueous alkaline medium.61 Replacement of two
hydrogen atoms by trichloromethanesulphenyl groups occurs in this
way:

Ο Ο
I! II

RCNH-NHCR + 2CC13SC1 •
NaOH

-2NaCl

R = H, Me, Et, Ph.

->-RCON—NCOR,
I I

CCI3S SCC13

Interaction with amides and amidines of carboxylic acids.
Replacement of a hydrogen atom on the nitrogen atom of a
carboxylic acid amide takes place with significantly more difficulty
than in the case of amines. The structure of the starting material,
the nature of the solvent and the sulphenylation conditions play an
appreciable role. The presence of strongly electron-accepting groups
in the acyl fragment hinder the sulphenylation process, but the
presence in the acyl fragment of other reactive functional groups
frequently leads to sulphenylation of the acyl fragment and not the
amide group, as has been mentioned.3·62 Strongly basic polar
solvents such as dioxan, dimethoxyethane, dimethylformamide, etc.
are used as reaction medium. An excess of the amide or an organic
base (pyridine, triethylamine, etc.) is used as acceptor of hydrogen
halide. The trichloromethanesulphenylation of certain carboxylic
acid iV-monosubstituted amides is effected via the sodium salt.3 It
was shown63 that the reaction of trichloromethanesulphenyl chloride
with amides of aliphatic carboxylic acids in dimethoxyethane or
dioxan at room temperature leads to the formation of N-alkanoyl-
trichloromethanesulphenamides in 5—22% yield.

2RCON(R /)H+CC13SC1-RCON(R')SCC]3+RCON(R')HHC1.

R = R' = H; R = Me, R' = H; R = Et, R' = H; R = n-Pr, R' = H;
R = PhCH = CH2, R' = H; R = H, R' = Et; R = H, R' = n-Pr;
R = R' = Me; R = Me, R' = n-Pr; R = Me, R' = n-Bu.
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Trichloromethanesulphenyl chloride reacts under analogous
conditions with urea and its homologues with the formation of the
corresponding ^-trichloromethanesulphenyl derivatives.63

2RNHCNHR' + GC13SC1 —> RNHCNSCC13 -f RNHCNH-HCl,
II II j I I I

Ο O R ' O R '
R = R' = H; R = Me, R = H, R = R' = Me.

Amides of aromatic carboxylic acids do not react under these
conditions but heating the reaction mixture leads to 5-aryl-l,3,4-oxa-
thiazol-2-ones,64 the formation of which was also observed on
reacting iV-aroyltrichloromethanesulphenamides with bases (NaOH,
triethylamine, pyridine, etc.).65"68

2RCONH 2 + CCJ3SCI >- [RCONHSCCI3]

Β Η
RGONHSCCls «

—BIC1 [R—C Ο "I

11 1 -
Ν CC12\./ J

BCONHj R—C

-2HC1, —f!C==N N

H.0

R = P h ; 3-MeC6H4; 4-MeC6H4; 4-PhC e H,; 2-ClC6H4; 3-ClC6H4; 4-ClC6H4;

2,4-(Cl) 2C 6H 3; 3,4-(Cl) 2C eH 3; 2-NO2C6H4; 3-NO2C6H4; 3,4,5-(MeO) sC eH 2 .

It was established69"71 that the reaction of trichloromethane-
sulphenyl chloride with amides of aliphatic and aromatic carboxylic
acids in dimethylformamide in the presence of pyridine at -10 °C to
0 °C leads to the formation of iV-acyltrichloromethanesulphenamides
in 39-86% yield.

RCONH2 -f CCI3SCI - 1 0 t o 0 ° c - c ' H » N

> RCONHSCCI3,

R = Me; n-Pr; n-Bu; iso-Bu; Ph; 3-MeC6H4; 4-MeC6H4;
3.5(Me)2C6H3; 3-MeOC6H4; 4-MeOC6H4.

Trichoromethanesulphenyl chloride reacts under analogous
conditions with urethane with the formation of iV,jV-bis-(trichloro-
methanesulphenyl)urethane72 which is evidently explained by the fact
that the rate of trichloromethanesulphenylation of urethane is less
than the rate of trichloromethanesulphenylation of the iV-trichloro-
methanesulphenylurethane formed as an intermediate.

EtOCONH2 + 2GCI3SCI — -
- 1 0 to 0 °C, C5H5N

EtOCON(SCCl3)2.

Dichlorofluoromethanesulphenyl chloride is more reactive than
trichloromethanesulphenyl chloride in relation to carboxylic acid
amides.3 For example according to the patent literature73 the
reaction of dichlorofluoromethanesulphenyl chloride with carboxylic
acids on heating in dioxan leads to the smooth formation of
the corresponding N-acyldichlorofluoromethanesulphenamides in
relatively good yield. Dichlorofluoromethanesulphenyl and
chlorodifluoro-methanesulphenyl chloride also react readily with
carboxylic acid amides in dimethylformamide in the presence of
pyridine at -5° C to -3 °c.7 2·7 4·7 5

GCljFSCi

RCONH, — H C I

CF2G1SC1

R = Me, P h , 4-MeCeH3.

• RCONHSCC12F

• RCONHSCCIF2

iV-Benzoyldichlorofluoromethanesulphenamide reacts with tri-
chloromethanesulphenyl chloride in the presence of triethylamine
with the formation of iV-(dichlorofluoromethylthio)-JV-(trichloro-
methylthio)benzamide.10

PhCONHSCFClj! + CCI3SCI
Et,N

-Et 3 N-HGl
PhCON

SCC13

SCFCla

Amidines of carboxylic acids possess a higher reactivity towards
perhalomethanesulphenyl halides than do carboxylic acid amides.
As a rule both reaction centres (sulphur and carbon) of the
perhalomethanesulphenyl halide participate in nucleophilic
substitution reactions as a result of which 1,2,4-thiadiazole
derivatives are formed.10·77·78

NH

MeC -HC1

NH,

CCI3SCI-

NH

Cl Ν C-Me
\ l l II

C Ν

CCi3C
\

NH

NO, || || GH=CHG

\|| 1/ \ Ν C-CH=CH-
\ / N H i I! II Ο

N 0 2

/

NH

/ Η li
CFC12SC1 + PhC -HCl >- F— C Ν

N S

5-Alkylisothiouronium salts react Hke amidines with the
formation of 1,2,4-thiadiazole derivatives.

CCI3SCI + PhCH 2 SC
/

\

NH

• HC1

N-

a_4
Ν Η» V

-C—SCHiPh
II
Ν

Interaction with sulphonamides. ^-Substituted amides of alkane-
and arenesulphonic acids containing alkyl,3·80·81 aryl,3'82 acyl83 and
arenesulphonyl84'85 groups as substituents react relatively easily with
trichloromethanesulphenyl chloride with the formation of
iV,.N-disubstituted amides of trichloromethanesulphenic acid.
Sulphenylation is carried out in nonaqueous organic solvent
(benzene, toluene, chlorobenzene, diethyl ether, etc.) in the presence
of organic bases. Occasionally in place of sulphonamides their
sodium, lithium or silver salts are used.

