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ORGANIC PREPARATIONS AND PROCEDURES INT. 6(2), 77-102 (1974)

a-HALO SULFOXIDES: A REVIEW1

Clifford G. Venier and Howard J. Barager, III

Department of Chemistry, Texas Christian University
Fort Worth, Texas 76129

In recent years, a-halo sulfoxides have appeared more

and more frequently in the literature. This survey is

meant to quickly summarize methods of preparation, reactions,
and uses of a-halo sulfoxides. Because of the unique chemi-
cal properties of organofluorine compounds compared to
compounds of the other halogens; they will not be included
here.* 1In each section of this review, a-chloro compounds,
of which the most is known, will be treated first, followed

by the a-bromo and finally the a-iodo derivatives.

INTRODUCTION
The first reported preparation of an a-halo sulfoxide
was that of Claasz2 in 1913 who prepared 2-nitrophenyl

dibromomethyl sulfoxide by the reaction in equation 1.

S-CH, COOH Bry, HOAc, & @[S(O) CHBr 0
L
NO, NO,

* Most of the knowledge of a-fluoro sulfoxides (usually

trifluoromethyl derivatives) can be found by consulting the
work of Yagupol'skii, which appears primarily in Zh, Obshch,
Khim,
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Mann and Pope were the first to use both of the most
common routes to a-chloro sulfoxides. They reported the

chlorination of bis(P-chloroethyl)sulfoxide in 1922,3 and

the oxidation of bis(chloromethyl)sulfide in 1923°4 These
two methods (equation 2 and equation 3) have been expanded
greatly over the years, examples of a large number of

different chlorinating and oxidizing agents having been

reported.
i (c1) i
R,CH-S-R _— RyCC1~-S-R (2)
0
(0 1
chCI-S—R —_— chCI-S-R 3)

Preparations of o-bromo sulfoxides both by oxidation
of the corresponding a-bromo sulfides and by bromination
of sulfoxides have recently been reported (see below).
There is no reason to suspect that either of these routes
will be inapplicable to a-iodo sulfoxide preparations,
although neither has been reported. 1In fact, the oxidation
of a-iodo sulfides to 0-iodo sulfones has been successfully
carried out.5

Recently, a third general route to a-halo sulfoxides
has been developed involving the condensation of diazo

6,7,8

compounds with sulfinyl halides (equation 4).
0
]

9 Lix (
-S-X — -S-
RyCNy + R-S-X ———— Rzg S-R + N, (4)
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METHODS OF PREPARATION

The methods which have been used up to now to prepare
a-halo sulfoxides are exhaustively tabulated below. 1In
the recent past (since 1968) chlorination of sulfoxides
has received the majority of attention. Molecular chlorine,
iodobenzene dichloride, sulfuryl chloride, and t-butyl hypo-
chlorite all seem to work well. The choice of reagent for
a particular new chlorination will probably depend more on
the individual chemist's taste than on any inherent supe-
riority of a particular reagent.

The oxidation of a-halo sulfides does have advantages
over chlorination of sulfoxides in specific cases. For
example, the position of the chlorine can be specified in
the synthesis of the d-halo sulfide, so that mixtures of
positional isomers can be avoided. The condensation of
mercaptans, aldehydes and HCl leads to specifically
chlorinated substrates,5 as does the condensation of sul-
fenyl chlorides with diazo compoundso9

The condensation of diazo compounds with sulfinyl
chlorides leads directly to a-chloro sulfoxides. This
method has the position specificity of some of the a-chloro
sulfide methods, without the necessity of a further oxi-
dation step. Overall yields are high because sulfinyl
chlorides can be prepared simply from disulfides or mer-
captans by methods developed by Douglass.10 The reaction
of diazo compounds with sulfinyl chlorides(in the presence
of lithium iodide) is also useful for the preparation of

a-iodo sulfoxides°7
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1. From Sulfoxides

a-Chloro Sulfoxides

(a) With Molecular Chlorine.-

Chlorination of sulfoxides directly with molecular
chlorine yields the a-chloro sulfoxides in the presence of
base. Alkyl sulfoxides have been chlorinated in this way in
60 to 90 % yields.ll_14 Martin, Berger, and Peschel11 showed
that the chlorination of methyl chloromethyl sulfoxide leads
to methyl trichloromethyl sulfoxide. Iriuchijima and
Tsuchihashi have shown the regioselectivity of chlori-
nation for the position alpha to the sulfoxide function in
phenyl 2-phenylethyl sulfoxidelzand have carefully studied
the stereochemistry of the chlorination of six-membered ring
sulfoxides.14
(b) With NaOCl.-

