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The literature data on the method of synthesis, structures, and chemical properties of compounds containing geminal sulphonyl
groups are surveyed and described systematically. The available information about the thermodynamic and kinetic acidities of
the compounds and the stability and reactivity of the carbanions stabilised by two (and more) sulphonyl groups is discussed.
The bibliography includes 222 references.
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I. INTRODUCTION

Compounds containing geminal sulphonyl groups were
first synthesised at the end of the last century but for a
long time their number was small, they were difficult to
obtain, and they were inadequately investigated. The
first representatives of geminal sulphones (GS) were
β-disulphones (DS). Subsequently numerous publica-
tions were devoted to the chemistry of DS and at the
present time these are the most thoroughly investigated
representatives of GS. Studies have developed mainly in
two directions during the last three decades on the basis
of these compounds: (1) investigation of the thermo-
dynamic and kinetic acidity of GS and the problems of the
formation, stabilisation, and reactivity of the corresponding
carbanions associated with it; (2) the search for methods
of synthesis of various types of GS.

The first direction is represented by studies in which,
together with the investigation of the acid properties of GS
and of the factors influencing the stabilisation of carbanions
and their reactivity (hybridisation of the carbon atom,
configuration, conformation, and 2p,3d-orbital interaction),
problems concerning the proton-donating activity of certain
representatives of GS in the formation of hydrogen bonds
with electron donors were solved.

The second direction developed rapidly in recent years
when appreciable advances were achieved in the synthesis
of unsaturated GS, in the use of GS for the introduction
of sulphonyl groups into heterocyclic compounds, and also
in the synthesis of new organophosphorus and organofluorine
compounds. It was found that unsaturated GS have specific
properties characteristic only of these compounds.

The amount of available information in the literature and
the synthesis of properties of GS is sufficient for its survey
and systematic treatment. Nevertheless there has so far
been no review on the chemistry of GS. Even in the familiar
monograph of Oae1 and the review by Magnus2 little attention
has been devoted to GS.

In the present review the first attempt is made to fill this
gap. The data dealt with in the review are described in the
following order: we start with the chemistry of 8-disulphones
and then proceed to unsaturated compounds and more complex
structures containing geminal sulphonyl groups.

Information which appeared in the literature during the
last forty years, up to July, 1984, has been used in the
review. Earlier studies are quoted only when necessary.
In considering the theoretical problems concerning the
thermodynamic acidity of GS and the stabilisation of the

corresponding carbanions, certain aspects of the chemistry
of monosulphones are discussed to achieve a fuller descrip-
tion of the problem. Compounds containing geminal
sulphonamide groups are not considered in this review.

I I . METHODS OF SYNTHESIS

The methods of preparation of aliphatic GS containing an
unsubstituted methylene or methylidyne group reduce to
the following fundamental schemes with rare exceptions:
(1) synthesis and subsequent oxidation of the geminal
bis-sulphides (thioacetals) or tris-sulphides (trithio-
orthoesters); (2) the introduction of SO2R groups (or
SR groups with subsequent oxidation) in the α-position
in compounds containing two geminal electron-accepting
groups, one of which is the sulphonyl group. Both methods
lead to the formation of methane derivatives. Higher
homologues of aliphatic GS are obtained from DS or geminal
trisulphones (TS) by alkylation with alkyl halides or via
the Michael reaction.

The higher reactivity of the methylene group in DS makes
it possible to employ a wide variety of DS for the synthesis
of certain unsaturated GS.

1. Linear and Cyclic Disulphones

Linear symmetrical GS with a free methylene group (1) were
obtained for t h e first time by condens ing formaldehyde3 '1* or
i ts t r i m e r 5 ' 6 with thiophenols or merceptans in the presence
of acids with subsequent oxidation of the bis-sulphide formed.
These react ions proceed as a rule with sat is factory yields and
the availability of t h e DS is therefore determined by the
availability of the c o r r e s p o n d i n g thiol . Methylene chlo-
r i d e 7 or bromide 8 in the presence of alkali metal alkoxides
is used much more r a r e l y in the synthes i s of bis-sulphides
ins tead of formaldehyde:

RSH — hJ(RSO,),CH,
CH,X.,E>ONa (I)

? = Alk,Ar;X = Cl,Br .

A wide v a r i e t y of oxidants are used in the oxidation s tage ,
among which n i t r ic ac id, 9 h y d r o g e n p e r o x i d e , 6 ' 1 0 chromium
tr iox ide, 1 1 » 1 2 p e r a c i d s , 1 3 hydroperoxides , 1 ' · and potassium
p e r m a n g a n a t e 1 5 a re most common.
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Various aromatic and aliphatic DS have been synthesised
by t h e method which is based on the oxidation-reduction
cleavage of arene- or alkane-sulphinylacetic acids obtained
from S-substituted mercaptoacetic ac id : 1 6

PSCH2COOH Jggf-» [RSOCH2COOH] ̂  (RS)2 CHCOOH

R = Alk, Ar .

(I) ;

Disulphones with an unsubst i tuted methylene group (I)
have also been synthesised by nucleophilic substitution of
halogen atoms in α-halogenosulphones by t reat ing them with
alkali metal thiolates and oxidising the resul t ing sulphone
sulphides, 1 7 » 1 8 by chlorinating aryl methyl sulphides with
subsequent disproportionation of aryl chloromethyl sulphides
on alumina and oxidation of the resul t ing b is-sulphide, 1 9 and
by oxidising the bis-sulphides formed in the radical reaction
of a monochloromethyl ether in the presence of th io l s . 2 0

Symmetrical DS ( I I ) , in which the hydrogen atoms of the
methylene group have been subst i tuted by various aliphatic
g r o u p s , are usually obtained by alkylating unsubst i tuted
DS (see below), although the synthesis by the oxidation of
subs t i tuted thioacetals and thioketals is also known: 2 1

(Π)
R,Rx = Alk; R2 = Alk,Ar .

A universal method of synthesis of both symmetrical and
asymmetric DS has been proposed by Gibson, 2 2» 2 3 who
obtained various DS in high yields by making use of the
availability of various alkane- and arene-sulphonyl
acetones, the high reactivity of the methylene group in
these compounds in thioalkylation and thioarylation reac-
tions , and also the ready heterolytic abstraction of the
acetyl group (sometimes even in the oxidation process) :

RSO3CH2COMe - ^ - * RSO2CH (SR1) COMe -Sgj- RSO2CH2SO3R
X ;

R, R1 = Alk, Ar; X = Hal, SO2Alk, SO2Ar .

Subst i tuted DS containing a t h i r d electron-accepting
subs t i tuent at the carbon atom are synthesised by
introducing a second sulphonyl group (or SR group with
subsequent oxidation) at the methylene carbon atom in com
pounds of the type RSO 2CH 2S. As a ru le , the reaction
proceeds only with the most reactive sulphonyl chlorides:21*

MeSO2CH2CN -f PhSO2Cl

PhS0.,CH2CN -j- MeSOXl

• PhSOXH (CN) SO2Me
(III)

Owing to the low reactivity of aromatic sulphonyl chlo-
r i d e s , DS subst i tuted by two aromatic groups are syn-
thesised using the corresponding aryl thioesters of
sulphinic acid or arenesulphenyl chlorides:2 1*

PhSO2CH2CN P S O ' s p h-> PhSO2CH (Sph) CN L°J (PhSO2)2 CHCN .

(IV)

Subst i tuted DS of type (III) subst i tuted by aliphatic and
aromatic groups are obtained by employing methane-
sulphonyl chlorides, which makes it possible to shorten
t h e synthes i s by one s tage. Asymmetric DS with
electron-accepting subst i tuents (CN, COOMe, COOEt,
COMe, and COPh) at the methylidyne carbon atom have
been synthesised in this way. 2 5

Bis(benzenesulphonyl)ethoxycarbonylmethane (V) has
been obtained from ethyl dichloroacetate and thiophenol with
subsequent oxidation of the reaction p r o d u c t : 2 6

PhSH + Cl2CHCOOEt (PhS)aCHCOOEt -^ (PhSO2)2CHCOOEt

(V)

Nitrodisulphones cannot be obtained by the direct nitration
of the methylene group. Nitration of bis(benzenesulphonyl)-
methane leads to bis(3-nitrobenzenesulphonyl)methane. 2 7

Bis(4-chlorobenzenesulphonyl)methane is converted into
bis(4-chloro-3-nitrobenzenesulphonyl)methane on n i t ra-
t i o n . 2 8 A series of DS containing various subs t i tuent s in
the aromatic r ing have been obtained by t h e nucleophilic
substitution of chlorine atoms of the last compound: 2 8

B :
NO/ NO/

= OH, OMe, NHEt,O-, m-, p-RC 6H 4NH.

?—SO. CH.

A disulphone with the nitro-group at the methylene carbon
atom has been obtained by t h e alkaline cleavage of t r i s -
(methanesulphonyl)nitromethane: 2 9

(MeSO2)3CNO2 • (MeSO2)2 CHNO 2 + . MeSO3Na

(VI)

The s y n t h e s i s of DS with t h e CF 3 SO 2 g roup has been
d e s c r i b e d . 3 0 The a u t h o r s used the usual method for t h e
preparation of the bis-sulphide and oxidised the latter to DS
with chromium trioxide in acetic acid:

p- XCeH4SNa p-XCeH4SO2CH2SO2CF3

= H,C1,NO2

Disulphones with two perfluoroalkyl groups have been
obtained from perfluorinated sulphonyl fluoride and Grignard
r e a g e n t s . 3 1 ' 3 2 The reaction takej3_place in several stages and
makes it possible to obtain a DS with an unsubst i tuted or
subst i tuted methylene group:

RFSO2F + RCH2MgX -Ig£-» (RFSO2)2 CHR ;

R = H, Me; RF = CF3, C4F9) C8F17 .

Methanedisulphonyl fluoride has been synthesised by the
reaction of methionic acid chloride (methanedisulphonyl
chloride) with anhydrous zinc fluoride:3 3 '3 1*

CH2 (SO2C1) + ZnF2 -> CH2 (SO2F)2

(VII)

Cyclic DS are usually obtained by oxidising 1,3-dithiacyclo-
alkanes, which are in their t u r n synthesised from the
corresponding αω-dithiol and a carbonyl compound (an
aldehyde or ketone). The use of formaldehyde or its trimer
with subsequent oxidation lead to cyclic 1,3-disulphones with
a free methylene g r o u p : 3 5

\\/
(CHj)n

CRlR2 Lrj (CH2). CRIR2

/ \ /
(CHj). (SH), + Ο =

R1, R2 = H, Alk; re = 2 — 4 .

The reaction of αω-dihalogenoalkanes with sodium thio-
sulphate is a convenient method of synthesis of 1,3-dithia-
cycloalkanes.36 The polymethylenebisthiosulphonate formed
as an intermediate reacts with carbonyl compounds to form
1,3-dithiacycloalkanes, which are then oxidised by hydrogen
peroxide to cyclic 1,3-disulphones:37

X - ( C H a ) n - (CH2)n (SSO2ONa)2 -

R1, R2 = Alk; X = Cl, Br; η = 2 — 4

• (VIII) l-) (IX)

Cyclic 1,3-disulphones containing oxygen atoms in the
ring have been synthesised by an analogous procedure. 3 8

A method of synthesis of ring-substituted 1,3-dithiane
1,1,3,3-tetroxides with a free methylene group by the
condensation of bis(alkoxycarbonylmethanesulphonyl)methane
with various aldehydes in the presence of ammonium acetate
has been published recently: 3 9
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CO2R

XH—SO a x

(ROCOCH2SO2)2CH2+ ArCHO -> Ar—CH^ ^>CH2 .

CO2R
R = Me.Et .

sym-Trithianes, which are products of the interaction of
aldehydes or ketones with hydrogen sulphide,1*0'1*1 are readily
oxidised to cyclic trisulphones containing three free or
substituted methylene groups. 2,4,6-Trimethylene-l,3,5-
trisulphone (TTS) (X) has been most thoroughly investi-
gated. It is usually synthesised by the reaction of
formaldehyde with sodium thiosulphate1*2»1*3 and the oxidation
of the tris-sulphide formed by chromium trioxide in acetic
acid:

CH,0 + NajSjOa
/

•H,C
CH,

SO.

(X)

2,4,6-Tri(methylmethylene)-l,3,5-trisulphone (TMTS) has
been synthesised by the same method. "*5

2. Geminal Trisulphones

Two methods of synthesis of geminal trisulphones have
been described in the l i terature. Symmetrical aliphatic
and aromatic TS are obtained by oxidising orthothioesters:^

3RSH CH (SR), t-.

R = Alk, AT .

CH (SO.R),

(XI)

The or thoth ioes ters are synthes i sed by the Houben
m e t h o d . " Owing to thei r high tendency to hydro lyse , the
oxidation is carr ied out v e r y cautiously us ing peracetic1*8

and perphtha l ic 2 2 acids or an alkaline solution of potassium
permanganate1*8 as ox idants .

Owing to the low yields of t he T S , this method of their
syn thes i s has not been widely employed. A more convenient
p rocedure for the synthes i s of T S , both symmetrical and
mixed, involves the in t roduct ion of an alkylthio- or aryl thio-
group into the molecule of b i s (a lkanesu lphonyl ) - or b i s -
(arenesulphonyl) -methane and i ts subsequent oxidation:22 '1*9 '50

(I) R'SC1(RSO'SR' (RSO2)2 CHSR1 L°] (RSO2)2

R , R 1 = Alk,Ar .
(XII)

The reaction of alkanesulphonyl chlorides with TS in the
[ presence of alkali metal alkoxides is a convenient method of

synthesis of TS:8 '22 '25 '51

Alk = Me,Et,PhCH2 .

Many of the TS described in the l i terature, including those
with a chiral carbon atom in the methylidyne group, have
been synthesised by this method in satisfactory yields.22»51

A limitation of this method consists in the impossibility of
synthesising TS with three aromatic subst i tuents , since
arenesulphonyl chlorides do not enter into this reaction being
weak electrophiles.

Methanetrisulphonyl fluoride has been obtained by
treat ing methanetrisulphonic acid with sulphur te tra-
fluoride:31*

HC (SO3H)3 HC (SO2F)3

(XIII)

885

3. Other Alkanes with Ceminal Sulphonyl Groups

Alkanes (e thane , p ropane , e t c . ) containing geminal
sulphonyl groups (GSG) at one end of the chain are
obtained by alkylating DS having the necessary set of
alkane- or arene-sulphonyl groups: 2 3 ' 5 2

(XIV)
R = Me, Ph; R1 = Me, Et; X = Hal,p-MeCeH4SO3 .

The ease of the alkylation of the DS makes it possible to
synthes ise alkanes containing GSG in the middle of the
aliphatic chain b y th is p rocedure : 5 2

(I) + 2Me(CH2)nX-i $-, Me (CH2)nC (SO2R)2 (CH2)nMe ,

X = Hal, ft = 0,1,2 ,

Certain ethane derivatives containing GSG are obtained
analogously to disulphonylethane (I) by employing
acetaldehyde instead of formaldehyde:22

2RSH + MeCHOi£ (RS),CHMe-i-jg-(XIV) ·,
R*=Me

R = Me,Ph .

