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and prospects in the
organocatalytic Morita–Baylis–Hillman reaction

Mohammed Maneesha,a S. H. Haritha,b Thaipparambil Aneejaa

and Gopinathan Anilkumar *ac

The organocatalytic asymmetric Morita–Baylis–Hillman (MBH) reaction produces a significant carbon–

carbon bond formation that involves the addition of a,b-unsaturated carbonyl compounds to activated

alkenes to give a-methylene-b-hydroxycarbonyl compounds. Commercially available starting materials,

excellent atom economy, mild reaction conditions, and flexible products are the major highlights of this

method. In this review, we discuss the recent developments in the organocatalytic MBH reaction,

covering literature from 2018 to 2023.
1 Introduction

Carbon–carbon bond-forming reactions have emerged as
a promising tool in synthetic organic chemistry.1,2 The Morita–
Baylis–Hillman (MBH) reaction is one of the most widely used
and useful carbon–carbon bond-forming reactions, and it
involves the formation of a-methylene-b-hydroxycarbonyl
compounds via the addition of a,b-unsaturated carbonyl
compounds to activated alkenes.3,4 When imines are utilized in
this reaction instead of aldehydes, it is known as the aza-Mor-
ita–Baylis–Hillman (aza-MBH) reaction.5,6
ohammed Maneesha was born
n Vadanappally, Thrissur, Ker-
la, India. She obtained her BSc
egree from Calicut University
Sree Narayana College, Nat-
ika) in 2020 and her MSc degree
rom the School of Chemical
ciences, Mahatma Gandhi
niversity, Kottayam in 2022.
he passed the GATE (Gratuate
ptitude Test in Engineering)
024. Her research interests are
n the areas of transition metal
atalysis and porous organic

ndhi University, Priyadarsini Hills P. O.,

ilgi1@yahoo.com; anil@mgu.ac.in

y, Sree Narayana College, Sivagiri,

nthapuram, Kerala 695145, India

arch in Basic Sciences (IIRBS), Mahatma

Kottayam, Kerala 686560, India

the Royal Society of Chemistry
In 1968, Morita was the rst to perform the phosphine-
catalyzed MBH reaction,7,8 and aer that, an amine-catalyzed
strategy was introduced by Baylis and Hillman in 1972
(Scheme 1).9 Unfortunately, this reaction was ignored by the
scientic community for a decade and did not receive any
attention until 1980.
Scheme 1 General scheme for Morita–Baylis–Hillman reaction.
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Later, organic chemists including Drewes,10 Perlmutter,11

Hoffmann,12 and Basavaiah13 recognized the importance of this
reaction and began to explore its potential and scope. Thus,
from the mid-1990s onwards, there has been tremendous
progress in exploring the MBH reaction. The notable advan-
tages of the MBH reaction include commercially available
starting materials, exible product with multifunctional
groups, mild reaction conditions, and excellent atom economy.
Moreover, this reaction usually employs a nucleophilic orga-
nocatalytic system, which does not generate heavy metal
pollution.

Despite these advancements, several challenges remain in
this eld. For example, the discovery of a catalyst that is appli-
cable to a broad range of substrates remains necessary. Even
though some methodologies for the enantioselective MBH
reaction have been established, the general conditions for per-
forming the asymmetric MBH reaction have not yet been
discovered.14

In recent years, several reviews on advancements in the MBH
reaction have been published. In 2017, Pellissier published
a review focusing on the progress in the organocatalytic MBH
reaction.15 Several reviews subsequently appeared that focused
on the biocatalytic asymmetric MBH reaction,16 application of
DABCO as a catalyst for the MBH reaction,17 and an
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14950 | RSC Adv., 2024, 14, 14949–14963
organocatalytic MBH-type domino reaction.18 Because of the
wide importance and applicability of this reaction, we have
summarized the recent advancements in the organocatalytic
MBH reaction, from 2018 to 2023. For additional clarity, this
review has been organized based on the organocatalyst utilized.

2 The Morita–Baylis–Hillman
reaction using amines and amine
derivatives as catalysts

Trabocchi et al. provided an account of the organocatalytic MBH
reaction employing dual iminium together with a Lewis base as
the catalyst.19 They performed the reaction between cyclopent-2-
enone and a broad range of aromatic as well as aliphatic alde-
hydes, and achieved the desired allylic alcohols in high yields. It
was found that secondary amines function as co-catalysts in this
reaction. There was a decreased yield of the MBH reaction when
the amine was least basic. They observed poor enantiomeric
excess when chiral amines were used in this reaction.

The optimized conditions of this method were identied as
0.2 equiv. of pyrrolidine as an iminium ion generator in 1 : 4
THF-1 M NaHCO3 at 25 °C for approximately 40 h (Scheme 2).
Aromatic aldehydes with electron-withdrawing groups per-
formed well in this reaction compared to those with electron-
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Scheme 2 MBH reaction employing dual iminium together with
a Lewis base catalyst.
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donating groups. This method was found feasible for hetero-
cyclic aldehydes, and the desired products were obtained in
excellent yields.