RS32N(X)R' CCI3SNSO2R,

R'

R=Alk, Ar; R'=Alk, Ar, RCO, ArSO2, X=H, Na, Li, Ag.
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iV-Substituted alkane- and arenesulphonamides and also
Ν,-ΛΓ,ΛΓ'-trisubstituted sulphonamides react in a similar manner with
dichlorofluoromethanesulphenyl chloride, bromochlorofluoro-
methanesulphenyl chloride and dibromofluoromethanesulphenyl
bromide.3'86 iV,A -̂Dimethyl-iV'-phenyl-iV '-dichlorofluoromethylthio-
sulphonamide and N,iV-dimethyl-iV'-/?-tolyl-JV^-dichlorofluoromethyl-
thiosulphonamide are the most studied of the N-perhalomethyl-
thiosulphonamides formed and are widely used as fungicides under
the commercial names "Euparen" and "Euparen-M".118

SCC12F

R = H , Me.

The composition and structure of the products of the reaction of
unsubstituted arenesulphonamides with trichloromethanesulphenyl
chloride depend on the reaction conditions. It was recorded87 that
the main products of the reaction of arensulphonamides with
trichloromethane-sulphenyl chloride in boiling tetrachloroethylene
were diaryl disulphides, ammonium chloride and sulphur N,N-bis-
(arenesulphonyl)diimine. The reaction of arenesulphonamides with
trichloromethanesulphenyl chloride in anhydrous benzene in the
presence of triethylamine leads to the formation of N-arene-
sulphonyltrichloromethanesulphenamides in 40—60% yield.88

ArSO2NH2
2 2

2 0
 M ° c,

-Et,N-HCl
A r S 0 N H S C C 1

2 3

Arenesulphonamides react similarly with trichloromethane-
sulphenyl chloride in dimethylformamide in the presence of pyridine
at -10 to 0 °C.67'89 The reaction of arenesulphonamide sodium salts
with trichloromethanesulphenyl chloride in carbon tetrachloride at
-17 to -10 °C leads to JV,iV,bis(trichloromethanesulphenyl)arene-
sulphonamides the formation of which was also observed on reaction
of JV-arenesulphonyltrichloromethanesulphenamides with trichloro-
methanesulphenyl chloride in benzene in the presence of
triethylamine.88

2ArSO2NHNa + 2CC13SC1

ArSO.NHSCCl, + GCLSC1

—ArSO2NH2, —:

Et,N

ArSO2N(SCCl3)2

t

rhe reaction of arenesulphonamides with trichloromethane-
sulphenyl chloride in aqueous alkaline medium leads to the
formation of cyclic compounds which were assigned the structure of

2,4-dichloro -2,4 -bis(chlorothio)-l,3-bis( arenesulphonyl)-l,3-diazeti -
dines [structure (F)] after analysis of several alternative structures
( A _ F ) 88,90

Cl

ArSO2N

\
S—C

v/

Cl

NSO2Ar

Cl Cl

ArSO2N NSO2Ar

(A)
ci

ArSO 2 N=S S

NSO2

I I
Cl Cl

(B)
Cl Cl

y
ArSO 2N=S S=NSO 2 Ar

\ /
c

( Q
i

Cl
(D)
Cl

c

ArSOaN(Cl)—S' C

Υ
Cl ArSO2N

Υ
N(Cl)SO2Ar

(E)

CIS
(F)

SCI

NSO2Ar

Cl

These compounds are also formed on reaction of
arenesulphonamide sodium salts with trichloromethanesulphenyl
chloride in carbon tetrachloride at -1 to + 3 °C and also on reaction
of iV-arenesulphonyltrichloromethanesulphenamides with triethyl-
amine.

4ArSO aNH a+ CC13SC1 + 4NaOH

4ArSO2NHNa + 2CC13SC1

- 1 to 0 -C
(E)

-2ArSO,NH2, -4NaCl, -4H.0 •

- 1 to 3 "C

-2ArSO,NHj, -2NaCl

2Et3N -2Et,NHGl

Interaction with nitrogen-containing heterocyclic compounds. The
reaction of perhalomethanesulphenyl halides with heterocyclic
compounds containing an Ν—Η bond leads to the formation of
iV-perhalomethylthio derivatives of the heterocyclic compounds
which possess biological activity as a rule. These investigations were
particularly widely developed after the discovery in 1951 of the
fungicidal properties of iV-trichloromethylthiophthaUmide and
JV-trichloromethylthio-l,2,5,6-tetrahydrophthalimide. As a rule the
sulphenylation of heterocyclic compounds is carried out in
anhydrous organic solvent in the presence of an organic base
(pyridine, triethylamine, etc.). In the case of strongly basic
heterocycles an excess of the heterocyclic compound is used as an
acceptor of hydrogen halide. Heterocyclic compounds possessing an
acidic character are sulphenylated as the sodium salts in aqueous,
aqueous-alcoholic or alcoholic solution. iV-Trichloromethylthio
derivatives of the following are known: maleimide,72 succinimide
and its homologues,91 hexahydrophthalimide and its homologues,92

pyromellitimide,93 2,2-disubstituted malonimide,94 homologues of
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glutarimide,3 aziridine,3 caprolactam,72 pyrrolidine,95 indole,3 isatin
and its homologues,96 piperidine,95 pyrazole and its homologues,13

imidazole,3 hydantoin and its homologues,99'100 uracil,101

piperazine,95 benzotriazole and its homologues,3 benzo-l,2,3-triazin-
4-one,102 oxazolidine-2,4-dione and its homologues,103 benzoxazolone
and its homologues,3 morpholine,104 thiazolidine-2,4-dione and its
homologues,103 benzothiazolone,3 benzoisothiazolone and its
homologues,105 benzoisothiazolone 1,1-dioxide and its homologues,3

5-methylthio-l,3,4-thiadiazol-2-one,3 5-phenylthio-l,3,4-thiadiazol-
2-one,3 5-phenyl-l,3,4-thiadiazole-2-thione,3 phenothiazine3 and
homologues of tetrahydro-l,3-thiazine.106 The 7V-dichlorofluoro-
methylthio derivatives of the following have been described:3'24

phthalimide and 1,2,5,6-tetrahydrophthalimide, hexahydrophthali-
mide, succinimide, pyrrolidine, homologues of isatin, imidazolin-
2-one, benzotriazole, benzoxazolone, 3-methylbenzimidazolone,
l,3,4-oxadiazol-2-one, thiazolidine-2,4-dione, benzothiazolone and
benzoisothiazolone 1,1-dioxide and also the N-trifluoromethylthio,
JV-dibromofluoromethylthio, N-bromodichloromethylthio and
./V-bromochlorofluoromethylthio derivatives of phthalimide and
1,2,5,6-tetrahydrophthalimide. It was shown107 that the reaction of
trichloromethanesulphenyl chloride with hexamethylenetetramine
may lead to various products depending on the solvent used. For
example l,3-bis(trichloromethanesulphenyl)hexahydro-l,3,5-triazine
is formed in alcohol and 3,7-bistrichloromethanesulphenyl-l,3,5,7-
tetraazabicyclo[3,3,l]nonane in dimethoxyethane.

Interaction with other iV-nucleophiles. The reaction of trichloro-

methanesulphenyl chloride with an JV-(trimethylsilyl)-bis(arene-
sulphonyl)imide85 or with sulphur N,iV'-bis(trimethylsilyl)diimine108

is accompanied by replacement of the trimethylsilyl group on the
nitrogen atom by trichloromethanesulphenyl.