The very first chlorination of a sulfoxide was carried
out with this reagent. Mann and Pope chlorinated bis(2-

chloroethyl) sulfoxide in a 10% yield,4

(c) With Sulfuryl Chloride.-

Tin and Durst15 reported the chlorination of sulfoxides
with sulfuryl chloride, obtaining yields generally in the
70 to 90% range. This chlorination in the absence of base
is more regioselective but less stereoselective than typical
chlorinations carried out in the presence of pyridine.16
Iriuchijima and Tsuchihashi have carried out a very careful

study comparing the chlorination with sulfuryl chloride to

that with chlorine.14
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(d) With Iodobenzene Dichloride.-

Cinquini, Colonna and their coworkers have carried out
extensive investigations of this reagent as a method of prep-

aration of a-chloro sul:onides.”_20 They have also reported

21

a detailed study of the mechanism of the reaction. One of

the great advantages of this reagent is that a-chloro sul-
foxides may be produced directly from sulfides,17 the iodo-
benzene dichloride serving as both the oxidizing and chlori-
nating reagent. Yields in the range of 60 to 90% are ob-
tained, with the yields from sulfides being slightly lower

than those from sulfoxides.

(e) With t-Butyl Hypochlorite.-~

Iriuchijima and Tsuchihashi22

showed that this reagent
could be used as a '"free radical" chlorination agent or, in
the presence of pyridine, as an '"ionic" reagent, A compara-
tive mechanism study of this reagent, sulfuryl chloride, and
molecular chlorine was also carried out by them.14

(f) With N-Chloroamides.-

The chlorination of sulfoxides with N-chlorosuccinimide
has been reported by Tsuchihashi and Ogura23 who report
differing product composition for the chlorination of methyl
benzyl sulfoxide depending on the whether pyridine or potas-
sium acetate is used as a base. The authors suggest that a
"free radical’ mechanism is responsible for the production
of only methyl chlorobenzyl sulfoxide with KZCO3, whereas an

ionic mechanism is operative when pyridine is used as a base.
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(g) With 1-Chlorobenzotriazole.-

In 1972, Cinquini and Colonna24 reported that l-chloro-
benzotriazole may be used to chlorinate sulfoxides in 70 to
90% yield.

(h) With NOCl.-

Loeppky and Chang25 have shown that sulfoxides may be
converted to a-chloro sulfoxides in 60 to 907% yields when
treated with excess NOCl in the presence of pyridine.

(1) With p-Toluenesulfonyl chloride.-

Hojo and Yoshida26 prepared phenyl chloromethyl sulfoxide
from phenyl methyl sulfoxide by treating it with p-toluene-
sulfonyl chloride and pyridine.

a-Bromo Sulfoxides

(a) With Molecular Bromine.-

The bromination of sulfoxides with molecular bromine

17,20,27 Yields could be

and pyridine has been carried out,
improved by the use of bromine in conjunction with silver
nitrate,17 but silver ion reverses the stereochemistry of
bromination.20 The stereochemistry of normal sulfoxide

bromination has been carefully studied..28

(b) With N-Bromoamides.-

Iriuchijima and Tsuchihashi27 report that N-bromosucci-
nimide gives better yields of G~bromo sulfoxides than does
molecular bromine, the yields ranging from 70-90 % for simple

compounds .

84



13:16 27 January 2011

Downl oaded At:

a-HALOSULFOXIDES. A REVIEW

2, From co-Halo sulfides.

a-Chloro Sulfoxides

(a) With NaOCl.-

In 1926, Muller and Metzger29 used NaOCl to oxidize bis

(¢-chloroethyl) sulfide to the corresponding sulfoxide. The

method has not been further used.
(b) With Oxygen.-

A 1957 patent30 described the preparation of a number of
aryl 1,2-dichlorovinyl sulfoxides and sulfones by oxidation
of the sulfides with oxygen.

