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Recyclable hydrotalcite clay catalysed Baylis–Hillman reaction
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Abstract. The Baylis–Hillman reaction using ionic liquid/hydrotalcite clay catalytic system has been
observed to be more reactive in terms of yield and reaction rate than DABCO/acetonitrile system. During the
process, the reactants enjoy ionic liquid/hydrotalcite clay catalytic system and gives corresponding Baylis–
Hillman reaction products in good yield. The application of our catalytic system has been diversifying for
the synthesis of lactone ceramide analogue from (S)-Garner aldehyde-methyl acrylate using Baylis–Hillman
reaction. Recycling of ionic liquid/hydrotalcite clay catalytic system has also been demonstrated in this report.
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1. Introduction

The unique physicochemical properties of ionic liq-
uids1–3 like, good chemical stability in air and mois-
ture, wide range of solubility for organic/inorganic
and also for polymeric materials as well as negligible
vapour pressure make them more applicable for differ-
ent organic transformations as a reaction medium, e.g.,
aldol reaction,4a−f coupling reaction,5a−c Knoevenagel
condensation,6 Baylis–Hillman reaction,7 Diels–Alder
reaction,8 etc.

Heterogeneous catalysts are important to chemical
industries not only from an economical viewpoint,
but also due to comfortable handling, easy separa-
tion and re-cyclability.9a−c Hydrotalcites or layered
double hydroxide (LDH) has attracted much atten-
tion as solid base heterogeneous catalysts10a−e for
various organic reactions like aldol,11a nitro aldol,11b

cyanoethylation,11c Meerwein–Ponndorf–Verley reduc-
tion,11d epoxidation,11e etc. These heterogeneous
hydrotalcites offer various attractive advantages over
other basic catalysts (organic or inorganic) like easy
preparation steps, requirement of cheap raw materials,
high catalyst activity, mild reaction conditions, easy
recovery and re-usability of the catalyst.10a−e In this
report, we would like to see the application of hydrotal-
cite clay and ionic liquid in Baylis–Hillman reaction.

Baylis–Hillman reaction is one of the finest exam-
ples of atom-efficient reaction because in this reaction
all the atoms from the reagents are converted into a
product.10a−e This reaction is also useful for the synthe-
sis of highly fictionalized and important organic inter-
mediates in one step.12a−e Although Baylis–Hillman

reaction has a great importance in the area of organic
synthesis but this reaction still suffers from various
drawbacks like slow reaction rate, lower yield and
higher catalyst loading.12b−d Various attempts have
been made by other researchers12b−e to accelerate
the rate of Baylis–Hillman reaction like ultra-sound,
microwave and high pressure. Except 1,4-diazabicyclo
[2.2.2]-octane (DABCO)12b various other catalysts like
DBU,13a Me2S,13b phosphines,13c TiCl4,13d proline13e

have been screened to accelerate the rate of reaction
to improve the product yield. The additives (Lewis
acids) and hydrogen donors (alcohol13a) have also been
assessed to accelerate the rate of reaction to improve the
product yield. Imidazolium-based ionic liquid was also
tested as solvent in order to overcome the basic draw-
backs of DABCO catalysed Baylis–Hillman reaction.13f

But the reaction suffers with low yields of Baylis–
Hillman reaction adduct due to the direct addition of
deprotonated imidazolium salt to the aldehyde.13g Dif-
ferent supports like PEG,14 ionic liquids,14c etc. have
also been used to anchor the catalyst as well as reac-
tants (aldehydes and acrylates)14d in order to reduce the
catalyst loading, improve the reaction rate and the recy-
cling of the catalytic system for Baylis–Hillman reac-
tion. Although the above mentioned supported catalysts
as well as supported reactants offer some advantages
during the Baylis–Hillman reaction, so to say, improved
reaction rate, low catalyst loading and recycling of cat-
alyst but these types of above supported systems also
suffer with costly starting materials, long preparation
steps (3–4 steps), tedious work-up procedure, specific
reaction conditions, etc.
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In some recent reports heterogeneous catalysts have
been successfully tested in ionic liquid medium to
catalyse the organic reactions.15a−e For instance, pro-
line intercalated montmorillonite clay catalyse aldol
reaction in ionic liquid15a and ionic liquid mediated
hydrotalcite clay catalyses Knoevenagel and nitro aldol
condensation reaction.15b In both cases, the products
of corresponding reactions have been obtained in good
yield and selectivity with the added advantage of cat-
alyst re-cyclability. The basic advantages of such ionic
liquid immobilized heterogeneous system are; easy
preparation steps for catalyst, low catalyst loading, high
reaction rate, simple work-up procedure, etc.

