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Esrlier, we have suggested (2) on the basis of 18O tracer exveriments with
18O-Iabelled acetic =nhydride that the Pummerer reaction of dimethyl sulfoxide
with acetic »nhydride vproceeds through an intermolecular nucleophilic ~ttsck of
acetoxy grouv on the methylen c-rbon of tie ylide-ylene intermediate II. However,
relatively freile acetoxy interchsnge with the salt II casts doubt on tae

significernce of our vnrevious 10O trocer experiments (3).
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Meanwhile in order to fully understrnd the over-all feature of the resction, the

kinetic investigation of the reaction has been desired.
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We now have made sufficient observations on the over-all rates of the
Pummerer reaction of a few p-substituted phenyl methyl sulfoxides and also that
of the concurrent oxygen exchange. The rate of the Pummerer reaction can be
readily followed spectrophotometrically, taking an advantage of the difference
of UV spectra of the starting and the fin=1 compounds.

When the reaction w=s carried out in dioxane, the rate was found to be
carelated by the second order equation, i.e, v = k? EhSOCHB] hxzo]

The over-all rates of a few p-substituted phenyl methyl sulfoxides were
determined and the results are listed together with those of trideuterated
compounds in lable I. The rates are nicely correlated with the Hammett ecuation

=nd a negative ? value, -1.60, was obtrined.

TABLE I

Kinetic Dsta on Pumnmerer Reaction in Acetic Anhydride

. .o _e0- a) .
Rl RZ in wy <:j> S0 RZ - a1 K/
k., (sec ) k. (sec ™) H °D
] i H D
.(1 .\?
CH, CH, 2.07 x 107% ( 0.10)
H cH, 1.05 x 1074 ( 0.22) 2.0
H cD, 3.67 x 1077 ( 0.42)
c1 cH, 4.00 x 1072 ( 0.08)
NO, CH, 6.12 x 107° ( 0.21) 2.8
NO,, CDy 2.15 x 107 ( 0.11)

a) Sulfoxide, 0.4~0.6 x 10™% mole 1-1, was reacted with acetic snhydride and

no solvent wes used. Each kinetic run w-s carried out at 120°%.

When one looks at only the rate varistion of p-substituted phenyl methyl sulfoxides,
it appears as if the 1 st. step of the reaction, i.e, the acetylation is the

rate-determining step of the reaction. However, the kinetic isotope iffect,
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kH/kD = 2.85 indicates that the rate-determining step is the succeeding step of
the reaction, namely the proton removal by acetate ion. The relatively small
value of the kinetic isotope effect, is due mainly to the fact that the 1 st.
step of the reaction requires also a substantial energy of activation, like in
the reaction between quinaldine N-oxide and acetic anhydride (4).

Here too, the addition of sodium perchlorate and acetic acid was found to
accelerate the over-all rate by 3 fold and 4 fold, respectively. Apparently the
addition of perchlorate tends to shift the equilibrium to the right hsnd side,

to increase the concentration of the ~cetoxy sulfonium salts, thus ircreasing

the rate of the Pummerer reaction. Meanwhile, the addition of both sodium
perchlorate and acetic acid was found to increase the rate of the reaction of the
acyloxy exchange markedly. The energy ~nd the entropy of an activation for
Pummerer reaction were found to be 21.8 Kcal/mole and -20.7 e.u., resvectively.
The over-all picture of the resction can be depicted shown belowf

We have measured the rate of racemization of an opticnlly active tolyl methyl
sulfoxide in acetic anhydride, in order to estim~te the rate of concurrent oxyszen
exchange during the rerction. he results ~re listed together with the rates of

Pummerer resaction in ['able II.

* A similer mechanism wnrs recently sugiested by Professor C. !i. Johnson

(Private Communic-tion).
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Kinetic Data on Pummerer and Racemizatior
“eaction in Acetic Anhydride®)

kobs. x 104 b) x 10“ X 10‘+ kpummere
° k racemization k pummerer 2 k exchange
Temp. (C (sec'l) (sec-l) (sec-l) kexchange
100 0.720 ( 0.04)
110 1.25 ( 0.19) 0.853 ( 0.037) 0.397 4.3
120 2.325 ( 0.06) 1.77 ( 0.12) 0.610 5.8
130 4.48 ( 0.09) 3.53 ( 0.05) 0.950 7.4

a) Sulfoxide. 0.4~0.6 x 10~ mole. 1
no solvent was used.

b) k racemization = k pummerer + 2 k exchrnge is assumed.

~l was rescted with scetic anhydride and

This ren2ction was carried out at 120°C in sealed tube.
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Apparently, the rate of Pummerer renction trkes place much faster than the

13 .
0 experiment

possible oxygen exchange reaction, suggesting that our earlier
may be still significsnt in the interpretation of the mechanism, though both the
S-0 bond cle~vege and the succeeding formntion of the ester are considered to be
so0 fast that these steps c2n not be imvort-nt in the enhergy vrofile of the

over-all reaction.

REFFERRENCES

1) Papes XXIII on Sulfoxides
2) S. Ome, I, Kitao, S. Kawsmura and Y. Kitaoka, [etrshedron 19, 817 (1963)
3) a) C. R, Johnson ~nd ¥. G. Phillips, fetr-hedron Letter 2101 (196€5)

b) S. Oae and M. Kise, Tetrahedron Letter, 1409 {1967)

4) 8, Oae, S. lamageki, K. Negoro, X. Ogino ~nd S. Kozuka, Tetrahedron Letter

(in press)