(c) With Ozone.-
B;hme and Fischer31 and later Bordwell and Brannen32
have prepared ¢-chloro sulfoxides in good yields by oxidation

of a-chlorosulfides with ozone.

(d) With Hy0,.-

A 1957 patent33 claims the oxidation of a-chloro sul-
fides to sulfoxides with Hzozn In a description of the use
of V205 as a catalyst for H202 oxidations of sulfides to sul-
foxides in general, Hardy, Speakman and Robson34 prepared n-
dodecyl and phenyl chloromethyl sulfoxides in about 70%
yields.

(e) With Peroxyacids.-

Peracetic acid (or H202 in HOAc) is perhaps the cheap-
est peroxy acid that one could use for this oxidation. Con-
sequently, its use is covered by a number of patents‘?s-'as"40

Backer, Strating and Hagenberg4l report the use of peracetic
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acid for the oxidation of t-butyl 1,2-dichlorovinyl sulfide

to the sulfoxide. Aryl peroxy acids have been used, includ-

42,43 44-46

ing, perbenzoic acid, m-chloroperbenzoic acid, and

5,47 These aryl peroxy acids seem to

monoperphthalic acid.
give yields in the 70-90 % range.

(£) With Nitric Acid.-

The first reported oxidation of an a-chlorosulfide to an
a-chloro sulfoxide was by Mann and Popes’4 who used HNO3 for
the purpose.

(g) With Dinitrogen Tetroxide.-

Whitaker and Bennett48 have reported the oxidation of

bis(chloromethyl) sulfide to the sulfoxide using N204”
a-Bromo Sulfoxides

Two of the three diastereomeric bis(a-bromobenzyl) sul-
foxides have been prepared in 60-70% yield by the Efchloro-

perbenzoic acid oxidation of the corresponding sulfide.49’50

3. From the Reaction of Sulfinyl Halides with Diazo

Compounds .
a-Chloro Sulfoxides

Although a general procedure for the preparation of
ad-chloro sulfoxides from the reaction of sulfinyl chlorides
with diazo compounds has only recently been published,6 the

reaction has appeared in the literature twice previously.
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In 1948, a British group51 reported that two moles of diazo-
methane add to one mole of thionyl chloride to give bis
(chloromethyl) sulfoxide in a 40 % yield, in a reaction which
has been shown to go through chloromethanesulfinyl chloride
as an intermediate.52

Ayca53 showed that the addition of arenesulfinyl chlo-
rides to excess diazomethane gave the corresponding chloro-
methyl sulfoxides in low yields. The general procedure de-

veloped by Venier, Hsieh and Barager6 ordinarily gives yields

in the range of 70-90 % R
a-Bromo Sulfoxides

Senning and his co-workers54 produced bromomethyl tri-
chloromethyl sulfoxide in 15 % yield by the reaction of tri-
chloromethanesulfinyl bromide with diazomethane. Venier and
Bar‘ager8 have found that the reaction of sulfinyl chlorides
with diazo compounds in the presence of lithium bromide gives

a-bromo sulfoxides in good yields.
a-Iodo Sulfoxides

The recent report that iodomethyl sulfoxides can be
prepared in 60-90 % yields by the reaction of sulfinyl
chlorides with diazomethane in the presence of lithium
iodide,7 has been extended to the preparation of other <¢-iodo

sulfoxides.8
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4, Miscellaneous Methods

a-Chloro Sulfoxides

(a) From Vinyl Sulfoxides.-~

Alexander and McCombie55 added Cl2 to divinyl sulfoxide

to produce bis(l,2-dichloroethyl) sulfoxide.

(b)Y From a,B-Dichloro Sulfoxides.-

Both Muller and Metzger29 and Alexander and McCombie55

reported many years ago that treatment of bis(l,2-dichloro-~
ethyl) sulfoxide with base led to bis(2-chlorovinyl) sul-
foxide. Recently, Molenaar and Strating47 have shown this to
be in error. The product is, without question, bis -
(1-chlorovinyl) sulfoxide.