Bombonato et al. demonstrated that amino acid ionic liquid
(AAIL) was capable of catalysing the MBH reaction.20 They
prepared AAIL from ammonium salts, derivatives of glycerol,
and natural amino acids. This method involves the reaction
between methyl vinyl ketone and aromatic aldehydes in the
presence of ionic liquids obtained from L-proline and L-histi-
dine without the addition of additives or organic solvents. The
structure of the amino acid ionic liquid was conrmed by 1H,
13C NMR, infrared spectroscopy, and elemental analysis.

In this method, p-nitrobenzaldehyde and methyl vinyl
ketone were selected as model substrates, and the optimized
conditions include the use of AAIL (20 mol%) at room temper-
ature (Scheme 3). The synthesized MBH adducts were found to
be optically inactive, even though AAIL contains chiral active
sites. Aldehydes substituted with electron-withdrawing groups
afforded MBH adducts in satisfactory yields in a short time
compared to those with electron-donating groups.
Scheme 3 Amino acid ionic liquid-catalyzed MBH reactions.

© 2024 The Author(s). Published by the Royal Society of Chemistry
Coelho and co-workers established the MBH reaction
employing vinyl-1,2,4-oxadiazoles as efficient nucleophilic
partners.21 In this method, they studied the reaction of 5-vinyl-3-
aryl-1,2,4-oxadiazoles with aromatic as well as aliphatic alde-
hydes (Scheme 4). This reaction proceeded well in the presence
of 1.05 equiv. of DABCO. From the studies, it was found that
a broad range of aldehydes, including heteroaromatic alde-
hydes, was well tolerated in this reaction. The rate of the MBH
reaction can be altered by increasing the concentration of oxa-
diazole. Vinyl-1,2,4-oxadiazoles possessing an electron-
donating group on the aromatic ring offer higher yields than
those with electron-withdrawing groups. In this method, they
utilized acetic acid, a weak acid, as an additive and did not use
any additional solvent.

Pietruszka and co-workers disclosed the synthesis of a-
hydroxymethylated vinyl ketones via an organocatalytic MBH
reaction followed by one-pot etherication.22 In this reaction,
aliphatic as well as aromatic vinyl ketones reacted well with
formaldehyde in the presence of DABCO as a catalyst in alco-
holic solution (Scheme 5). The major highlights of this reaction
include excellent atom economy, shorter reaction time, inex-
pensive catalyst, and low catalyst loading.

Portony et al. demonstrated the organocatalytic MBH reac-
tion by utilizing Lewis acids to improve the chemoselectivity.23

The MBH reaction between methyl vinyl ketone and p-nitro-
benzaldehyde leads to several byproducts due to the extreme
reactivity of some reactants and products. It was found that the
imidazole-based organocatalyst containing Lewis acids coordi-
nated on diaminopyridine pockets enhanced the chemo-
selectivity of the MBH reaction to achieve the desired product in
increased yields. Under optimized conditions (5 mol% of
imidazole-based organocatalyst (C1 and C2) and 2 mol% silver
acetate as a Lewis acid additive for 17 h), the required product
was obtained with 87% conversion and 90% chemoselectivity
(Scheme 6). This methodology was found to be suitable for
electron-decient aromatic aldehydes.
Scheme 4 MBH reaction employing vinyl-1,2,4-oxadiazoles as
nucleophilic partners.
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Scheme 5 One-pot synthesis of a-hydroxymethylated vinyl ketones
via organocatalytic MBH reaction followed by one-pot etherification.

Scheme 6 Organocatalytic Morita–Baylis–Hillman reaction using
Lewis acids.

Scheme 7 Morita–Baylis–Hillman reaction of methyl coumalate using
triethylamine as the catalyst.

Scheme 8 Ball-milling enabled this aza-MBH reaction utilizing
a tertiary amine catalyst.
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Dechoux and co-workers illustrated the organocatalytic MBH
reaction involving non-hazardous, renewable, and bio-based
methyl coumalate.24 The reaction was found feasible with
several imines and aldehydes, which favor the formation of C–C
bonds with methyl coumalate. They carried out the reaction
using p-nitrobenzaldehyde and methyl coumalate as a model
substrate, and the optimized conditions were identied as
20 mol% triethylamine as the catalyst, and K2CO3 as an additive
in ethanol at room temperature for 1.5 hours to obtain the
desired product in 70% yield in one step without generating any
undesirable outcomes (Scheme 7).

This method was found applicable to a wide range of
aliphatic as well as aromatic aldehydes. It was realized that
aromatic aldehydes with electron-withdrawing groups were well
tolerated in this reaction compared to those with electron-
donating groups. Moreover, electron-rich imines performed
well compared to electron-decient imines. This method offers
excellent atom economy and is solvent-free. The MBH adducts
attained by this method were found to be applicable towards the
synthesis of antihypertensive agents and diphenylmethanol
derivatives.