In order to overcome the drawbacks of Baylis–
Hillman reaction, in this paper, the advantages of hydro-
talcite clay with the merits of ionic liquid have been
summarized.

2. Experimental

All the chemicals were purchased from Sigma Aldrich
and SD fine chemicals. Commercially supplied reagents
were used as supplied, except for benzaldehyde, cin-
namaldehyde, furfuraldehyde and acrylates which were
distilled and stored under an argon atmosphere, pro-
tected from light. Organic solvents were dried up as

per their the specifications. The work-up and purifi-
cation procedure were carried out with reagent-grade
solvents. NMR spectra were recorded on standard
Bruker 300WB spectrometer with an Avance console
at 300 and 75 MHz for 1H and 13C NMR, respectively.
Trimethylammonium bis-trifluoromethanesulphonamide
[tmba][NTf2] was prepared by following reported pro-
cedure.17

Flash chromatography columns were carried out
using MN Kieselgel 60 M gel (40–63 μm, Art. 815381).
All eluents had been made distilled prior to use.
For thin-layer chromatography (TLC), silica gel plates
VWR GL60 F254 were used and compounds were visu-
alized by irradiation with UV light (254 nm). Mg-Al
hydrotalcite clay (Mg : Al = 3:1) was prepared as
per the original procedure of Miyata18 which was used
without any pre-treatment.

2.1 General experimental procedure

Alkyl acrylate (1.1 mmol) was added to a stirred solu-
tion of aldehyde (1 mmol), DABCO (1 mmol for entries
1, 3, 7 and 11 in table 1), dry acetonitrile (2 mL for
entries 1 and 2 in table 1), hydrotalcite clay (100 g for
entries 2, 4, 8–10, 12–15 in table 1 and for entries 1–
13 in table 2) and ionic liquid (200 mg for entries 5–15

Table 1. Relative yield of Baylis–Hillman reaction product 3 under
different condition.

Entry No. Solvent Catalyst T/oC Yield (%)(a−e)

1. CH3CN DABCO rt 30
2. CH3CN Hydrotalcite clay rt 10
3. neat DABCO rt 67
4. neat Hydrotalcite clay rt 8
5. [tmba][NTf2] – rt 0
6. [tmba][NTf2] – rt 0
7. [tmba][NTf2] DABCO rt 65
8. [tmba][NTf2] Hydrotalcite clay rt 85
9. [tmba][NTf2] Hydrotalcite clay rt 67(f)

10. [tmba][NTf2] Hydrotalcite clay rt 86(g)

11. [pyc4][ NTf2] DABCO rt 64
12. [pyc4][ NTf2] Hydrotalcite clay rt 86
13. [tmba][NTf2] Hydrotalcite clay 50 68
14. [tmba][NTf2] Hydrotalcite clay −50 10
15. [tmba][NTf2] Hydrotalcite clay 0 25

(a) Isolated yields after column
(b) Benzaldehyde : Methyl Acrylate: DABCO=1:1.1:1
(c) 2 mL acetonitrile was used in entry 1 and 2
(d) Only 200 mg of ionic liquid was used in entry 5–13 along with

100 mg Hydrotalcite clay
(e) All the reactions were carried out at room temperature for 24 h
(f) Reaction yield after 12 h
(g) Reaction yield after 48 h
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Table 2. Preparative Baylis–Hillman reactions in ionic liquid/hydrotalcite clay
catalytic system.

Entry Aldehyde R′ Yield (%) with(a,b) Yield (%) with(a,b)

[tmba][NTf2] [pyc4][ NTf2]

1. PhCHO Me 85 86
2. PhCHO t-Bu 64 68
3. CH3(CH2)2CHO Me 61 58
4. (CH3)2CHCHO Me 54 56
5. 4-Cl C6H4CHO Me 89 92
6. PhCH=CHCHO Me 68 68
7. (Ph)2CH=CHCHO Me 82 81
8. 2-Furfuraldehyde Me 79 81
9. 3,4,5-(MeO)3C6H2CHO Me 90 87
10. 4-NO2 C6H4CHO Me 68 66
11. 3-NO2 C6H4CHO Me 63 61
12. 2-NO2 C6H4CHO Me 53 51
13. 2-pyridyl aldehydes Me 66 62

14.