CCI3SCI-

MesSiN(SO2Ar)2

_ M e s s i C i * CCl 3 SN(SO 2 Ar) 2

(Me,SiN=)!S

-Me,SiCl
• CCl3SN=S=NSiMe3

b) Reactions with O-nucleophiles

Hydrolysis. Trichloromethanesulphenyl chloride is relatively
stable towards hydrolysis and may be steam distilled without
decomposition. Partial hydrolysis occurs in concentrated sulphuric
acid in the presence of a calculated quantity of water with the
formation of a chlorocarbonylsulphenyl chloride.7'8

C1C(O)SC1.
—2HG1

It was established109 that the intermediate in this reaction is
dichloromethylene sulphoxide, which readily rearranges in
concentrated sulphuric acid into chlorocarbonylsulphenyl chloride.

C]«C=S=O
(H.SO,)

C1C(O)SC1.

Hydrolysis of trichloromethanesulphenyl chloride in the presence
of alkali may, depending on the quantity of the latter, lead to the
5-trichloromethyl ester of dichloromethanethiosulphonic acid110 or
to the sodium salt of dichloromethanethiosulphonic acid.111 The

formation of the S-trichloromethyl ester of dichloromethanethio-
sulphonic acid occurs as follows.

2CCLSC1 + 3NaOH •CUCHSO,SCCl,-J-3NaC].

It was proposed110 that initially hydrolysis of trichloromethane-
sulphenyl chloride occurs with the participation of the sulphur atom.

2CCl 3 SCl+2Na0H- 2CCl,SOH+2NaCl.

Disproportionation of the unstable trichloromethanesulphenic
acid then occurs giving trichloromethanesulphinic acid and
trichloromethanethiol.

2CC13CSOH-CC13SO2H+CC13SH.

In its turn the trichloromethanesulphinic acid is converted into
dichloromethylene sulphoxide by elimination of hydrogen chloride
and subsequent addition of trichloromethanethiol giving the
5-trichloromethyl ester of dichloromethanethiosulphonic acid.

PCI SFT
CC1 3 SO 2 H — — - — y C 1 2 C = S O 2 '- • C l a C H S O 2 S C C l 8 .

An excess of alkali obviously leads to saponification of the
S-trichloromethyl ester of dichloromethanethiosulphonic acid one of
the products of which is the sodium salt of dichloromethane-
sulphonic acid as has been observed.111 Controlled hydrolysis of
trifluoromethanesulphenyl chloride by alkali leads to the formation
of the .S-trifluoromethyl ester of trifluoromethanethiosulphonic acid
and hexafluorodimethyl disulphide.112

CF 3 SO 2 SCF 3 + CF 3 SSCF 34CF3SC1 -f 2H2O — Ζ

Interaction with alcohols and phenols. The reaction of

perhalomethanesulphenyl halides with alcohols and phenols leads to
the formation of alkyl and aryl esters of perhalomethanesulphenic
acids. The esters of trichloromethanesulphenic,3'112"116 dichloro-
fluoromethanesulphenic3 and trifluoromethanesulphenic3 acids have
been described. Sulphenylation of alcohols is carried out in an
excess of alcohol or in another organic solvent in the presence of
pyridine or triethylamine. Sulphenylation of phenols or naphthols is
better carried out as the sodium salts which prevents the competing
electrophilic substitution of hydrogen atoms of the benzene
ring.117·118 Reaction of alkoxides instead of alcohols with
trichloromethanesulphenyl chloride, especially an excess of the
former, leads to the formation of alkyl orthocarbonates.119 On
reaction of trichloromethanesulphenyl chloride with allyl alcohol the
resulting allyl ester of trichloromethanesulphenic acid is converted
into allyl trichloromethyl sulphoxide as a result of a [2,3] sigmatropic
rearrangement. 12O~123

CCLSCl + H0CH,CH=CH,

CCLSCH,—CH=CH,

CCLS"

—CH

At higher temperatures rearrangement of trichloromethane-
sulphenic acid allyl ester proceeds without the 1,3-allyl shift with the
formation of allyl chloride and dichloromethylene sulphoxide.

[CC13SOCH2CH=CH2]+CH2=CH-CH2C1+C12C==S=O.
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The propargyl ester of trichloromethanesulphenic acid undergoes
an analogous rearrangement.63 It was noted123 that trichloro-
methanesulphenic acid benzyl ester is relatively stable but anisyl
esters are rearranged into the sulphoxide and hexane even at 20 °C.
Reaction of trichloromethanesulphenyl chloride with anisyl alcohol
gives p-anisyl chloride and dichloromethylene sulphoxide but
trichloromethyl />-anisyl sulphoxide is not an intermediate in the
process.123 It was proposed124 that both rearrangements of anisyl
esters proceed according to an ionisation—recombination mechanism
by separate schemes.

CH2C1

GHuOSCClj CHssOSCCl

0
OMe OMe

+ G12C=S=:O

trichloromethanesulphenyl chloride with silver nitrate leads to the
formation of trichloromethanesulphenyl nitrate.128

CGI3SCI + AgNO;3 -AgCI CGLSONO,.

Silver isocyanate reacts with perhalomethanesulphenyl halides
with a shift of the reaction centre, i.e. with nitrogen and not oxygen
participating in the nucleophilic attack. The character of the
reaction products is therefore determined by the form of the
perhalomethanesulphenyl halide. For example the product of
the reaction of trichloromethanesulphenyl chloride and silver
isocyanate is 2,4,6-trioxo-l,3,5-tris(trichloromethanesulphenyl)-l,3,5-
triazine which is formed by trimerisation of the unstable
trichloromethanesulphenyl isocyanate.129

Ο

3CC18SG1 + 3AgOCN
GCUS-N N-SCCI3

Ο Ν Ο

SCC13

On reacting trichloromethanesulphenyl chloride with 1,2-epoxides
a irarw-scission of the ring takes place with the formation of
β-chloroalkyl sulphenates.11·125

H,C CH,

CCI3SCI-

CC13SOCH2CH2C1

H,C CHCH,C1

-*- CCI3SOCH CH—OSCC1,

CH2CI CH aGl

•0
osccia

Cl

Chlorodifluoromethanesulphenyl chloride reacts with silver
isocyanate with the formation of l,3-bis(chlorodifluoromethane-
sulphenyl)-2,4-dioxo-l,3-diazetidine.130>131

2GF2C1SC1 4- 2AgOCN

Ο

C

>• CF2C1S-N N-SGFjCl.
—2AgCl v. y

c

0

The reaction of trifluoromethanesulphenyl chloride with silver
isocyanate leads to the relatively stable trifluoromethanesulphenyl
isocyanate. 130,131

CF3SCl+AgOCN _ A g Q > GF3SNCO.

Interaction with salts of organic and mineral acids. The reaction of
trichloromethanesulphenyl chloride with silver3·11 and sodium125·126

salts of carboxylic acids leads to the formation of mixed anhydrides
of trichloromethanesulphenic acid and the carboxylic acid.

RCOOM+CC13SC1+RCOOSCC1S,

R=Me, Ph, CF3, />-MeCONHC6H4; M = Ag, Na.