Browne et al. established an organocatalytic aza-MBH reac-
tion conducted by ball-milling that utilized tertiary amine as the
14952 | RSC Adv., 2024, 14, 14949–14963
catalyst.25 Their initial reactions commenced with tosyl-
protected imine and ethyl acrylate as model substrates, and
the optimized conditions for this reaction were found to be
20 mol% 3-hydroxyquinuclidine (3-HQD) as the tertiary amine
catalyst, 3 mass equiv. NaCl as the grinding auxiliary, and
toluene as a liquid additive under ball-milling for 3 h (Scheme
8). Aromatic aldimines substituted with halogens were well
tolerated in this reaction. Sterically hindered aromatic aldi-
mines also reacted via this method, but the required product
was produced in low yield. Notable characteristics of this reac-
tion include excellent atom economy, solvent-free condition,
shorter reaction time, excellent enantioselectivity, and the
reaction can be scaled up to 12-fold.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 10 Synthesis of substituted allyl dithiocarbamates via a one-
pot multicomponent reaction.
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The efficiency of a chiral pyrrolidine-based organocatalyst in
the asymmetric MBH reaction through hydrogen bonding
interaction was proposed by Bhusare and co-workers.26 This
methodology involves the condensation of a broad variety of
aromatic aldehydes with acrylate to access b-hydroxy acrylate as
the product (Scheme 9). Initially, they carried out the reaction
using p-nitrobenzaldehyde and methyl acrylate as model
substrates. (S)-N-(2,4-Dinitrophenyl)pyrrolidine-2-carboximide
C3 was found to be the most efficient catalyst for this reac-
tion. The most optimal result was obtained in the presence of
10 mol% catalyst (C3), 10 mol% DMAP as the base in ethanol,
and the desired product was obtained in excellent yield with
high enantioselectivity. Using this method, aromatic aldehydes
with electron-withdrawing groups gave the desired product
within 14–17 h.

Shari and co-workers demonstrated a methodology for the
synthesis of substituted allyl dithiocarbamates via a one-pot
multicomponent reaction.27 This methodology initiates with
the MBH reaction of activated alkenes and aromatic aldehydes
employing DABCO as the catalyst, followed by acetylation using
acetic anhydride in the presence of DMAP, and nally, nucleo-
philic substitution with dithiocarbamates (Scheme 10). This
methodology exhibits high regioselectivity, i.e., when aldehydes
were reacted with acrylonitrile, the E-stereoisomer was
produced, while the reaction with methyl acrylate afforded the
corresponding Z-isomer.

The organocatalytic MBH reaction co-catalyzed by Lewis base
and a Brønsted acid was put forward by Mancheno and co-
workers.28 They designed the reaction between substituted 6-
membered sulfamidate imines with a broad range of acrylate-
type Michael acceptors to obtain a,b-unsaturated derivatives
of cyclic sulfamidates as the desired outcome. The optimized
conditions for this methodology were identied as 15 mol%
DABCO as the Lewis base catalyst, and 15 mol% acetic acid as
the Brønsted acid additive in 1,4-dioxane at room temperature.

Acrylate-containing electron-donating groups were well
tolerated in this reaction (Scheme 11). Moreover, alkyl- or aryl-
Scheme 9 Organocatalytic synthesis of b-hydroxy acrylate via the
Baylis–Hillman reaction.

© 2024 The Author(s). Published by the Royal Society of Chemistry
substituted sulfamidate imines smoothly underwent this reac-
tion to afford the desired product in excellent yield. Sulfamidate
imines with electron-rich as well as electron-withdrawing
groups performed well in this reaction. However, bromo-
substituted substrates were found to be less efficient using
this method.

Computational analysis by Yadav indicated that there was an
increased rate for the organocatalytic MBH reaction catalyzed
Scheme 11 Synthesis of a,b-unsaturated derivatives of cyclic sulfa-
midates via the MBH reaction.

RSC Adv., 2024, 14, 14949–14963 | 14953
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Scheme 13 MBH reaction of Garner aldehyde.
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by N,N-dimethylhydroxylamine.29 It was identied that the
increased nucleophilicity of nitrogen consequent to the a-effect
of oxygen in Me2NOH was responsible for the lowering of acti-
vation energy in this reaction. The reaction was found to be
feasible with an activated alkene such as 2-cyclopentanone and
electrophiles such as CH3CHO.