O

N

Boc

O

Me 68 nd

(a) Isolated yields after column.
(b) The detailed 1H NMR and 13C NMR of each Baylis–Hillman reaction product were

found similar to the reported analytical data. 13f,18

in table 1 and for entries 1–13 in table 2), at room tem-
perature for 24 h under argon atmosphere. The reaction
medium was diluted with dichloromethane (5 times the
volume of solvent used for the reaction) and the result-
ing solution was further purified on a TLC plate or flash
chromatography column (silica gel).

2.2 Experimental procedure for catalyst re-cycling

Methyl acrylate (1.1 mmol) was charged with the solu-
tion of p-chlrobenzaldehyde (1 mmol) and [tmba][NTf2]/
hydrotalcite clay (200 mg and 100 mg, respectively)
under argon. The reaction mixture was allowed to stir
for 24 h at room temperature. The reaction medium
was extracted with diethyl ether (5 × 2 mL) and the
combined ether extract was further reduced to 2 mL
under vacuum. The resulting solution was further puri-
fied with TLC plate or by flash column chromatogra-
phy (silica gel) using n-hexane/ethyl acetate, as eluent,
mixture in 9:1 ratio. A new portion of reactants was
added to recycle the catalytic system.

2.3 Synthesis of 1-butyl pyridinium
bis-trofluromethylsulphonamide [pyc4][NTf−2 ]

Distilled pyridine (1 mmol) was stirred with dis-
tilled chlorobutane (1 mmol) and acetonitrile (10 mL)

at 80 ◦C for 12 h into the Schlenk tube. The reaction
was cooled down at room temperature and washed
with diethyl ether (10 × 5 mL) and further dried under
reduced pressure to get white hygroscopic solid as 1-
butyl pyridinium chloride (10.20 g, 94%). 1H NMR
(300 MHz, D2O) δ = 0.91 (t, 3H, J = 7.4), 1.22–1.44
(m, 2H), 1.86–2.10 (m, 2H), 4.60 (t, 2H, J = 7.4),
8.05 (t, 2, H, J = 6.9), 8.52 (t, 1H, J = 7.9), 8.84
(d, 2h, J = 6.2). 13C NMR (75 MHz, D2O) δ = 12.6,
18,6, 32.5, 61.6, 128, 144.4, 145.3. 1-butyl pyridinium
chloride (1mmol) was stirred with bis-trifluromethane-
sulphonamide (1.1 mmol) in 50 mL of distilled water

at room temperature for 2 h. The new organic phase
immediately appeared which got extracted along with
dichloromethane (3 × 5 mL). The organic phase was
further washed with water to remove the water sol-
uble impurities. Later organic phase was dried over
MgSO4 and concentrated under vacuum. As a result 1-
butyl pyridinium bis-trofluromethylsulphonamide was
obtained as colourless viscous oil (3.27 g, 98 %). 1H
NMR (300 MHz, CDCl3)δ = 0.96 (m 11.2, 3H), 1.40–
1.41 (m 14.7, 2H), 1.80–2.12 (m, 2H), 4.60 (m, 16.7,
2H), 8.05 (m, 14.5, 2H), 8.32–8.58 (m, 1H), 8.82
(m, 2H). 13C NMR (75 MHz, CDCl3)δ = 13.2, 13.4,
19.3, 19.4, 33.4, 33.6, 62.6, 122, 128.8, 128.8, 144.5,
145.5.



