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ABSTRACT

The reaction of methane- and ethanesuifonyl chloride with selected diarylcadmium com-
pounds was investigated. In contrast with arenesulfonyl chlorides which react with diarylcadmium
to give sulfones in appreciable yields, ethanesulfonyl chloride did not yield sulfones. Methane-
sulfonyl chloride gave sulfones in very poor yields. The major products were haloarenes, alkane-

sulfinic acids and biaryls.

Cross-over experiments revealed that the formation of biaryls involve an inter- not intra-

molecular reaction (cf. eq. 4).

Studies on the course of the reaction of organo-
cadmium reagents with sulfonyl halides appear to be
limited to previous investigations in our laboratory.!2
In these studies, we have found that diarylcadmium
compounds react with arenesulfonyl chlorides (benzene-
and toluenesulfony! chloride) in benzene or ether
solutions to give several products. These products
include: biaryls, diaryl sulfones, sulfinic acids and
haloarenes. In an extension of this work, we have
investigated the reaction of five different organo-
cadmium reagents with some alkanesulfony! chlorides-
(methane- and ethanesulfony! chloride).

Results and Discussion

Diphenylcadmium was found to react with methane-
sulfonyl chloride, under the general conditions re-
ported earlier? to give biphenyl, chlorobenzene,
methanesulfinic acid and methy! phenyl sulfone.
Similarly, di-p-tolylcadmium reacted under the same
conditions with methanesulfonyl chloride to yield,
p,p -bitolyl, p-chlorototuene, methanesulfinic acid
and methyl p-tolyl sulfone. When the reaction was
repeated using dibenzylcadmium, di-w-naphthyl-
cadmium or di-p-anisylcadmium, the comparable
products were obtained. These results are sum-
marized in Table .

Similar results were obtained when the reactions
were repeated using ethanesulfonyl chloride instead
of methanesulfony! chloride (cf. Table II), except
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that in this case no appreciable amounts of the cor-
responding sulfone could be isolated among the
reaction products.

While these results are similar to those reported
earlier? for the reaction of organocadmium reagents
with arenesulfony! chlorides, comparison of the
results shown in Tables I and II with those reported
earlier reveal that the yields of the sulfones are con-
siderably decreased whereas the yields of the halo-
arenes are appreciably increased. In the previous
communications we have suggested that the following
competing reactions are involved:

(CgHg)2Cd + 2RS0CI — 2RSO2CgH5 + CdCly (n
({CgHg)2Cd + 2RSO,CI — 2CgH5CI + (RSO2) 2Cd {2)

(CgH5) 2Cd + RSO2CI = CgHg—CgHg + RSOLCAC
[(RSO2)aCd + CdClal  (3)

From the results presented above it seems that
reaction 1 is not as important with alkanesulfonyl
chlorides.

The formation of biaryls in these reactions is of
particular interest. We have suggested previously that
biaryls are formed via a charge-transfer complex
which may either collapse or react with another
molecule of the organocadmium reagent as follows:

Ar
SCd----Cl

/
Ar_A N /O
@s\ ~——— Ar—Ar + ArCdCi + ArCdOS—R

A r(l Cf—j\/o g R
|

Ar (4)
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TABLE 1

Reaction Products of Diarylcadmium with Methanesulfonyl Chloride

Sulfone [ArSOoCH3]

Methane- Methane-
Yield4 Yield4 Yield? sulfinic sulfonic
Run  Cadmium reagent Ar % Biaryl % Haloarene % acid, % acidl,’ %
1 Diphenyl- Phenyi 5.7 Biphenyl 26.5 Chiorobenzene 45 35 36
cadmium
2 Di-f-totyl- p-Tolyl 55 o, -Bi- 23.5 p-Chlorotoluene 42 37 34
cadmium tolyl
3 Dibenzyl- Benzyl 0.9 Bibenzyl 50 Benzyl chloride 32 44 38
cadmium
4 Di-a-naphthyl- a-Naph- 0.6 a,o'-Bi- - a-Chloro- 57.5 39 a0
cadmium thy! naphthy! naphthalene
5  Dip-anisyl- p-Anisyl 0.6 p.p -Bi- - p-Chloroanisole 62 49 41
cadmium anisy!
a Isolated yield.
b Formed by hydrolysis of unreacted methanesulfanyl chloride during steam distillation.
TABLE 11
Reaction Products of Diarylcadmium with Ethanesulfonyl Chloride
Sulfone [ArSO,CoHg]
Ethane- Ethane-
Cadmium Yield9, Yield? Yield® sulfinic, sulfonic
Run reagent Ar % Biary! % Haloarene % acid, % acidb, %
1 Diphenyl- Phenyl - Biphenyl 26.5 Chlorobenzene 44 41 33.5
cadmium
2 Di-p-tolyl- p-Tolyl -~ p,p'-Bitolyl 24 p-Chlorobenzene 47 41 42
cadmium
3 Dibenzyl- Benzyl - Bibenzyl 48 Benzyl chioride 34 39.5 36.5
cadmium
2  Diw-naphthyl- «-Naphthyl - a0 -8i- - a-Chloro- 50 43 30
cadmium naphthyl naphthalene

a Isolated yield.

b Formed by hydrolysis of unreacted ethanesuifonyl chioride during steam distillation.

In order to differentiate between these two pos-
sibilities we have prepared solutions of diphenyl-
cadmium and di-p-tolylcadmium. These two solutions
were mixed together and the mixture was allowed to
react with methanesulfony! chloride under the usual
conditions. Examination of the products of this re-
action revealed the presence of biphenyl, p,p-bitolyl
and 4-methylbiphenyl, this result excluded the first
possibility and supports that shown in eq 4.