Srivastava reported an efficient MBH reaction using active
pyridine-based ionic liquid-linked quinuclidine as a catalyst.30

He synthesised three types of ionic crystals that possessed 3-
quinuclidinone support. The reaction was performed with
various aldehydes and acrylates, and a higher yield was ob-
tained as compared with the usual procedure at room temper-
ature. Among three catalysts, Py-catalyst-3 proved to be more
efficient for this reaction (Scheme 12). From these studies, it is
understood that the solvent has no signicant effect on the yield
of the reaction. Compounds such as p-methoxy benzaldehyde,
cyclic enones, and Garner aldehyde (Scheme 13), which are
usually inert to the MBH reaction, participated well in this
method. The major advantage of this reaction is that the
products can be isolated without any chromatographic tech-
niques, and there is higher recyclability of the catalyst.

Tai and co-workers developed an efficient MBH reaction
using brucine diol (BD) as the catalyst.31 When 20 mol% BD was
utilized as the catalyst, they obtained the desired MBH adduct
in moderate enantiomeric excess (ee) value and yield. They were
able to achieve higher yields using a co-catalytic BD/brucine N-
oxide (BNO) system (Scheme 14).

Coelho et al. deduced an easy, inexpensive, and improved
protocol for the MBH reaction with unusual substrate scope.32

This method was found to operate through an acid-catalyzed
mechanism to increase the reaction rate and yield. In this
reaction, they utilized piperonal and methyl acrylate as the
model substrates, and the optimized conditions were identied
as 0.1 mole equivalent of DABCO as the catalyst and 0.1 mole
equivalent of acetic acid as the Bronsted-acid co-catalyst under
solvent-free conditions at room temperature (Scheme 15).

From the previous reports, it is clear that the MBH reaction
of electron-rich aldehydes was difficult and always occurred at
a slow reaction rate. This protocol was found to be successful in
overcoming this limitation, as electron-rich aldehydes smoothly
underwent the MBH reaction via this method. The synthesis of
Scheme 12 MBH reaction using active pyridine-based ionic liquid
linked quinuclidine catalyst.

14954 | RSC Adv., 2024, 14, 14949–14963
the natural product (±)-sitophilure from MBH adducts
prepared by this method further enhances the signicance of
this method. The major highlights of this reaction include
excellent atom economy without the use of solvent.

The MBH reaction of N-alkylquinolinium salts was described
by Kalek and Pareek.33 In this method, the authors utilized DBU,
which serves as a base as well as a catalyst, to activate electron-
poor olen. A wide range of a-(1,2-dihydroquinolin-2-yl)vinyl
esters, sulfones, and ketones were obtained via regioselective
dearomatization at the C-2 position. The reaction was per-
formed at a lower temperature (0 °C) in DCM (Scheme 16). In
the case of N-alkylpyridinium with an activating ester group,
regioselective functionalisation at the C-4 position was
observed.

In 2022, Chen et al. described a new methodology for the
synthesis of C7-carbasugars via intramolecular MBH reaction.34

In this strategy, substituted dual precursor obtained from D-
mannose underwent cyclization to give the required carbasu-
gars in excellent yield with high stereoselectivity. DMAP was
identied as the catalyst of choice for this protocol (Scheme 17).
This method was successful for the preparation of different
carbasugars such as epicorepoxydon A, epoxydines B and C,
(−)-MK7607, (−)-streptol, and (−)-gabosine E.

Chen and co-workers reported the synthesis of chiral
sulfones containing 3-hydroxyloxindoles via an organocatalytic
asymmetric MBH reaction.35 b-Isocupreidine was chosen as an
efficient catalyst for this reaction. The initial reaction was
carried out using isatin and vinyl methyl sulfone as model
substrates, and the optimized conditions included b-iso-
cupreidine (10 mol%) as the catalyst in 1,4-dioxane at 40 °C
Scheme 14 MBH reaction using BD or the co-catalytic BD/BNO
system.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 15 DABCO-catalyzed MBH reaction without the use of
solvent.

Scheme 16 MBH reaction of N-alkyl quinolidium salt and N-alkyl-
pyridinium with activating ester groups.

Scheme 17 Synthesis of C7-carbasugars via the MBH reaction.

Scheme 18 Synthesis of chiral sulfones containing 3-hydroxylox-
indoles using an organocatalyst.
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under an Ar atmosphere for two weeks (Scheme 18). It was
observed that N-substituted isatin with electron-donating
groups performed well in this reaction compared to those
© 2024 The Author(s). Published by the Royal Society of Chemistry
with electron-withdrawing groups. The reaction was found to be
feasible with N-allyl-substituted isatins, and the desired product
was obtained in satisfactory yield with high enantioselectivity.

Aryl vinyl sulfones with electron-withdrawing groups were
well tolerated in this reaction. However, this reaction was found
to be incompatible for substrates with electron-donating
groups. This reaction was also attempted using other electro-
philes such as acetaldehyde and 3-methyl butanal, but the
desired product was obtained in trace amounts. Notable char-
acteristics of this reaction include wide substrate scope, excel-
lent yield, and high enantioselectivity.