Trifluoromethanesulphenyl chloride reacts ambiguously with silver
salts of carboxylic acids. Reaction of it with the silver salt of
trifluoroacetic acid leads to the mixed anhydride of trifluoroacetic
and trifluoromethanesulphenic acids but a mixture of various
products is formed on reaction with the silver salts of chloro-
difluoroacetic and pentafluorobenzoic acids.11'127 Reaction of

Interaction with other O-nucleophiles. It has been shown 1 3 2 that

the reaction of trichloromethanesulphenyl chloride with JV,iV-diacyl-
hydroxylamines leads to the formation of N,iV-diacyl-O-(trichloro-
methylthio)hydroxylamines.

CCI3SCI + H0N(C0R)2 — Z CC13SON(COR)2.

c) Reactions with 5-nucleophiles
Interactions with inorganic sulphur-containing reagents.

Perhalomethanesulphenyl halides react with elementary sulphur in
the presence of triethyl phosphate with the formation of
perhalomethanethiosulphenyl halides.8

RSC1 + S 1 4 0 - 1 5 0 C>RSSC1 !

R=CC13, CCl2Br; CCl2i.



Russian Chemical Reviews 60 (8) 1991 839

The interaction of trifluoromethanesulphenyl chloride with

hydrogen sulphide leads to the formation of hexafluorodimethyl

trisulphide. 1 3 3 · 1 3 4

2CF,SC1 + BUS -2HC1 CF,SSSCF,.

In contrast to silver isocyanate silver isothiocyanate reacts with

perhalomethanesulphenyl halides with the participation of the

sulphur and not the nitrogen a t o m . 1 1 · 1 3 5

RSC1 + AgSCN — Z I g — * RSSCN,

R - C C 1 3 , CF 3 .

In the reaction of trichloromethanesulphenyl chloride with

thiiranes a fra/is-fission of the ring occurs and β-chloroalkyl

trichloromethyl disulphides are formed. 1 5 6 ' 1 5 7

RCH—CH2 + CCI3SCI >• R—CH—CH2SSCC13.

V A

Interactions with sulphinic acids and their derivatives. The

reaction of trichloromethanesulphenyl chloride with the sodium salts

of sulphinic acids leads to trichloromethyl esters of thiosulphonic

acids. 1 5 8 · 1 5 9

Silver isoselenocyanate reacts with perhalomethanesulphenyl

halides in a similar manner. 1 1 The reaction of trichloromethane-

sulphenyl chloride with sodium trithiocarbonate leads to the

formation of bis(trichloromethyl) trithiocarbonate which is converted

into thiophosgene on heat ing. 1 3 6 · 1 3 7

N a 2 C S 3 + CCI3SCI CC13SCSCC13

II

s

130-190° C
-*• 3C1CC1.

II

s

CGI3SCI RSO 2 Na — - χ

R = A l k , A T .

CG13SSO2R,

Aryl esters of thiosulphinic acids react with trichloromethane-

sulphenyl chloride with the formation of a mixture of various

products. 1 6 0

ArS ( 0 ) SAr+CCl s SCl-*-ArSOaSAr+ArSSCCl,+ArSCl.

Interaction with compounds containing thiol and thione groups.

Trichloromethanesulphenyl chloride reacts relatively readily with

compounds containing thiol or thione groups with the formation of

unsymmetrical disulphides. 1 1 9 ' 1 3 7 " 1 4 9

XSH(M) + CCI3SCI —H(M)C1
•*• XSSCCL

X = A l k , Ar, Het, H O C H 2 C H 2 , M e C ( O ) O C H 2 C H 2 ,

R O C ( S ) , R S C ( O ) , N H 2 C ( O ) , R N H C ( O ) , R 2 N C ( 0 ) ,

P h C ( S ) , ( R O ) 2 P ( O ) , ( R O ) 2 P ( S ) , ( R S ) 2 P ( S ) ,

E t 2 N C 2 H 4 ; M = N a , MgBr.

In contrast to dithiobenzoic acid which forms an unsymmetrical

disulphide with trichloromethanesulphenyl chloride,1 3 7 thiobenzoic

acid reacts with trichloromethanesulphenyl chloride with the

formation of hexachlorodimethyl disulphide and dibenzoyl

disulphide.1 5 0 Esters such as 0-alkyl thiocarbamates 1 5 1 and

0,5-dialkyl dithiocarbonates 1 5 2 react with trichloromethanesulphenyl

chloride with the participation of the thione sulphur and elimination

of alkyl chloride.

XC(S)OAlk + CC!3SC1 _ A l k G 1 > XC(O)SSCC13,

X = R 2 N , R S .

Thioamides also react with trichloromethanesulphenyl chloride

with the participation of the thione sulphur and the formation of

unsymmetrical disulphides, 1 5 0 ' 1 5 3 but the reaction of thiourea and its

derivatives with trichloromethanesulphenyl chloride proceeds in a

more complex m a n n e r . 1 5 4 ' 1 5 5

RCNH2 -f CCI3SCI

NH
||

RCSSCCI3 + HC1.

d) Reactions with P-nucleophiles

Interaction with inorganic phosphorus-containing reagents.

Perhalomethanesulphenyl halides react even at -80 °C with white

phosphorus in anhydrous carbon disulphide forming mainly chloro-

bis(trichloromethylthio)phosphine.161 The formation of other

products has also been recorded, the quantity of which is determined

by the perhalomethanesulphenyl halide.

C F n C l 3 - n S C l + P )

+ (CFBC1,_.S) J»C1,_,+ ( C F n G l 3 _ n S ) 2 + F n C l 2 - n C = S .

Reaction of trichloromethanesulphenyl chloride with phosphorus

trisulphide at 80 °C leads to a mixture of several products including

dichloro(trichloromethylthiol)phosphine, 5-trichloromethyl dithio-

phosphoric dichloride and bis(S-trichloromethyl) dithiophosphoric

chloride.1 6 2

CCI3SCI + P2S3 J- GC13SPC12 + CC13SPC12 + (CC13S)2PC1.
I! II
s 0

The main product of the reaction of trichloromethanesulphenyl

chloride with phosphorus pentasulphide is S-trichloromethyl

5-chloro dithiophosphoric chloride.8

CC13SP(C1)SC1.
II

s
Trifluoromethanesulphenyl chloride reacts readily with phosphine

with the formation of bis(trifluoromethylthio)phosphine or

tris(trifluoromethylthio)phosphine depending on the ratio of

reactants.5 0

2GF.SC1

PH,-!
3CP.SC1

(CF,S)8P + 3HC1
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The main products of the reaction of isopropyl methylphosphinite
with trichloromethanesulphenyl chloride are isopropyl methyl-
phosphonic chloride and thiophosgene.163

Η Cl

MeP
\

+ CCI3SCI·
—HCl

->MeP

OPr-iso
II \
0 OPr-iso

The reaction of trichloromethanesulphenyl chloride with dialkyl
esters of alkylphosphonous acids proceeds in a more complex
manner with the formation of a mixture of various products.164 As
was proposed,164 in the first stage of this reaction the dialkyl esters
of alkylphosphonous acids react with trichloromethanesulphenyl
chloride by a type of Arbuzov rearrangement with the formation of
alkyl halide and an 0-alkyl S-trichloromethyl thiophosphonate
which then reacts with the excess of trichloromethanesulphenyl
chloride with the formation of the other reaction products.