(c) From Sulfenyl Acetic Acids.-

One of the more unique methods for the production of
aryl dichloromethyl sulfoxides involves the treatment of

56 1t has

arenesulfenyl acetic acids with nitrosyl chloride.
been postulated that the initial oxidation to sulfinyl acetic
acids is followed by dichlorination to sulfinyl dichloro-
acetic acids, then finally decarboxylation to the dichloro-

methyl sulfoxidesse(equation 5).

ArSCH2C02H —3 Ars(0) CHZCOZH e
ArS(O)CCIZCOZH-——————€> ArS(O)CHClZ (5)

(d) From 1,2-Dichlorovinyl Sulfoxides.-

Brown46 reported that treatment of 1,2-dichlorovinyl
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sulfoxides with base gives chloromethyl sulfoxides, P-Chloro-
vinyl sulfoxides are vinylogous sulfinyl chlorides, and thus
would be expected to undergo facile hydrolysis to vinylogous
sulfinic acids, which are tautomer of P-carbonyl sulfoxides.
These derivatives can undergo a reverse acylation giving the

a-sulfinyl carbanions (equation 6).

g R 8 R
Ar-5-CC1=CCl ————> Ar-5-CC1=COH ——88 >

0
1 1} | -
Ar-S-CHC1-C-R — > Ar-S-CHC1 (6)

(e) From other G-Chloro Sulfoxides.-

Since strong bases can remove the G-protons of a sul-
foxide group in general, one would expect the same to hold
for a-chloro sulfoxides which also possess a proton on the
a-carbon. These anions should be able to serve as nucleo-

philes in a wide variety of condensation reactions. Examples

45,57

of condensations with ketones to produce chlorohydrins

have been reported, as ' have examples of Michael addition

to activated olefins58 (equation 7), and alkylation.59

0
ﬁ 1) NaOMe

"
Ar—S-CHCl2 ~>- Ar—S-CClZCHzCHZCOZMe )

2)CH2=CHCOZMe, PhCH3

A German patent describes the nitration of preexisting
aryl a-chlorovinyl sulfoxides which leads to nitration of the

aromatic ring rather than oxidation,60
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(f) Fraom Sulfenates.-

61,62

Braverman and Stabinsky and Zefirov and

Abdulvaleeva63’64

reported the isolation of allyl trichloro-
methyl sulfoxide when allyl alcohol is allowed to react with
trichloromethane sulfenyl chloride, probably through an in-
termediate sulfenate ester. When cinnamyl alcohol is used,
the sulfenate could be isolated at -70°, but slowly re-
arranged to cinnamyl trichloromethyl sulfoxide. Interest-
ingly, since the rearrangement gives the cinnamyl derivative
rather than the l-phenylallyl compound, the sulfenate to sul-
foxide rearrangement cannot be a concerted (3,2) sigmatropic
shift of the type recently exploited by Evans.65

(g) From Addition of Grignards to Sulfonyl Chlorides.-

Sanna and Stefano66 reported in 1942 that small amounts
of ethyl or phenyl trichloromethyl sulfoxide could be iso-
lated when trichloromethanesulfonyl chloride was treated

with ethyl- or phenylmagnesium chloride,
a-Bromo Sulfoxides

(a) From Vinyl Sulfoxides.-

Addition of bromine to divinyl sulfoxide yields
bis(1,2-dibromoethyl) sulfoxide.55 Stirling has reported
an interesting case in which asymmetry is induced on the

a-carbon by bromination of optically active sulfoxide.67
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(b) From a,B-Dibromo Sulfoxides.-

Treatment of bis(1l,2-dibromoethyl) sulfoxide with base

leads to bis(l-bromovinyl) sulfoxide.,47

(c) From Sulfenyl Acetic Acids.-

The first reported c-halo sulfoxide was 2-nitrophenyl
dibromomethyl sulfoxide prepared by the treatment of 2-nitro-
benzenesulfenyl acetic acid with bromine in acetic acid.2
Farrar56 has reported that treatment of thiodiacetic acid
with bromine in base leads to hexabromodimethyl sulfoxide,