Coelho and co-workers introduced a new approach for the
preparation of tricyclic indolizines from cyclic enones and 2-
pyridinecarbaldehydes through an organocatalytic MBH reac-
tion followed by intramolecular cyclization and dehydration.36

Bicyclic imidazolyl alcohol (BIA) was found to be an effective
catalyst for this aqueous MBH reaction. Higher yields of the
required product were obtained in the case of cycloheptenone
as compared to cyclohexanone. Steric factors play a signicant
role in this reaction, as 5,5-dimethyl-2-cyclohexenone failed to
give the expected product. The substrate scope studies indi-
cated that the feasibility of the cyclization step was greatly
inuenced by the ring size of cycloalkenone. Computational
studies were also performed to justify the reactivity trends
(Scheme 19).

The rst MBH reaction between acrylates and 5-substituted-
2-furaldehydes was reported by Dutta and co-workers.37 They
used 1,4-diazabicyclo[2.2.2]octane (DABCO) as the organo-
catalyst (Scheme 20). The reaction was carried out in a solvent-
free environment at room temperature, and satisfactory to
exceptional yields of the required products were obtained.
Different 5-substituted-2-furaldehydes were found suitable for
this method.
RSC Adv., 2024, 14, 14949–14963 | 14955
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Scheme 19 Synthesis of tricyclic indolizines via organocatalytic MBH
reaction.

Scheme 21 Organocatalytic aza-MBH reaction of cyclic ketimines
with a,b-unsaturated g-butyrolactam.
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Zhao and co-workers introduced a new methodology for the
synthesis of enantiopure 2-alkenyl-2-phenyl-1,2-dihydro-3H-
indol-3-ones via enantioselective organocatalytic aza-MBH
reaction between cyclic ketimines and a,b-unsaturated g-
butyrolactams.38 This method was found to be successful for the
aza-MBH reaction of cyclic ketimines, which is less explored
and challenging. They selected 2-Ph-3H-indol-3-one and a,b-
unsaturated g-butyrolactam as the model substrates, and the
optimized conditions included 20 mol% of organocatalyst C4 in
DCE at 30 °C under a nitrogen atmosphere (Scheme 21).

From the substrate scope studies, it is understood that this
method was found suitable for 2-aryl-3H-indol-3-ones
substituted with electron-rich and electron-decient groups at
the para position of the phenyl ring. Under optimized condi-
tions, cyclic a,b-unsaturated ketones such as cyclohexanone
and cyclopentenone failed to achieve the desired product.
Notable characteristics of this methodology include satisfactory
yields, high enantioselectivity, and excellent selectivity.
3 The Morita–Baylis–Hillman
reaction using phosphines as catalysts

In 2018, Du and Chen introduced the MBH reaction for a-
substituted activated olens, such as 3-olenic oxindoles using
S-phosphines as catalysts.39 In this method, 3-olenic oxindoles
Scheme 20 MBH reaction between acrylates and 5-substituted-2-
furaldehydes.

14956 | RSC Adv., 2024, 14, 14949–14963
with b-ester groups were selected as the model substrate and
reacted with various electrophiles. Phosphine with a bifunc-
tional thiourea group C5 or Bu3P was used as the catalyst with
K2CO3 additive in toluene at room temperature for 48 h
(Scheme 22). NoWittig reaction was observed in the presence of
P(Bu)3, but dephosphoration was observed when HCHO was
used as the electrophile. Likewise, no additive was required
when triuroacetaldehye was used as the electrophile, because
the CF3 group it contains assists in producing diastereoselective
products.

Synthesis of heteroarenes, cyclohepta-, and cyclopenta-fused
arenes via an MBH-type reaction of a,b-ynones was developed.40

In this strategy, 10 mol% was readily available, and cost-
effective PPh3 was utilized as the catalyst (Scheme 23). Wide
varieties of 2-arylidine-1,3-indanediones and 2-alkylidines with
electron-donating and electron-withdrawing substituents were
Scheme 22 MBH reaction for a-substituted activated olefins such as
3-olefinic oxindoles using S-phosphines as catalysts.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 24 MBH reaction of biaryl-ynones using PCy3 as the catalyst.
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achieved in moderate to satisfactory yields via this method.
They also extended this reaction to biaryl-ynone and observed
a higher yield of the desired product when PCy3 was utilized as
the catalyst (Scheme 24).

Vicario and co-workers developed the MBH reaction by
utilizing enantioselective transannular catalysts.41 This tech-
nique employs the enantiopure chiral bifunctional phosphine
as a Lewis base catalyst to acquire bicyclic carbo-and heterocy-
clic systems with different ring sizes. This reaction was found to
be highly efficient for the synthesis of adducts with bicyclo
[5.4.0]undecane and bicyclo[5.3.0]decane systems. Initially, they
performed this reaction using ketoenone as a model substrate,
and the optimized conditions were identied as 10 mol%
bifunctional phosphine C6 as the catalyst, and phenol as the
additive in CHCl3 at 25 °C.