RP(0Alk)2 + CCI3SCI AlkCl + RP(OAlk)SCCl3,
III

0

RP(OAlk)SCCl3

o

—>- CGI3SSCCI3 + PP(OAlk)Clf

i

rRP(OAlk)SCCl3-|+Cl-

RP(OAIk)Cl -f RP(OAlk)a

II
0

R(AlkO)P-P(OAlk)R + AlkCl.
II II
00

This process was investigated in a more detailed manner using as
example the reaction of trichloromethanesulphenyl chloride with the
diethyl and diisopropyl esters of methylphosphonous acid.163 The
authors came to the conclusion that the route of this reaction
depends on the reactant ratio, the order of mixing them and the
structure of the initial ester. For example, on adding diisopropyl
methylphosphonite to trichloromethanesulphenyl chloride at a ratio
of 1:1 at -50 °C a mixture of products is formed from which the
acid chloride of isopropyl methylphosphonous acid, hexachloro-
dimethyl disulphide and isopropyl chloride were isolated.

CCI3SCI + MeP(OPr-iso)2 -> MeP(O)(Cl)OPr-iso +

+ (CCI3S - )2 + iso-PrCl.

On adding one mole trichloromethanesulphenyl chloride to four
moles of the diethyl ester of methylphosphonous acid the product
formed in 80% yield is that of replacement of all four chlorine
atoms.

4MeP(OEt)2+CCl3SCl->
- M e P ( O ) (OEt)SC[P(O) (Me)OEt] s+4EtCl.

In a monograph165 it was shown that in the case of the
diisopropyl ester of methylphosphonous acid no reaction took place
due to steric hindrance.

Interaction with dialkyl and trialkyl phosphites. Trichloro-

methanesulphenyl chloride reacts with dialkyl phosphites according
to two alternative routes.166·167

CCI3SCI + (R0) 2 PH-
II
ο

- H C l

(2)

(RO)2PSGC13

I!
OJ

(RO)2PC1 + C12C=S
II

Ο

-HCl >(RO)2PC1 + C12C=S

Ο

The formation of the products of the second route is due to the
initially formed phosphorane decomposing according to a six-centre
mechanism.166

(RO)2P(O)H + CC13SC1

*- (R0)2PCl + C12C=-S

0

In another study168 the formation of products by the second route
is explained by decomposition of the intermediate salt formed by
attack of the dialkyl phosphite at a chlorine atom of trichloro-
methanesulphenyl chloride.

(R0)2P(0)H + CCI3SCI —^ [(RO)2P(OH)C1]+(SGC13)- —>-

—> (RO)2PG1 + C12CS + HCl.
II
ο

It was shown169 that reaction of other perhalomethanesulphenyl
halides with dialkyl phosphites forms 0,0 '-dialkyl 5-trihalomethyl
thiophosphates mixed with products formed by other routes and
with the starting materials which it was impossible to separate by
distillation due to the thermal instability of the main products.
However reaction of the same sulphenyl chlorides with
bis(trimethylsilyl) phosphite or diisopropyl phosphite in anhydrous
benzene or toluene at room temperature and a reactant ratio of 2:1
leads to the corresponding S-trihalomethyl thiophosphate in
quantitative yield.

(RO) 2 P (O) H+CCl 3 - n F n SCl- (RO) 2 P (O) SCCl3_nFn,

R = (Me)3Si, iso-Pr.

The results of this study formed a basis for the authors165 to
propose that the formation of products of the second reaction route
for trichloromethanesulphenyl chloride with dialkyl phosphites may
occur during subsequent treatments and not during the reaction.
Perhalomethanesulphenyl halides react ambiguously with trialkyl
phosphites. For example it was recorded17^"174 that the reaction of
trichloromethanesulphenyl chloride with trialkyl phosphites leads to
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various products, depending on the ratio of reactants, including
compounds with three phosphoryl groups.

(RO),P

CC13SC1—

4(BO)3P

• CCl3SP(OR)a 4- RC1
II
ο

Ρ 1CSP(OR)2+RC1
II II
oj3 0

Perhalomethanesulphenyl halides react with tetraalkyldiamino-
(hydroxy)phosphines with the formation of S-trihalomethyl
tetraalkyldiaminothiophosphates.176

Interaction with chlorodialkoxyphosphines and chlorodi(alkylthio)-
phosphines. Ο,Ο'-Diaryl S-trichloromethyl thiophosphates, which
possess pesticidal properties and are additives for lubricating oils, are
formed by the sequential addition of acetic anhydride and
trichloromethanesulphenyl chloride to chlorodiaryloxyphosphines.178

However in more recent work1 7 5 the possibility of forming
compounds with three phosphoryl groups on one carbon atom is
doubtful based on PMR spectroscopic data. Dichlorofluoro-
methanesulphenyl chloride reacts with trimethyl phosphite by an
Arbuzov rearrangement with the formation of 0,0 '-dimethyl
5-dichlorofluoromethyl thiophosphate and methyl chloride.176

CCl2FSCl + P(OMe)3·

OMe

CClaFSP
II \ .
Ο OMe

MeCl.

The reaction of trichloromethanesulphenyl chloride with trimethyl
phosphite177 leads to a mixture of four compounds which are formed
in pairs as a result of nucleophilic attack of phosphite either at the
sulphur atom or at a chlorine atom effecting the two alternative
mechanisms (1) and (2).

U)

CF3SC1 -f (MeO)3P-

(2)

[(MeO)3PSCF3]+C1- — > (MoO)2PSCF3 4- MeCl
I!
Ο

• [(MeO)3PCl]+(SCF3)-—>• MeSCF3 4-(MeO)2PCl

Ο

The possibility of forming a compound of five-coordinate
phosphorus as an intermediate, which then eliminates methyl
chloride or methyl trifluoromethyl sulphide, is not excluded.177

(MeO)3P 4- CF3SG1 (MeO)aPSCF3-|-

Cl J

MeCl 4- (MeO)2POSCF3

MeSGF3 4- (MeO)2PCl
II
0

Interaction with amidoesters of alkylphosphonous acids,
alkoxydiaminophosphines and diamino(hydroxy)phosphines. Trichloro-
methanesulphenyl chloride reacts with the propyl ester of
(diethylamino)methylphosphonous acid according to an Arbuzov
rearrangement mechanism. 1 6 4

NEt2 Me

CCI3SCI !- MeP >- CCI3SP 4- PrCl.

OPr Ο NEt2

Trichloromethanesulphenyl chloride reacts with alkoxydiamino-
phosphines in a similar manner.3

Alk2N Alk2N
X \.