1 ,1 ,2 ,2-Tetrakis(methanesulphonyl) - l , 2-bis(methane-
sulphonylthio)ethane has been obtained by the reaction of
thiophosgene with sodium methanesulphinate.5 3

The Michael reactions of DS and TS with methyl vinyl
sulphone51* or l , l -b i s (a renesu lphonyl )e thy lenes lead to
polysulphonylpropanes (XV)—(XVII). Compounds (XVII)
have also been obtained by the reaction of DS with para -
formaldehyde in the presence of bases : 5 5 " 5 9

- (ArSO2)2CHCH2SO2Me ·
(XV)

(ArSO2)2CH2 + CH3SO2CH=CH2 —
(I)

(ArSO2)2 CHSO2Me + (ArSO2)2C= CH2 L> (ArSO2)2CHCH2C (SO2Ar)2 SO2Me;
(XII) (XVI)

(ArSO2)2CH2-

(I)

•[(ArSO2)2CH]2CH2

(XVII)

A pentane containing four benzenesulphonyl groups at the
C ( l ) and C(5) atoms has been descr ibed. 5 7

4. Unsaturated Compounds

Ethylenes with GSG have been described comparatively
recently.56-58»60 '61 They were obtained by the thermal
decomposition of Mannich bases obtained by condensing DS,
formaldehyde, and a secondary amine (usually piperidine
or pyrrolidine):
(I) + CH2O + HNC5H10 -> (RSO2)2 CHCH2NQH10

R = Alk,Ar.

(RSO2)2 C=CH2

(XVIII)

The condensation of aromatic DS with aromatic aldehydes
usually leads to 1,1,2- t r isubst i tuted ethylenes: 6 0

(PhSO2)2CH2 -£U2^(PhSO2)2C=CHPh .
(XIX)

Aliphatic aldehydes condensed in this way give r ise to
isomerisation products together with normal p roduc t s . 6 0

The reaction of bis(ethanesulphonyl)methane with
benzaldehyde is accompanied by a rearrangement with
degradation of the geminal functional g roup . 6 2

The fluorine-containing l , l -b i s ( e thanesu lphony l ) -2 ,2 -
bis(tr if luoromethyl)ethylene has been obtained by oxidising
a fluorine-containing thioketal with trifluoroperacetic acid:63

(CF3)2C=C(SEt)a· (CF3)aC=C(SO2Et)2
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The majority of ethylenes with 2,2-GSG containing reactive
functional groups at C(l) were discovered after the success-
ful development of the reaction of DS with ethyl orthoformate,
which made available 2,2-disulphonyl-substituted ethyl vinyl
ethers (XX): 6 2 ·" · 6 5

(I) + CH (OEt), -~^^ (RSO2)2C=CHOEt ;
(XX)

R = Alk,Ar.

The nucleophilic exchange of the e t h o x y - g r o u p s , which
takes place readi ly in these compounds, makes it possible to
synthes i se a wide v a r i e t y of functional der ivat ives of
ethylenes with 2,2-GSG. 6 1*' 6 5

Polysulphonylethylenes were unknown unti l recent ly
despite repeated at tempts at t h e i r s y n t h e s i s . 6 6 " 6 8 The
r e p o r t 5 9 of t h e synthes i s of te t rak i s (2-chloroethy l su lphonyl )-
ethylene 6 9 proved to be e r r o n e o u s . Even the synthes i s
of the intermediate tetrakis(alkylthio)- and tetrakis(aryl-
thio)-ethylenes presented considerable difficulties. 7 0 ' 7 1

It was not until the end of the 1970's that a convenient and
highly effective method was proposed for the synthesis of
unsaturated tetrakis-sulphides from tetrachloroethane and
thiolates in aprotic solvents (DMF, DM SO, HMP, e t c . ) ,
significantly accelerating nucleophilic exchange, which made
compounds of this class available: 7 2 ' 7 3

CLC=CC1 (RS)2C=C(SR)2 ;2 DMF, DMSO, HMP

R = Alk,Ar .

This reaction as a rule involves the formation of ΓΟ-15% of
tris-derivatives. Tris- and tetrakis-sulphonylethylenes
(TSE) were obtained by the same investigators7 h by
oxidising the corresponding tetrakis-sulphides with tri-
fluoroperacetic acid in methylene chloride:

(RS)2C=C(SR)2
• (RSO2)2 C=C (SO2R)2

(XXI)

Propenes with GSG have been synthesised6"*'75'76 by
condensing ethyl vinyl ethers containing geminal electron-
accepting groups (one of which is the sulphonyl group) with
DS in the presence of sodium alkoxide:

(I)
ArSO

\ c = C H C O E t
ArSO2

Χ = COPh, CN, R = Alk, Ar

CHCH (SO2R)2

(XXII)

It is striking that the synthesis of 1,1,3,3-tetrasulphonyl-
propenes (XXII, X = RSO2) by this procedure using 2,2-
disulphonyl-substituted ethyl vinyl ethers is unsuccessful
because of the high rate of the competing reaction involving
the dissociation of the electron-deficient double bond in
these ethers.

111. STRUCTURE AND PHYSICAL PROPERTIES

Geminal sulphones are high-melting colourless crystalline
substances. They are insoluble in water; DS and TS with
an unsubstituted methylidyne group dissolve in aqueous
solutions of alkali or sodium carbonate.

The structure of tris(methanesulphonyl)methane has been
determined by X-ray diffraction. The S—C—S angles
(110.8 + 0.4°) proved to be close to the tetrahedral value.
The central C—S bonds are formally single with a length
of 1.83 + 0.01 Ά. The lengths of the other bonds are
1.43 + 0.01 X for S=O and 1.73 + 0.02 A for S-CH3.

7 7>7 8

The structures of bis(p-bromobenzenesulphonyl)methane 7 9

and 2-(3-piperidinopropyl)-l, 3-dithiane 1,1,3,3-tetraoxide 8 0

have been determined by X-ray diffraction.

The nature of the S=O bonds and the character of the
interaction of the sulphonyl group with the rest of the mole-
cule remain the most controversial questions in the chemistry
of sulphones. The hypothesis that, apart from the σ-bond,
there is additional <ίπ,ρπ bonding between the S and Ο atoms
so that S=O should be regarded as a (σ + ir)-bond and not
a semipolar bond has nowadays received increasing confirma-
tion. 81~81* The dipole moments of a series of aromatic DS 8 5

suggest that the transoid conformation of these compounds
is most stable, but their values (4.7-5.8 A) preclude an
unambiguous conclusion about the character of the sulphur-
oxygen bond. The dipole moments of a series of aromatic
unsubstituted aliphatic DS have been investigated.8 6 '8 7

The question of the character of the interaction of the
SO 2 group with aromatic and unsaturated groups in sulphones
is insufficiently clear. Analysis of the IR spectra of a large
number of different diaryl sulphones led to the conclusion
that there is a weak interaction between the π electrons of
the rings and the S=O bonds. 8 8 Raman spectroscopic data
for aryl cyclopropyl sulphones revealed the presence of a
barrier to electronic conduction generated by SO2 groups as
a result, according to the authors, of the absence of free
electrons in such groups. 8 9 A marked weakening of the
electronic influence of the substituent on the absorption
frequency of the CF3 group has also been observed in a
series of p-substituted trifluoromethylthiobenzenes 9 0 and in
m-trifluoromethylthiostyrene on oxidation of the sulphide
sulphur atom to the SO2 group. 9 0 ' 9 1 The study of the
photoelectron spectra of dimethyl, methyl vinyl, and divinyl
sulphones showed that in the last two compounds there is
conjugation between the π MO of the vinyl group and the MO
of the SO2 group. The conjugation effect is insignificant
(0.2-0.3 eV) and the SO2 group exhibits a strong inductive
effect (~1 eV).9 2 The inductive constants of alkane- or
arenesulphonyl substituents (σ* = 0.57-0.60), determined
by Charton9 3 from the pKa of aliphatic acids, also indicate
a strong inductive effect of these groups. The constants
o*(SO2CF3) = 0.64 and o*(SO2F) = 0.86 are close to
σ*[Ν+(Μβ)3] = 0.92.91*

By virtue of the presence of characteristic intense
absorption bands, 8 8 GS can be reliably identified with the
aid of IR spectroscopy. The spectra of these compounds
contain absorption bands characteristic of the S=O bond in
the region of symmetrical (1120—1180 cm"1) and asymmetric
(1300-1380 cm"1) stretching vibrations. Substituents of
different nature in the rings of aromatic DS cause hardly
any shift of the absorption bands of the SO2 group. 2 8

The absorption bands of such groups in a series of
unsaturated GS are in the same region. 5 8 ' 6 3 ' 6 5 The
stretching vibration frequencies of the SO2 groups are
sensitive to the state of aggregation; they are higher by
10-20 cm"1 for the substances in solution than in the
crystalline state. The solvent as a rule removes the band
splitting which is frequently observed. The study of the
IR spectra of 2,2-bis(arenesulphonyl)vinyl ethyl ethers 6 2 ' 6 5

and l,l-bis(arenesulphonyl)ethylenes 5 7 yielded direct
evidence for the absence of conjugation of the SO2 groups
with the C=C double bond. The XH NMR spectra of a
series of aromatic DS have been investigated.9 5 The
signals of the methylene protons are manifested by a narrow
unresolved peak in the range 4—4.5 p.p.m. (CDC13) or
6-6.5 p.p.m. (DMSO). The downfield shift of the signals
in DMSO can be accounted for by the formation of inter-
molecular hydrogen bonds between the substrate and the
solvent (for a more detailed discussion of this problem, see
Section IV). The effective correlation of the chemical shifts
of the methylene protons with the Hammett σ constants led
the authors to the conclusion, without ruling out the
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possibility of the transmission of the substituent effect
through space, that the electronic influence is transmitted
via the SO2 group with the possible participation of the 3d
orbitals of sulphur in the formation of the S = O bond and
that ό π , ρ π conjugation is present. The 1H NMR spectra of
polysulphonylpropanes , 5 5 1, l-bis(benzenesulphonyl)-
ethylene,5 8 and propenes containing GSG 7 5 have been
published. The 1 3C NMR spectrum of tetrakis(benzene-
sulphonyDethylene has been published by Petukhova et al.71*

α-Alkylated aromatic 9 6 and cyclic 9 7 DS have been used
as convenient subjects for the study by λΗ NMR of the
possibility of the formation of an intramolecular hydrogen
bond between the hydrogen atom of the methylidyne group
and the electron-donating group in the ω-position in the
aliphatic chain. The OMe, N(Me)2, N(Et) 2 , piperidino-,
and morpholino-groups were used as electron donors. The
presence of an inter molecular hydrogen bond in compounds
with two and three carbon atoms in the aliphatic chain has
been demonstrated from the shift of the methylidyne proton
signal.

The mass-spectra of PhCH2SO2CH2SO2Me have been investi-
gated in order to confirm the mechanism of the rearrange-
ment , analogous to the Ramberg—Backlund reaction of
α-halogenosulphones, which takes place in compounds of
this series. 9 8 The rearrangements of monosulphones
induced by electron impact have been discussed in a review.99

IV. CH ACID PROPERTIES

The acid properties of DS and some of their derivatives
were noted already in the first publications. Subsequently
the acid properties of compounds activated by two (and
more) sulphonyl groups as well as the study of factors
influencing the stabilisation of the corresponding carbanions
and their reactivity attracted much attention among investi-
gators. The thermodynamic acidities of numerous DS and
TS were determined experimentally, methods were developed
for the generation of carbanions, and a study was made of
the dependence of the reactivity of carbanions with GSG
on the configuration of the carbon atom of the methylene
or methylidyne group, on the molecular conformation, and
on the 2p, 3d orbital interaction. The proton-donating
activities of certain GS and the formation of hydrogen
bonds with electron donors and their kinetic acidity were
investigated.

1. Thermodynamic Acidity and Stabilisation of Carbanions

The reactivities of DS or TS as CH acids are determined by
the ease of deprotonation (thermodynamic factor) and the rate
of reaction of the carbanions formed (kinetic factor). Two
extreme structures can be put forward for carbanions
generated from DS—(A), where the charge is localised at the
carbon atom, and (B), where the charge is fully delocalised
over the sulphonyl groups:

increase of the stability of the carbanion, a decrease of
its nucleophilicity, and an increase of the acidity of the CH
acid.

Titrimetric determination of the dissociation constants of
DS have become part of the practical research routine after
the introduction of electrochemical titration methods in non-
aqueous media (potentiometry and conductimetry). Owing
to the inadequate solubility in water of the majority of GS,
the dissociation constants of many of them have been deter-
mined by potentiometric titration in organic solvents. The
available literature data and the experimental acidity
constants of DS in aqueous solutions are limited (Table 1).

Table 1. The acidity constants of DS (H2O, 25 °C).

Compound

(MeSO,)2CH2

(PhSO2)2CH2

(PhOSO2)2CH2

(CH 2 ) n CH2

/ys\
CH 2

vAso/
Me\/vso\

CHCO2Et

\ A. /
(PhSO2)2CHCO2Et

(EtSO2)3CH

(CF3SO2)2CH2

PKa

12.50
11.21 11.50

7.60
13.9 (n=2)
12.61 (TI=3)
11.75(71=4)
10.99(71=5)

13.00

3.35

4.60

3.30

<g3.30

0.23

Refs.

[100]
[100,101]

[102]
[100]

[100]
[100]
[100]

[101]

[101]

[101]

[103]

[103]

[32]

Table 2. The acidity constants of DS (DMF, 25 O C ) . 1 0 6 ' 1 0 7

Compound

(PhSO2)2CH2

( p - M e Q H i S O j ^ s
(P-C1C,H4SO2),CH2

(p-O2NCeH4SO2)2CH2

(4-EtNH-3-O2NCeH3SO2)2CH2

(4-PhNH-3-O2NCeH3SO2)2CH2

(4-Μβ-3-Ο2ΝΟ6Η35Ο,)2ΟΗ2

(4-Cl-3-OjNCeH3SO2)2CH2

(4-HO-3-O,NC,H3SO2)2CH2

(p-MeCeH4SO2)2CHCSNHC,H4Me -p
( M C H S O ^ C H C S N H C H O E t(p-MeCeHiSO^jCHCSNHCjH
(p-MeCeH4SO2)2CHCSNHPh
(p-MeCeH4SO2)aCHCSNHCeH4Cl -p
(p-MeC,H4SO2)2CHCSNHCeH4Br - p

(p.MeCeH4SOs)2CHCSNHC6H4l -p
(p.MeCeH4SO2)2CHCSNHC6H4N02 -p

PKa

13.80
14.16
12.85
10.43
13.84
13.25
12.30
11.08
11.53
9.15
9.32
8.80
8.25
8,20
8.05
7.36

R S O / NSO2R RSO2<' © >SO2R

(A) (B)
The nature of the RSO2 substituents in the molecule of the

initial CH acid and its geometry determine the degree of
delocalisation of the charge in the carbanion. According
to the molecular orbital perturbation theory, an increase
in the degree of charge delocalisation entails a decrease of
the energy of the highest occupied molecular orbital, an

The principal relations between the conformation,
configuration, and stability of the α-sulphonyl carbanion
have been formulated in Cram's well known monograph105

on the basis of the conformations of the a-sulphonyl-
carbanion calculated by the molecular orbital method101*
and also the analysis of the thermodynamic stabilities of
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sulphones (Table 1) and certain phenols with the SO2R
group. 1 0 0

The acidity constants of GS have been determined by
potentiometric titration in DMF 1 0 6 > 1 0 7 (Table 2). The
pKQ values (compounds 1—4 and 5—9, Table 2) are
satisfactorily correlated with the σ constants of the
substituent (p = 2.094 and 2.557, r = 0.995 and 0.996, and
s = 0.192 and 0.100 respectively).