Under the optimized conditions, substrates that gave prod-
ucts with a bicyclo[5.3.0]decane core reacted well to achieve the
desired product with high enantioselectivity and in excellent
yields. Substrates with differently substituted fused aromatic
systems performed well in this reaction. This method was found
suitable for substrates with different heteroatoms. The reaction
was found to be less efficient when a,b-unsaturated lactones
were used as substrates (Scheme 25). The synthesis of the
natural product, (−)-g-gurjunene, via this method enhanced the
signicance of this reaction.

Extremely functionalized chiral bibenzocycloheptanes were
synthesized through an annulative intramolecular organo-
catalytic MBH reaction.42 In this work, the authors selected
enone-aldehydes as the model substrate, and the most optimal
results were obtained when 20 mol% of PBu3 was employed as
a Lewis-base catalyst in DMF at room temperature (Scheme 26).
It was found that the reaction preferred a metal-free condition
and required phosphines as the catalyst. Seven-membered
carbocycles were synthesized by this method. Enone core-
accommodating electron-withdrawing and electron-donating
groups were well tolerated in this reaction. The realization of
Scheme 23 Phosphine-catalysed MBH-type reaction of a,b-ynones.

© 2024 The Author(s). Published by the Royal Society of Chemistry
various bioactive molecules with a dibenzocycloheptene skel-
eton offers proof that this a fascinating methodology.

Rachwalski and co-workers gave an account of a highly
effective asymmetric MBH reaction catalyzed by chiral aziridine
phosphines.43 They used this method to study the reaction of
a wide range of aromatic aldehydes with methyl vinyl ketones or
methyl acrylate to obtain allylic alcohols as the desired product
with satisfactory yields and excellent enantioselectivity. Azir-
idine phosphine with an S-conguration (C7) provided the
desired allylic alcohols with the same conguration (Scheme
27). Aromatic aldehydes with substituents such as CH3 and Br
were well tolerated in this reaction. However, there was no
Scheme 25 Enantiopure chiral bifunctional phosphine-catalyzed
MBH reaction.
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Scheme 26 Synthesis of chiral dibenzocycloheptanes through the
MBH reaction.

Scheme 28 Synthesis of 3-aminomethylated maleimides via the MBH
reaction.
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advantage to using 4-methoxybenzaldehyde with this method in
an attempt to obtain a better outcome.

An efficient strategy for the synthesis of 3-aminomethylated
maleimides through the MBH reaction has been established.44

The MBH reaction between maleimides and 1,3,5-triazinanes
was achieved under optimized conditions (20 mol% PPh3 as the
catalyst, 20 mol% PhCO2H as the promoter in DCE at 70 °C for
15 min) (Scheme 28). In this method, N-phenylmaleimide
derivatives with electron-donating and electron-withdrawing
substituents participated to create the desired product in
satisfactory yields. Under the optimized conditions, incomplete
conversion was observed in the case of 1,3,5-triazinanes with
electron-withdrawing substituents. However, satisfactory yields
of the desired product were achieved in the case of 1,3,5-
triazinane-bearing groups such as Br, CN, OCF3, and CO2Et
under modied conditions (1 equiv. of PhCO2H).
Scheme 27 MBH reaction catalyzed by chiral aziridine phosphines.

14958 | RSC Adv., 2024, 14, 14949–14963
4 Vinylogous Morita–Baylis–Hillman
reaction or the Rauhut–Currier
reaction

An organocatalytic enantioselective cross-vinylogous MBH-type
reaction of methyl coumalate with a,b-unsaturated aldehydes
in the presence of chiral amine organocatalyst was reported by
Zu and co-workers.45 The methyl coumalate was used as an
activated diene to generate enolate, and enals were activated by
an imminium catalyst to form a Michael acceptor. The opti-
mised conditions include the use of 10 mol% diphenylprolinol
TBS ether organocatalyst C8, 10 mol% 2CF3-PhCOOH as an
additive in EtOH solvent at room temperature for 24 h (Scheme
29). The steric and electronic properties of the alcoholic solvent
play a role in determining the yield of the products. This reac-
tion was found feasible for nearly all enal substrates except
pyrone groups with an activating group at C-6 or a blocking
group at C-5. The reaction can be proceeded by three alternate
pathways: the usual addition elimination, Friedel–Cras alkyl-
ation, or the open-close model reaction.

Wang and co-workers proposed an efficient methodology for
the a-functionalization of 2-vinylpyridines via cross-Rauhut–
Currier reaction between 2-vinylpyridines with 2-ene-1,4-diones
and 3-aroyl acrylates. The optimized conditions were 20 mol%
chiral phosphine catalysts C9 in DCM at −40 °C for 36 h
(Scheme 30).46 Vinylpyridine-containing electron-withdrawing
groups promoted the reaction and gave the desired products
with high selectivity. The reaction was found suitable for 3-aroyl
acrylates with electron-donating and electron-withdrawing
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 29 Cross vinylogous MBH-type reaction of methyl couma-
late with a,b-unsaturated aldehydes.

