P Tetrahedron Letters, Vol. 38, No. 36, pp. 6461-6464, 1997
crgamon © 1997 Elsevier Science Ltd

All rights reserved. Printed in Great Britain

PIL: S0040-4039(97)01477-9 0040-4035/97 $17.00 + 0.00

Dendritic Catalysts for the Nitroaldol (Henry) Reaction
Ifiaki Morao and Fernando P. Cossio*

Kimika Fakultatea, Euskal Herriko Unibertsitatea,
P.K. 1072. 20080 San Sebastian-Donostia, Spain

Abstract: Dendritic molecules with a single triethylene amine core surrounded by hyperbranched
polyether sectors catalyze the nitroaldol reaction between aromatic aldehydes and nitroatkanes.

© 1997 Elsevier Science Ltd.

The nitroaldol (Henry) reaction is a classical method for the generation of carbon-carbon bonds,
which leads to the formation of nitroalcohols. These compounds in turn, are very versatile intermediates in
the synthesis of valuable compounds.! One of the variants of the nitroaldol reaction consists in the use of
amines as catalysts, according to the cycle depicted in Scheme 1. Very recently, we have reported a study
on the mechanism of this reaction.2 On the basis of the structural features of the transition structures
associated with the reaction coordinate, we reasoned that a dendrimer with an amine core surrounded by
hyperbranched polyether sections could catalyze3 efficiently the nitroaldol reaction. The most important
requirement of these dendrimeric monoamines is that the cavities around the active site must be large
enough to accommodate the substrates and the transition structures (Figure 1). Preliminary molecular
modeling studies showed that triethanolamine-based dendrimers 3 (Scheme 2) could fulfil the above
requirements and therefore were selected for further experimental work.
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The synthesis of dendrimers 3a-d was achieved in moderate yields by means of Williamson
couplings between triethanolamine 1 and benzyl bromide 2a or the Fréchet's dendrons# 2b-d (Scheme 2).
Under our reaction conditions, no quaternization of the amine was observed, except in the case of 3a. In
order to maximize the formation of this latter compound, only 2.5 eq. of benzyl bromide were used, and the
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reaction time was prolonged to three days. The remaining amines 3 were readily obtained and characterized
after purification by flash chromatography (silicagel 230-400 mesh, AcOEt/hexane as eluent).>
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With amines 3a-d in hands we tested their ability to catalyze the nitroaldol reaction between
aromatic aldehydes 4a,b and nitroalkanes 5a,b (Scheme 3). The results of the two reactions studied are
summarized in Table 1. All nitroalcohols were purified by flash chromatography and characterized on the

basis of their physical and spectroscopic features.6
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Table 1. Formation of nitroalcohols 6a,b by catalysis of dendrimers 3a-d.2

4a +5b — 6a 4b +5a — 6b
Catalyst My(kDa)  time(h) w™(%)  syn:antid time(h) (%)  syn:anti®
none -- 48 n.o.¢ -- 48 n.o.¢ -
NEt3 0.101 0.5 >95 2:1 0.5 >95 1:1
3a 0.419 4 90 2:1 4 >95 1:1
3b 1.055 6 85 2:1 6 90 1:1
3c 2.327 48 85 2:1 48 >95 1:1
3d 4.821 48 75 2:1 48 >95 1:1

aAll reactions were conducted at room temperature using the nitroalkane as solvent and the catalyst (15%/mol). bConversions t
. . . 1 . . .
and diastereomeric ratios were calculated by 300 MHz H-NMR on the crude reaction mixtures. “n.o.: no conversion was

observed.

As it can be seen from the results reported in Table 1, the activity of the catalysts 3 decreases when
the generation number increases. As expected, the more electrophilic p-nitrobenzaldehyde 4b is more
reactive and requires lower reaction times than benzaldehyde 4a. In addition, the 4a + 5b — 6a reaction
is more selective than 4b + 5a — 6b transformation. Unfortunately, no significant changes in
stereocontrol were observed on passing from lower to higher generation dendrimers. Our results indicate
that there is a pronounced change in reactivity on passing from compounds 3a,b to 3¢,d. Thus, the latter
dendrimers require ca. two days to achieve high conversions, whereas the former amines promote
efficiently the formation of the corresponding nitroaldols in ca. 4-6 hours. Computational model studies”
show that these high generation dendrimers, in particular 3d, cannot accommodate planar geometries and
therefore the catalytic site is buried under the dendritic arms, thus limiting the accessibility of the nitroalkane
to the central nitrogen atom. However, it is remarkable that these highly encumbered catalysts show
significant activity.

In summary, we have shown that dendritic equivalents of trialkyl amines catalyze the nitroaldol
reaction, thus demonstrating that dendrimers with a sole active site at the central core can exhibit catalytic
properties. Work is in progress in our laboratory to design new dendrimers which could improve the
stereochemical outcome of this reaction.
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