(d) From Polybromo sulfoxides.-

Treatment of bis(tribromomethyl) sulfoxide with sodium

iodide gives tribromomethyl dibromomethyl sulfoxide,56
a-Jodo Sulfoxides

Bordwell and Brannen,32 in connection with a study of
nucleophilic displacements at the Q-position of a sulfinyl
group, characterized p-nitrophenyl iodomethyl sulfoxide as
the product when R—nitrophenyl chloromethyl sulfoxide is
treated with potassium iodide. Although good yields of iodo-
methyl sulfoxides are obtained in this way, the reaction is
very slow. Refluxing phenyl chloromethyl sulfoxide with
sodium iodide in acetone gives only 43 % conversion in

15 hr.8
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REACTIONS

a-Halo sulfoxides are, after all, just a special class
of sulfoxides, and with certain exceptions can be expected
to undergo all of the general reactions of sulfoxides. Thus,
we shall limit our survey to those reactions which for one
reason or another seem to take advantage of the combination
of properties peculiar to a-halo sulfoxides. Reactions, such
as the oxidation of a~chloro sulfoxides to a-chloro sulfones,

though useful, will not be discussed.

1. Metallation

If an a-chloro sulfoxide possesses a hydrogen on the
halogen-bearing carbon, the hydrogen is relatively acidic.
Upon addition of n-butyl lithium, a-lithio, a-chloro sul-
R 47,57,68

foxides are formed.

2. a-Sulfinyl Carbanions as Nucleophiles

The anions of a-chloro sulfoxides, preformed as de-
scribed above or generated 15 situ with weaker bases, are

59
nucleophilic and so can be alkylated, or serve as nucleo-

philes in Michael additions®® or in aldol-like addition to

aldehydes and ketones.45’57’68'70

45,57

In the case of addition

to ketones; Durst found that preforming the carbanion

and then allowing it to react with the substrate, followed

by aqueous work up led to the isolation of chlorohydrins

(equation 8) while Tavares, Estep, and Blezard69 and

Tsuchihashi and Ogura70 both found
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1)R,C=0
PhS(0)CH,Cl + n-BuLi3>PhS(0) CHCl—————>> PhS(0) CHCICR,0H (8)

2) H,0

that the reaction of a-chloro sulfoxides with ketones in the
presence of potassium t-butoxide gave a,B-epoxy sulfoxides,
The reaction of methyl chloromethyl sulfoxide with thiobenzo-
phenone in the presence of potassium t-butoxide gave 1,1-
diphenyl-2-methanesulfinylethylene rather that the expected
thiirane.70 Kuwajima and Fukuda68 showed that the a-chloro
P-alkoxyl anion formed by the procedure of Durst, when treated
with an additional mole of alkyl lithium, gave, among other
products, P-keto sulfoxides (equation 9).

1) CH3Li

PhS(0)CHC1CRHOT ——>> PhS(0)CH,C(O)R (9)
2) workup

3. Nucleophilic Displacement of Halogen,

In some of its reactions the sulfinyl group reacts in
analogy to the carbonyl group and in others, like the sulfonyl
group. One way in which sulfonyl and carbonyl differ
greatly is in their effects as neighboring groups to aliphatic
halogen. a-Chloro ketones, e.g., the phenacyl halides, are
exceedingly reactive, while o-chloro sulfones possess a
chemically inert chlorine. Bordwell and Brannen32 estab-
lished some ten years ago that the sulfinyl group showed
intermediate behavior in this case, reacting in acetone
with potassium iodide with practically the same rate as

n-butyl chloride (see Table).
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Table. Relative Rates of Reaction with KI in Acetone at 75°.a

Compound Rel. Rate
PhCOCH201 32,000
CH4CH,CH,CH,C1 (1.0)
PhSOCH201 0.25
PhS0,CH,C1 <<0.02

a Data quoted from Reference 32.

