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CARBONYLATION IN LIQUID SULFUR DIOXIDE.IE%)

THE ACYLATION OF VARIOUS NUCLEOPHILES WITH PIVALOYL CHLORIDE
SbCls COMPLEX DERIVED FROM THE REACTION OF t-BUTYL CHLORIDE
AND CARBON MONOXIDE IN SbCls-LIQUID SULFUR DIOXIDE SYSTEM
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The intermediate obtained by the reaction of t-butyl chloride
with carbon monoxide in the SbCls-1iq.S02 system was found to be a
complex of pivaloyl chloride with SbCls by N.M.R. spectroscopy.
This intermediate was used as the acylating agent for various nucleo-
philes. Water, ethanol, cycloolefins and aniline reacted with the
acylating agent in situ in liquid sulfur dioxide to give carboxylic
acid, ester, a,B-unsaturated ketones, acid amide, respectively, in
fair yields. The reaction with benzene gave only t-butylbenzene

and o- and p-chloro-t-butylbenzenes.

We have recently reported a convenient carbonylation reaction of an alkyl halide
with carbon monoxide in the absence or presence of an alcohol in SbCls-11q.S302 system
to prepare a carboxylic acid or an ester.l) It was found that in this reaction the

SbCls-11q.S02
RX + CO RCOOH (1)

RX + CO + R'OH —— > RCOOR' (1)
order of the reactivity of chloride or bromide is decreasing in the following order,
tertiary > secondary > primary

When the starting material was a vicinal dibromo compound, one being secondary and
the other tertiary, only the tertiary bromide reacted with carbon monoxide to yield
the corresponding acid (ester) while the secondary bromide caused halogen exchange

reaction from bromine to chlorine.
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Acylation reaction of nucleophilic reagents with acyl halide using a Lewis acid

has been studied extensively.a)

In an earlier paper, the acylation of alcohol in
liquid sulfur dioxide was carried out by Tokura and Akiyamas) who established that
the rate of the reaction is the fastest in 11q.SO; among the eleven solvents used,
since acylium ion could be developed in this solvent easily.

The existence of a t-butyl cation in SbCls-1iq.SO» system was first recognized
by 0lah and his collaboratorSQ) by the NMR spectroscopy. Hogeveen and his associ-
ates5) have estimated the rate constant of t-butylcarbonylation in HF-SbFs or
FHSO03-SbFs by NMR spectra, where the chemical shifts of t-butyl cation and t-butyl-
carbonyl cation were §=3.95 and §=2.07, (TMS external standard) respectively.

A consecutive reaction system consisting of 1) the preparation of acylium ion
or acyl halide complex from alkyl halide and carbon monoxide in acidic system (eq.
(2)) and 2) the acylation of a variety of nucleophiles with the acylium complex
in the same system (eq. (3)) has not yet been studied in spite of its importance

and convenience in the preparative organic chemistry.

SbCls-11q.502 N _
RX + CO > RCO'SbClsX (2)

RCOTSbC1sX + R'H ———% RCOR' + H'SbClsX™ (3)

In this paper, the present authors wish to present the results of the acylation
with a consecutive carbonylation-acylation reaction starting from t-butyl chloride
in SbCls-1ig.SO2 system,

A typical procedure is as follows. To a mixture of 19.4 g (0.066 mole) of
SbCls and 50 ml of 1iq.S0p, a solution of 2.0 g (0.022 mole) of t-butyl chloride
dissolved in 10 ml of dichloromethane was added at —70°C over a thirty-minute
period, while a current of carbon monoxide gas was bubbled into the flask at a
velocity of 70 ml per minute. After the addition of t-butyl chloride 3.4 g (0.044
mole) of cyclohexene was dropped for thirty minutes. The reaction mixture was
treated following the ordinary method; subsequent analysis by vpc showed the exsist-
ence of t-butyl l-cyclohexenyl ketone (2.6 g (62 %)).

The results of the similar reactions are listed in Table I. All the products

obtained were isolated and characterized by NMR, infrared and mass spectroscopy.
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Table I. Acylation of Various Nucleophiles

Nucleophiles Products (Yield %)
H20 (CH3)3CCOOH (42)
EtOH (CH3)a3CCOOEt (49)
Cyclohexene (CH3)30004<:> (69)
CHs
1-Methylcyclohexene (CH3)3CCO-% > (40)
Aniline (CH3)3CCONHCeHs (22)

At —70°C the reaction with benzene did not take place under these reaction
conditions. However, at 20°C the reaction gave a mixture of t-butylbenzene (18 %),
p-chloro-t-butylbenzene (33 %) and o-chloro-t-butylbenzene (19 %). This will be
due to the dissociation of acylium complex into t-butyl cation by the loss of carbon
monoxide at this temperature.4’5)

The NMR spectra of the intermediates: the NMR spectra of intermediates formed

by the reaction of t-butyl chloride in this system are illustrated in Fig. 1.

Fig. 1. NMR SPECTRA OF REACTION INTERMEDIATES
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Into the mixture of t-butyl chloride and antimony pentachloride in liquid
sul fur dioxide, carbon monoxide was bubbled at —70°C for two minute and the reaction
mixture was analyzed by NMR spectrometer . When the molar ratio of t-butyl chloride
and SbCls was one to one, the spectrum of the solution showed explicitly the forma-
tion of the polar coordination complex of pivaloyl chloride and SbCls (I), §5=1.45
ppm, accompanied with the formation of a small amount of t-butyl cation, X=3.70,4’5)
and when the ration was changed to one to five, a small amount of acylium ion (II),

F=2.0, about 5 9% was found with I.

+

)
RCOX

SbCls R'0OH
SbCls5-S02
RX RCOOR'!
co
R'OH

RCO™ SbCls~
T

Scheme 1

These results suggest that the intermediate in the reaction is probably the
polar coordination complex (I) from pivaloyl chloride and SbCls, and not the ion

1)

pair (II). The selective carbonylation exhibited in this reaction system is perhaps
due to the rapid ion pair formation of acyl cation formed transiently during the
reaction with antimony chloride ion which prevents the isomerization and other side

6)

reactions.
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