P_OEt + CCI3SCI — ν PSCC13 4 EtCl.
/ /H

AIk2N Alk2N 0

(RCeH40)2PCl + (MeC0)20 4- CCI3SCI —»- (RCeH4O)2PSCCl3 + MeCOCl,
II

0
R = H , Me, Gl.

The main products of the reaction of perhalomethanesulphenyl
halides CFnCl3_rtSCl (n = 0 to 3) with alkoxydichlorophosphines at
-30 to 20 °C are S-trihalomethyl thiophosphoryl dichlorides formed
in 50% yield.162 In addition to these compounds 0-alkyl
thiophosphoryl dichlorides, phosphorus oxychloride, alkyl chlorides,
bis(trihalomethyl) disulphides, halomethanes (CFnCU^) and thio-
carbonyl dihalides (FnCl2_«C = S, η = 0 to 2) are formed, the
quantity of which varies depending on the ratio of chlorine and
fluorine atoms in the sulphenyl chloride molecule. For example it
was recorded that on going sequentially from trifluoromethane- to
trichloromethanesulphenyl chloride an increase occurred in the yield
of O-alkylthiophosphoryl dichloride and a decrease in the yield of the
corresponding disulphide. It was shown162 by NMR spectroscopy
( 3 1 P, 1 9 F) for the reaction of trichloromethanesulphenyl chloride
with methoxydichloro-phosphine that an unstable phosphorane was
formed as an intermediate, the further conversions of which readily
explain the formation of all the reaction products.

Γ MeO—PC131
CFnCl3_nSCl 4- MeOPCl2 ν | _

l_FnCl3_nC J

— POC13 + FnCl2_TlC=S 4- MeCl

->- CFnCl3-nSPCl2 + MeCl
II

s °
II

->- MeOPCl2 4- FnCl3-nCCl

MeCl 4- POC13
C F r , C 1

3 - r , S G 1 Τ
n n — · MeOPCl4 4- (CF n Cl 3 - n S-) 2

On reacting perhalomethanesulphenyl chlorides with (trihalo-
methylthio)chlorophosphines at 22 — 70 °C fission of all the P —S
bonds occurs with the formation of unsymmetrical disulphides and
phosphorus trichloride.162

(CF»Cl3-BS)sePClJ-«+XCl«Cl8-mSCl-*·
-PCl3+Gl 3 - n F n CSSCF m Cl3- m ,

n, /M = 0 to 3; x=\ to 3.
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The formation has also been recorded of a small quantity of

symmetrical disulphide and a second sulphenyl chloride which is

explained by the formation of a phosphorane intermediate with two

perhalomethanethio groups.

XF2C1S Ί

Depending on the conditions the amino group 1 8 3 or the methine

CF2C1SPC12 + CF3SC1· 1P C U -
L CF3S

CF2C1SC1 + CF3C1SPC12

[CF3SPC12] + CF3SC1

CF2C1SSCF3 + PC13

—>- CF2ClSCl-f[CF3SPCl2]

-*• C1F2CSSCF2C1,

CF3SSCF3 -f PC13.

e) Reactions with C-nucleophiles

Interaction with organometallic compounds. Perhalomethane-

sulphenyl halides react energetically with organomagnesium

compounds by a nucleophilic mechanism of substitution of the

halogen atom at sulphur by the hydrocarbon radical.

CX3SCl+RMgX+CX3SR+MgXCl,

X=Hal.

As a rule a small quantity (up to 15%) of alkyl halide is formed

which hinders isolation of the resulting sulphide. Reactions

described include trichloromethanesulphenyl choride with ethyl-

magnesium bromide179 and also trichloromethanesulphenyl chloride

with alkynylmagnesium halides180 and arylmagnesium halides.181

Organomercury compounds react with trifluoromethanesulphenyl

chloride in a similar manner to organomagnesium compounds.182

Simultaneously with substitution of the chlorine atom at sulphur by

the hydrocarbon radical, replacement of the mercury halide fragment

by chlorine and also demercuration occur.

H4HgCl + CF3SCI -> p-RC 6 H 4 SCF3 +/>-RC6H4Cl + PhR,

R = M e O , Me, H, Cl, NO 2 .

Electron-accepting groups R aid the formation of

trifluoromethylthio derivatives and electron-donating groups aid the

formation of halogen derivatives.

Interaction with CH-acids and their anions. Perhalomethane-

sulphenyl halides react relatively easily with compounds containing

active methyl, methylene or methine groups with the formation of

the corresponding sulphides. For example trichloromethane-

sulphenyl chloride reacts with nitromethane in an aqueous alkaline

medium in the cold with the formation of trichloromethyl

nitromethyl sulphide. 1 8 2

CCLSCl + CH,N0o
0° C, NaOH

-NaCl
CCLSCH.NO,.

.184

nucleophilic attack on the sulphur atom of trichloromethane-

sulphenyl chloride.

Me GO2Et

CGI3SCI + Me—C=CHCO2Et—

NH»
CCl3SC(=CMe)CO2Et

NH 2

It has been shown 1 8 5 that trifluoromethanesulphenylation of

CH-acids RCXCH 2 R' (X = O, N H ; R = Ph, Me; R' = CONH 2 ,

CN, C(S)NHC 6H 4Br-4) at 0 - 2 0 °C in anhydrous chloroform occurs

selectively at the α-carbon atom. The reaction of

perhalomethanesulphenyl halides with C-anions generated by various

means occurs by two alternative routes, viz. with the formation of

products either of C-sulphenylation or of C-chlorination. For

example the reaction of trichloromethanesulphenyl chloride with

carbanions generated by adding fluoride or chloride anions to the

multiple bond of fluoroolefins leads to the formation of products of

C-sulphenylation and C-chlorination.

CF3C(R)=CF3 )—CF2X
CG1,SC1

- c i -

-cci 3 s-

- CF3C(R)CF2X
|SCCI3

- CF3C(R)CFaX

Cl

The reaction of perhalomethanesulphenyl chlorides with anions of

tetraalkyl methylenephosphonates has been investigated.187 The

anions were generated by the action of butyllithium, sodium hydride

or metallic sodium on tetraalkyl methylenephosphonates. It was

established that products of sulphenylation and of chlorination were

formed both in the presence of AICI3 and in its absence. In the case

of dichlorofluoro- and chlorodifluoromethanesulphenyl chloride

sulphenylation products were obtained in which the trihalosulphenyl

groups were enriched with fluorine compared with the initial

sulphenyl chlorides.
A1CI,

[(RO2)P(O)]2CHM + CCl 3 _ n F n SCl »-

[(RO)2P(O)]2CHC1 +

[(RO) 2P(O)] 2CHSCF 3 >
[(RO) 2P(O)] 2CHSCCl 2_nF

R=iso-Pr; M = Li, Na

The formation of products enriched with fluorine in the

trihalomethanesulphenyl group occurs, as discussed,187 by

replacement of chlorine atoms by fluorine in the initial sulphenyl

chloride and not in the products of sulphenylation. Fluoride anion

acts as a fluorinating agent and arises on decomposition of the

trihalomethylthio anion which is a byproduct of the chlorination of

tetraalkyl methylenephosphonate anion.

[ (Rt)) 2 P ( 0 ) ] 2 C H M + C C l s _ n F n S C l +

— [ (RO) , P (O) ] 2 C H C l + C C l 3 - n F n S - ,
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The proportion of chlorination products increases in the sequence
CF3SC1 < CF2C1SC1 < CFC12SC1 which is caused165·187 by the
increase in steric hindrance to nucleophilic attack on the sulphur
atom by the carbanion. In favour of this explanation is the
formation of the product of replacement of a second Η atom of the
methylene group by chlorine and not by a second trifluoromethyl-
thio group in the reaction with trifluoromethanesulphenyl chloride.
In addition, in the reaction of the lithium derivative of tetraisopropyl
ethylidenediphosphonate with trifluoromethanesulphenyl chloride in
the presence of aluminium chloride products of chlorination and
sulphenylation are formed in a 2:1 ratio while in the case of
the tetraisopropyl methylenediphosphonate anion under the
same conditions the ratio of (trifluoromethylthio)methylene- and
(trifluoromethylthio)chloromethylenediphosphonates was 4.6:1.