Curiously, without referring to Bordwell and Brannen's
earlier work, Hojo and Yoshida26 report that phenyl

chloromethyl sulfoxide is inert to potassium iodide at
*

60°
Displacement of halogen has been extensively studied
in both the a-chloro and oa-bromo sulfoxides. In the chloro

series, the following nucleophiles have been used:

21,71-74 71-74

alkoxides, phenoxide,71 mercaptide and

amines.25’73’74

Normal substitution products arise in all
cases except the amines. In 1968, Loeppky and Chang noted
"extensive alkyl carbon-sulfur cleavage" upon treating phenyl
chloromethyl sulfoxide with piperidine%5 Numata and 0ae73’74
subsequently showed that these cleavage products arise

through decomposition of the sulfenate ester derived from the

* We8 find that PhSOCH201 is 43 % converted into PhSOCHZI
by treatment with Nal in acetone at 56° (reflux) for

15 hrs.

94



13:16 27 January 2011

Downl oaded At:

a-HALOSULFOXIDES. A REVIEW

first formed sulfoxide by rearrangement (equation 10). This

rearrangement is so
i 1]
Ar-S-CH,C1 + HNRy ———3» Ar-S-CH,-NR; ——>» Ar-5-0-CH,-NR,

——————> Ar-S-NRy; + RyN-CH3-NR, (10)
facile that no examples of the cd-amino sulfoxides have been
prepared by the displacement of halogen.

t-Butoxide does not displace chlorine in the chloro-
methyl series of compounds, allowing the condensations
described above in section 2 to take place.sg_71

In the G-bromo series, displacements by alkoxides,

20,72-74 mercaptides,72"74 and amines 3s74

have been
carried out. The results were the same as with the chloro
compounds, except that the reactions were faster in the

bromo series.

4, Elimination reactions

Since most of the work dealing with the reactions of
a-halo sulfoxides has been carried out on substrates in
which 1;2-eliminations are not available pathways, very
little is known about these reactions. Many years ago,
Muller and Metzger29 and Alexander and McCombie55 reported
that 1,2-dichloroethyl sulfoxides eliminate the a-chlorine

when treated with Et,N to give 2-chlorovinyl sulfoxides.

3
Molenaar and Strating47 have conclusively shown that such
eliminations occur with the loss of the more acidic

a-hydrogen and B-chlorine to give l-chlorovinyl sulfoxides.
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Recently, Kuwajima and Fukuda68 have reported that the treat-
ment of the lithium salt of a-chloro-d-alkoxy sulfoxides with
methyllithium gives, after work up, P-keto sulfoxides., What-
ever the mechanism, this involves elimination of HCl to give
the enolate of the final product (see equation 9).

Carpino and Chen49

have shown that d,l-bis(a-bromobenzyl)
sulfoxide undergoes a 1,3-elimination analogous to the
Ramberg-Backlund reaction of a-halo sulfones, to give, after
a further 1,2~elimination, a thiirene-S-oxide (equation 11).

Jarvis, Dutney, and Ammon50 showed that the meso substrate

could be
0 0
:
Et3N / % VAN
PhCHBrS (0) CHBr Ph ——=» PhCH~CBr Ph ——> PhC=CPh (11

converted to 2,3-diphenylthiirane-l-oxide when treated with

hexamethylphosphorous triamide (equation 12).
L ]

0
(MezN) 3p - ,S\
PhCHBrS (0) CHBrPh ~——————>> PhCHBrS (0) CHPh~>*PhCH~CHPh (12)

NON-~CHEMICAL USES
aG=Chloro Sulfoxides

Bis(1,2,2-trichloroethyl) sulfoxide has been reported as

37,75-79

a fungicide. This same compound and bis(2,2,2-tri-

chloroethyl) sulfoxide were 100 % effective against Pythium,

Rhizoctonia, Fusarium, and Helminthosporim.37’77

Recently,
Iriuchijima and Tsuchihashi have reported that c-chloro
sulfoxides in general may be useful as pharmaceutical inter-
mediates, solvents, cytostatics (against lung cancer) or

hypnotics.14’80
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a-Bromo Sulfoxides

Both bis(tribromomethyl) sulfoxide and tribromomethyl

dibromomethyl sulfoxide have been shown to release bromine

on exposure to light and can thereby be used as photo-

81-82

activators, In addition, hexabromo-DMSO is effective

8
as a radiation protective agent. 3
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