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VILSMEIER REAGENTS: PREPARATION OF B-HALO-a,B-
UNSATURATED KETONES

Richard E. Mewshaw

Department of Synthetic Chemistry, Smith Kline & French Laboratories
P. O. Box 1539, King of Prussia, PA 19406-0939, USA

Abstract. A new method for the preparation of B-chloro and B-bromo-a,f3-
unsaturated ketones from B-diketones is described. Utilizing Vilsmeier reagents
(prepared from N, N-dimethylformamide and oxalyl chloride or oxalyl bromide)
B-halo-o, B-unsaturated ketones are isolated in excellent yields.

Vilsmeier reagents have been traditionally utilized as formylating reagents.l In recent years their
versatility has also been demonstrated as activating agents for halogenation 2 B-Diketones have
been exposed to Vilsmeier conditions in the past, resulting in products derived from both form-
ylation and halogenation .3 In this report are described conditions which enable Vilsmeier
reagents 1a,b, to afford exclusively halogenated products from B-diketones (eq. 1). The
corresponding B-halo-o,B-unsaturated ketones were isolated in yields ranging from 88-99%
(Table 1).4
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In preliminary studies, the Vilsmeier reagents were preformed [(COX)2, DMF, CH2Cl2, 0 °C,
1 h), followed by the addition of the diketone. After further investigation, it was found to be
more expedient to generate 1a,b in the presence of the diketone.5 This procedure allowed the
entire reaction process to proceed in approximately 30 min. The reaction mechanism may be
rationalized by the nucleophilic attack of diketone 2 with 1a,b, forming 3 (Scheme 1). Conjugate
addition of HX produces intermediate 4, which undergoes decomposition to enone 5, DMF, and
HX.
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Interestingly, although 1a,b can in principle be catalytic in the presence of (COX)2, lower yields
and much longer reaction times were observed when only 0.1 equiv. of DMF was employed. This
may be explained by the existence of two competitive reaction pathways, both of which give the f3-
halo-o,B-unsaturated ketones. Clark and Heathcock reported that (COCI)2 reacts with diketones
generating 3-chloro-o, B-unsaturated ketones.4¢ This process, which has also been confirmed in
our labs, proceeds more slowly and requires higher reaction temperatures than the reaction
pathway depicted in Scheme 1.6 Therefore, apparently the B-diketones compete very effectively
for the (COX)2 when only catalytic amounts of DMF are present. Support for the presence of
these parallel pathways is evident by the detection of small amounts of diene by-products, which
Clark and Heathcock also observed.4¢ However, no by-products were detected when using
greater than 1 equiv. of DMF.

Procedure. A mixture of the diketone (9 mmol), DMF (11.7 mmol, 1.3 equiv.), and CH2C12
(25 mL) was cooled to 0 °C and (COX)? (10.8 mmol, 1.2 equiv.) was added over 5 min with
concurrent gas evolution. The reaction was allowed to warm to ambient temperature while
stirring for approximately 30 min, and then poured into ether (100 mL) and water (40 mL). The
organic layer was separated, dried over anhydrous magnesium sulfate and filtered. After
removal of the solvent, the crude product was chromatographed through a short column of silica
gel (25% EtOAc-hexanes). The solvent was temoved using a rotary evaporator to afford the
corresponding [3-halo-a,B-unsaturated ketones (Table 1 ).

Further synthetic applications of 1a,b as a halogenating agent are currently under investigation in
our laboratories.
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a. Yield of isolated product (silica gel chromatography).
b. Yield of isolated product using preformed 1a,b.
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This method reduces the overall reaction time and avoids any solubility problems
associated with the diketones and Vilsmeier reagents. The possibility that 1a,b may have

Me . OCOOX

= X

m\z/m

the following structure, should not be ruled out . However, it should be noted that both
methods afford the corresponding f-halo-o,B-unsaturated ketones in similar yields (see
Table 1).

This observation snggests that the formation of the intermediate B-diketo-oxalate esters

competes effectively with the catalytic Vilsmeier reagent cycle. However, when at least 1
equiv. of DMF is present, the DMF reacts much faster than the diketone with (COX)2.

Satisfactory analytical data were obtained for all compounds.
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