1210 Vivek Srivastava

2.4 Synthesis of entry 14 using [tmba][NTf2]/
hydrotalcite clay catalytic system

Methyl acrylate (1.1 mmol) was charged in the mixture
of Garner aldehyde (1 mmol) and [tmba][NTf2]/
hydrotalcite clay catalytic system under argon. The
reaction mixture was allowed to stir at room tempera-
ture for 24 h. The reaction mixture was extracted from
diethyl ether (5 × 2 mL). Further, the combined ether
extract was reduced to 2 mL under vacuum. The result-
ing solution was further purified with TLC plate or
by flash column chromatography (silica gel) using n-
hexane/ethyl acetate mixture in 8:2 ratio as eluent to
get major product 14a (from the mixture of 14a and
14b as colourless oil (yield 68 %)). 1H NMR (400 MHz,
CDCl3): δ = 1.43–1.53 (m, 15H), 3.77 (s, 3H), 3.90 (br
s, 1H), 4.13–4.23 (m, 2H), 4.46–4.60 (m, 2H), 5.77 (s,
1H), 6.23 (s, 1H).

3. Result and discussion

We initiated the screening of ionic liquid immobilized
hydrotalcite clay (ionic liquid/Hydrotalcite clay cata-
lytic system) in different proportion with respect to
the DABCO/CH3CN system for the model Baylis–
Hillman reaction between benzaldehyde and methyl
acrylate (table 1, scheme 1). In our study, the catalytic
activity of DABCO was tested in ionic liquids i.e.,
[pyc4][NTf2] and [tmba][NTf2] as well as in acetoni-
trile. Ionic liquid/DABCO system offers the Baylis–
Hillman reaction product 1 in good yield (60–65%),
while the yield (30 %) of the product was found to
be less in acetonitrile/DABCO system. Product 1 was
obtained with a very poor yield (10%) while performing
the same action with benzaldehyde, methyl acrylate and
hydrotalcite clay catalyst in acetonitrile solvent for 24 h.
Table 1 (entries 3 and 4) shows that the ionic liquids
were found inactive towards Baylis–Hillman reaction in
the absence of the catalyst.

After optimizing different parameters like quantity of
ionic liquid, the amount of hydrotalcite clay as well as
the molar ratio of reactants, the Baylis–Hillman reac-
tion product 1 in good yield (85–86 %) was obtained.
Surprisingly hydrotalcite clay shows almost similar

O

O

O

OH

O

O

1

DABCO of HTC
Ionic liquid or Organic Solvent

-50 to +50oC , 24 h

Scheme 1. Baylis–Hillman reaction between benzalde-
hyde and methyl acrylate.

activity in both the ionic liquids for Baylis–Hillman
reaction in term of reaction rate and yield (table 1,
entries 8 and 10). Significant drop in yield of Baylis–
Hillman reaction product 1 was found with ionic liquid/

hydrotalcite clay catalytic system while playing with
the reaction time (table 1, entries 9 and 10). Tempera-
ture effects were also studied by performing three sepa-
rate reactions using [tmba] [NTf2]/hydrotalcite clay
catalytic system and the subsequent results were sum-
marized in table 1 (entries 13–15). Lower yield (10–
25%) of product 1 was obtained at 0◦C as well as on
−50◦C. Such temperature study shows that the Baylis–
Hillman reaction works well at room temperature (25–
30◦C) with ionic liquid/hydrotalcite clay catalytic sys-
tem. Straight away product isolation was achieved by
adding ether, which generate bi-phasic medium with a
clear supernatant organic layer containing product and
catalyst phase.

After getting wonderful results with our proposed
catalytic system, we screened a series of aliphatic
and aromatic aldehydes (electron-rich and electron-
deficient) with different acrylates for both the ionic
liquids (scheme 2, table 2, entries 1–14). We obtained
the Baylis–Hillman reaction products 2 in good yield
(more than 54% in 24 h). As usual aliphatic aldehy-
des gave lower yields (table 2, entries 3 and 4, 54–
61%) with respect to aromatic aldehydes. In case of
aromatic aldehydes, the Baylis–Hillman reaction prod-
uct was obtained with good yield (64–92%). We also
tested our catalytic system for another t-butyl sub-
stituted acrylate (table 2, entry 2) with benzaldehyde
and we obtained Baylis–Hillman reaction product 1
with good yield (64–68%) while the reaction between
methyl acrylate with benzaldehyde gave a very higher
yield (more than 85%). Cinnamaldehyde as well as β-
phenylcinnamaldehyde were also tested to justify the
application of the reported catalytic system, resulted
in the corresponding Baylis–Hillman reaction products
with good yield (68–82%).15f

