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The reduction of N-benzenesulfonyl thione
S-imide (I) with trivalent phosphines was kinetically
studied. The reaction is considered to proceed via
the formation of a metastable 1,3-dipolar adduct of
(1) and the phosphine. Meanwhile, the addition of
protic acid to the reaction mixture was found to !

change the pattern of the reaction.

Evidence to support the formation of tetracoordinate
tetravalent sulfurane-like intermediates has recéntly been
compiled2 and sometimes even the extremely stable compounds3
of this type have been isolated. In the course of the study
of nucleophilic substitution reaction on tetravalent sulfur

atom, the N-toluenesulfonylsulfilimide has been found to react

readily with a trivalent phosphine to give a 1,3-dipolar

—631—



adduct as an initially formed intermediate which eventually

collapses to afford the corresponding sulfide and

iminophosphorane, shown below.4

_4NTs
+ PPhg

In this report we wish to present the results obtained
upon the examination of the reaction between phosphines and
N-benzenesulfonyl thione S~imides (1)5 which bear a
dicoordinate tetravalent sulfur atom and isoelectronically

resemble the sulfilimide.

—NSOzPh

~\
S (1)
O

Like other common S-imides, the treatment of the thione

a=u +

S-imide (I) with an equimolar amount of a trivalent phosphine
gives the corresponding reduced benzotrithione (II). This
reduction also appears to¢ involve the formation of the adduct
between the thione S-imide and the phosphine, in view of the
kinetic data obtained. Furthermore, addition of protic
compound such as acetic acid, water, and alcohol into the
reaction system was found to change the mode of the reaction,
i.e., both products and kinetics.

When a typical reaction of tri-n-butylphosphine (352mg,
1.74mM) with an equimolar amount of the N-benzenesulfonyl

thione S-imide (472mg, 1.39mM) was carried out in either
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CH.CN or chloroform at room temperature for ten minutes, the

3
corresponding reduced benzotrithione was obtained along with
the equimolar amount of N-benzenesulfonyliminophosphorane in
gquantitative yields. The latter product was identified by
means of spectroscopic and elemental analyses.4 The products
thus obtained are summarized in Table I. In the case with
triphenylphosphine the addition of excess triphenylphosphine
was necessary for the reduction to proceed smoothly at room
temperature. Meanwhile, with an arylphosphine bearing
p—methoxy group, a facile reduction was found to take place
under the condition as employed in the case of common alkyl-
phosphines and gave the similar reaction products like in the

case with alkylphosphines.

Table I. Product Analyses (Yield %) of Reaction of Thione

S-Imide (I)? with Phosphine in CH3CN at Room Temperature.

Ph PO
phosphine |addend | II R,P=NSO,Ph (Ph_PS) I11° PhsSO,NH,
{mM) (mM)
n—Bu3P
(1.7) 84.1 99.3
(1.0) 98.6 99.1
Ph3P AcOH
(1.0) (10.0) { 88.4 75.4 5.0 92.8
Ph3P CHBOH
(1.0) (10.0) | 83.9 (5.4) trace 277°
PhP H,0 .
(1.0) (10.0) | 85.0 (13.6) 5.0 333
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a: 1.0 mM b: ﬁSOzPh

C
@I \S (I1I)
S/

c: Unit in mg. The structural elucidation of this product was
not yet completed, however, the product is considered to be
a complex between Ph3P=O and PhsozNH2 with ir stretching
band at 1130 cm *(P=0), 3280, 3090 em l(NH,), and 1340,

1160 cm_l(soz). See ref. 4 on the complexes of this type.

In order to gain insight into the mechanism of the
reaction, a kinetic study of the reaction of p-X-substituted
N-benzenesulfonyl thione S~imides with arylphosphines was

performed in CH,CN at about 22°C, keeping the pseudo-first-

3
order condition with regard to the phosphine concentration.
The reaction was found to be nearly second-order each in thione
S-imide and phosphine concentrations. The results cbtained

are depicted in Fig. I with Hammett plots.