The first quantitative study of the selective solvation of
aliphatic DS by XH NMR in mixed aqueous binary systems
(1,4-dioxan—H2O, 1,3-dioxan—H2O, and dimethoxyethane—
H2O) was carried out by Remerie and Engberts. 1 0 8

2. The Proton-Donating Capacity and Kinetic Acidity

Studies carried out during the last decades have shown
that the C—Η groups polarised by strong electron-accepting
substituents form hydrogen bonds (HB) as proton donors.

Table 3. The acidity constants of substituted DS and TS
(96% alcohol, 25 °C). 2 5

Compound

PhSOsCH (SO2Me) CN
P-MeC6H4SO2CH (SO2Me) CN
p-ClCeHiSOjCH (SO2Me)CN
(EfSO2)2CHSO2Me
(PhSO2)2CHSO2Me
(p- MeCeH4SO2)2CHSO2Me
(p-ClCeH4SO2)2CHSO2Me
PhSOXH (SO2Me) COPh

VKa Compound

2.84
2.78
2.83
2.99
3.00
3.06
2.95
5.32

P-MeC9H4SO2CH (SO2Me) COPh)
p- C1C6H4SO2CH (SO2Me) COPh
PhSOaCH (SO,Me) COOEt
P-MeC,H4SO2CH (SO2Me) COOEt
P-C1C6H4SO2CH (SO2Me) COOEt
PhSO2CH (SO2Me) CONH2

p-MeCsH4SO2CH (SO2Me) CONH2

P-C1C8H4SO2CH (SO2Me) CONH2

PKa

5.81
4.77
6.06
6.36
5.24
7.51
7.65
7.00

Table 4. The acidity constants of substituted propenes
= CHCH(SO2R

1)2 (25 °C).75>75

Η
Me
Cl
Η
Η
Η
Me
Me
Cl
Cl

R1

Et
Et
Et
Ph
p-MeCeH4

P-C1C6H4

Ph
p-MeC6H4

p-ClCeH4

p. MeC6H4

acetone

—0.94
- 1 . 1 0
- 1 . 5 7
—0.94
—0.54
—1.90
—0.74
—0.49

1 29
—i!oo

vKa

96% alcohol

2.76
2.76
2,70
2.81

—
2.81

—
2.79

—

The character of the change in the acid properties of
asymmetric DS when the hydrogen atom of the methylene
group is substituted by a third electron-accepting group
has been investigated2 5 (Table 3) and the authors established
that the electronic nature of the substituents in the p-posi-
tion in the aromatic ring of the SO2Ar group has little
influence on the acidity of the compound, while the introduc-
tion of a third electron-aceepting substituent at the
methylidyne carbon atom greatly increases it. In terms
of their effect on the acidity of MeSO2CH(R)SO2Ph, the
substituents at the α-carbon atom can be arranged in the
sequence CN > SO2Ph » COPh > COOEt > CONH2. The acid
properties of propenes with GSG (Table 4) have been studied
in order to compare them with the acidity of DS containing
electron-accepting substituents in the α-position (Table 3)
and in order to elucidate the nature of the activating effect
of the vinyl group with two electron-accepting substituents
at the 3-carbon atom.75»76 The propenes (Table 4) are
strong CH acids. The delocalisation of the charge and the
stabilisation of the corresponding carbanions are achieved by
virtue of the —I effects of the arene- or alkane-sulphonyl
groups and the — Μ effect of other electron-accepting sub-
stituents .

Table 5. Thermodynamic characteristics of the hydrogen
bonds with DMSO, acetone, and pyridine. 1 0 9 ' 1 1 0

No.

1
2

3
4
5
6
7

Compound

(PhSOj,)2CH,
P-ClCeH4SO?CH (COPh)SO2Me
PhSO2CH (COPh) SO2Me
P-MeC,H4SO2CH (COPh)SO2Me
P-C1C6H4SOXH (COOEt)SO2Me
PhSO2CH (COOEt)SO,Me
P-CH3C6H4SO2CH (COOEt)SO2Me

DMSO

—AH,

kJ mof1

9.2
13.8
14.2
12.6
10.9
10.9
10.9

—AS,

J mol^K"1

20.9
23.0
25.5
21.3
16.7
18.8
19.2

Acetone

—ΔΗ,

kJ mol"1

12.6*
10.5

9.6
10.0
11.3

9.6
10.5

- A S .

J mol^K"1

31.0*
20.9
18.0
21.3
21.3
23.4
22.2

11.2
4.77
5.32
5.81
5.24
6.06
6.36

*In pyridine.

The strength of the R nCHi,- n . . .B bonds depends both on
the nature and number of substituents R and on the elec-
tron-donating capacity of the base B. The proton
donating capacity of bis(benzenesulphonyl)methane in
the formation of HB with DMSO and pyridine and also of
the trisubstituted methanes (MeSO2) (p-XC6H2SO2)CHR in
similar reactions with acetone and DMSO has been studied
by XH NMR in the series of GS. 1 1 0 It follows from the
results presented in Table 5 that the enthalpy of the HB
formed by the compounds investigated with DMSO is in the
range 9.2-14.2 kJ mol""1. The strength of the HB between
trisubstituted methanes and DMSO is higher, in conformity
with their more acid character, than for bis(benzene-
sulphonyUmethane. However, in the series of trisub-
stituted methanes there is no general relation between the
quantities Ka and Δ// embracing all the compounds investi-
gated. The kinetics and thermodynamics of proton
transfer from trisubstituted methane to γ-eollidine have
been investigated by XH NMR in CD2C12 by Pogorelyi et al.1 1 1 '1 1 2,
while the kinetics of the proton exchange in the trisub-
stituted methane—triethylamine systems have been investi-
gated by the same workers in Ref. 113. According to their
data, 1 1 1 the proton transfer to γ-collidine is preceded by
the formation of hydrogen-bonded complexes:

p \c-
The proton transfer is completed by the formation of an ion
pair which does not dissociate in CD2C12 (having a low
dielectric constant e) and is a kinetically independent
species. The results of calculations of the kinetic and
thermodynamic characteristics are presented in Table 6.

According to Table 6, the activation energies for
deprotonation E+ are significantly smaller for all the com-
pounds investigated than the values of £_ characterising

V.
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the reverse process; this shows that the proton abstrac-
tion reaction is exothermic (Δζ) < 0). The characteristics
of the equilibrium (lgK and Δ(?) vary in parallel with the
equilibrium acidity (pKQ). The authors 1 1 1 believe that,
since the degree of delocalisation of the free electron pair
in the carbanion is high in the DS investigated, the
transition state of the reaction is reactant-like according
to Hammond's postulate, i .e . the degree of proton transfer
in the transition state is low. The conjugation effect is
therefore manifested mainly in the anion and not in the
transition state of the deprotonation reaction of the CH
acid, which induces an increase of E_. The small change-
in E+ in the series of compounds investigated is evidence
for an insignificant difference in the effect of the sub-
stituents PhCO and COOEt on the polarity and strength of
the C—Η bond. On the other hand, in conformity with
their mesomeric effects, these substituents affect signifi-
cantly the protonation energy of the carbanion £L. In the
series of compounds with identical R, the substituents X
also have a greater effect on E_ than on £ + . Consequently
substituents influence mainly the kinetic characteristics of
the protonation of the carbanion and have a very weak effect
on the rate of deprotonation of the acid. Analysis of the
relations between ρΚα, Ε+, E_, and k+ (the kinetic acidity
of R3CH) or k- (the kinetic basicity of R3C~), carried out
in the above study, 1 1 1 permits the conclusion that the
equilibrium acidity of R3CH~" is determined mainly by the
stability of the carbanion and depends to a much lesser
extent on the strength and polarity of the C-H bonds.

Table 6. Thermodynamic and kinetic characteristics of the
proton transfer from the DS p-XC5HlfSO2CH(R)SO2Me to
γ-collidine.1 1 1

N
o

.

1
ο
3
4

χ

PhCOCl
PhCOAle
COOEtCl
COOEtMe

"o
• •§

(a
le

a.

4.77
5.81
5.24
6.36

s
Si

2.8
1.7
1.9
0.9

J "o

ti
52
37
32
24

:*
f? ο

"?' E

120
92
76
62

S +

S

3.8
3.3
5,7
5.1

'_,

"3
. ε

Ξ"
22
27
18
17

t

8
8
9
S

Κ'

1.0
1.6
3.8
4.2

τ

ο

' ί

'5
74
63
51
41

• S

14
13
13
12

The observed relations were interpreted by the same
workers1 1 2 in terms of the Bell—Evans—Polanyi potential
curves, which confirmed that there is no general relation
between the thermodynamic"or kinetic acidity and the
strength of the HB with DMSO (ΔΗ) in the series of tri-
substituted methanes with GSG.

The experimental data obtained in the study of the
kinetics of proton exchange in the (MeSO2)(p-XC6H4SO2)CHR-
triethylamine (R = COPh or COOEt) systems by XH NMR in
CD2C12 made it possible to establish the mechanism of the
process. 1 1 3

V. REACTIVITY

The reactivities of the majority of GS are determined by
the activating influence of the sulphonyl groups. DS and
TS as well as certain higher alkanes activated by GSG as
CH acids are involved in the chemical reactions as a rule in

the form of the conjugated bases (carbanions), so that
electrophilic substitution reactions are characteristic of
the compounds enumerated above. The activation of the
double bond in unsaturated GS is responsible for the ease
of the nucleophilic substitution and addition reactions in the
series of these compounds.

1. Electrophilic Substitution Reactions

(a) Salts and complex formation. Alkali metal salts are
formed when DS are treated with the corresponding
hydroxides or alkoxides :

12,52,111*

(I) + MOH — (RSO2)2 CHM+ -f H 2O ;

(XXIII)

R = Alk, Ar; Μ = Li, Na, K, NH 4 .

In the series of DS the second hydrogen atom of the
methylene group is not substituted by a metal even when
strong bases (BuLi) are used. 1 1 5 The silver salt of
methanedisulphonyl fluoride was isolated after prolonged
refluxing of the latter with silver oxide in anhydrous ether
in the presence of a zeolite.31* Bis(benzenesulphonyl)-
methylmagnesium bromide has been obtained by the reaction
of the corresponding DS with butenylmagnesium bromide in
ether. 1 1 5 The salt-forming reaction between bis(benzene-
sulphonyDmethane and monoethanolamine has been investi-
gated. 1 1 7

Being stronger CH acids, trisulphones form salts with
alkali metal or alkaline earth metal hydroxides, alkoxides,
and carbonates1 1 8 and also with organic bases. 1 1 9 The salts
of tris(methanesulphonyl)methane with the ΝΗμ, Li+, K+, Rb+,
Cs+, and Tl+ anions have been obtained for crystallographic
analysis.1 2 0 The salts M[C(SO2Et)3]2.6H2O (M = Mn2+,
Co2 +, Ni 2 +, Zn 2 +, or Cd 2 +) have been prepared by heating
aqueous suspensions of the metal carbonate and the TS.
The manganese and cobalt salts react with pyridine (Py)
and phenanthroline (L) to form the complexes M(Py)2.
.[C(SO 2 Et) 3 ] 2 and [ML] 3 .[C(SO 2Et) 3] 2 . 1 2 1

In order to investigate the reactivities of the metal cation—
carbanion ion pairs, the complexes of the sodium salts of TS
with 15-crown-5-ether and of the potassium salt of bis-
(benzenesulphonyl)methane with 18-crown-6-ether were
synthesised.1 2 2 These complexes proved to be relatively
unreactive; this can be explained by the formation of a
close ion pair comprising the anion and a complex cation,
which creates steric hindrance to attack by the electrophile.
TS give rise to high yields of tetra-alkylammonium salts on
interaction with tetra-alkylammonium halides in the CH2C12-
H2O two phase system in the presence of alkali.1 2 3

(b) Alkylation and sulphenylation. The ion pair com-
prising aromatic and aliphatic DS (RSO2)2CH"M+ (XXIII)
(M = alkali metal) is readily alkylated by alkyl halides to
form mono- and di-alkyl derivatives:

(XXIII) —
IR>X

. (RSO,), CHRi
(XIV)

• (RSQ0,CRi ,

R l = Alk;X = Cl,Br, I .

2,2-Bis(benzenesulphonyl)propane has been isolated after
the alkylation of bis(benzenesulphonyl)methane with methyl
iodide in absolute alcohol in the presence of sodium
ethoxide:5 2 the analogous reaction with benzyl chloride
(THF-hexane, BuLi) yields the monoalkylation product. 1 1 5

The silver salts of methanedisulphonyl fluoride'-1· and bis-
(trifluoromethanesulphonyl)methane 3 2 react with one mole-
cule of the alkylating agent, while cyclic trimethylene
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t r i s u l p h o n e (X) r e a c t s with alkyl iodides in an aqueous-
alcoholic alkaline solution to form hexa-a lky l-subst i tuted
der iva t ives . " t 5>1 2 ' t

Cyclic alkylation p r o d u c t s , der ivat ives of cyclopentane,
have been obtained by t h e reaction of the sodium salts of
aromatic, a l iphat ic, and cyclic DS with dimethylvinyl-
sulphonium bromide in a n h y d r o u s m e t h a n o l : 1 2 5

(XXIII) + CH2=CHSMe2Br
VSO,R

-I (RSO2)2 CH (CH2)21 .

57%

R=Me, Ef, Ph o r R, R = — C H 2 C H 2 — .

When cyclopropanes are refluxed with hydriodic acid,
1,1-disubstituted 3-iodopropanes are formed. 1,1-Bis-
(benzenesulphonyl)cyclopropane reacts as the 1,3-dipolar
ion: 1 2 6

s SO,Ph
• [CH2CH2C (SO2Ph)2

RXH + -22L·-* RXCH2CH2CH (SO2Ph)2

R = Ar,R1 = Alk, X = S,0 .

I n t h e p r e s e n c e of sodium a lkoxide, methy l th iob i s (methane-
s u l p h o n y l ) m e t h a n e is a lky lated b y allyl b r o m i d e : 1 2 0

(MeSO2)2 CHSMe ™ B r - ^ (MeSO2)2 C (SMe) CH2CH=CH2 .

T h e alkylation of b i s (benzenesulphonyl)methane b y dienes
in the presence of ca ta lys t s has been i n v e s t i g a t e d . 1 2 7

In the s tudy of the react ion of phenylmethanesulphonyl
fluoride with ρ hen yl-lithium, Shirota et a l . 1 2 8 isolated
a-benzenesulphonyl-a-phenylmethanesulphonyl to luene,
whose formation can be explained by the competition of
two processes o c c u r r i n g in th i s react ion: nucleophilic
subst i tut ion at t h e s u l p h u r atom and metallation of the
methylene g r o u p :

PhCH2SO2Ph + PhCHLiSCXF .