Scheme 30 Synthesis of functional pyridines via cross-Rauhut–
Currier reaction.

Scheme 31 Reaction of a,b-unsaturated carbonyl compounds with p-
quinone methides.
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substituents. There was higher enantioselectivity for sterically
demanding substrates bearing ortho-substituted aromatic
groups.

Synthesis of differently substituted vinyl diarylmethane
derivatives from a,b-unsaturated carbonyl compounds and p-
© 2024 The Author(s). Published by the Royal Society of Chemistry
quinone methides (p-QM) via the intermolecular Rauhut–
Currier reaction has been previously reported.47 In this method,
bis(amino)-cyclopropenylidene C10 was identied as an effi-
cient catalyst (Scheme 31). The electronic properties of the
substituents on the aromatic ring of p-QM did not greatly
inuence the yield of the reaction. Sterically hindered p-QMs
were also well tolerated in this method. A major limitation of
this method is that this protocol was applicable only to cyclic
enones. Under optimized conditions, acyclic enones such as
acrylates, vinylketones, or acrylamides failed to afford the
required product.

Chandra and co-workers described a vinylogous Rauhut–
Currier reaction between zwitterionic allenoates and p-quinine
methides.48 In this strategy, they synthesised diarylmethane-
substituted allenoate using DMAP as the catalyst in DCM at
25 °C (Scheme 32). The proposed mechanism includes three
major steps: (i) zwitterionic formation of allenoate A, (ii) the
addition of an ion to p-QM in a 1,6 pattern, followed by (iii) the
transfer of protons and the removal of the catalyst (Scheme 33).

Kawabata and co-workers disclosed the selective synthesis of
g-adducts from vinyl cyclopentenone and N-Boc imines through
a vinylogous aza-MBH reaction.49 Their studies revealed the fact
that the nature of the protecting group of aldimine nitrogen
strongly inuences the regiochemistry. While the reaction of
vinyl cyclopentenone with N-Ts imines affords g-adducts/a-
adducts depending on the nature of the catalyst, the reaction
with N-Boc protection selectively furnishes a g-adduct, irre-
spective of the catalyst. This reaction was found suitable for
ortho-, meta-, and para-substituted N-Boc aromatic aldimines,
and the required products were obtained in moderate to
RSC Adv., 2024, 14, 14949–14963 | 14959

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra02369b


Scheme 32 Vinylogous Rauhut–Currier reaction between p-quinone
methides with allenoates.

Scheme 33 Proposed mechanism of the reaction of p-quinone
methides with allenoates.

Scheme 34 Synthesis of g-adducts from vinyl cyclopentenone andN-
Boc imines through a vinylogous aza-Morita–Baylis–Hillman reaction.

Scheme 35 Organocatalytic synthesis of g-adducts by reaction
between vinylcyclopentenone and several aldimines.
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satisfactory yield with high regioselectivity. The reaction was
found equally compatible for N-Boc aldimines with electron-
donating and electron-withdrawing substituents (Scheme 34).

Kawabata established the asymmetric region as well as the
enantioselective vinylogous aza-MBH reaction by utilizing an
organocatalyst.50 This methodology involves the formation of g-
adducts by the reaction between vinylcyclopentenone and
several aldimines (Scheme 35). Chiral nucleophilic 4-pyrroli-
dino pyridine was employed as the catalyst in this reaction.

Huang et al. demonstrated a new methodology for the
synthesis of trisubstituted cyclopentenes through the Rauhut–
Currier/Wittig domino reaction.51 The optimized conditions
consisted of P(i-Bu)3 (100 mol%) acting as the catalyst in the
presence of 2 equiv. of AcOH in dioxane at 100 °C (Scheme 36).
Aryl vinyl ketones with electron-donating and electron-
withdrawing substituents performed well in this reaction. A
wide range of functional groups such as bromo, chloro, uoro,
methyl, and triuoromethyl on the phenyl ring in chalcones was
well tolerated in this strategy. Notable features of this method
include high efficiency, eco-friendliness, and mild reaction
conditions.

Similarly, unsaturated pyrazolones can be produced via the
Rauhut–Currier reaction, using pyrazolone as the starting
material.52 Tetrahydropyranopyrazoles, a crucial compound in
drug development, are formed when pyrazolone reacts with
14960 | RSC Adv., 2024, 14, 14949–14963
nitrostyrene. It was found that DMAP (20mol%) was an effective
catalyst for this reaction in toluene at room temperature for ve
days (Scheme 37). A higher yield of the required product was
obtained in the case of pyrazolones with para-substituted aryl
rings. This is the rst report that describes the application of
nitrostyrenes in the Rauhut–Currier reaction.
5 Miscellaneous

Bharadwaj suggested a faster and more effective intramolecular
MBH reaction using Na2S as the catalyst.53 In this methodology,
the reaction time can be decreased up to een minutes. A dual
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 36 Cross–Rauhut–Currier reaction for the synthesis of
trisubstituted cyclopentenes.