(R0)2P 1C(Li)Me + CFSSC1

Π1
A1C1,

r(RO)2p-|C(Ci)Me

I 4 .
+ ["(R0)2P "|C(Me)SCF3r

II
L O j 2

(RO)2P 1CHM + CF3SCI —
A1C1,

*• f(RO)2P 1CHSCF3r«ao,,H
L oj

f(RO),P -]C(C1)SCF3 + f(RO)2PI u ί
R = iso-Pr; M = Li, Na.

2. Electrophilic substitution reactions
Perhalomethanesulphenyl chlorides react with aromatic

compounds by an 5Έ2 electrophilic substitution mechanism with the
formation of trihalomethyl aryl sulphides. The reaction occurs
relatively easily with derivatives of benzene and naphthalene
containing electron-donating substituents [N(CH3)2, OH, OCH3, etc.]
but other aromatic compounds react with perhalomethanesulphenyl
halides under forcing conditions in the presence of catalysts. For
example, trichloromethanesulphenyl chloride reacts relatively easily
with dimethylaniline188 and its derivatives189 with the formation of
the corresponding trichloromethyl aryl sulphides.

NMe a
NMe a

Me2N.HCl
I Ra

R

SCCI3

R = H, Me; MeO, MeCOO, PhCH2O.

Trichloromethanesulphenyl chloride reacts anomalously with
benzene in the presence of AICI3 with the formation of diphenyl
thioketone.190

60°C, A1C1,

CCI3SCI + 2CeHe P h 2 G = S .

The mechanism of this reaction was not investigated190 however it
is not excluded that thiophosgene is an intermediate in this reaction
and as is known,45 reacts with benzene in the presence of AICI3 with
the formation of diphenyl thioketone. Trifluoromethanesulphenyl
chloride reacts with dimethylaniline,117 and also with phenol and its

homologues118·191 even at 0 °C. The trifluoromethylthio group is
directed to the positions ortho or para to the substituent.

+ CF,SC1
0 °C, ether

N(Me)2 (Me)2N HG1

4- CF,SC1

, 2-Me ·, 3-Me , 2-OH.

Trifluoromethanesulphenyl chloride reacts with α-naphthol in the
presence of iron with the formation of 2,4-bis(trifluoromethylthio)-
naphthol.118

OH

C 0 + 2 c F i S c i Pe

SCF,

SCF3

Trifluoromethanesulphenyl chloride reacts with benzene and
toluene at 100 °C in an autoclave in the presence of BF3 with the
formation of trifluoromethyl phenyl sulphide and a mixture of 2-
and 4-tolyl trifluoromethyl sulphides.

SGF3

Ο + CF3SC1

R = H, Me.

100° C, BF,

-HG1 c
SCF3

Trifluoromethanesulphonic acid is a more efficient catalyst for the
trifluoromethanesulphenylation of benzene, its use enables reduction
of the reaction temperature to 20 °C.192 Introduction of a second
trifluoromethylthio group into the benzene nucleus is difficult even
in the presence of trifluoromethanesulphonic acid. Trifluoromethane-
sulphenyl chloride reacts with chlorobenzene under forcing
conditions with the formation fo the two isomeric p-chloro- and
o-chlorophenyl trifluoromethyl sulphides.192 However if there are
electron-donating groups (OH, OMe, NMe2) present in the molecule
in addition to electron-accepting groups [MeCO, PhCO, MeOCO,
C(O)H], then depending on the conditions one, and in the presence
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of iron powder, two or even three trifluoromethylthio groups may be
introduced.191·193

COMe
RO | OR

+ C F 3 S C I

COMe
RO | OR

G 5 H 5 N , CHG15 \<{?\/ CF,SCI

Q
I

OR
R = H , Me,

CF3S
- H C 1

COMe
RO | OR

V\
CFSS | SCF3

OR

_ N M e 2 + 2CF3SC1
—2HGI

CF3S SCF3

\ /
Me2N—<f~\—CO — / ~ ~ \ — N M e 2

With thiopen, depending on the catalyst used, trifluoromethane-
sulphenyl chloride forms 2-trifluoromethylthiothiophen or 2,5-bis-
(trifluoromethylthio)thiophen.193>197>198

1 I + CF3SCI-
SnCI,

—HGi

CF3SG1

SCF3

CF,SOSH

CF3S
/ \

SCF,

3. Radical substitution reactions
Perhalomethanesulphenyl halides react with alkanes and cyclo-

alkanes by a mechanism of radical substitution of hydrogen atom by
halogen. For example, trichloromethanesulphenyl chloride reacts in
the presence of catalysts of radical processes or under UV irradiation
with cyclohexane,199 n-hexane,199 η-heptane and other saturated
hydrocarbons200"204 with the formation of the corresponding halogen
derivatives and hexachlorodimethyl disulphide.

RH + 2CGI3SCI ·- RC1 + CCI3SSCGI3 + HC1.

Derivatives of aniline and acetanilide containing the electron-
donating groups OH or OMe in the meta position also react readily
with trifluoromethanesulphenyl chloride with the formation of
bis(trifluoromethylthio) derivatives.194

NHX
CF3S

NHX

+ 2CF3SC1
-2HC1

R = OH, ΟΜΘ; X = Η, MeCO.
SCF.

A set of rules has been established193·195"198 for the electrophilic
substitution of hydrogen atoms by the trifluoromethylthio group in
heterocycles. For example pyrrole reacts even at -30 °C with
trifluoromethanesulphenyl chloride with the formation of 2-trifluoro-
methylthiopyrrole and a small quantity of 3-trifluoromethyl-
thiopyrrole.193

|| I) + CF,SC1-

NH

-30° C, Na,CO,

• - N a G l I L S C F 3 + | I
NH
81%

-SCF3

NH
7%

Under the same conditions trifluoromethanesulphenyl chloride
reacts with indole with the formation of 3-trifluoromethyl-
thioindole.193 In the presence of trifluoromethanesulphonic acid
two, three or even four hydrogen atoms in the pyrrole ring may be
replaced by trifluoromethylthio groups.195·196 Trifluoromethane-
sulphenyl chloride reacts with furan in the presence of pyridine with
the formation of 2-trifluoromethylthiofuran.197

|1 II + CF3SCI ·

Ο

C5H»N

\» SCF3

A mechanism has been proposed199 for the radical chlorination of
hydrocarbons with trichloromethanesulphenyl chloride which
includes the generation of a trichloromethylthio radical which acts as
a chain propagating agent.

RH+C1-+R-+HC1,

RH+SCC13->R'+CC13SH,

CClsSH+CClsSCl-^CGlaSSCCla+HCl.

Chain termination may occur by the following processes:

R'+R'-^R-R,

cr+cr->ci-ci,
R'+Cr-R-Cl,

R'+SGC1,-*RSCC1,,

CC13S'+CC1SS'-^CC1.,SSCC1S.