PhCH2SO2Ph phCHLiSO2Ch PhCH2SO2CH (Ph) SO2Ph.

Disulphones are readily alkylated by αβ-unsaturated
compounds under the conditions of the Michael reaction.
Aliphatic DS combine with two molecules of an αβ-unsatu-
rated compound and aromatic DS combine with one such
molecule. 5 1 · ' 1 2 9 ' 1 3 0 yy-BisiarenesulphonyDbutyric and
4,4-bis(ethanesulphonyl)pimelic acid and many of their
derivatives have been s y n t h e s i s e d 1 2 9 ' 1 3 0 ' 1 3 1 by the reaction
involving the addition of acrylonitrile to aromatic DS 1 2 9 and
bis(ethanesulphonyl)methane. 1 3 0 The reactions of t r i -
methylenetrisulphone (X) 1 3 2 and its derivat ives 1 3 3 with
acrylonitrile, ethyl acrylate, and 2-vinylbenzothiazole have
been investigated. The alkylation of bis(benzenesulphonyl)-
methane by the salt of a Mannieh base, namely the hydro-
chloride of l-dimethylamino-2-(2-thenoyl)ethane, which
takes place with elimination of the amine, has been
described. 1 3 1*

In contrast to DS, tr isulphones are alkylated with
difficulty, which can apparently be accounted for by the
much lower nucleophilicity of their carbanions. The yield
of l , l , l - t r i s (methanesulphonyl)e thane in the reaction of
the sodium salt of tris(methanesulphonyl)methane with
methyl iodide is extremely low (3.6%). 1 2 0 The interaction
of the silver salt of tris(benzenesulphonyl)methane with
methyl iodide 1 1 8 and bromotris(methanesulphonyl)methane
with methylmagnesium bromide 1 2 0 does not lead to methylation
p r o d u c t s . The products of the alkylation of TS are there-
fore obtained by alkylating alkyl- or aryl-thio-derivatives
of DS or by sulphenylating alkylated DS with subsequent
oxidation of the reaction p r o d u c t s : 1 2 0

(MeSO2)2CHSMe

(MeSO2)2CHMe M e S S 0 ' M e

• (MeSO2)2C(Me)SMe-

• (MeSO2)3 CMe.

An i n t e r e s t i n g method h a s b e e n developed for t h e
ethylat ion of TS with a h i g h y i e l d . 1 3 5 It h a s b e e n o b s e r v e d
t h a t , after prolonged heating with ethyl orthoformate in the
presence of acetic anhydride and ZnCl 2, TS give rise to the
diethylacetals of 1,1,1-tris-sulphonylacetaldehydes, which
are unstable and are rapidly cleaved to 1,1,1-tris-sulphonyl-
propanes and ethyl formate:

(RSO2)3 CH -• [(RSO2)3 CCH (OEt)2] -* (RSO2)3 CEt + HCOOEt ;

R--=Alk,Ar.

A direct method for the arylation of the methyl group in DS
has not been described. Monoaryl derivatives are usually
synthesised in accordance with the scheme 2 9

H,O,
ArCHO + 2RSH -> ArCH (SR)2

R = Alk,Ar.

• ArCH (SO2R)2

DS and TS are sulphenylated by sulphenyl halides or the
thioesters of sulphinic acids in an alkaline medium and the
reaction proceeds as a rule more readily (particularly in the
series of TS) than alkylation, since sulphenylating agents
are stronger electrophiles. The reactions of DS with the
thioesters of sulphinic ac id 1 2 0 ' 1 3 6 ' 1 3 7 and sulphenyl chlo-
rides1 1 8»1 2 0»1 3 6 and of the silver salt of methanedisulphonyl
fluoride with pentafluorobenzenesulphenyl chloride31* have
been described:

(I)
R'SCKR'SSCW) • (RSO^CHSR1

(XXIV)

R = Me, Ph; R1 = Me, PhCH2, Ph; R2 = Me, Ph,

(Ph)2CH.

DS can be alkane- and arene-sulphenylated in s teps with
formation of mono- and d i - t h i o - d e r i v a t i v e s . 1 2 0 ' 1 3 7 TS a r e
sulphenylated u n d e r the same c o n d i t i o n s . 1 2 0

The th ioary la t ion 1 3 8 and se lenoary la t ion 1 3 9 of b i s-
(benzenesulphonyl)methane has been achieved in alkaline
media by t rea tment with diaryl sulphide selenides (ArSSeAr)
and diaryl diselenides (ArSeSeAr):

(PhSO2)2 CH2 + RC6H4XSeC6H4R -1ί°ϋ!

R = H, m- or p-Me, o- orp-Cl, m- orp-NO2,

p-Br, p-MeO; X = S, Se.

The alkyl- and aryl-thiomethylation of aliphatic and
aromatic DS by condensation with mercaptans and
formaldehyde in alkaline media has been described: 1 1* 0

(I) + CH2O + RiSH-i!?HU (RSO^CHCHjSR1 ;

R = n-Bu, Ph, cyclohexyl; R1 = alkyl, aryl.

Bis(benzenesulphonyl)methane is more react ive in th i s reac-
tion t h a n i t s aliphatic analogue. When t h e merceptan is
replaced b y potassium h y d r o g e n su lphide, 1,1,5,5-tetra-
sulphonyl-3-thiapentanes a r e formed:1 1*1

(I) [(RSO2)2CHCH2]S2dioxan,MeOH,H,O

20°, 12h,R = alkyl, aryl.

The reaction of b i s(methanesulphonyl)methane with carbon
disulphide in DMSO in t h e p r e s e n c e of t-BuOK ( 2 0 ° C , N 2 )
and subsequent methylation of t h e react ion p r o d u c t with
methyl iodide lead to l , l - b i s ( m e t h a n e s u l p h o n y l ) - 2 , 2 - b i s -
(methylthio ) e t h y l e n e : 6 8

(MeSO2)aCH2 = C (SMe)2
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The hydrolysis of mono- and di-mercapto-substituted DS
in the presence of bases (NaOH, piperidine) and acids
(HC1, H2SO4) proceeds with successive elimination of alkyl-
or aryl-thio-groups. Sulphinic acids, diaryl and dimethyl
thiocarbonates, thioesters of sulphinic acids, and dialkyl
disulphides have been found among the reaction products :11*2

Tris(methanesulphonyl)methanes with a substituent at the
carbon atom of the methylidyne group split off one MeSO2

group on heating in an alkaline medium: 1 2 0

(MeSO2)3 CX H'°-NaOH^ (MeSO2)2 CHX + MeSO3Na .

X = Me,Ph,MeS,NO2 ,

The hydrolysis of subst i tuted tr is(methanesulphonyl)-
methanes in the presence of organic bases has been
invest igated. 1 4 3

(c) Halogenation. Properties of halogeno-derivatives. In
aqueous alkaline media DS and TS are halogenated by
freshly prepared hypohal i tes , 3 2 . " 6 . 1 " . 1 1 8 . 1 3 0 . 1 ' ' " . 1 ' 1 5 while in
organic solvents (CCI4-CHCI3 mixture,11*1* acetic acid1 1*6) they
are halogenated by elemental halogens (Cl 2 , B r 2 ) . In a
series of DS the ease of the halogenation reaction creates
appreciable difficulties in the synthesis of the monohalides.
They are obtained by t reat ing the substrate in dilute
aqueous alkaline solutions with an equimolar amount of
a hypohalite 1 1 1*' 1 3 0 and by halogenating a DS salt with
elemental halogen in an organic solvent. 3 2 The monohalides
of DS have also been synthesised by halogenating the esters
of bis(sulphonyl)acetic ac ids : 2 6

(RSO2)2CHCOOR1

(V)
(RSO2)2 CHalCOOR1 -^£

• ( R S O 2 ) 2 C H a l C O O H - ^ Q - * ( R S O 2 ) 2 C H H a l ;

(XXV)
R = Alk,Ar;Hal=Cl,Br .

The halogenation of t r imethylenetr isulphone (X) in aqueous
alkaline media leads to the formation of hexahalogeno-
derivatives.1 2 1*'1"*7 Disulphones containing a th i rd electron-
accepting subst i tuent ( N O 2 , COMe) at the α-carbon atom
are readily hydrogenated by hypohalites, 2 9 ' 1 1 * 8 but the acetyl
group is not t h e n eliminated.1 1*8

The silver salt of methanetr isulphonyl fluoride (XIII)
is brominated and iodinated in Khladon 113 with formation of
tr is(f luorosulphonyl)halogenomethanes. 1 3 1 * t r i s (Fluoro-
sulphonyUiodomethane is t h e first iodo-derivative of DS and
TS described in the l i t e r a t u r e . Halogenation with hypo-
halites in an aqueous alkaline medium is a very rapid process
mainly owing to the high concentrat ion of the electrophilic
B r + species and t h e "carbanionic s t a t e " of the s u b s t r a t e .
Halogenation in organic solvents with elemental halogens
proceed much more slowly. Tr i s(ethanesulphonyl)methane
is brominated in acetic acid much more slowly t h a n its
potassium salt;11*6 the addition of water accelerates the
p r o c e s s .

Certain monobromo-derivatives of DS can be synthesised
by disproportionation into t h e dibromo-derivative of the DS
and an unsubs t i tu ted compound.1 1*5 Tribromotrimethylene-
tr i sulphone has been obtained by the reaction of TTS hexa-
bromide and the u n s u b s t i t u t e d T T S .

The equilibrium in the disproport ionation reaction of a
mixture of (RSO 2 ) 2 CH 2 and (RSO 2 ) 2 CHal 2 with formation of
(RSO 2) 2CHHal (R = alkyl or ary l ) has been inves t igated. 2 6

It is noted that the disproport ionation is reversible and
proceeds more readily for t h e bromo-derivatives than for
t h e chloro-derivat ives .

Bromination of b is(ethanesulphonyl)methane by hypo-
bromite in an aqueous alkaline medium is a reversible process;
the equilibrium at 20 °C is displaced towards the formation of
the dibromo-derivat ive: 1 3 0

(EtSO2)2CH2

10%

(EtSO2)2CHBr;

30%

(EtSO3)2CBr2

60o/0

The proper t ie s of the DS and TS halides are determined
b y the character of the C-Hal bond in these compounds.
By v i r tue of the s t r o n g e lectron-accept ing effect of the
sulphonyl groups on the polarisation of the C—Hal bond,
t h e halogen atom becomes the positive end of a dipole,
assumes a cationoid c h a r a c t e r , and is capable of b r e a k i n g
off in the form of a cation. The mono- and di-bromo-
derivat ives of DS are reduced by iodide ions and can be
determined quanti tat ively b y iodometric titration. 1 1 1*' 1 3 0 ' 1 1* 1*
The chloro-derivatives of TS also have this property:1 1*1*

—Hal + 2NaI , + NaHal ;

Hal=Br, Cl .

DS and TS bromides are brominating agents which brominate
NN-dimethylaniline lkh and toluene (in the presence of
A1C13).32 Hexabromotrimethylenetrisulphone has analogous
properties. 1 1 * 9 DS mono- and di-bromides and TS chlorides
and bromides react with alkalis to form DS or TS salts and
hypohalites. 2 9 ' 1 1 1 * The hexachloro- and hexabromo-deriva-
t ives of tr imethylenetrisulphone and the tr ichloro- and
tribromo-derivatives of t r is(methylmethylene)tr isulphone
react with organic bases (pyr id ine , αα-bipyridyl, quinoline,
piper idine, and morpholine) to form complexes having the
composition ( C H a l 2 S O 2 ) 3 . ( N u ) n and (MeCHalSO 2 ) 3 (Nu) n

(Nu = organic base, η = 2, 3, 5 ) , 1 5 0 ' 1 5 1 which have the
s t r u c t u r e of quaternary ammonium salts according to the
a u t h o r s . The reaction of dibromobis(methanesulphonyl)-
methane with copper powder is a radical process among the
p r o d u c t s of which tr is(methanesulphonyl)methane was
f o u n d . 1 5 2 The monohalogeno-derivatives of DS are s t ronger
CH acids than the unsubs t i tu ted compounds, although the
acidifying effect of chlorine and bromine is small. 2 6 They
are alkylated by diazomethane 2 6 and in the presence of bases
they react with alkyl halides and benzenesulphenyl ch lor ide . 2 6

The monochloro-derivatives of aromatic DS react in an
aqueous alkaline medium with arenediazonium salts to form
bis(arenesulphonyl)arylazochloromethanes l l k and they
combine with acry loni t r i le . 1 5 2

ArN+

= »(ArSO2)3 CClN=NAr ;

(ArSO2)2CHCl —
(XXVI) (ArSO2)2 CC1CH2CH2CN

T h e bromine atom in b r o m o b i s ( t r i f l u o r o m e t h a n e s u l p h o n y l ) -
methane (XXVI) is more mobile t h a n t h e h y d r o g e n atom of
t h e methyl idyne g r o u p and is involved in t h e Michael r e a c -
tion with α β - u n s a t u r a t e d compounds ins tead of t h e l a t t e r : 3 2

(CF3SO2)2 CHBr + CH2=CHR -• (CF3SO2)2 CHCH2CHBrR ;

(XXVI)

R=CH2CH2C1 (70 %), CH2COOH (50 %), C6H13 (32 %) .

The interaction of t h e bromo-derivat ive (XXVI) with Na 2 CO 3

at 150 °C leads to the formation of only the sodium salt of the
initial CH acid instead of t h e expected 1,1,2,2-tetrakis-
(tr i f luoromethanesulphonyl)ethylene ( b y analogy with the
react ion of bromomalonic e s t e r ) . 3 2

( d ) Nitration. As shown above (Section I I ) , DS are not
n i t r a t e d at t h e methylene group in su lphur ic acid, since a
react ive carbanion is absent from such a solution. In the
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series of TS, which are stronger CH acids, the carbanionic
character of the carbon atom of the methylidyne group is more
pronounced and they can be nitrated by the usual nitrating
mixture. The low nucleophilicity of TS is compensated by
the strength of the electrophile (nitronium cation). Tris-
(methanesulphonyl)nitromethane has been obtained in high
yields by the nitration of tris(methanesulphonyl)methane (XI)
(100 °C, 15 min): 1 2 0

(XI)- (MeSO2)3CNO2

It has been shown t h a t , in the ni t rat ion of mixed T S , the
aromatic ring of the arenesulphonyl groups are first nitrated,
while at elevated temperatures the methylidyne group is also
nitrated :151*

(4-RCeH4SO2)2CHSO2Me
HNO,,H2SO. (4-R-3-O2NCeH4SO2)2 C (NO2) SO2Me ;

(XXVII)
R=H, Me, Cl .