Scheme 37 Synthesis of tetrahydropyranopyrazoles using the Rau-
hut–Currier reaction.

Scheme 39 MBH reaction using ethylcarbodiimide (EDC) hydro-
chloride salt as a catalyst.
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electrophilic site template was synthesized, and under ideal
conditions, an aza-IMBH adduct was produced. Conventional
catalysts such as TPP, DABCO, and DBU do not produce prod-
ucts at a faster rate of reaction (Scheme 38).

Hocker and co-workers developed an efficient articial
cofactor embedded in a fabricated protein host, streptavidin,
which was used as the catalyst in the Baylis–Hillman reaction.54

In this method, the authors selected streptavidin as the protein
host due to its facile crystallization procedure.

The synthesis of highly functionalized allylic alcohols via an
organocatalytic asymmetric MBH reaction employing sodium
phosphate buffer as the reaction medium was proposed by
Zheng et al.55 In this study, they utilized recombinant Candida
antarctica lipase B (rCalBs) as the catalyst, but the obtained
products were not enantio-enriched. They also performed this
reaction using enoate reductase (ER) to obtain asymmetric
products with 36.9% conversion and 6.8% enantiomeric excess.
Then, they investigated the efficiency of using a single amino
acid as a catalyst in the MBH reaction. They found that in the
presence of single L-proline and D-proline as catalysts, the
desired (R) and (S) MBH products were obtained with 63.9% and
62.1% enantiomeric excess, respectively.

The MBH reaction between various aldehydes and methyl
acrylate or acrylonitrile has been previously described.56 In this
methodology, efficient and environmentally benign ethyl-
carbodiimide (EDC) hydrochloride salt was employed as
Scheme 38 Intramolecular MBH-type reaction using Na2S as the
catalyst.

© 2024 The Author(s). Published by the Royal Society of Chemistry
a catalyst at room temperature (Scheme 39). Benzaldehydes
with electron-donating substituents were well tolerated in this
reaction. A lower yield of the desired product was obtained in
the case of aliphatic aldehyde such as acetaldehyde. Mild
reaction conditions, no byproduct formation, short reaction
time, and excellent product yields are the major highlights of
this method.

Nitroalkenes were identied as efficient substrates in the
MBH reaction.57

It is possible to perform the MBH reaction on b-amino-
nitroalkenes without the need of a base or catalyst.58 b-Amino-
nitroalkene was treated with various electrophiles, including
ninhydrin, vinyl sulphone, triuropyrate, ethyl glyoxylate, and
N-tosylazadienes in acetonitrile at room temperature (Scheme
40). Solvent plays a sole role in this reaction. Amino-
nitrostyrenes with different electron-donating substituents
such as Me and OMe gave the expected products in high yields.
However, yields were reduced when electron-withdrawing
groups were present. The nitronate moiety is intrinsically
nucleophilic due to the push–pull characteristic of nitroen-
amine. When vinyl sulfone and azadiene were involved, it was
Scheme 40 MBH reaction of b-aminonitroalkenes.
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spontaneously added to the electrophile in a Michael fashion.
However, when glyoxylate and ninhydrin were involved, it did
not do so in an aldol fashion. The nitroenamine moiety was
restored in the intermediates through intramolecular proton
transfer. The MBH adduct then underwent spontaneous intra-
molecular cyclization to produce hemiaminal.
6 Conclusion

Morita–Baylis–Hillman reactions are notable C–C coupling
reactions due to their excellent atom economy and green
perspective. In the past decades, different organocatalysts such
as chiral phosphines and amines were widely exploited as
catalysts in the MBH reaction.

Most of the reported methods utilized aldehydes and imines
as electrophiles. Recently, other electrophiles such as isatins,
sulfonated imines, and indole-derived imines were identied as
suitable partners in the MBH reaction. Comparing the catalytic
activity of tertiary amines and phosphines, a lower reaction time
was observed in the case of tertiary amines.

Recently, activated alkenes, such as acrylamides and vinyl
sulfones/sulfoxides, have been used as one of the substrates.
This review also discusses some reports involving activated
electrophiles such as alkyl halides and ketones. Novel catalytic
systems such as chiral bicyclic entities, synthetic protein hosts,
and ionic liquids have been exploited for use in the MBH
reaction.

Even though there has been tremendous progress with the
MBH reaction, a catalyst that is suitable for all substrates has yet
to be discovered. Despite these signicant developments, the
scope of the MBH reaction has not been fully explored, and
much focus will be needed in the future to establish additional
environmentally benign protocols with highly efficient catalytic
systems.
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