Experimental Section

General Procedure

The cadmium reagents were prepared from bromoarenes
(0.055 moles) according to the published procedure.3 To

solution of these reagents in benzene or ether, there was
added in one portion a solution of 0.0435 mole of methane-
sulfonyl chloride (or ethanesulfonyl chloride) in 20 ml of
dry ether and the reaction mixture was heated under reflux
for one hour. The flask was then cooled in an ice bath, and
the product was decomposed with ice~cooled sulfuric (or
hydrochloric) acid. The organic layer was extracted twice
with ether.

The combined organic solution was extracted twice with
20-ml portions of a cold 5% sodium hydroxide solution.

The alkaline extracts were added to the original aqueous
solution and the combined solutions were neutralized with
hydrochloric acid and then continuously extracted with
ether for 24 hrs. The sulfinic acidt was converted to the cor-
responding benzy!l sulfone by the published procedure.4

t The yields of these compounds are shown in Tables I and Il
and will not be reported here.
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From the produced benzyl sulfone the yield of sulfinic acid
was calculated assuming the reaction was 80% complete.
The amount of sulfonic acids was calculated by difference.
The ether solution, after separation of sulfinic acids, was
fractionated by steam distillation. The steam distillable
fraction was fractionally distilled through a 2-ft column to
give the products described under the individual runs. The
steam non-distillable fraction was either purified by crystal-
lization or chromatographed as described under the individual
runs.

Action of Methanesulfony! Chloride on Diphenylcadmium

Distillation of the steam distillable products gave 0.8 g
(18.9%) benzene, 2.8 g (45%) chlorobenzene and 1.0 g
(26.5%) biphenyl. Recrystallization of the residue from
steam distillation gave 0.4 g (5.7%) of methyl phenyl sul-
fone, mp 88°. All these products were identical in all res-
pects with authentic samples.

Action of Ethanesulfonyl Chloride on Diphenylcadmium

In this run, benzene (0.8 g, 19%), chlorobenzene (2.7 g,
43%) and bipheny! (1.0, 26.5%) were separated from the
steam distillable fraction. No ethyl phenyl sulfone was
obtained.

Action of Methanesulfonyl Chloride on Di-p-tolylcadmium

p-Ditolylcadmium (prepared from 9.4 g p-chlorotolucne)
reacted with methanesulfony! chioride according to the
general procedure described above. Fractional distillation
of the steam distillable products gave 0.9 g (17.6%) of
toluene, 2.9 g (42%) of p-chlorotoluene, 1.15 g (23.5%) of
p,p'bitolyl. Methyl p-tolyl sulfone (0.4 g, 5.5%) was
obtained from the residue left after steam distillation; M*,
m/e 170.

Action of Ethanesulfony! Chloride on Di-p-tolylcadmium

The steam distillable products from this reaction were:
toluene (0.9 g, 17.6%), p-chlorotoluene (3.2g, 47%) and
p.p’-bitolyl (1.2 g, 24%). No residue was obtained after
steam distillation.

Action of Methanesulfonyl Chloride on Dibenzylcadmium

The steam distillable products from this reaction were:
toluene (1 g, 19.5%), benzyl chloride (2 g, 32%) and bibenzyl
(2.4 g, 50%). The residue remaining after steam distillation
was recrystallized to give 0.06 g (0.9%) benzyl methyl sulfone,
mp 128°;1it.5 mp 127°.

Action of Ethanesulfonyl Chloride on Dibenzylcadmium

The following compounds were separated from the steam
distillable products of this reaction: Toluene (1 g, 19.6%),

benzyl chloride (2.3 g, 34%) and bibenzyl (2.4 g, 48%). No
benzy! sulfone was obtained in this run.

Action of Methanesulfonyl Chioride on Di-a-naphthylcadmium

Di-w-naphthylcadmium (prepared from 11.4 g, 0.055 mol,
a-bromonaphthalene) was treated with methanesulfonyl
chloride according to our general procedure. After separation -
of methanesulfinic and sulfonic acids, the following com-
pounds were separated from the steam distillable portion of
the products: naphthalene (1.0 g, 19%) and a-chloro-
naphthalene (5.1 g, 57.5%).

The non-steam distillable materials (0.12 g) were sepa-
rated by chromatography on a column packed with 20 g
neutral alumina. The first fraction was eluted with petr.
cther (40-60) and the presence of ,a’-binaphthyl in this
fraction was confirmed by tlc using authentic sample. A
0.05 g of methy! o-naphthyl sulfone was eluted with petr.
ether (60-80) and benzene (1 : 9). Recrystallized from
water, mp 102°,1it.6 mp 110.5~102°.

Action of Ethanesulfonyl Chloride on Di-a-naphthylcadmium

The products of this reaction were separated by a similar
manner as described in the preceding reaction. Only, the
following compounds were obtained: naphthalene (1.15 g,
22%) and a-chloronaphthalene (4.4 g, 50%).

Action of Methanesulfonyl Chloride with Di-p-anisylcadmium

This reaction was carried out as usual to give finally anfsole
(1.3 g, 22%) and p-chloroanisole (4.8 g, 62%) as steam dis-
tillable products. The non-distillable products were separated
by chromatography on neutral alumina to give p,p’-bianisyl
(as proved by tlc) and 0.05 g (0.6%) of p-anisyl methyl
sulfone; m.p. 124-125°,1it.7 mp. 121°.
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