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Facile and convenient synthesis of a,f-unsaturated esters and thioesters from alkylidene
derivatives of Meldrum’s Acid is described. This method uses catalytic amount of
FeCl3.6H,0 (0.001 — 0.005 equiv) with alcohols/thiols (1 equiv) in dry CH3NO, followed
by catalytic amount of piperidine. A variety of a,f-unsaturated esters and thioesters have
been synthesized with high E-stereoselectivity in good to excellent yields. The
application of this methodology is demonstrated by gram scale synthesis of octinoxate, a
sunscreen agent, and other p-methoxycinnamate esters.

2009 Elsevier Ltd. All rights reserved.

Introduction

o,f-Unsaturated esters have been utilized as versatile building
blocks in organic synthesis and they find significant use in
industry." Owing to the importance of these products, many
stereoselective methods < have -been developed,” including
syntheses based on Wittig and Wittig-Horner-Emmons (HWE)
reactions.® Some of these methods, though reliable, are mostly
non-catalytic, use a strong base, and formation of undesirable
organophosphorus by-products is unavoidable. Moreover, Wittig
and HWE 'reactions afford Z-isomers as minor products,
necessitating mixture separation. Efficient catalytic conversion of
alkynyl aldehydes into «,f-unsaturated esters in variable yields
has been reported.* o,p-Unsaturated esters have also been
prepared via decarboxylative Doebner-Knoevenagel
condensation but with variable E/Z selectivity® in a protocol that
requires various malonic half-esters to generate different «,f-
unsaturated esters. «,-Unsaturated esters have also been
elegantly synthesized by cross-metathesis of acrylic esters with
terminal olefins,® though different alkyl acrylates would be
required in order to give a variety of cinnamate esters. Finally,
palladium catalyzed carbon-carbon bond forming process is an
alternative powerful approach that has been used for the synthesis
of o, f-unsaturated esters.”’

p-Methoxycinnamates are commonly used as sunscreen
chemical filters in industry and octyl methoxycinnamate
(Octinoxate, OMC) is a common ingredient in most sunscreen
lotions.® This chemical, of commercial significance, has been the
target of synthesis by various routes. One notable synthesis has

employed Pd-catalyzed coupling of 2-ethylhexyl acrylate with p-
haloanisole or 4-methoxybenzenediazonium tetrafluoroborate.’
Recently, OMC has been synthesized by cross-metathesis of 2-
ethylhexyl acrylate (6 equiv) and a phenylpropanoid derived
from an essential oil.”® In spite of these available methods, there
is a challenge to develop a cost-effective catalytic route for the
synthesis of a,f-unsaturated esters.

Earlier the bis-electrophilic nature of alkylidene Meldrum’s
acid has been explored for the synthesis of coumarins and
chromones from phenols.™

In this report, we present a convenient and practical procedure
for the stereoselective synthesis of o,f-unsaturated esters, and
thioesters from derivatives of cyclic 1,3-di-esters. We anticipated
that reaction of alkylidene Meldrum’s Acid (MA) with alcohols
in the presence of catalytic FeCl;.6H,O would vyield «,f-
unsaturated esters.”> To our knowledge, the reactivity of
alkylidene MA with alcohols/thiols is explored for the first time
here.

Different alkylidene MA derivatives were prepared by
condensing aldehydes with MA (2,2-dimethyl-1,3-dioxane-4,6-
dione) in water.”

We first examined the model reaction of p-
methoxybenzylidene derivative of MA (la) with MeOH (1
equiv) 2a in presence of 0.005 equiv (0.5 mol%) FeCls.6H,0
using nitromethane™ as solvent under microwave irradiation (2.5
GHz, 15 min). However, instead of the expected methyl p-
methoxycinnamate 3a, the product was the alkylidene malonic
acid half-ester. Even prolonged microwave irradiation (2 h) of



the reaction mixture did not facilitate the decarboxylation of this
half-ester. However, the alkylidene malonate half-ester
underwent facile decarboxylation on treatment with a catalytic
amount of piperidine (6.5 mol%) in CH;NO, under microwave
irradiation (15 min) to afford methyl p-methoxycinnamate 3a in
excellent yield (93%).

We next carried out a one-pot, two-step synthesis of methyl p-
methoxycinnamate 3a starting from 1a and MeOH 2a (1 equiv).
The reaction was carried out under microwave irradiation (15
min) in the presence of FeCl;.6H,O (0.005 equiv) in CH3;NO,,
followed by the addition of piperidine (6.5 mol%) and
subsequent microwave irradiation (15 min). This reaction
afforded 3a in 94% vyield (entry 1, Table 1). The catalytic
conversion was neat and led to volatile by-products.

Table 1 Selective esterification of p-methoxy-benzylidene Meldrum’s Acid
with various alcohols
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* equiv Alcohol (R*-OH), "anhydrous CHsNO, as solvent, “Microwave
irradiation (2.5 GHz,100 W), "99% E-selectivity observed for (3a, 3b, 3e, 39,
3h, 3i, 3k, 3l); ~98% E-selectivity for 3d, 3j; however 3c, 3f gave an E/Z =
94:6 ratio (*H NMR analysis) isolated yield after purification by column
chromatography
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However, reaction did not work in the absence of catalyst. In
order to expand the scope of this methodology, a range of
primary alcohols (1 equiv), including alkenyl and alkynyl
alcohols, were treated with p-methoxy-benzylidene derivative of
MA (1a) under optimized reaction conditions (Table 1). The
corresponding o,f-unsaturated esters (3b-3f) were obtained in
moderate to excellent yields (79 to 96%).