Disulphones with a s t r o n g e lectron-accept ing subs t i tuent
at t h e carbon atom of t h e methylidyne group have acidities
similar to those of TS and are n i t r a t e d u n d e r analogous
conditions ι15h

4-MeC6H4SO2CH (CN) SO2Me "NO"H'SO<-^

-+ 4-Me-3-O2NC6H4SO2C (NO2) (CN) SO2Me
(XXVIII)

The nitromethanes (XXVII) and (XXVIII) undergo
hydrolyt ic cleavage fairly r e a d i l j . As a consequence of
the ster ic h indrance ar i s ing as a resul t of t h e repulsion of
the non-bonded oxygen atoms of t h e sulphonyl and n i t r o -
groups, the loss of one of these groups reduces the free
energy of the system. Furthermore, the presence of four
s t rong electron-accepting subst i tuents increases the electro-
negativity of the carbon atom in the molecules of compounds
(XXVII) and (XXVIII), since in each of them the substituent
is somewhat less electronegative than in compounds not con-
taining additional electron-accepting groups. The least
electronegative of the four subst i tuents (in the given case
the methane sulphonyl group) can therefore be subjected to
nucleophilic attack and, after the elimination of this
subst i tuent, a carbanion, stabilised by the three s trong
electron-accepting subst i tuents , is formed. Even on
heating in 8% aqueous NaHCO3 solution, compounds (XXVII)
split off the methanesulphonyl group and their treatment
with freshly prepared potassium hypobromite in addition to
the bromination of the intermediate carbanion.1 S I* On reac-
tion with KBrO, the nitromethanes (XXVIII) also split off
the MeSO2 group with subsequent bromination of arene-
sulphonylcyanonitromethane ,151*

Hydrolysis of tris(methanesulphonyl)nitromethane in the
presence of alkali affords bis(methanesulphonyl)nitro-
methane, 2 9 which reacts with chlorine and bromine in an
alkaline medium2 9 and reacts with Ag2CO3 as a s t rong CH
acid to form a silver salt, which reacts with methyl iodide to
produce l , l -b is(methanesulphonyl)- l-ni t roethane. 1 5 3 > : i 5 S

(e) Reactions with arenediazonium salts Disulphones with
a free methylene group interact with arenediazonium salts
in alkaline media (pH 8—13). Depending on the s t ructure of
the DS and the diazonium salt, the reaction conditions and
the reactant rat io, the interaction can proceed with forma-
tion of one or several reaction products . In the first
studies devoted to this r e a c t i o n , 1 5 6 ' 1 5 7 it was already shown
that aromatic TS react with diazonium salts to form the azo-
co up ling product

(I) -^^(RSO3)2CHN=NAr:^(RSO2)2C=NNHAr ;
(XXIX) (XXX)

R=Ph .

An unambiguous choice between the two possible struc-
tures (XXIX) and (XXX) was not made and it was shown only
later that 1 5 8 the products of the coupling of DS and other
methylene compounds to diazonium salts have the hydrazone
structure (XXX). In his study of the reaction of bis-
(benzenesulphonyl)methane with p-nitrobenzenediazonium
tetrafluoroborate in a weakly alkaline medium (pH 8.2),
Hunig 1 5 9 isolated three reaction products: p-nitrophenyl-
hydrazone of bis(benzenesulphonyl)carbonyl (XXXI),
N-benzenesulphonyl-JV'-(p-nitrophenyl)diimide (XXXII),
and 5-hydroxy-l,3-di(p-nitrophenyl)tetrazolium betaine
(XXXII):

(I) (PhSO 2 ) 2 C=NNHC e H 4 NO 2 -p-|-
(XXXI)

4 - p - O 2 N C 6 H 4 N = N S O 2 P h + p - O 2 N C e H 4 — Ν — Ν
/ \

(XXXII) (XXXIII) Ν C—O~

Υ
C e H 4 NO 2 -p

A mechanism of the formation of the betaines (XXXIII) has
been proposed1 5 9 on the hypothesis of a higher reactivity
of the NH group of the hydrazone (XXXI) which is formed
in the first stage and reacts with a second molecule of the
diazonium salt to form the "N-azo-derivative" (XXXIV).
The rapid hydrolysis of the arenesulphonyl groups in the
product (XXXIV) and subsequent ring closure lead to the
betaine (XXXIII):

(PhSO,)2C=NNC eH4NO2 -ρ Τ -, (XXXIII) + 2PhS0~ (XXXIV).

N=NC,H 4 NO,-pJ

+/?-NO2Q,H4N*BF7-* (XXXII) .

(XXXI)

Subsequently it was shown that aromatic DS form hydrazones
in an alkaline medium (pH 8-13) in the presence of an
equimolar reactant ratio, while the betaines (XXXIII) are
formed under the same conditions when the reaction is
carried out with a twofold excess of the diazonium salt
containing electron-accepting substituents in the p- or
m-position in the aromatic ring. 1 2 - 2 8 ' 1 1 * 8 ' 1 6 0 · 1 6 1 Aliphatic
DS are more reactive in this reaction. The interaction of
bis(ethanesulphonyl)methane with diazonium salts terminates
at the hydrazone stage only when o-substituted salts are
employed, while m- and p-substituted salts in both strongly
alkaline (pH 11) and weakly alkaline (pH 8.2) media react

with formation of betaines (XXXIII ).J
The reactions of

arenesulphonyltrifluoromethanesulphonylmethanes with
diazonium salts in a weakly alkaline medium (pH 8.3) lead
to the formation of hydrazones.3 0

Trimethylenetrisulphone (TTS) reacts with diazonium salts
in an alkaline medium (pH 9) to form the TTS trisaryl-
hydrazone,1 6 3 while in a neutral medium (pH 7) TTS bisaryl-
hydrazones were obtained161* whose structure was demon-
strated by spectroscopic methods.1 6 S

Tris(methylmethylene)trisulphone (TMTS) gives rise to its
bisarylazo-derivatives in an alkaline medium (pH 9-10).1 6 6

In a strongly alkaline medium (pH 12—13) TTS reacts with
a threeefold excess of diazonium salts with the opening of
the ring, the elimination of one SO2 group, and the forma-
tion of formazans (XXXV):167

^CH2\ 3ArN"*" ArN=N\
X s o » . „ , „ _ : . » >CSO2CSO,Me

CH,
|

CH a

xso/

NNHAr

(XXXV)

Disulphones with the methanesulphonyl group and
electron-accepting substituents at the carbon atom of the
methylidyne group (CN, COMe, COOEt) react in anhydrous

re
19-
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pMF,1 6 8 in a weakly alkaline (pH 8.2) aqueous alcoholic
medium,169 or in the form of sodium salts in aqueous solu-
tion1 7 0 with diazonium salts containing electron-accepting
substituents to form arylazo-derivatives. The elimination
of MeSO2 and MeCO groups is not observed under these
conditions:

ArSOaCH (R) SO,Me.

R=CN, COMe, COOE!;

, ArSO.C (R) SO,Me

N=NC,H4Ri
O-, m-, p-Cl, Br.NO,

Trisulphones with the methanesulphonyl group interact in
an aqueous alkaline medium (pH 8—9) or in anhydrous DMF
with diazonium salts containing electron-accepting sub-
stituents in the o- and p-position, forming arenediazonium
trisulphonylmethanides ArN2 C(SO 2R) 3. On decomposition,
the latter give rise to sulphonylazo-compounds of type
(XXXII) together with arylhydrazones of type (XXXI) (in
DMF) or betaines of type (XXXIII) (in an aqueous alkaline
medium).170

In their reaction with tris(fluorosulphonyl)methane in
water, arenediazonium chloride exchange the anion with
formation of water-insoluble arenediazonium tris(fluoro-
sulphonyDmethanides. The decomposition of the latter on
heating leads to the aci-forms of the aryl esters of tris-
(fluorosulphonyl)methane:

(ΧΙΠ)

• RC,H4OS=C (SOJF), ;
II

Ο

The s t r u c t u r e of the la t ter has b e e n confirmed b y chemical
r e a c t i o n s , spectroscopic methods ( I R , XH NMR, and
1 9 F NMR), and X-ray diffraction a n a l y s i s . 1 7 1 This is the
first example of the arylation of t h e SO 2 group by diazonium
salts described in the literature.

(f) Arylcarbamoylation and arylthiocarbamoylation. The
interact ion of aromatic DS with ary l i socyanates and allyl
isothiocyanates was first descr ibed in 1966. 1 7 2 The potassium
salts of DS in a n h y d r o u s acetonitr i le form salt-like a d d u c t s ,
which are conver ted, after acidification, into t h e arylamides
of b i s- su lphonyl-subs t i tu ted acetic and thioacetic a c i d s : 1 7 2 · 1 7 3

(ArSO2)sCHK-
(XXIII)

XK
II '

.(ArSO^CHCNAr1-

X=O, S .

X
II

(ArSO2)a CHCNHAr1

The react ions of aromatic DS with ary l i sothiocyanates were
later achieved in absolute alcohol in t h e p r e s e n c e of sodium
ethoxide. 1 1* 8 · 1 7 1* A novel method for the in t roduct ion of
ary l th io- , he teroary l th io- , and arylalkylthio-carbamoyl
g r o u p s into the molecule of an aromatic DS has been
developed on the basis of the reaction of active methylene
g r o u p s with the methyl e s t e r s of s u b s t i t u t e d dithiocarbamic
a c i d s : 1 7 5 " 1 7 8

RNHCSSMe + (ArSO2)2 CHa
(ArSO^CHCSNHREtOH

R = Ar, 2-pyridyl, PhCH2.

This method and also the oxidative cyclisation of the
arylamides of bis(arenesulphonyl)thioacetic acid by
potassium hexacyanoferrate(II) in an aqueous alkaline
medium179 or by bromine in acetic acid 1 7 9 made it possible
to obtain substituted heterocyclic compounds of the pyridine
and benzothiazole series containing GSG in the side chain.

(g) Interaction with aldehydes. The pyridine-catalysed
condensation of bis(ethanesulphonyl)methane with
benzaldehyde is accompanied by a stereospecific inter-
molecular rearrangement with formation of E-aS-bis(ethane-
sulphonyl)styrene 6 2 instead of the expected f5B~bis(ethane-
sulphonyDstyrene, the formation of which in this reaction
had been erroneously reported earl ier : 1 8 0 · 1 8 1

PhCHO
(EtSO2)2CHj,

PhCH=C(SO2Et)2

C5H,0NH

SO2Et

PhCH CHSO2Et PhCH—CH

Ο
EtSO /S°2

- C 5 H 1 0 N H

EtSO

As mentioned above (Section II), aromatic DS react with
aldehydes to form 1,1,2-trisubstituted ethylenes; the inter-
action with aliphatic aldehydes is then frequently accom-
panied by the isomerisation of the final product owing to
the prototropic allylic rearrangement.6 0 In the condensation
of bis(benzenesulphonyl)methane with isobutyraldehyde, the
yields of the normal and isomerised reaction products were
the same.1 8 2 The condensation with other aliphatic
aldehydes affords only isomerisation products: 1 8 2

(PhSO,)2CH.—
( p h S o 2 ) 2 C = C H P r - i s o + (PhSO^CHO

50% 50 %
(phso2)2c.HCH=CHR ;

R = Et,Pr .

CMe,

The reaction of DS with furfural yields the expected
products—furfurylidenebis(sulphonyl)methanes, but under
these conditions bis(benzenesulphonyl)methane and
butyraldehyde react to form only the isomerisation product—
1, l-bis(benzenesulphonyl)pent-2-ene. 1 8 3 Methanedi-
sulphonyl fluoride reacts with p-dimethylaminobenzaldehyde
in acetic anhydride to form ββ-difluorosulphonyD-p-dimethyl-
aminostyrene. 3 3 The condensation of DS with formaldehyde
in the presence of bases leads to asymmetrically substituted
propane with GSG at the terminal carbon a t o m . 5 5 · 5 7 " 5 9 Only
the use of a large excess of piperidine and pyrrolidine makes
it possible to carry out the Mannich reaction involving DS
and to isolate the corresponding bases: 6 0» 6 1

(I) + CH,O + HN y -*{RSOS),CHCH,N >

(h) Reactions with mercury salts. Organomercury com-
pounds and mercury salts react with DS as electrophiles.
Bis(benzenesulphonyl)methane and 1, l-bis(benzene-
sulphonyl )ethane reacts with p-dimethylaminophenylmercury
hydroxide to form mercury derivatives of DS which are
resistant to spontaneous disproportionation:18"

p-Me.NC.HjHgOH + (PhSO,), CH, - . (PhSO,), CHHgC,H4NMe,-/j .

The interaction with bis(arenesulphonyl)methanes with
mercury diacetate affords mono- and di-mercurated products
depending on the conditions:1 8 5

(p-RC.H4SOJ.CH,
( P " R C « HtS°J* CHHgAc ;

(XXXVI)
φ- RC,H4SO,), C (HgAc), j

= H,Me,Cl. NO,.
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Bis(arenesulphonyl)methylmercury halides are formed when
the potassium salts of bis(arenesulphonyl)methanes or
mercuriacetates (XXXVI) interact with mercury or potassium
halides respectively:

(XXXVI)·
(ρ-RCeH4SO2), CHHgX ;

(XXXVII)
R=H, Me; X=C1, Br.I .

The C—Η bond in the series of DS is readily cleared by
nucleophiles (Na 2S) but is comparatively resistant to attack
by electrophiles: only prolonged reaction with bromine or
hydrogen chloride leads to its cleavage. 1 8 5

The study of the chemical properties and IR spectra of
mercurated derivatives 1 8 5 established that the C—Hg bond is
covalent, is appreciably polarised, and its character is close
to that of the C—Br bond in the mono- and di-bromo-
derivatives of DS.

(i) Reactions with formation of ylides. Disulphones are
capable of acid-base interactions with phosphines. Tertiary
phosphines react with fluorinated DS to form tertiary phos-
phonium salts. As a result of protonation at the nitrogen
atom, aminophosphines form salts which are then converted
into the dialkylammonium salts of α-phosphino-substituted DS
(XXXVIII):186

RSO 2CH 2SO 2CF 3-

R3P---HCH(SO2R)(SO2CF3)

t2 2 +
->• R 2 PNHEt 2 CH(SO2R)(SO2CF3)

-R^PCH(SO2R)SO2CF3 + HNEt,

R = P h , CF 3 ; R ' = E t ; R2 = Ph .

R2PC(SO2R)SO2CF3 H 2 N E t 2 }

(XXXVIII)

The salts (XXXVIII) are alkylated (with transfer of the reac-
tion centre) at the phosphorus atom with formation of phos-
phorus ylides. 1 8 6

Halogenophosphoranes react with aromatic DS in the
presence of triethylamine to form phosphonium ylides with
the halogen atom at the phosphorus atom—P-halogenoylides
(XXXIX):187

:n DM aNEt· .. r

2.4;Hal =
(XXXIX)

P-Halogenoylides (XXXIX) have also been obtained by
treat ing with carbon tetrahalides the products of the reac-
tion of tervalent phosphorus halides with bis(benzene-
s u l p h o n y D m e t h a n e : 1 8 8 ' 1 8 9

RSPC1 + CH 2 (SO2Pb)2 —iiSit-» R 2 P - C H (SO2Ph)2 - ^ -

R 2P—CH (SO2Ph),

Hal . . . CHal 3

• R 2P ( H a l ) = ) 2 + CHHal3

(XXXIX)

Another method of synthesis of the ylides (XXXIX) involves
the interaction of chloro- or bromo-bis(benzenesulphonyl)-
me thanes with chlorodiphenylphosphine in the presence of
triethylamine.1 9 0 P-Halogenoylides with GSG virtually lack
basicity. They do not interact with hydrogen chloride and
do not enter into the Wittig reaction with carbonyl com-
pounds. The halogen atom in the ylides (XXXIX) readily
undergoes nucleophilic substitution:

RSP (OR1)=C (SO,Ph), ;
R' = Me, Ph

(XXXIX) —

• R2P (0) CH (SO,Ph), ί
(XL)

• RjP (NRj)=C (SO2Ph2) ;
R=Ri=H, Alk; R=H, R»=Alk

• R,P (SEt)=C (SO2Ph), .

