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SYNTHESIS AND REACTIONS OF 3-SUBSTITUTED-2-PHOSPHOMETHYL. ACRYLATES

WiLLiam R. ScHoEN" anD WiLLiam H. Parsons

Exploratory Chemistry Department
Merck, Sharp and Dohme Research Laboratories
P.O. Box 2000
Rahway, New Jersey 07065 USA

Abstract: 3-Substituted-2-phosphomethyl acrylates can be prepared from a variety of phophorous
nucleophiles and aliphatic or aromatic aldehydes via a sequential Michael reaction followed by a Wittig-
Horner-type olefination.

In recent years, interest in design of enzyme inhibitors has contributed to a renaissance in
organophosphorous chemistry. For example, the similarity of phosphonic acids to carboxylic acids has
made the former a logical replacement for the carboxyl group in several inhibitor designs.1ab,c
Phosphonic acids have also been employed in transition state inhibitors to mimic acylphosphate
intermediates. Similarly, the tetrahedral configuration of pentavalent phosphorous species has made
them appropriate choices for incorporation into inhibitors wherein a presumed reactive tetrahedral
intermediate can be replaced by a covalently stable phosphorous moiety.1b,d.e

In connection with our interest in phosphinic acid enzyme inhibitors,1d, we became interested in
3-substituted-2-phosphomethyl acrylates, both as an inhibitor design as well as an attractive synthetic
intermediate. Existing methods of synthesis?2 are limited by lack of generality or by low yields. We wish
to describe a convenient and efficient preparation of these compounds which will tolerate a multitude of
functionality. The sequence utilizes readily available phosphorous nucleophiles in combination with
simple aldehydes in a three-step, one-pot Wittig-Horner-type olefination3, illustrated for the reaction of
methyl pheny!phosphinate and acetaldehyde4 (Table 1; entry 4).
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The reaction proceeds smoothly under mild conditions to afford the products in good to high yield;
several examples are presented in Table I. In general, the phosphorous component, dissolved in
methanol (0.3-0.5M), is treated with a slight excess of 2.0M methanolic sodium methoxide, and the
resulting solution treated with 1.5 equivalents of 2-trimethylphosphonoacrylated at 00C. After 30
minutes, 2 equivalents of the aldehyde are added and the mixture stirred at ambient temperature for 3
hours. After extractive isolation, the products, obtained as a mixture of Z and E isomers, are purified and
separated by routine silica gel chromatography.6 Under these conditions, the Z isomer predominates
slightly. Spectral identification of the isomers is based on the chemical shifts of the olefinic protons.7 In
the E isomers, this resonance generally appears at § 6.0-6.5 ppm, while in the Z configuration, this signal
is shifted downfield, and appears at about 3 7.0 ppm.
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Osatisfoctory spectral and microanalytical data were obtained for all compounds
b3z79 aqueous formaldehyde.
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As demonstrated in the Table, the scope of this reaction is quite broad. Aliphatic and aromatic
aldehydes, as well as formaldehyde, can be converted to the corresponding acrylate derivatives. Total
yields of products are generally good; slightly lower yields are obtained from reactions employing a,o-
disubstituted aldehydes (Table I; entries 4,11). Similarly, a variety of phosphorous nucleophiles can be
employed, leading to a series of structurally diverse compounds.

The 3-substituted-2-phosphomethyl acrylates undergo a variety of simple transformations that
increase their value as synthetic intermediates. As illustrated below for the adduct of methyl
phenylphosphinate and formaldehyde, 3, the molecule has several sites for potential elaboration.
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Mineral acids add to the double bond (reaction a) in an anti-Markovnikov manner which takes
place with concommitant hydrolysis of both esters. Sulfur nucleophiles and some nitrogen nucleophiles
add to the acrylate unit (reaction ¢). Selective reaction of either the carboxylic or phosphinic acid ester
can also readily be accomplished (reactions b and d). Hydrogenation of the acrylate double bond
(reaction e) offers an alternate route8 to 2-substituted-3-phosphopropanoate esters.

With several simple routes available for the synthesis of phophonous acids,® the methodology
described here is particularly useful in the construction of phosphinic acid derivatives. Of special interest
in this class are the aminoalkyl phosphonous acids, phosphorous analogs of naturally occuring amino
acids.9a. Use of these compounds in the sequence described here leads to a novel class of compounds,
the dehydrophosphinodipeptides, illustrated by entry 12 in Table I. While several members of this class
possess interesting biological properties in their own right10, the compound shown is a key intermediate
for further elaboration into an inhibitor of the enzyme D-alanyl-D-alanine ligase.1€
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