2-Furfuraldehyde and trimethoxy benzaldehyde also
gave their corresponding Baylis–Hillman product in
good yield with both the ionic liquids (table 2, entries
8 and 9). On the other hand, we also tested four dif-
ferent electron deficient aryl aldehydes (as a difficult
substrate) with methyl acrylate (table 2, entries 10–13)
to strengthen the utility of ionic liquid-clay system

HTC, [tmba][NTf2] or [pyc4][NTf2]

r.t., 24 h
R H

O

R O R'

OH OR'
O

O

2

Scheme 2. Base catalysed Baylis–Hillman reaction
between benzaldehyde and methyl acrylate.
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Scheme 3. Baylis–Hillman reaction adduct synthesis using (S-) Garner aldehyde with methyl acrylate.

compared to the existing protocol using DABCO
method which requires longer reaction time. Surpris-
ingly, ionic liquid-clay system was found highly active
in terms of reaction rate and yield with respect to the
conventional DABCO system. We obtained the corre-
sponding Baylis–Hillman reaction products (for four
different electron deficient aryl aldehydes with methyl
acrylate) in acceptable yield (51–68 %) after 24 h while
achieving the same yield more than 48 h are required in
case of the conventional DABCO method.

The Garner aldehyde is configurationally stable and
reported by several groups as chiral synthon for the
stereo-selective synthesis of sphingolipids and their
derivatives because it offers 2-amino-1,3-diol subunit
as the main backbone of sphingolipids.16 Drewas et al.
reported the synthesis of (S-) Garner aldehyde-methyl
acrylate with anticonfiguration using Baylis–Hillman
reaction for the synthesis of sphingolipid analogue.
Recently, Singh et al. reported the synthesis of
N -((E ,3S,4R)-5-benzylidene-tetrahydro-4-hydroxy-6-
oxo-2H -pyran-3-yl) palmitamide followed by DABCO
catalysed Baylis–Hillman reaction adduct (scheme 3,
14b and 14c) using (S-) Garner aldehyde with methyl
acrylate under ultrasonication.18

We also justified our [tmba][NTf2]/hydrotalcite clay
catalytic system for the synthesis of a Baylis–Hillman
reaction product (table 2, entry 14, scheme 3, 14a and
14b) using (S-) Garner aldehyde and methyl acrylate
at room temperature without using ultrasonication. We
obtained the mixture of Baylis–Hillman reaction Baylis–
Hillman reaction product 14a and 14b (scheme 3) in
good yield (68%) along with justified 1H NMR data.16

Table 3. Recycling of catalytic systems for Baylis–
Hillman reactions.

Recycling Yield (%)(a) with Yield (%)(a) with
numbers [tmba][NTf2] [pyc4][NTf2]

1. 85 86
2. 85 84
3. 84 85
4. 83 84
5. 85 84
6. 82 81
7. 82 80

(a) Isolated yields after column

To evaluate the recycling of our catalytic system for
Baylis–Hillman reaction, we let p-chlorobenzaldehyde
and methyl acrylate to react in our [tmba][NTf2]/
hydrotalcite clay catalytic system for 24 h at room tem-
perature. Afterwards the products were extracted with
ethyl ether. A second slot of aldehyde and acrylate
was further added to very same used catalytic sys-
tem and the process was repeated up to 8 times. Ionic
liquid/hydrotalcite clay catalytic system was found
active up to five recycle after that slight drop in yield
was observed (table 3).

4. Conclusion

In summary, ionic liquid/HT-clay catalytic system
offers considerable increase in the rate of Baylis–
Hillman reaction with respect to acetonitrile/DABCO
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system. In this report, we provide two different ionic liq-
uids as an alternative solvent for hydrotalcite clay cata-
lyst. As per the result, the reactants enjoy ionic liquid/

hydrotalcite clay catalytic system and gives the cor-
responding Baylis–Hillman reaction products in good
yield. The application of our catalytic system is also
diversified by synthesizing lactone ceramide analogue
from (S−) Garner aldehyde-methyl acrylate using
Baylis–Hillman reaction. Now, It is important to notice
that the recyclability of our ionic liquid/hydrotalcite
clay catalytic system was carried out 8 times along with
a simple isolation step of product from the reaction
mixture.
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