The strong electron-accepting effect of the two benzene-
sulphonyl groups in the phosphine oxide (XL) determines the
high acidity of the compound (pKa = 3.27 in 95% alcohol), as
a result of which reactions involving the oxygen of the phos-
phoryl group are typical of this compound.191 The same
effect is responsible for the occurrence of the phosphine
oxide-hydroxy-ylide tautomerism of these compounds and
for the possibility of the existence of phosphonium ylides
with the OH group at the phosphorus atom:1 9 2

(XL) C H l N ' ( M e I ) - > p h ,p (OMe)=C (SO2Ph), ;

Ph,P—CH (SOaCeH4P-p)2 32 Ph,P=C (SOtC,UiR-p)2',

θ' OH
R=C1, H, Me, MeO .

The stable dimethylsulphonium di(fluorosulphonyl)-
methylide has been obtained from methanedisulphonyl
fluoride in DMSO in the presence of acetic anhydride. 3 3

When compound (VII) is acted upon by diacetoxyiodo-
benzene or the corresponding m-nitro-derivative, iodine
ylides are formed:33

Me,S=O

(VII)

Ac2O, 12h,20 C

!£>?_> R Q H J = C (SO2F)S ;

R = H, m-N02

R 3 PH CH(SO2R)(SO2CF3) ·

(/) Other reactions. a-Diazo-g-disulphones (XLI) have
been obtained by the interaction of tosyl azide with DS in
an aqueous alcoholic medium in the presence of a base: 1 9 3

(i)-rasrh (RSQJ.CN, ;
(XLI)

R = P h , 2, Ί-Μβ,Ο,Η,,, 2, 4, 6-Me3C,H9 .

The coupling reaction between compounds (XLI) and the
carbanions of CH acids proceeds with elimination of one
arenesulphonyl group. 1 9 3 Thermal decomposition of com-
pounds (XLI) and its mechanism have been investigated.193»191*

Bis(methanesulphonyl)nitromethane reacts with diazo-
methane to form the JV-oxide (XLII) and the reaction proceeds
via oxathiazole oxide as an intermediate:1 1 9

Ο
ΐ CH·

C H l N" ( M S O ) C H N O (MSO) Ο Η Ν ^ |
(MeSO2) CHNO, > (MeSO2)jCH-N

|
(MeSO,) 2 CH-N<

(XLII) Ο

The final product (XLII) is readily converted to isonitroso-
bis(methanesulphonyl)methane (XLIII):

(XLII) (MeSO2)2 CHNO (MeSO2),C=NOH

(XLIII)

The isonitroso-compounds (XLIII) form salts with piperidine
and hydrazine and are readily alkylated by dimethyl sulphate
and acylated by acetic anhydride with formation of bis-
(methanesulphonyl)-methoxyiminomethane or -acetoxyimino-
methane.1 1 9 Compound (XLIII) is unstable and it has been
suggested that it decomposes via a radical mechanism.195

On reaction of the isonitrosomethane (XLIII) with diazo-
methane under anhydrous conditions, l-hydroxy-2,2-bis-
(methanesulphonyl)aziridine was isolated:1 9 6

(XLIII) • (MeSO,),C—NOH
\ /

CH,

The synthesis and oxidation of JVN-bis(arenesulphonyl)-
hydroxylamines have been descr ibed. 1 9 7
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The possibility of using the thiosulphonates (RSO2)2·
.CHSSO2R for the sulphenylation of aliphatic ketones and
other compounds with an active methylene group in an
alkaline medium has been reported. 1 9 8

2. Chemical Properties of Unsaturated GS

(a) 1,1-Bis(arenesulphonyl)ethylenes. The strong
polarisation of the double bonds in l,l-bis(arenesulphonyl)-
ethylenes, caused by the overall electron-accepting effect
of the two sulphonyl groups, lowers appreciably the
•n-electron density at the β-carbon atom, which facilitates
the attack by the nucleophile and makes nucleophilic addition
reaction characteristic of the given series of compounds.
Highly basic nucleophiles promote (particularly in protic
media) the competing double bond dissociation reaction.
These factors are responsible for the wide variety of the
chemical properties of l,l-bis(arenesulphonyl)ethylenes.

The acid- and base-catalysed addition of water to 1,1-bis-
(arenesulphonyl)ethylenes 5 7 does in fact lead to the forma-
tion of l,l,3,3-tetrakis(arenesulphonyl)propanes (XVII).57"60'199

A mechanism has been proposed for this reaction:5 7

(RSO2)2C=CH2 -^-> (RSO2)2 CHCH2OH ;2 (RSO2)2 CH + CH2O + H + ;

(XVIII) *" ( C ) ( D )

(C);£(RSO2)2

(D)

: = Ar .

•[(RSO2)2CH]2CH2

(XVII)

The C—C bond in compounds (C) is appreciably polarised
under the influence of the two arenesulphonyl groups and
is capable of hydrolytic cleavage by bases or acids. The
formation of the carbanion (D) is apparently the rate-limiting
stage in the overall reaction. The final products can be
formed both via the pathway indicated in the scheme and via
the interaction of the initial olefin with the anion (D). In
ahydrous CCl^ the olefin (XVIII) combines with aromatic and
heterocyclic thiols, while in the presence of acetic acid it can
combine with sulphinates.5 7 They are active acceptors in
the Michael reaction and in the presence of F~ they readily
combine with DS, TS, nitromethane, and arenesulphonyl-
acetonitrile.5 7 It has been shown that the reactions of the
olefin (XVIII) with TS are also catalysed by a Lewis acid
(BF3 etherate), 5 6 while the interaction with 3-diketones
(acetylacetone and dibenzoylmethane) proceeds in dioxan
in the presence of Triton Β (200). ββ-Bisibenzene-
sulphonyl)styrene combines with malonic ester.61* The use
of l,l-bis(benzenesulphonyl)ethylene as the dienophile in
cycloaddition reactions with cyclopentadiene, cyclohexa-
1,3-diene, cycloheptatriene, and other dienes has been
described recently. 6 1 The study of the reactions of
l,l-bis(benzenesulphonyl)ethylene with various amines
showed that, depending on the basicity of the amine, the
reaction proceeds via two pathways: with formation of
adducts (XLIV) or substituted propanes (XVII):199

amines (PK0 1.0-6.»)
• (PhSO2)2 CHCH2NHR ;

(XLIV)
• (XVII) .

(PhSO2)2 C=CH2 — amines pKa».3-11.2)

A mechanism has been proposed1 9 9 for the reaction of 1,1-
bis(benzenesulphonyl)ethylene with highly basic amines:

RNHj
(PhSO2)2C=CH2 -

(XVIII)

• (XLIV):

(PhSO2)2 CH + [CH2 ̂ - ^ NHR]+ '->

: = CH2 (PhSOĵ CH

CHa (NHR),

I

(PhSOa)aCCH2CH(SO2Ph) I » (XVII)

The rate of heterolysis of the C-C bond in the amine (XLIV)
exceed the rate of its formation, as a result of which the
DS carbanion can react with both the initial olefin and with
the second heterolysis product—the aminal (the nitrogen-
containing derivative of formaldehyde), to form the propanes
(XVII). The olefins (XVIII) interact with electrophiles only
with difficulty. They combine with bromine in acetic acid
on heating. Mercury acetate undergoes the Hofmann—Sand
reaction with two ethylene molecules and the addition takes
place contrary to the Markovnikov rule: 5 7

(PhSO2)2 0 = 0 ^ * [MeOCH2C (SO2Pn)2]a Hg .

B3-Bis(benzenesulphonyl)styrene reacts with diazomethane
to give a substituted pyrazoline, which is converted into
l,l-bis(benzenesulphonyl)-3-phenylprop-3-ene on heating:61*

(PhSO2)2 C=CHPh • (PhSO2)2 C—CHPh -> (PhSO2)2 CHCH=CHPh
I \

Ν CHa

A thermal stereospecific rearrangement catalysed by
ammonium salts has been discovered for the olefins (XVIII).
On heating (138—139 °C) in p- or m-xylene in the presence
of catalytic amounts of ammonium salts, the gem-substituted
olefins (XVIII) rearrange to E-l,2-bis(arenesulphonyl)-
ethylenes: 2 0 1

(XVIII)
a m r n o n i u m

p-RCeH4SO2

W

R = H, Me, Cl .

A rearrangement in the opposite direction has been observed
in the nucleophilic vinyl substitution reaction when 1,2-bis-
[alkane(or arene)sulphonyl]-l,2-dichloroethylenes are
treated with amines:2 0 2

RSO2C (C1)=C (Cl) SO2R •(RSO 2) 2C=C(NRi) 2

R = Et, C 8H 1 7 > Ph; R» = Ph,p-HOCeH4,p-NO2CeH4

(b) Polysulphonylethylen.es. The presence of four elec-
tron-accepting groups in the molecules of tetrasulphonyl-
ethylenes (TSE) (XLV) entails a high reactivity of these
compounds. In aqueous solutions the TSE are hydrolysed
with dissociation of the C=C bond 2 0 3 and the formation of
disulphonylmethanes. This process proceeds readily in
neutral, acid, and basic media. The mechanism of the
hydrolysis of TSE 2 0 3 is based on a detailed study of the
kinetics of the hydrolytic reactions of asymmetric olefins
activated by several electron-accepting groups:2 0 1 4 '2 0 5

(RSO2)2 C = C (SO2R)S -^-* (RSO2)S C (OH)-C (SO2R)a - ~ »

: (RSO2)2 C (OH) CH (SO2R2) · •(I) + [(RSO 2) 2C=O]-

R = Et, rt-Bu .

• RSO3H + C0 2

The extremely ready fragmentation of TSE is the reason
why their synthesis is possible only under anhydrous
condition s.71* Alcohols which react readily with TSE do
not form fragmentation products. In the presence of
urea, the reactions of TSE with alcohols lead to the esters
of bis(alkanesulphonyl)acetic acids: 2 0 3

(XLV) • --» [(RSO2), C = C (OR1) SO.R]

H,O

*. (RSO2), C = C (ORi)a + 2RSO3H

(RSOS), CHCOORi «--

R = Et, R* = Me, Et .

The ideas concerning the course of the interaction of TSE
with alcohols have been confirmed by a study of the reac-
tions of TSE with thiols, where the intermediate thioacetals
and their dioxides proved to be stable: 2 0 3
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(XLV) — 2 - i — , (RSO2)2 C = C (SOaR) (SRi) + (RSO,), C = C (SRi), ;

(XLVI)
R = Et, K-BU, Ri = Et, Ph .

Thioacetal SS-dioxides readily hydrolyse with the elimination
of the SO2R group:

H.O
(XLVI) - • (RSO2)2 CHCOSRi

(XLVII)

: (RSCg s
=C (OH) SRi

(XLVIII)

According to IR spectroscopic data, the hydrolysis products
exist both in the form of the esters (XLVII, R = n-Bu,
R1 = Et) and in the enolic form (XLIII, R = Et, R1 = Ph).

The reactions of TSE with secondary or bulky primary
amines take place with formation of bis(sulphonyl)acetamides—
the products of the hydrolysis of the unstable 1,1,2-tris-
(sulphonyl)-2-(R-amino)methylenes.206 A mechanism has
been proposed for the reactions with amines on the basis
of the Adpj - Ε nucleophilic substitution mechanism for other
electrophilic olefins. 2 0 7 ' 2 0 8

Together with the formation of disulphonylacetamides,
primary amines give rise to the formation in this reaction
of l,l-bis[alkane(or arene)sulphonyl]-2,2-bis[alkyl(or
aryl)amino]ethylenes—the products of the substitution of
two sulphonyl groups. 2 0 6 Fragmentation has been observed
only when highly basic amines were employed, bis-
sulphonyl)methanes being apparently formed as a result
of the competitive cleavage of the TSE by the amines.

(c) 2,2-Bis(alkanesulphonyl)- and 2, 2-bis(arenesulphonyl)-
vinyl ethyl ethers. The different electronic natures of the
substituents at C(l) and C(2) in these compounds are
responsible for their unusual chemical behaviour. In
contrast to unsubstituted ethyl vinyl ethers, 2,2-bis-
(sulphonyl)vinyl ethers (VE) do not react with alcohols
and do not form acylals on reaction with acetic acid.
Addition reactions are not characteristic of these com-
pounds. 2,2-Bis(benzenesulphonyl)vinyl ethyl ether forms
a complex mixture of products on heating with bromine in
CCli,, from which bis(benzenesulphonyl)bromomethane was
isolated (10%).65 Like TSE, the VE hydrolyse in acid and
alkaline media with rupture of the double bond and the
formation of bis(arenesulphonyl)methanes.6 5 VE react
with ammonia to form 2,2-bis[alkane(or arene) sulphonyl ]-
vinylamines.62'61*'65 The latter are acylated by benzoyl
chloride, react with ethyl and phenyl isocyanates to form
substituted ureas, react with tosyl chloride (in the presence
of BuLi),62>65 and are reduced by sodium tetrahydroborate to
l,l-bis(<nlkanesulphonyl)- or 1, l-bis(arenesulphonyl)-
ethanes. 5 8

2,2-Bis(arenesulphonyl)vinylamines have also been syn-
thesised from the sodium salts of bis(arenesulphonyl)-
methanes, DMF, and dimethyl sulphate5 8 or by the reaction
of bis(arenesulphonyl)methanes with bis(trimethylsilyl)-
formamide:209

Me2SO4DMF

( p - R C e H 4 S O 2 ) 2 C H 2 -
HCON(SiMej;i

( p - R C 6 H 4 S O a ) a C = C H N H 2 ;

120°—140" C

R = H , CH,, Cl .

2,2-Bis(toluene-p-sulphonyl)vinylamine reacts with phenyl
isothiocyanate in the presence of triethylamine to form
N-[2,2-bis(toluene-p-sulphonyl)vinyl]aniline and not a
substituted thiourea as was expected:2 1 0

(p- MeCeH4SO2)2 C = C H N H , [(p-MeC,H 4SO I),C=CHNHCSNHPh]

Ethyl vinyl ethers containing alkanesulphonyl groups
(XLIX) react with aromatic1 3 0 and aliphatic (primary and
secondary) amines62 in the presence of TsOH to form sub-
stituted vinylamines:

(RSO2)2 C=CHOEt

(XLIX)

R = Me, Et; R*

=CHNR*R'

Ph, Ra = Η o r Ri, R* = Alk

The same reaction of VE containing arenesulphonyl groups
is accompanied by a competing process—the dissociation of
the double bond, which greatly reduces the yield of the
required products. 6 5 Ethyl vinyl ethers (L) react with
dihydroresorcinol, i k 2,4-dinitrophenylhydrazine,65 and
hydroxylamine62 to form substitution products. Alkaline
hydrolysis of the VE (L) at the interface between two
phases leads to acetaldehyde with GSG:6lf

(ArSO2)2 C=CHOEt - ^

(L)
Ar = Ph .