Fig. I Hammett Plots for The Reduction of Thione S-Imides
with Para-substituted Tri-phenylphosphines in CH,CN

at 21.9%%. 1

log k /k
< *H log ky/kH O—(Ar;P)/(1)=100
X-—*(Ar&P)/(I)=l5

(1)=1.0x10 *m

(Y=CH3)

(X=H)

-0.2 -0.1 ¥
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Inspection of Fig. I indicates that, in the region of low
phosphine concentrations employed, the Hammett Py value is
very small but evidently positive. The pY value obtained by
the change of electron-donating p-substituent (¥) in aryl-
phesphine is -5.30. Thus, the reduction apparently involves
an initial, rate-~determining, nucleophilic attack (step 1 in

Scheme I) of the phosphine on the sulfur atom.

+ - + - Ar P —NSO,Ph
S-NSO_Ar Ar!P-S-NSQ, AT 5]
il 2 1 3 27 5 I
G , P> 0 C. P <0 C.
Q> 2Ol |2 e
s step (1) 5 step(2) (]
(1) (IV)
S
i
~
s O s + argpewsopae
s {(Scheme I)
(11)

However, it is noteworthy to mention that no straight
line plot but a concave curvature is obtained when the values
of log kx/kH are plotted against op values. In general such
a downward concave of Hammett plots is a characteristic not of
the change of the mechanism, but rather of that of the rate-
determining step, and the failure to fit a linear Hammett
equation undoubtedly indicates that the reaction is composed
essentially of two consecutive stages, i.e., (1) and (2),
which are of quite comparable in energies; namely, the
electron~withdrawing substituent is expected to shift the
rate-determining step from step (1) to step (2).

Meanwhile, in the reaction with high phosphine
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concentrations the overall value of pX drastically changes
the sign where px=—0.35 (Y=CH3) and py=—3.0 (X=H) . Here, the
plot no longer gives any deviation from a linearity. This
means that the rate-determining step of the reaction under a
large excess of the phesphine relative to the imide
concentration shifts from the step {1} to the step (2).

Based on tﬁese kinetic results, the reaction ig considered
to proceed through an intervention of a metastable
tricoordinate 1,3-dipelar adduct bearing a structure like IV
shown in Scheme I,

As shown in the products analyses in Table I, the additicn
of protic compounds such as acetic acid to the reaction mixture
gave a different pattern of the formation of products. 1In
order to elucidate the mechanism, the rate study was performed
with an excess acetic acid, and it was found that at a constant
concentration of acetic acid the reaction was strictly second-
order each in the phosphine and the imide concentrations,
while the rate increased with increase of the amount of the
added acetic acid. The apparent second-order rate constants
(kz) obtained with varying acetie acid concentrations are

listed in Table II.

Table II. Effect of Acetic Acid on the Second-order-rate

Constants (k,) in CH,CN at 21.9%.

(AcOH)xlO2 0.00 0.83 1.65 3.30 4.95 6.60

15&2, Misec™ ) 1.77  2.52  4.04 7.07 12.5 20.3
A

(ACOH)=3.3x10 %M, (I)=1.0x10 M, ((p~CH3csn4)3p)=1.0x10”3m,
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and o =-0.44 (Y=CH;), p =-8.4 (X=H).

These results also imply that, under the reaction
condition employed, the reduction apparently involves an
incipient formation of the protonated phosphine adduct (Ivﬂ,
which receives the relatively slower rate-determining attack

of acetate anion on the phosphorus atom as shown below:

+ - + H ﬁ

— r — —
ﬁ NSOzAr Ar3P ﬁ NSOzAr N
+ _ 5 (II)
C\ H C\ - P
@I s +arpp— 3 S OAC——> .
s fast 57

slow + AréP—OAc
(Iv) -
+ NHSOzAr
+ - AcOH
rn_ ! D
Ar3P Qac + NHSOzAr———~>AI3P o+ Ac20 + NHZSOZAr
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