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Enzyme promiscuity: first protein-catalyzed
Morita–Baylis–Hillman reaction
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Abstract—The Morita–Baylis–Hillman reaction of cyclohexenone and p-nitro benzaldehyde is catalyzed by carrier proteins such as
serum albumins or enzymes such as certain lipases, conversion of up to 35% and enantioselectivities of up to 19% being observed.
� 2007 Elsevier Ltd. All rights reserved.
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In recent years a new frontier in biocatalysis, termed
enzyme promiscuity, has emerged.1 It concerns the
ability of a given enzyme or mutant thereof to catalyze
more than one type of chemical transformation. From
a synthetic organic point of view enzyme promiscuity
is especially interesting when the type of reaction being
catalyzed does not occur in nature. Such a development
enlarges the repertoire of methods available to organic
chemists. For example, it has been demonstrated that
lipases (wild-type)2 and rationally designed mutants3

catalyze the Michael addition of amines, thiols, and
b-ketoesters to various acceptors such as acrylonitrile
and a,b-unsaturated carbonyl compounds, thus opening
the door for many future applications in synthetic
organic chemistry. It has even been observed that some
proteins which have no natural catalytic function them-
selves are capable of catalyzing certain synthetic reac-
tions, although such cases are rare.1 An interesting
example of this phenomenon is the Kemp elimination4

and related processes5 which were found to be catalyzed
by bovine serum albumin (BSA). This is actually a
carrier protein present in blood plasma with no natural
catalytic function.6 In the Kemp elimination catalyzed
by BSA, it was shown that the amino group present in
the side chain of lysine acts as the base,4 and such a
mechanism is also likely in the case of related elimina-
tion reactions.5 In the present Letter we report that
BSA and various other serum albumins as well as
certain lipases catalyze a transformation important in
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synthetic organic chemistry, namely the Morita–
Baylis–Hillman reaction (MBH).7 The gross mechanism
involves Michael addition of a neutral or charged
nucleophile with formation of an enolate which under-
goes an aldol addition, followed by a proton shift and
elimination of the nucleophile.7 However, the details
of the mechanism are more complicated and appear to
depend on the type of nucleophilic catalyst and on the
reaction conditions.8 Along synthetic lines, numerous
examples of asymmetric variations (including aza
MBH reactions) are continuing to appear.7–9

As a model transformation we chose the reaction of
cyclohexenone (1) and p-nitro benzaldehyde (2) with
the formation of 3, a standard reaction in MBH chemis-
try (Scheme 1).7–9 It is well known that MBH reactions
are catalyzed by amino compounds such as DABCO7,10

or imidazole derivatives,7,10 phosphines,7 or alcohols.11

In the latter case, basic conditions need to be chosen
O2N
3

Scheme 1. Morita–Baylis–Hillman reaction of 1 and 2.
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which ensure the presence of catalytically active alk-
oxides.11 The MBH reaction is an example of an organo-
catalyzed process.12

We speculated that several types of nucleophilic moieties
in the side chains of amino acids present in proteins
could serve as catalytically active centers. One possibil-
ity is lysine, because the amino group in the side chain
could perform as a nucleophile in the MBH reaction,
analogous to its performance in the Kemp elimination
catalyzed by BSA.4 Other candidates are the imidazole
moiety of histidine and/or the alcohol function of serine.
The latter could be of particular interest in the case of
lipases,13 because these enzymes, catalyzing the hydro-
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Scheme 2. Mechanism of lipase-catalyzed hydrolysis of esters.

Table 1. Morita–Baylis–Hillman reaction of cyclohexenone (1) and p-nitro
phosphate butter; pH 7.0; 20 lL of each substrate 1/2/200 mM in CH3CN;

Entry Protein

1 Rabbit serum albumin
2 Bovine serum albumin (fraction V)a

3 Bovine serum albumin (fraction V)a

4 Bovine serum albumin (fraction V)a

3 Bovine serum albumin (98% by electrophoresis) SIGMA
4 Bovine serum albumin (fraction V)b

5 Sheep serum albumin
6 Human serum albuminc

7 Chicken white egg albumin
8 Porcine serum albumin
9 Streptavidin

10 CALB lipase
11 Porcine liver esterase
12 Hog pancreas lipase
13 Wheat germ lipase
14 Porcine pancreas lipase
15 Calf pregastric lipase
16 Aspergillus niger lipase
17 Rhodococcus rhodochrous epoxide hydrolase
18 Blank 100 mM phosphate buffer pH 7.0

a Different commercial samples of BSA (fraction V) were assayed.
b In this case 40 �C.
c 8 mg Protein.
lysis of esters, are characterized by a catalytic triad
composed of aspartate, histidine, and serine (Scheme
2). As can be seen, these undergo a proton shuttle which
leads to partial deprotonation and thus activation of the
alcohol function of serine, which adds to the carbonyl
function of the substrate nucleophilically with formation
of the so-called oxy-anion.13 A serine in such a constel-
lation could function as the catalytically active nucleo-
phile in MBH reactions in the presence of other serine
members of the protein which are not activated, similar
to simple alkoxides.11

We first determined conditions under which there is no
detectable background reaction by varying the nature
of the buffer, the pH, and the reaction time. It turned
out that a phosphate buffer at pH 7.0 alone at a temper-
ature of 30 �C does not lead to any product formation
even after five days. These conditions were then applied
in the process of screening various carrier proteins and
enzymes as potential catalysts in the model MBH reac-
tion (Table 1).

Table 1 reveals that BSA and several other serum albu-
mins are more or less active catalysts in the MBH reac-
tion (e.g., entries 1–8). These results are noteworthy
because, as delineated above, serum albumins are carrier
proteins which bind and transport a variety of com-
pounds in blood plasma without acting as catalysts. Sev-
eral standard lipases such as CALB show no activity
(Table 1, entry 10) while other lipases (Table 1, entries
12–16) result in low but detectable conversion. It is cur-
rently unclear why some lipases are active, while others
show no activity at all under the same reaction condi-
tions. Interestingly, in some cases a small but appreci-
able degree of enantioselectivity is observed (up to
19%, entry 2).
benzaldehyde (2) catalyzed by proteins/enzymes (1 mL of 100 mM
30 mg enzyme/protein; 30 �C)

Reaction time (d) Conversion (%) ee (%)

2 23 1
2 15 19
2 9 18
2 9 13
2 10 15
2 35 9
2 11 10
2 5 13
2 4 0
2 4 0
2 2 9
5 0 —
5 10 0
5 7 (�)2
5 6 0
5 6 0
5 6 0
5 4
5 0 —
5 0 —
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In summary, we have discovered that the Morita–
Baylis–Hillman reaction can be catalyzed by various
proteins, including some which themselves are not
enzymes (serum albumins). Although the details of the
mechanism of catalysis remain to be uncovered, the
present observations extend the phenomenon of enzyme
promiscuity.1 This is of special significance because the
MBH reaction does not occur in nature. Enantioselec-
tivity and activity are not very high. However, this
may not be surprising because only the wild-type pro-
teins were considered here. Indeed, the present results
set the stage for possible genetic optimization by means
of directed evolution.14
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