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Recently, N-arenesulfonylareneiminosulfonyl chlorides
were synthesized by the reaction of arenesulfinyl chlo-
rides with dry N-arenesulfonyl chloramide,® while N-
alkaneiminosulfonyl chlorides were also prepared by
treating the corresponding sulfinyl chlorides with N,N-
dichloramine.® However, the mechanism of the for-
mation of these compounds has not been clarified.
Therefore, in order to understand the nature of the
reaction a tracer study on the reaction of p-toluene-
sulfinyl chloride-2¢Cl with chloramine-T was carried out
both in benzene and in THF solutions. This paper
describes a detailed account and implications of the
tracer experiments.

Results and Discussion

Following three mechanistic routes z.e. (1), (2), and
(3) may be conceivable for this reaction.
(1) Initial Halogenation and Subsequent Nucleophilic Re-

placement.
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(2) Initial Sx2 Process Followed by Rearrangement of
Chlorine Atom.
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(3) Nitrene Mechanism.
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According to the first mechanism the sulfinyl chloride
is chlorinated first by chloramine-T to form the di-
chlorosulfoxonium cation intermediate which upon
nucleophilic attack of sulfonyl amide anion gives the
product. Since the two chlorine atoms in the cation
intermediate are equivalent, the iminosulfonyl chloride
thus formed will retain 509, of the original 3¢Cl-activity.
The second mechanism which involves the initial nucleo-
philic attack of N-chlorosulfonyl function on sulfinyl
chloride to form N-chlorosulfonylsulfineamide inter-
mediate and the subsequent intramolecular migration
of chlorine is quite reasonable and requires the final
product to contain no 3Cl-activity. The last mech-
anism which assumes the initial nitrene formation from
chloramine-T will give the final product holding all
the 36Cl activity.

p-Toluenesulfinyl chloride-3¢Cl was synthesized by the
scheme outlined in Eq. (1).
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$-CH,-CH,-S-3C1 (1)

The reaction between p-toluenesulfinyl chloride-*¢Cl
thus obtained and dry chloramine-T was carried out
in refluxing dry benzene or in dry THF at room tem-
perature (Eq. 2). Since chloramine-T is insoluble in
benzene, the reaction mixture is heterogeneous in ben-
zene, while that in THF is homogeneous. In order to
measure the 36Cl activity, p-toluenesulfinyl chloride-2¢Cl
was oxidized to p-toluenesulfonyl chloride-3¢Cl which
was used as the standard sample. Meanwhile, the
activity of the product, N-p-toluenesulfonyl-toluene-
iminosulfonyl chloride-*¢Cl, without further treatment,
was measured with a liquid scintillation counter.

Furthermore, in order to check the possible chlorine
atom exchange between the original sulfinyl chloride
and iminosulfinyl chloride or sodium chloride obtained,
an equimolar mixture of the 3¢Cl-labeled sulfinyl chlo-
ride (4.85x 10* dpm/mmol), the inactive iminosulfonyl
chloride and sodium chloride was treated under the
same condition as described above. Then it was found
that the recovered iminosulfonyl chloride was incor-
porated with very little 3¢Cl activity (1.21 x 102 dpm/
mmol only, 0.25%,), probably by the contamination
during work up, indicating that actually 3¢Cl-exchange
between the starting material and the products did not
take place. The above experimental results are sum-
marized in Table 1.

The reaction proceeds faster in THF than in benzene
and the value of the 3¢Cl-activity of the product formed
in THF is only 7.39%, while that formed in benzene
is 23.7%. Perhaps, the sodium atom of chloramine-T

$-CH,C(H,SO,Na
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TaBLE 1. THE 3*Cl-COUNTING DATA
38Cl-activity (dpm/mmol)
Solvent  Condition (T) (T)
+
CH;-C4H,-S-*Cl CH,-C¢H,-S-*Cl
U}
NTs
reflux 1 hr 4.85x10* 1.15 x10%
benzene 1 .+ erogencous (100%) 23.7%)
THF room temp. 1 hr 4.85x10* 0.352x 10%
homogeneous (100%) (7.3%)

is better solvated by THF than in benzene and hence
the initial nucleophilic substitution of chloramine-T
anion on the p-toluenesulfinyl chloride is facilitated,
while the subsequent cleavage and migration of chlorine
from the N-atom to the S-atom of the N-chlorosulfonyl-
sulfinyl amide would also be faster in THF than in
benzene. On the other hand, the reaction in benzene
ought to be slow and somewhat different since the
reaction mixture is heterogeneous and hence the reac-
tion of the sulfinyl chloride would have to react with
unionized chloramine. Therefore, it is somewhat com-
plicated, though the main pathway would be a simple
Sy2 process.

Thus the second mechanism which involves the initial
nucleophilic attack of chloramine-T anion on the sul-
finyl chloride and the subsequent chlorine migration
seems to be the most plausible.

Experimental

The Preparation of Toluenesulfinyl Chloride-3¢Cl. A small
amount of aluminum chloride and sodium sulfate was added
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to 10m/ of thionyl chloride, then to this solution added
0.1 m! of active 3.55N hydrochloric acid-*¢Cl (about 0.3
mCi/ml). After two hours, the solution was diluted with
inactive thionyl chloride and then distilled twice.

p-Toluenesufinyl chloride-**Cl was prepared by the same
way as in the previous case® from the reaction of 19 m/ of
freshly distilled thionyl chloride-*¢Cl with 7.4 g of sodium
salt of toluenesulfinic acid.®

Oxidation of p-Toluenesulfinyl Chloride-3¢Cl. An aliquote
(about 0.2 ml) of p-toluenesulfinyl chloride-*¢Cl was added to
a solution of 1 g of anhydrous chromic acid in 5 m! of acetic
acid. After half an hour, the reaction mixture was quenched
into water, and then extracted twice with ether. The crude
p-tosyl chloride-*¢Cl thus obtained was recrystallized from
ethanol - water.

The Reaction of p- Toluenesulfinyl Chloride-3¢Cl with Chloramine-
T. The reaction in benzene was carried out according to
the procedure used by Levchenko and his co-workers.2? The
reaction in tetrahydrofuran was carried out at room tem-
perature for one hour. The subsequent treatment of the
product was performed in the same way as in benzene. The
crude N-p-toluenesulfonyl-p-tolueneiminosulfonyl chloride thus
obtained was recrystallized twice, from methanol, yield 709,
mp 76—77°C.

Measurement of the Activities. All the compounds were
counted by a liquid scintillation counter (TRI-CARB), in
toluene solution using POPOP and POP as scintillators.
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