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THE AQUEOUS TRIMETHYLAMINE MEDIATED
BAYLIS-HILLMAN REACTION

Deevi Basavaiah,” Marimganti Krishnamacharyulu and Anumolu
Jaganmohan Rao

School of Chemistry, University of Hyderabad, Hyderabad-500 046, India

Abstract: Aqueous trimethylamine mediated Baylis-Hillman coupling of alkyl acrylates
with aldehydes is described.

The bicyclic tertiary amine (particularly DABCO) catalyzed Baylis-
Hillman construction of carbon-carbon bond between the a-position of activated
alkenes and aldehydes producing a useful class of multifunctional molecules (eq.
1) and applications of these molecules in a variety of stereoselective transformat-
ions have been well documented in the literature.' In continuation of our interest
in Baylis-Hillman reaction’ we herein report the application of aqueous
trimethylamine in performing the Baylis-Hillman coupling between various alkyl

acrylates and aldehydes.
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OH
EWG
EWG
RCHO + W DABCO (cat.) R)W]/ (eq.1)

EWG = COOMe, CN, COMe etc.
R = alkyl, aryl

Though DABCO has been the most commonly used catalyst for the
Baylis-Hillman reaction, organic chemists have been interested in the
development of other catalysts/catalytic systems such as DMAP,* dimethyl
sulfide/TiCls,* pyrrolizidines,’ phosphines6 etc. Careful literature survey reveals
that Nakagawa et al. reported in 1995 in their European patent an aqueous
trimethylamine mediated Baylis-Hillman reaction of paraformaldehyde with alkyl
acrylates.” With an objective to understand the scope of various amine catalysts
in performing the Baylis-Hillman reaction, we have undertaken a systematic
study on the efficacy of trimethylamine, the tertiary amine containing minimum
number of carbon atoms, for performing the Baylis-Hillman reaction. In this
direction first we examined the Baylis-Hillman reaction of 2-pyridinecarbo-
xaldehyde with methyl acrylate in the presence of aqueous trimethylamine. The
best results were obtained when a mixture of 2-pyridinecarboxaldehyde (10
mmol), methyl acrylate (30 mmol) and aqueous trimethyl amine (30% w/v) (12
mmol) was heated at 60°C for 4 hours thus providing the required methyl 3-
hydroxy-2-methylene-3-(pyrid-2-yl)propanoate (1) in 62% yield after usual work
up.®? Encouraged by the fastness of this reaction we then successfully carried out
the aq.MesN catalyzed Baylis-Hillman coupling of representative alkyl acrylates

with various reactive aldehydes (Scheme 1, Tables 1&2).° However similar



06: 32 17 January 2011

Downl oaded At:

BAYLIS-HILLMAN REACTION 2063

reaction of benzaldehyde and 4-chlorobenzaldehyde with methyl acrylate is

extremely sluggish under these conditions.

Scheme 1
OH
COOR
COOR _ ArCHO COOR  yicHo Ho/\lr
Ar - o —
aqo.NMe3 l/ aq.NMe
60°C, 4 -5h 60°C, 6h 10413
19
Ar = pyrid-2-yl, 4-nitrophenyl, fur-2-yt R = Me, Et, n-By, {-Bu
R = Me, Et, n-Bu

We also successfully carried out the aqueous trimethylamine induced
Baylis-Hillman reaction of paraformaldehyde with various alkyl acrylates thus
providing a simple synthesis of alkyl 2-(hydroxymethyl)prop-2-enoates (10-13)
in good yields (Scheme 1, Tables 1&2). Alkyl 2-(hydroxymethyl)prop-2-enoates
are important precursors for the synthesis of o-bromomethylacrylates and o-

methylene-y-butyrolactones. '’

Attempted Baylis-Hillman reaction of cyclohex-2-en-1-one with parafor-
maldehyde in presence of ag. Me3N was not clean. However, cyclohex-2-en-1-
one undergoes Michael type self dimerization in the presence of aqueous
trimethylamine (30% w/v) (1.2 equivalents) to provide 2-(3-oxocyclohex-1-yl)cy-

clohex-2-enone (14) in 35% yield (eq. 2, Table 2).!12

0 (o]
aq.NMe, (o] (eq.2)

60%C, 6h
14

In conclusion, we have demonstrated the application of aqueous

trimethylamine (which is readily available and cheap) as an alternative catalyst
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Table 1: Aqueous trimethylamine mediated Baylis-Hillman reaction *>*

Aldehyde COOR Time (h) | Product | Yield®(%)
COOMe 4 1” 62
2-pyridinecarboxaldehyde | COOEt 4 2" 66
COOBu" 4 3 74
COOMe 5 4" 56
4-nitrobenzaldehyde COOEt 5 5 59
COOBuY" 5 6 58
COOMe 5 7" 30
2-furaldehyde COOEt 5 8 33
COOBu" 5 9" 35
COOMe 6 10" 52
paraformaldehyde COOEt 6 - 66
COOBu" 6 12 62
COOBY 6 13" 64

a) all reactions of aromatic aldehydes were carried out on a 10 mmol scale of the aldehyde with 30
mmol of alkyl acrylate and 12 mmol of aqueous trimethylamine (30% w/v) at 60°C. b) all
reactions in the case of HCHO were carried out on a 100 mmol scale of HCHO with 200 mmol of
alkyl acrylate and 120 mmol of aqueous trimethylamine (30% w/v) at 60°C. ¢) all products
(except 4) were obtained as either colorless (1, 2, 10-13) or pale yellow oils (3, 5-9, 14);
compound 4 was obtained as pale yellow crystals. d) yields of the isolated pure products after
silica gel column chromatography (5% ethyl acetate in hexanes) (1-9) or distillation under
reduced pressure (10-13) based on the aldehydes.
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for the Baylis-Hillman reaction of reactive aldehydes and formaldehyde with

various alkyl acrylates.
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