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a  b  s  t  r  a  c  t

Aza-Michael  reaction  is  a  simple  and  accessible  addition  reaction  performed  at  moderate  temperature,
possibly  without  a catalyst and  without  releasing  by-products.  Its  versatility  allows  designing  specific
structures  thanks  to the  availability  of  a multitude  of  Michael  acceptors  and  Michael  donors.  The  reac-
tion  rate  of the  aza-Michael  reaction  can be improved  by  adding  different  co-reactants  (polar  protic
solvents,  catalysts)  and/or  adjusting  the external  energy  sources  (e.g.  moderate  to high temperatures  or
high pressures).  Here,  we show  that  this  addition  reaction  is efficient  for  modifying  or  curing silicon-
containing  molecules,  oligomers  and  polymers.  The  pros  and  cons  of  applying  the  aza-Michael  reaction
to  silicon-containing  molecules  (including  alkoxysilanes  and  PDMS)  are  highlighted.  A large  variety  of
intermediates  such  as coupling  agents,  reactive  diluents,  and sol-gel  precursors  prepared  by the  aza-
Michael  reaction  are  presented.  Finally,  applications  of  these,  including  products  ranging  from  functional
silicone  intermediates  to  soft  (unfilled)  elastomers,  are  reported.

©  2017  Elsevier  B.V.  All  rights  reserved.
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1. Introduction

The aza-Michael reaction is one of the most fundamental reac-
tions in organic chemistry, widely employed for the synthesis
of bioactive molecules or building blocks in total synthesis. This
addition reaction, discovered in 1874 [1], involves a nucleophile,
more specifically an amine (Michael donor), and an electron defi-
cient alkene molecule (Michael acceptor) such as acrylates [2–4],
acrylamides [5,6], vinyl ketones [7,8], vinyl sulfones [9,10], vinyl
phosphonates [11–13], acrylonitrile [14,15], and so on. This con-
jugate addition reaction benefits from mild reaction conditions,
various compatible reagents, high conversions, 100% atom effi-
ciency and the absence of side-products or toxic metal catalysts
[16]. Almost all the criteria of the green chemistry principle
described by P. Anastas and J. Warner [17] in the 90’s are met
by such a reaction, opening the way to the synthesis or modifica-
tion of polymers in environmentally friendly conditions. Moreover,
the aza-Michael reaction likely fulfils many of the pre-requisites
of ‘click-chemistry’, a concept introduced by K.B. Sharpless in
2001 [18]. Such ‘click’ reactions were developed to generate large
libraries of compounds for screening in discovery research. The
aza-Michael addition thus belongs to two main pillars of modern
chemistry that renders it almost unavoidable.

Over the past few decades, several reviews have reported cat-
alyzed aza-Michael reactions involving acidic, basic, organometal-
lic, and enzymatic catalysts [1] or asymmetric versions of the
reaction involving enantioselective catalysts for the preparation of

complex organic molecules [19–22]. Still, most studies are report-
ing product-sensitive results, without showing clear trends for
a large family of compounds. Besides, issues such as selectivity
in the case of multi-functional amines or retro-aza-Michael side-
reactions, were hardly approached. Thus there is definitively plenty
of room to go on fundamentally studying the aza-Michael reaction
in order to better control it. Moreover, so far only one review pub-
lished in 2006 showed the potential of the aza-Michael reaction as
applied to the polymer domain [16]. A wide range of topologies,
from linear to dendritic or hyperbranched polymers, can be sim-
ply generated. Note that polymer networks are reachable either by
direct aza-Michael addition with multi-functional reagents, or by
a two-step synthesis, i.e. aza-Michael addition followed by sol-gel,
or UV cross-linking.

PDMS can be modified or cured using several specific con-
densation and addition reactions (Scheme 1) [23]. Most of them
are metal or metalloid-catalyzed reactions: hydrosilylation is
catalyzed by Platinum or Ruthenium-based complexes, hydroly-
sis/condensation reactions use tin derivatives, and the most recent
Piers-Rubinsztajn reaction (PR) [24] is promoted by heavily flu-
orinated boron molecules. In the former, the catalyst is rapidly
poisoned by nitrogen- or sulfur-containing compounds [25]. Poly-
condensation reactions suffer from sensitivity to moisture and the
generation of volatiles (typically ethanol), in addition to being
regulated by the REACh for catalyst toxicity. The PR reaction is
straightforward in the lab, but the high reactivity of the boron cat-
alyst makes its use quite tricky on a larger scale. In addition, the
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