The composition of the mixture of products formed on
chlorination of η-heptane with chlorine and trichloromethane-
sulphenyl chloride has been studied by gas chromatography.201 It
was noted that trichloromethanesulphenyl chloride possesses a higher
selectivity than chlorine. Trifluoromethanesulphenyl chloride reacts
with saturated hydrocarbons in the same manner as
trichloromethanesulphenyl chloride.199·203·205

4. Addition reactions

a) Addition to multiple bonds
V /

= C and
\

In contrast to alkanesulphenyl halides the perhalomethane-
sulphenyl halides react with olefins with difficulty with the formation
of β-halogenated sulphides containing a trihalomethyl group. For
example, trichloromethanesulphenyl chloride reacts with cyclohexene
only on extended heating at 120 " C . 2 0 6 Trichloromethanesulphenyl
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chloride reacts in an even worse manner with allyl chloride and adds
to propylene only at 100 — 110 °C and a pressure of 100 atm.
Trichloromethanesulphenyl chloride adds to bicylo[2.2.1]heptene at
100 °C by an ionic mechanism with the formation of trans-2-endo-
chloro-3-exo-trichloromethylthiobicyclo[2.2.1]heptane.207 Addition
of trichloromethanesulphenyl chloride to 2,3-dihydrofuran proceeds
only in the presence of concentrated hydrochloric acid.208 Trifluoro-
methanesulphenyl chloride also adds to vinyl chloride under forcing
conditions.209·210 It was considered45 that addition of sulphenyl
halides to alkenes proceeds by an Ad^l mechanism including
formation of an episulphonium ion as an intermediate the thermal
stability of which, and consequently the thermodynamic advantage,
is caused by the character of the R group on the sulphur atom.

RSX

Strongly electron-accepting groups, which trichloro- and
trifluoromethyl groups are, reduce the stability and therefore the
thermodynamic advantage of the episulphonium ion, which hinders
its formation, and consequently the addition reaction. The free
radical addition of trichloromethanesulphenyl chloride to
cyclohexene, n-hexene, allyl chloride, styrene211 and aryl vinyl
ether212 proceed readily in the presence of UV light. Depending on
the olefin, addition occurs according to two alternative routes with
the participation of chlorine radical or of trichloromethylthio radical.

CC13SC1 >• CC13S- + Cl,
cr cciusci

RCH(SCC13)CH2C1

RCH=CH 2 —
cci ^· GCljSCl

' > ROHCH2SCC13 -τττ+ RCH(C1)CH2SCC13

(b) —CL.l,o

The addition of trichloromethanesulphenyl chloride to styrene,
n-hexene and allyl chloride proceeds according to scheme (a) 2 1 1

while addition of trichloromethanesulphenyl chloride to aryl vinyl
ether, in the opinion of the authors,212 proceeds by scheme (b). The
possibility of forming a non-classical adduct-radical, leading to loss
of regioselectivity, is not excluded.45

b) Addition to - C ^ N and - N = C bonds
Perhalomethanesulphenyl halides add relatively readily to the

polar — C = N bond. As a rule the chlorine atom adds to the
electron-deficient carbon atom while the trihalomethylthio group
adds to nitrogen with the formation of a S—Ν sulphenamide bond.
Trichloromethanesulphenyl chloride reacts according to this scheme
with 2,4-dimethylphenyl cyanate9 and iV-benzoylcyanimide,214

dichlorofluoromethanesulphenyl chloride reacts with cyanogen
chloride,9 trifluoromethanesulphenyl chloride with tetracyano-
ethylene215 and cyanogen chloride.216

δ+ δ- δ- δ+
X _ C = N + Cl—SR X—C=NSR,

Ci
= 2,4(Me)2CeH4O, PhCONH, (N=C) i C=CC=N, Cl; R = CC13, CF 3.

Trichloromethanesulphenyl chloride readily adds to the C = N
bond of cyanogen chloride and the nitriles of trichloroacetic and
trifluoroacetic acids in the presence of mercury difluoride.217

Replacement of chlorine by fluorine occurs together with the
addition.

CF3N(SCF3)2 -f (CF3SN)2Hg

CF3C(F)=NSCF3

CC13C(F)=NSCF3

Addition of perhalomethanesulphenyl chlorides to the C = N bond
of cyanamide and its JV-alkyl derivatives is accompanied by
sulphenylation of the amide group.218'219

CF3SC1
H g P 2 , 20° C

C1CN

CP,CN

CC1,CN

> 2RSN(X)C(C1)=NSR3XNHG=N + 4RSC1

+ XNHCN.2HC1,

R=CC13, CFC12, CF3.

In the case of the reaction of trichloromethanesulphenyl chloride
with isonitriles the chlorine atom and the trichloromethylthio group
are added to the carbon atom of the isonitrile group.9

RN=C + CCI3SC1

CC1,S'+ H,C=CHR

cci.

Addition of trichloromethanesulphenyl chloride to the triple bond
of ynamines proceeds with the formation of cis and trans isomers.213

SCC13

I
Et2NC=CMe

Cl^ C M e + CC13SCI
20 °C, ether

Et2NC=CMe
I I

Cl SCC13

R =

c) Addition to the C = S bond

Photochemical addition of trifluoromethanesulphenyl chloride to
the C = S bond of thiocarbonyl difluoride leads to the formation of
trifluoromethyl chlorodifluoromethyl sulphide.220'221

C = S + CF3SCI CF3SSCF2C1.
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5. Oxidation reactions

The oxidation of trichloromethanesulphenyl chloride with various
oxidising agents is used as a preparative method for obtaining
trichloromethanesulphonyl chloride. Oxidising agents include
chlorine in aqueous medium,222'223 chlorine in acetic acid,224 nitric
acid225 and hydrogen peroxide.226 These same oxidising agents may
be used for converting trifluoromethanesulphenyl chloride into
trifluoromethanesulphonyl chloride.227 w-Chloroperbenzoic acid is
used for converting trichloromethanesulphenamides into trichloro-
methanesulphonamides228 and trichloromethanesulphenates into
trichloromethanesulphinates.229 On heating with nitric acid
trifluoro-methyl aryl sulphides are oxidised to trifluoromethyl aryl
sulphoxides.230

6. Reduction reactions

On reaction with various reducing agents perhalomethane-
sulphenyl halides are readily reduced to the corresponding
thiocarbonyl dihalides. For example heating trichloromethane-
sulphenyl chloride with tetralin leads to the formation of
thiophosgene.231

Cl

Cl

Sulphur dioxide, hydrogen sulphide232 and tin44 are also used as
reducing agents. In the presence of tin dichlorofluoromethane-
sulphenyl chloride and chlorodifluoromethanesulphenyl chloride are
readily reduced to thiocarbonyl chlorofluoride and thiocarbonyl
difluoride respectively.44

CFC12SC1
Sn, 40° C

Cl

\ Sn, 20° C \
C=S, CF2C1SC1 *• C=S.

/ y

An attempt has been made in the present review to systematise
the available literature data on the methods of synthesis and
reactivity of perhalomethanesulphenyl halides in view of the
considerable synthetic possibilities which this class of heteroorganic
compounds conceals.
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