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gemDibromomethylarenes: A Convenient available reagents would extend the scope of the Knoevenagel
Substitute for Noncommercial Aldehydes in the Doebner reaction in organic synthesis. Recemmdihalom-

; ; ethylarenes have received considerable attention due to their
Knoevenaget-Doehner Reaction for ihe Synthesis application in the preparation of aldehyd€Eo our knowledge,

of a,f-Unsaturated Carboxylic Acids the use ofgemdihalomethylarenes is limited to the synthesis
of aldehydes and there is no literature on their use to synthesize
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stirred at reflux. The starting material was consumed in 1.5 h
Receied September 4, 2007 as indicated by TLC analysis. After workup and purification

by crystallization, cinnamic acida was isolated in 93% vyield.
Use of 2 equiv of malonic acid was found to be optimal for the
complete conversion ofa to 2a. Screening of various base

Br COOH

Pyridine catalysts such as triethylamiré,ethyldiisopropylamine, DBU
_< > X COOH > = . ’ i
Ar - i <COOH Piperidine A DABCO, pyrrolidine, and morpholine was carried out. While

reflux, 1-3h 81-94% pyrrolidine and morpholine catalyzed the reaction to quantitative
yields in 2-3 h, the other bases were found to be inefficient in

A facile synthesis ofv,-unsaturated carboxylic acids from promoting this reaction. _ o

gemdibromomethylarenes is describegemDibromom- Next, we examined the progress of the reaction by omitting
ethylarenes are employed for the first time in the Knoev- piperidine. When a mixture of benzal bromide and malonic acid
enagel-Doebner reaction as aldehyde equivalents for the Was refluxed with anhydrous pyridine in the absence of

efficient synthesis oft,8-unsaturated carboxylic acids. piperidine, 14 h were required for the reaction to afford 17%
of 2a along with 73% of benzaldehyde after aqueous workup.

With a catalytic amount of piperidine, the reaction took barely
o,B-Unsaturated carboxylic acids compose a relatively large an hour for completion. Encouraged by this success, the other
family of organic acids, which are important reagents in organic gemdibromomethylarenegb—p were subjected to the Kno-
synthesis both as intermediates and final products. For example evenagelDoebner reaction with malonic acid to yield the
they have been used to prepare compounds of biological correspondingo,S-unsaturated carboxylic acids in excellent
relevance such as terahydromyricoidr the antibacterial yields. The results are depicted in Table 1.
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TABLE 1. Synthesis ofa,f-Unsaturated Carboxylic Acids from gemDibromomethylarenes
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aSubstrates are prepared from the commercial methyl analogues by readical brombiatéated yields.

tandem decarboxylation and elimination of pyridine to produce nucleophile from malonic acid. The formation of benzaldehyde
the cinnamic acid (Scheme 1). when piperidine was omitted is attributed to the hydrolytic

The longer reaction time in the absence of piperidine suggestscleavage of unreacted bis-pyridinium intermediate during aque-
that pyridine is not basic enough to generate the carbon ous workup.
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SCHEME 1. Proposed Mechanism of the Reaction between
gemDibromomethylarene and Malonic Acid in Pyridine
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The condensation of benzylpyridinium salts with active
methylene compounds in the presence of base is repbited.
the light of this information, the reaction was further probed
by isolating the bis-pyridinium salt of benzal bromidé

In conclusion, we have demonstrated a general methodology
whereingemdibromomethylarenes are employed as aldehyde
equivalents for the first time in the Knoevenag€&oebner
reaction for the efficient synthesis af-unsaturated carboxylic
acids. As this reaction providess-unsaturated carboxylic acids
in a single step frongemdibromomethylarenes, we believe that
this transformation would be of potential application in synthetic
chemistry.

Experimental Section

General.'H NMR and*3C NMR spectra were recorded on 400-
MHz and 100-MHz Bruker spectrometers, respectively. Elemental
analysis was performed on a Thermo Finnigan FLASH EA 1112
CHN analyzer. Melting points were recorded (uncorrected) on a
Buchi Melting Point B-545 instrument. Compounds described
previously in the literature were characterized only'byand*3C
NMR. All gemdibromomethyl compounds excepa were syn-
thesized and purified in house from the corresponding commercially
available methyl analogues, using radical bromination at reflux.
The methyl analogue 2,2,7-trimethylbenzo[1,3]dioxin-4-one, which
was used for the synthesis tf was prepared according to a known
literature method! Substrateslo and 1p were synthesized by
treating the commercial boronic acids with pinacol (1.1 equiv) in
toluene followed by radical bromination.

Representative Procedure for the Synthesis af,5-Unsatur-

(Scheme 2). On treating this intermediate with ethyl cyanoac- ated Carboxylic Acids. To a mixture of benzal bromidea (10 g,
etate in absolute ethanol containing a catalytic amount of 0-04 mol) and malonic acid (8.35 g, 0.08 mol) in pyridine (30 mL)

piperidine at reflux for 4 h, ethyl-2-cyano-3-phenylacrylate

(Scheme 2) was obtained in 81% vyield. Benzaldehyde diethy-
lacetal3 (Scheme 2), resulting from the reaction between ethanol

and the bis-cation was also isolated in small quarfity.

was added piperidine (0.14 mL, 0.0016 mol) and the mixture was
refluxed for a given period of time (entry 1, Table 1). The

completion of reaction was confirmed by TLC. The brown reaction
mixture was cooled and poured onto ice containing hydrochloric
acid. The solid precipitated was collected by filtration, washed with

_gembibromomethylarenes being a stable and readily acces-yater (3% 75 mL), and dried under suction to afford 5.5 g (93%)
sible substitute for noncommercial and unstable aldehydes, thisyf cinnamic acid2a as a white solid. Alternatively, the reaction

transformation would extend the scope of the Knoevenragel

mixture could be poured onto water and extracted with ethyl acetate.

Doebner reaction in organic synthesis. In addition, it is worthy The organic phase could be evaporated and directly loaded onto a

to note that both aromatic and heteroaromggaxdibromides

silica gel column. This method is suitable for isolatings-

bearing various functionalities such as carboxylate, amide, unsaturated carboxylic acids obtained from nitrogen heterocycles.

halogen, nitro, cyano, boronate, and methoxy groups survived

the course of reaction and provided high yields of corresponding  Acknowledgment. The authors gratefully acknowledge Dr.
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Supporting Information Available: Experimental procedures
and spectroscopic data for all the compounds exdepand 2a
described in Table 1. This material is available free of charge via

under nitrogen atmosphere. The precipitated solid was carefully filtered, the Internet at http:/pubs.acs.org.

washed with acetone, and dried under vacuum to afford 11 g (67%) of the

1,1'-(phenylmethylene)bispyridiniumdibromide (Scheme 2) as yellow

solid. The NMR spectral data of this product are provided in the Supporting

Information.

(20) It is worthy to note that when 2 ;{phenylmethylene)bispyridinium
dibromide 1 (Scheme 2) was refluxed in absolute ethanol for 6 h,
benzaldehyde diethylacetal was obtained in 73% vyield.
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