Secondary alcohols (entries 7 & 8, Table 1) also reacted
smoothly with 1a to furnish the corresponding unsaturated esters
(39, 3h). We next explored the procedure-using a chiral
alcohol:(+)-menthol to give the corresponding chiral ester 3i in
71% vyield (entry 9, Table 1). The«compatibility of the
methodology with a bromine-substituted alcohol was also
investigated and the corresponding unsaturated ester 3k was
obtained in 57% vyield (entry 11, Table 1). Notably, we observed
that (E)-stereoisomers were formed.as major products (~98-99%)
using this protocol, however, compounds 3c and 3f were
obtained in an E/Z = 94:6 ratio. E-stereochemistry was assigned
on the basis on "H-NMR coupling constants.

Scheme 1. Application of the methodology to industrially significant
sunscreen filters.on a gram scale?®
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®Gram scale synthesis of 3m and 3n was carried out in presence of 0.001
equiv of FeCl;6H,0 and 0.005 equiv of FeCl; 6H,0 was used for small scale
synthesis, °1 equiv R'-OH, ‘anhydrous CH;NO, as solvent, ‘Microwave
irradiation (2.5 GHz, 100 W); ©> 99% E-selectivity observed for 3m, 3n (*H
NMR analysis), fisolated yileds after purification by column chromatography
are given in paranthesis

In order to explore the wider scope of this method, we
synthesized two of the well-known sunscreen filters (3m, 3n)
following the optimized reaction conditions (Scheme 1).
Treatment of compound la with 2-ethyl 1-hexanol 2m and 2-
ethoxyethanol 2n under optimal reaction conditions furnished the
expected unsaturated esters 3m and 3n respectively in very good
yields (81% and 78%) (Scheme 1).

To make this approach of wider applicability, «,8-unsaturated
esters 3m and 3n were synthesized (Scheme 1, 84, 80%) on 5 g
scale from the corresponding alcohols 2m and 2n.*® It is
noteworthy that on this larger scale, catalyst loading was
successfully reduced to 0.001 equiv (0.1 mol%). Notably, this
direct and straightforward approach avoids the late stage
transesterification.

Different alkylidene MA derivatives modified in the aryl
moiety were prepared to establish the generality and efficiency of
this protocol. Compounds 1b-1f'2 when treated with alcohols (2d
and 2b) in the presence of 0.005 equiv FeCl;.6H,0 afforded the
corresponding a,f-unsaturated esters (30-3s) in good yield (Table



2). Aromatic as well as heteroaromatic substrates reacted
efficiently. Moreover, different functional groups and
substituents did not affect the rate or yield of reactions. However,
attempted reactions of aliphatic alkylidene Meldrum’s acid
derivatives were unsuccessful.

Table 2 Selective esterification of derivatives Cyclic 1, 3-Diesters with
alcohols
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%1 equiv Alcohol, anhydrous CHsNO, as solvent; *Microwave irradiation
(2.5 GHz, 100 W), %99% E-selectivity observed in 30, 3s (*H NMR
analysis), “isolated yield after purification’by column chromatography

Likewise, thioesters are also very important and useful
organosulfur compounds and they also play a significant role as
precursors of many important bioactive molecules and natural
products.”’

The enhanced reactivity of thioseters in comparison to
oxoesters has‘been explored successfully for a range of synthetic
organic transformations. Interestingly, o, f-unsaturated thioesters
have marked reactivity as Michael acceptors and they are proved
to be excellent substrates in the synthesis of several natural
products.’® Although, it is a very useful intermediate, traditional
syntheses of thioesters are encountered with the occasional
difficulties such as 1,4-addition of thiolate and subsequent
separation from the main product.’® Olefin cross-metathesis has
been elegantly explored to construct a,B-unsaturated thioesters
using thioacrylate.”

Encouraged by the success of synthesis of a B-unsaturated
esters, we planned to extend the protocol for the
straightforward synthesis of ¢ S-unsaturated thioesters using
the optimized reaction conditions for esters.

In order to compare the reactivity and to extend the
application, thiols (4a, 4b) (1 equiv) were treated with few

3

benzylidene derivative of MA (1a, 1b, 1le) under optimized
reaction conditions (Table 3). The corresponding «,S-unsaturated
thioesters (5a-5e) were obtained in good to excellent yields (76 to
90%) in just 15 minutes.

Table 3 One pot direct synthesis of o,B-unsaturated thioesters
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%1 equiv thiol, "anhydrous CH3NO; as solvent, “Microwave irradiation (2.5
GHz, 100 W), %>99% E-selectivity observed in 5a, 5b, 5¢; ~98% E-selectivity
for 5e; ~97% E-selectivity for 5d (*H NMR analysis), %isolated yield after
purification by column chromatography

Conclusions

In conclusion, we have described an efficient procedure® to
generate a,f-unsaturated esters and thioesters from alkylidene
Meldrum’s Acids using an inexpensive catalyst. Microwave
assisted one-pot, two-step synthesis of a,f-unsaturated esters and
thioesters are relatively rapid, high vyielding and reliably
selective. Reactions are neat and by-products formed are volatile.
The novel protocol described for the selective esterification and
decarboxylation uses very low catalyst loading (0.001 — 0.005
equiv, 0.1-0.5 mol%). This methodology provides an easy access
to a range of afS-unsaturated esters and thioesters, including
compounds of high industrial value on a gram scale.
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Highlights

Catalytic access to a,f-unsaturated esters and thioesters
Low catalytic amount (0.1-0.5 mol%)

Gram scale (5 g) synthesis of sunscreen agent-Octinoxate
High E-stereoselectivity (>99%)

Protocol does not rely on transesterification