(ArSO2)2 CHCHO ·

Nucleophilic substitution of the OEt group in the VE (L) by
the carbanions of CH acids results in the formation of 1,1,3,3-
tetrasubstituted propenes :6 1 t > 7 5

(ArSO2)2 C=CHOEt (ArSO2)s C = C H C H (R») COOEf

e, CN.

(d) Polysulphonylpropen.es. Propenes with GSG at C(l)
or C(3), containing simultaneously two other electron-
accepting substituents at the terminal carbon atoms [C(3)
and C(l) respectively] have been d e s c r i b e d . 6 W 6

In solution these compounds are involved in a tautomeric
equilibrium:7 5 '7 6

R1R2C=CHCHRSR« Ϊ ± R ^ C H C H ^ C R ' R * »

( L I ) : R ^ R ^ P h S O , ; R s = COMe; R« = COOEt }

(LII) : Ri=ArSO 2 ; R»=CN; R'=R«=SO 2 Et, SOsAr .

The chemical reactions of propenes with GSG are determined
mainly by their CH-acid properties (Table 4). The propenes
(LII) form salts with alkali metals, react with diazonium
salts and bromine, and form products resulting from the
substitution of the hydrogen atom at C ( l ) . 7 6 The propenes
(LII, R3 = R" = SO2Ar) are nitrated with dissociation of the
double bond and the formation of bis(4-R-3-nitrobenzene-
sulphonyDmethanes.27 The propene (LI) reacts with
diazonium salts to form the product of substitution at
C(3), 2 1 1 the nitration of compound (LI) is accompanied by
the rupture of the double bond and leads to bis(3-nitro-
benzenesulphonyDmethane, and nitrosation affords ethyl
YY-bis(benzenesulphonyl)-a-hydroxyiminovinylacetate:27

- ^ 3 * (PhSO.)» C=CHC (N=NC,H4R») (COMe) COOEt ;

- H - S O ^ (3-O.NC.H4SO,), CH, ;

NaNO,,HAc
• (PhSO,), C=CHC (COOEt)=NOH ;

C=CHNHPh + (Et 3 NH) + SCN-,

l,l-Bis(benzenesulphonyl)-2-cyano-2-ethoxycarbonylprop-l-
ene, which has a similar structure but is much more acid
(pEa = 1.04 in acetone), reacts with diazonium salts in the
tautomeric prop-3-ene form with substitution of the hydrogen
atom at C( l ) , the elimination of the EtOCOC(CN) =CH
group, and the formation of l,3-diaryl-5-hydroxytetrazolium
betaines (XXXIII).211

—0O0
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Thus GS exhibit a varied reactivity. Further investiga-
tion of the chemistry of compounds of this class will lead to
the discovery of their new practical applications as
physiologically active preparations, 2 1 2 pesticides,2 1 3 and
in the manufacture of polymeric materials. 2 1 4" 2 2 2

REFERENCES

1. C.Oae, in "Khimiya Organicheskikh Soedinenii
Sery" (The Chemistry of Organosulphur Com-
pounds) (Translated into Russian), Izd.Khimiya,
Moscow, 1975, p . 329.

2. P.D.Magnus, Tetrahedron, 1977, 33, 2019.
3. E.Baumann and G.Walter, Ber., 1893, 26, 1124.
4. W.Autenrieth and K.Wolff, Ber., 1899, 32, 1381.
5. E.Fromm, A.Foster, and B.V.Scherschwitzki, Ann.

Chem., 1912, 394, 348.
6. M.W.Cronyn and E.Zavarin, J.Org.Chem., 1954,

19, 139.
7. J.R.Meadow and E.E.Reid, J.Amer.Chem.Soc,

1934, 56, 2177.
8. G.Jeminet and A.Kergomard, Compt.rend., 1964,

259, 2248; Chem.Abs., 1965, 62, 2729.
9. F.G.Bordwell and P.J.Boutan, J.Amer.Chem.

Soc., 1957, 79, 717.
10. D.A.Peak and T.J.Watkins, J.Chem.Soc, 1950, 445.
11. D.Edwards and J.B .Stenlake, J.Chem.Soc, 1954,

3272.
12. R.G.Dubenko, V.M.Neplyuev, and P.S.Pel'kis,

Zhur.Org.Khim., 1967, 3, 33.
13. C.G.Overberger and R.W.Cummins, J.Amer.Chem.

Soc, 1953, 75, 4250.
14. D.Barnard, J.Chem.Soc, 1956, 489.
15. F.G.Bordwell and B.M.Pitt, J.Amer.Chem.Soc,

1955, 77, 572.
16. W.J.Kenney, J.A.Walsh, and D.A.Davenport,

J.Amer.Chem.Soc, 1961, 83, 4019.
17. F.G.Bordwell and J.B.Bruce, J.Org.Chem.,

1968, 33, 1182.
18. P.Robson, P.R.Speakman, and D.G.Stewart,

J.Chem.Soc.C, 1968, 2180.
19. K. A. McLean, R.H.Wightman , M.M.Campbell, and

V.B.Jigajinni, Tetrahedron Letters, 1980, 3305.
20. I.I.Lapkin and Ν. S. Zelenina, Zhur.Org.Khim.,

1967, 3, 2009.
21. H.Behringer and G.Grunwald, Ann.Chem., 1956,

600, 23.
22. D.T.Gibson, J.Chem.Soc, 1931, 2637.
23. D.T.Gibson, J.Chem.Soc, 1932, 1819.
24. R.Dijkstra and H.J.Backer, Rec.Trav.chim., 1954,

73, 569.
25. V.M.Neplyuev, V.P.Kukhar', T.A.Sinenko, and

P.S.Pel'kis, Zhur.Org.Khim., 1976, 12, 1746.
26. H.Bohme and M.Junga, Ann.Chem., 1972, 758, 132.
27. V.M.Neplyuev, Ukrain.Khim.Zhur., 1983, 49, 193.
28. V.M.Neplyuev, R.G.Dubenko, and P.S.Pel'kis,

Zhur.Org.Khim., 1969, 5, 1663.
29. H.J.Backer, Rec.Trav.chim., 1949, 68, 844.
30. L.M.Yagupol'skii and N.V.Kondratenko, Zhur.

Obshch.Khim., 1963, 33, 920.
31. T.Gramstad and R.N.Haszeldine, J.Chem.Soc,

1957, 4069.
32. R.J.Koshar and R.O.Mitsch, J.Org.Chem., 1973,

38, 3358.
33. I.I.Maletina, A.A.Mironova, T.I.Savina, and

Υu.L.Yagupol'skii, Zhur.Org.Khim., 1979, 15, 2416.

34. Yu.L.Yagupol'skii and T.I.Savina, Zhur.Org.Khim.,
1983, 19, 79.

35. A.Kotz, Ber., 1900, 33, 1120.
36. Ya.G.Mazover, Zhur.Obshch.Khim., 1949, 19, 843.
37. Ya.G.Mazover, Zhur.Obshch.Khim., 1949, 19, 849.
38. A.I.Abdullaeva, M.M.Dadasheva, and I.G.Ali-Zade,

Uch. Zap.Azerb.Univ., Ser.Khim., 1967(3), 56.
39. V.Baliah, S.Prema, C .B. Jawaharsingh,

Κ. Ν. C hockalin gam, and R. Jey ar am an, S ynt he s is,
1981, 995.

40. J.Douglass and W.Hydro, J.Amer.Chem.Soc,
1951, 73, 3507.

41. Yu.V.Tanchuk, Candidate's Thesis in Chemical
Sciences, Institute of Organic Chemistry,
Academy of Sciences of the Ukrainian SSR,
Kiev, 1965.

42. L.Vanino, Ber., 1902, 35, 3251.
43. L.Vanino and A.Schinner, Ber., 1914, 47, 2562.
44. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,

USSR P. 166685 (1964); Byul.Izobret., 1964(23), 21.
45. S.J.Mirto, J.Indian Chem.Soc, 1938, 15, 129.
46. H.J.Backer, Rec.Trav.chim., 1946, 65, 53.
47. J.Houben, Ber., 1912, 45, 2942.
48 H.Grob and A.Rieche, Chem.Ber., 1961, 94, 543.
49. H.J.Backer, Rec.Trav.chim., 1948, 67, 894.
50. M.Balasubramanian and V.Baliah, J.Chem.Soc,

1954, 1844.
51. H.Bohme and R.Marx, Ber., 1941, 74, 1667.
52. R.L.Shriner, H.C.Struck, and W.J.Jorison,

J.Amer.Chem.Soc, 1930, 52, 2060.
53. N.H.Nilsson, C.Jacobsen, and A.Senning, Chem.

Comm., 1970, 658.
54. W.E.Truce and E.Wellisch, J.Amer.Chem.Soc,

1952, 74, 2881.
55. I.M.Bazavova and V.M.Neplyuev, Ukrain.Khim.

Zhur., 1983, 49, 758.
56. V.M.Neplyuev, Zhur.Org.Khim., 1981, 17, 2232.
57. I.M.Bazavova, V.M.Neplyuev, and M.O.Lozinskii,

Zhur.Org.Khim., 1982, 18, 865.
58. L.A Carpino, J.Org.Chem., 1973, 38, 2600.
59. W.L.Nobles and B.B.Thompson, J.Pharm.Sci.,

1965, 34, 576; Chem.Abs., 1965, 63, 13120.
60. H.Stetter and K.Steinbeck, Ann.Chem., 1974,

1315.
61. O.De Lucchi, V.Lucchini, L.Pasquato,

M.Zamai, and G.Modena, Gazzetta, 1984, 114, 293.

62. A.R.Freidmann and D.R.Graber, J.Org.Chem., 1972,
37, 1902.

63. Yu.V.Samusenko, A.M.Aleksandrov, and
L.M.Yagupol'skii, Zhur.Org.Khim., 1975, 11, 626.

64. H.Stetter and B.Riberi, Monatsh.Chem., 1972, 103,
1262.

65. V.M.Neplyuev, T.A.Sinenko, and E.V.Khoina,
Ukrain.Khim.Zhur., 1978, 44, 183.

66. W.Adam and Liu Ju-Chao, J.Amer.Chem.Soc, 1972,
94, 1206.

67. W.E.Truce and B.J.Groten, J.Org.Chem., 1962, 27,
128.

68. W.E.Truce, J.E.Tracy, and M.L.Gorbaty, J.Org.
Chem., 1971, 36, 237.

69. US P.3101377 (1963); Chem.Abs., 1964, 60, 1595.
70. D.Seebach, K.H.Geib, B.Graf, and H.Daum,

Chem.Ber., 1972, 105, 3280.
71. W.E.Truce and R.Kassinger, J.Amer.Chem.Soc,

1958, 80, 6450.
72. Ν.Ρ.Petukhova, N.E.Dontsova, O.M.Sazonova, and

E.N.Prilezhaeva, Izv.Akad. Nauk SSSR, Ser.Khim.,
1978, 2654.



898

73. Ν.Ρ.Petukhova, N.E.Dontsova, and E.N.Prilezhaeva,
Izv.Akad.Nauk SSSR, Ser.Khim., 1979, 467.

74. N.P.Petukhova, N.E.Dontsova, and E.N.Prilezhaeva,
Izd.Akad.Nauk SSSR, Ser.Khim., 1982, 2327.

75. V.M.Neplyuev, V.P.Kukhar', T.A.Sinenko,
E.V.Khoina, and P.S.Pel'kis, Zhur.Org.Khim.,
1978, 14, 1947.

76. V.M.Neplyuev, T.A.Sinenko, V.P.Kukhar', and
P.S.Pel'kis, Zhur.Org.Khim., 1979, 15, 1477.

77 S.C.Abrahams and J.C.Speakman, J.Chem.Soc.,
1956, 2562.

78. J.V.Silverton, D.T.Gibson, and S.C.Abrahams,
Acta Cryst., 1965, 19, 651; Chem.Abs., 1965,
63, 14168.

79. J.Berton, G.Jeminet, and A.Laurent, Acta Cryst.,
1972, B28, 2480.

80. C.Li, M.P.Sammes, and R.L.Harlow, J.Chem.Soc,
Perkin Trans.I, 1983, 1299.

81. P.Haake, W.B.Miller, and D.A.Tyssee, J.Chem.
Soc, 1964, 86, 3577.

82. Yu.A.Kolesnik and V.V.Kozlov, Uspekhi Khim.,
1968, 37, 1192 [Russ.Chem.Rev., 1968(7)].

83. G.Pobinet, P.Dagnag, and J.Labbarre, J.Chem.
Phys., 1969, 66, 63.

84. G.Pobinet, P.Dagnag, and J.Labbarre, J.Chem.
Phys., 1971, 68, 705.

85. RG.Dubenko, V.M.Neplyuev, Yu.Ya.Borovikov,
Yu.P.Egorov, and P.S.Pel'kis, Ukrain.Khim. Zhur.,
1976, 42, 602.

86. G.Jeminet, C.Pigenet, and H.Lumbroso, Bull.Soc.
chim.France, 1966, 3631.

87. O.Exner, V.Jehlicka, and J.Firl, Coll.Czech.Chem.
Comm., 1972, 37, 466.

88. L.J.Bellamy, "Advances in Infra-red Group
Frequencies; Supplement to the Infra-red Spectra
of Complex Molecules" (Translated into Russian),
Inostr.Lit., Moscow, 1971, p. 236.

89. S.M.Shostakovskii and A.V.Bobrov, Zhur.Org.
Khim., 1969, 5, 908.

90. V.F.Kulik, Yu.P.Egorov, M.S.Marenets, and
L.M.Yagupol'skii, Zhur.Strukt.Khim., 1963, 4, 541.

91. V.F.Kulik, Yu.P.Egorov, A.G.Panteleimonov,
Yu.A.Fialkov, and L.M.Yagupol'skii, Teor.Eksper.
Khim.. 1965, 1, 174.

92. C.Muller and A.Schwig, Tetrahedron, 1973, 29,
3973.

93. M.Charton, J.Org.Chem., 1964, 29, 1222.
94. Yu.A.Zhdanov and V.I.Minkin, in "Korrelyatsionnyi

Analiz ν Organicheskoi Khimii" (Correlation Analysis
in Organic Chemistry), Izd.Rostov.Univ., Rostov,
1966, p.192.

95. Ε. Ν . Konovalov, R.G.Dubenko, Τ . Ya.Lavrenyuk,
V.M.Neplyuev, and P.L.Pel'kis, Zhur.Org.Khim.,
1974, 10, 427.

96. C.Li and M.P.Sammes, J.Chem.Soc, Perkin
Trans.I, 1983S 2193.

97. C.Li and M.P.Sammes, J.Chem.Soc, Perkin
Trans.I, 1983, 1303.

98. W.R.Hardstaff and R.F.Langler, Org.Mass.
Spectrom., 1975, 10, 215.

99. R.A.Khmel'nitskii and Yu.A.Efremov, Uspekhi
Khim., 1977, 46, 83 [Russ.Chem.Rev., 1977(1)].

100. E.J.Corey, H.Konig, and T.H.Lowry, Tetrahedron
Letters, 1962, 515.

101. R.Breslow and E.Mohacsi, J.Amer.Chem.Soc,
1961, 83, 4100.

102. W.Walter and H.L.Weidemann, Ann.Chem., 1965,
685, 29.

Russian Chemical Reviews, 55 (9), 1986

103. W.E.Doering and L.K.Levy, J.Amer.Chem.Soc,
1955, 77, 509.

104. H.P.Koch and W.E.Moffitt, Trans.Faraday Soc,
1951, 47, 7.

105. D.J.Cram, "Fundamentals of Carbanion Chemistry"
(Translated into Russian), Izd.Mir, Moscow, 1967,
p.84.

106. V.M.Neplyuev, V.P.Kukhar1, R.G.Dubenko, and
P.S.Pel'kis, Zhur.Org.Khim., 1972, 8, 2174.

107. V.M.Neplyuev, V.P.Kukhar1, R.G.Dubenko,
V.D.Konysheva, L.A.Zolotareva, M.G.Lekar1,
Ε.F.Gorbenko, and P.S.Pel'kis, Zhur.Org.Khim.,
1974, 10, 765.

108. K.Remerie and J.Engberts, J.Phys.Chem., 1983,
87, 5449.

109. V.K.Pogorelyi, T.B.Vishnyakova, V.M.Neplyuev,
and I.P.Gragerov, Teor.Eksper.Khim., 1979,
15, 406.

110. V.K.Pogorelyi, T.B.Vishnyakova, V.M.Neplyuev,
and I.P.Gragerov, Teor.Eksper.Khim., 1980,
16, 700.

111. V.K.Pogorelyi, T.B.Vishnyakova, and I.P.Gragerov,
Teor.Eksper.Khim., 1982, 18, 465.

112. V.K.Pogorelyi, T.B.Vishnyakova, and I.P.Gragerov,
Teor.Eksper.Khim., 1984, 20, 31.

113. V.K.Pogorelyi, T.B.Vishnyakova, and I.P.Gragerov,
Teor.Eksper.Khim., 1982, 18, 590.

114. R.G.Dubenko, V.M.Neplyuev, and P.S.Pel'kis,
Zhur.Org.Khim., 1968, 4, 324.

115. E.M.Kaiser, L.E.Solter, R.A.Schwarz, R.D.Beard,
and C.R.Hauser, J.Amer.Chem.Soc, 1971, 93,
4237.

116. K.W.Wilson, G.D.Roberts, and W.G.Foung,
J.Amer.Chem.Soc, 1950, 72, 215.

117. V.Baliah and W.Ramakrishnan, Rec.Trav.chim.,
1959, 78, 383.

118. E.Laves, Ber., 1892, 25, 348.
119. H.J.Backer, Rec.Trav.chim., 1950, 69, 610.
120. H.J.Backer, Rec.Trav.chim., 1949, 68, 827.
121. W.Beck, O.Johansen, and W.Fehlhammer, Z.anorg.

Chem., 1968, 361, 147; Chem.Abs., 1968, 69,
102639.

122 V.M.Neplyuev and T.A.Sinenko, Zhur.Org.Khim.,
1979, 15, 2497.

123. V.M.Neplyuev and T.A.Sinenko, Ukrain.Khim.
Zhur., 1981, 47, 298.

124. R.G.Dubenko, Doctoral Thesis in Chemical
Sciences, Institute of Organic Chemistry,
Academy of Sciences of the Ukrainian SSR, Kiev,
1977.

125. G.Becker and J.Gosselck, Tetrahedron Letters,
1971, 4081.

126. B.M.Trost and J.Cossy, J.Amer.Chem.Soc, 1983,
105, 1052.

127. T.Cuvigny, C.H.Penhoat, M.Julia, and J.L.Fabre,
Tetrahedron Letters, 1983, 4315.

128. Y.Shirota, T.Nagai, and N.Tokura, Tetrahedron,
1969, 25, 3193.

129. R.G.Dubenko, V.M.Neplyuev, and P.S.Pel'kis,
Symposium, "Problemy Polucheniya Poluproduktov
Promyshlennosti Organicheskogo Sinteza"
(Problems of the Preparation of Intermediates
in Industrial Organic Synthesis), Izd.Nauka,
Leningrad, 1967, p . 183.

130. V.M.Neplyuev, T.A.Sinenko, and P.S.Pel'kis,
Zhur.Org.Khim., 1977, 13, 508.

131. R.G.Dubenko, V.M.Neplyuev, and P.S.Pel'kis,
Zhur.Org.Khim., 1968, 4, 658.



Russian Chemical Reviews, 55 (9), 1986 899

132. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,
USSR P.161735 (1964); Byul.Izobret., 1964(8), 17.

133. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,
Zhur.Org.Khim., 1965, 1, 2046.

134. P.Messinger and K.Kusuma, Synthesis, 1980, 565.
135. V.M.Neplyuev, T.A.Sinenko, and P.S.Pel'kis,

Ukrain.Khim.Zhur., 1981, 47, 874.
136. H.J.Backer, Rec.Trav.chim., 1952, 71, 409.
137. Η.Kloosterziel, J.S .Boerema, and H.J.Backer,

Rec.Trav.chim., 1953, 72, 612.
138. J.Degani and A.Tundo, Ann.chim.(Rome), 1960,

50, 140; Chem.Abs., 1960, 91, 22447.
139. M.Pallotti and A.Tundo, Boll.sci.fac.chim.ind.

Bologna, 1959, 17, 71; Chem.Abs., 1960, 54, 19565.
140. V.I.Dronov, R.S.Nigmatullina, E.E.Zaev, and

Yu.E.Nikitin, Zhur.Org.Khim., 1979, 15, 1706.
141. V.I.Dronov, Zhur.Org.Khim., 1982, 18, 535.
142. H.J.Backer, Rec.Trav.chim., 1951, 70, 260.
143. H.J.Backer, Rec.Trav.chim., 1951, 70, 92.
144. V.M.Neplyuev, T.A.Sinenko, and P.S.Pel'kis,

Zhur.Org.Khim., 1976, 12, 558.
145. E.P.Kohler and M.Tishler, J.Amer.Chem.Soc,

1935, 57, 217.
146. E.Sammen, Arkiv Kemi Mineral.Geolog., 1947,

24B(6), 6; Chem.Abs., 1948, 42, 6313.
147. E.Lomnitz, Ber., 1894, 27, 1167.
148. V.M.Neplyuev, E.V.Khoina, and P.S.Pel'kis,

Ukrain.Khim.Zhur., 1980, 46, 185.
149. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,

Ukrain.Khim.Zhur., 1969, 35, 436.
150. Z.El-Hewechi and D.Hempel, J.prakt.Chem.[4],

1963, 22, 1.
151. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,

Zhur.Org.Khim., 1966, 2, 270.
152. H.J.Backer, Rec.Trav.chim., 1950, 69, 304.
153. V.M.Neplyuev, R.G.Dubenko, and P.S.Pel'kis,

Zhur.Org.Khim., 1970, 6, 1348.
154. V.M.Neplyuev and T.A.Sinenko, Zhur.Org.Khim.,

1976, 12, 2583.
155. H.J.Backer, Rec.Trav.chim., 1952, 71, 740.
156. H.J.Backer, Rec.Trav.chim., 1951, 70, 733.
157. H.J.Backer, Rec.Trav.chim., 1951, 70, 892.
158. R.H.Wiley and C.H.Jarboe, J.Amer.Chem.Soc,

1955, 77, 403.
159. S.Hunig and O.Boes, Ann.Chem., 1953, 579, 28.
160. R.G.Dubenko et al., Zhur.Org.Khim.. 1966, 2, 504.
161. V.M.Neplyuev, R.G.Dubenko, and P.S.Pel'kis,

Zhur.Org.Khim., 1969, 5, 1832.
162. V.M.Neplyuev and P.S.Pel'kis, Zhur.Org.Khim.,

1974, 10, 1725.
163. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,

Zhur.Obshch.Khim., 1964, 34, 682.
164. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,

Zhur.Obshch.Khim., 1964, 34, 1636.
165. R.G.Dubenko, A.A.Kisilenko, Yu.V.Tanchuk,

and P.S.Pel'kis, Zhur.Org.Khim., 1965, 1, 1692.
166. R.G.Dubenko, Yu.V.Tanchuk, and P.S.Pel'kis,

Zhur.Org.Khim., 1965, 1, 1695.
167. R.G.Dubenko and P.S.Pel'kis, Zhur.Org.Khim.,

1979, 15, 423.
168. V.M.Neplyuev, T.A.Sinenko, and P.S.Pel'kis,

Zhur.Org.Khim., 1977, 13, 2391.
169. V.M.Neplyuev et al., Zhur.Org.Khim., 1979, 15,

1029.
170. V.M.Neplyuev, T.A.Sinenko, and P.S.Pel'kis,

Zhur.Org.Khim., 1975, 11, 854.
171. Yu.L.Yagopolskii, T.J.Savina, D.S.Yufit, and

Yu.T.Struchkov, Tetrahedron Letters, 1983, 24, 87.

1970, 6, 2113.
1977, 47,

Zhur.Obshch.Khim., 1977, 47,

Zhur.Obshch.Khim., 1976, 46,

Zhur.Obshch.Khim., 1979, 49,

172. R.G.Dubenko, V.M.Neplyuev, and P.S.Pel'kis,
USSR P. 183196 (1966); Byul.Izobret., 1966(13), 18.

173. R.G.Dubenko, V.M.Neplyuev, and P.S.Pel'kis,
Zhur.Org.Khim., 1968, 4, 453.

174. G.Barnikov, K.Kruger, and G.Hilgetag, J .prakt .
Chem.[4], 1967, 35, 302.

175. I.M.Bazavova et al., Zhur.Org.Khim., 1976, 12,
69.

176. I.M.Bazavova, R.G.Dubenko, and P.S.Pel'kis,
Zhur.Org.Khim., 1976, 12, 681.

177. I.M.Bazavova, R.G.Dubenko, and P.S.Pel'kis,
Zhur.Org.Khim., 1978, 14, 195.

178. I.M.Bazavova et al., Khim.Geterotsikl.Soed., 1971,
199.

179. R.G.Dubenko, V.M.Neplyuev, and P.S.Pel'kis,
Khim.Geterotsikl.Soed., 1971, 199.

180. E.C.Leonard, J.Org.Chem., 1965, 30, 3258.
181. M.L.Oftedahl, J.W.Baker, and M.W.Dietrich,

J.Org.Chem., 1965, 30, 296.
182. T.Cuvigny, C.Herve du Penhoat, and M.Julia,

Βull.Soc.chim.France, 1982, p . 43.
183. V.I.Dronov, R.F.Nigmatullina, and V.P.Krivo-

nogov, Zhur.Org.Khim., 1975, 11, 415.
184. A.N.Nesmeyanov and D.M.Kravtsov, Izv.Akad.

Nauk SSSR, Ser.Khim., 1962, 4317.
185. V.M.Neplyuev et al., Zhur.Org.Khim.
186. Ο.I.Kolodyazhnyi, Zhur.Obshch.Khim

956.
187. Ο. I. Kolodyazhnyi

2390.
188. O.I. Kolodyazhnyi

2386.
189. O.I. Kolodyazhnyi

104.
190. O.I.Kolodyazhnyi and V.P.Kukhar', Zhur.Org.

Khim., 1977, 13, 275.
191. O.I.Kolodyazhnyi, Zhur.Obshch.Khim., 1977, 47,

2159.
192. O.I.Kolodyazhnyi, Zhur.Obshch.Khim., 1982, 52,

1538.
193. G.Heyes and G.Holt. J.Chem.Soc, Perkin Trans.I,

1973, 182.
194. W.T.Flowers, G.Heyes, and G.Holt, J.Chem.Soc,

Perkin Trans.I, 1973, 2438.
195. H.J.Backer, Rec.Trav.chim., 1950, 69, 1127.
196. H.J.Backer, Rec.Trav.chim., 1950, 69, 1223.
197. J.D.Birchall and G.Glidewell, J.Chem.Soc,

Dalton Trans., 1977, 10.
198. A.Senning, Phosph.and Sulfur, 1979, 6, 275.
199. I.M.Bazavova et al., Zhur.Org.Khim., 1983, 19,

83.
200. I.K.Rao and Μ.Nagarajan, Indian J.Chem., 1983,

22B, 519.
201. I.M.Bazavova and V.M.Neplyuev, Zhur.Org.

Khim., 1981, 17, 2231.
202. N.P.Petukhova, N.E.Dontsova, E.N.Prilezhaeva,

and V.S.Bogdanov, Izv.Akad.Nauk SSSR, Ser.
Khim., 1984, 474.

203. N.P.Petukhova, N.E.Dontsova, and
E.N.Prilezhaeva, Izv.Akad.Nauk SSSR, Ser.
Khim., 1984, 611.

204. G.F.Bernasconi and G.D.Leonarduzzi, J.Amer.
Chem.Soc, 1980, 102, 1361.

205. G.F.Bernasconi, D.J.Carrie, and A.Kanavaroti,
J.Amer.Chem.Soc, 1981, 103, 4850.

206. N.P.Petukhova, N.E.Dontsova, E.N.Prilezhaeva,
and V.S.Bogdanov, Izv.Akad.Nauk SSSR, Ser.
Khim., 1984, 611.



900 Russian Chemical Reviews, 55 (9), 1986

207. Z.Rappoport and A.Topol, J.Chem.Soc, Perkin
Trans.II, 1975, 863.

208= Z.Rappoport and N.Ronen, J.Chem.Soc, Perkin
Trans.II, 1972, 955.

209. L.A.Lazukina, I.L.Mushkalo, V.M.Neplyuev, and
V.P.Kukhar1, Zhur.Org.Khim., 1983, 19, 2417.

210. V.M.Neplyuev, E.V.Khoina, and P.S.Pel'kis,
Zhur.Org.Khim., 1977, 13, 2622.

211. V.M.Neplyuev, Zhur.Org.Khim., 1979, 15, 563.
212. E.Baunmann, Ber., 1885, 18, 887.
213. V.Prey, F.Beran, and H.Bohur, Mitt.chem.Forsch.

Inst.Wirtschaft Osterr., 1952, 6, 28; Chem.Abs.,
1952, 46, 8802.

214. US P.2716644 (1956); Chem.Abs., 1956, 50, 1369.
215. French P. 982926 (1956); Chem.Abs., 1956, 49,

4333.

216. B.P. 616904 (1949); Chem.Abs., 1949, 43, 5427.
217. US P. 2543237 (1951); Chem.Abs., 1951, 45, 4485.
218. US P.2468015 (1949); Chem.Abs., 1949, 43, 6674.
219. US P.3337636 (1968); Chem.Abs., 1968, 68, 21527.
220. US P.3330071 (1967); Chem.Abs., 1967, 67, 90393.
221. C.S.Scanley, J.Colloid Interface Sci., 1968, 26, 224;

Chem.Abs., 1968, 69, 3932.
222. US P. 3337631 (1968); Chem.Abs., 1968, 69, 86367.

Institute of Organic Chemistry,
Academy of Sciences at the Ukrainian SSR,
Kiev


