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A simple and efficient process for exclusive mono-Michael addition of active methylene
compounds to conjugated esters, nitriles and ketones is developed. Ionic liquid mediated
reaction is carried out at room temperature. Reaction carried out at 60°C resulted into

double addition product. A mechanism is proposed and supported by P*' and DOSY
NMR analysis of used ionic liquid.
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A simple and efficient process for exclusive mono-Michael
addition of active methylene compounds to conjugated esters,
nitriles and Kketones is developed. Ionic liquid mediated
reaction is carried out at room temperature. Reaction carried
out at 60°C resulted into double addition product. A
mechanism is proposed and supported by P*' and DOSY
NMR analysis of used ionic liquid.

The conjugate addition of nucleophilic species to o-f-unsaturated
systems, commonly known as Michael addition' is a fundamental
concept in organic chemistry and is considered as one of the most
versatile methods in organic synthesis. This reaction is
conventionally catalyzed by strong bases that often lead to
undesirable side reactions.? To date, reagents, such as ruthenium
complex,3 enamines,” nanoparticles of silica,” metal triflates® etc
have been reported as catalysts for the Michael addition of active
methylene compounds to conjugated carboxylic esters, nitriles, and
ketones. Apart from these reports the reaction is extensively
investigated.” Ranu et al. reported a dramatic effect of ionic liquid
(IL) on progress of Michael reaction.® The vinyl ketones and
chalcones gave mono addition products while unsaturated esters and
nitriles gave bis-addition products. To the best of our knowledge
selective mono-Michael addition is very less investigated.” However
most of the reported methods suffer from low selectivity, low
reaction temperature and use of specially prepared catalysts. Herein
we report the exclusive mono-Michael addition of various active
methylene compounds to conjugated esters and nitriles, catalyzed by
potassium phosphate in ionic liquid [bmIm] CI at room temperature.

Inspired from some earlier investigations,'® it was decided to study
the use of ionic liquids and easily available catalysts for exclusive
mono-Michael addition. As controlled deprotonation of active
methylene compound is the key motif for selective mono-Michael
addition, it was decided to use easily available mild basic salts in
combination with neutral ionic liquid [bmIm]Cl. To optimize
reaction conditions, addition of ethyl aceto actate (EAA) on methyl
acrylate was selected as model reaction. The ionic liquid-potassium
phosphate mixture was stirred at elevated temperature (60°C) for
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extended hours (2 h) and then the reaction was carried out at room
temperature. To our delight it was found that the reaction of EAA
and methyl acrylate was going smoothly in presence of potassium
phosphate resulting into exclusive mono addition product. The
results are summarized in Table 1. It clearly depicts that the
potassium phosphate is a most suitable salt to bring about the
reaction. On the other hand, the reaction catalyzed by basic ionic
liquid [bmIm]OH, results into double addition and there was no any
trace of mono addition product. As expected the reaction without
catalyst did not show progress.

o
KsPO
+ /\COZMG e CO,Me
o bmimicl ¢
OEt i OEt

Sheme 1: Selective mono-Michael addition

Table 1: Basic salts studied for Selective mono-Michael addition

Entry Salt Solvent Yield%"*
1 K;PO, [bmIm]CI 95
2 K,COs [bmIm]CI 27
3 Na,CO, [bmIm]Cl 18
4 CaCoO;, [bmIm]CI 19
5 - [bmIm]Cl re;:gon
6 [bmIm]OH - 0
7 K,CO; THF 20
8 K;PO, THF 34

The mixture of [bmIm]Cl (200 mg) and base (100 mg) was
stirred at 60°C for 2hrs and allowed to cool. To this mixture
EAA (2mmol) and methyl acrylate (2.2 mmol) was added and
stirred at RT for 2 h; * GC yields for mono —addition product.
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To generalize the protocol, reaction was carried out with wide
ranging substrates including chalcones and cyclic keto ester. The
results are summarized in Table 2. All reactions proceeded smoothly
with reaction time ranging from 2-6 hours. Amongst the active
methylene compounds used, nitriles were found to be reacting at
relatively slower rate. The reaction of chalcones and cyclic ketoester
took relatively longer time to go to completion. Acyclic allyl ketones
showed reluctance and there was no any reaction.

Table 2: Potassium Phosphate-[bmIm]Cl mediated mono-
Michael addition

Entry  Adduct Acceptor T(IIISG Yield%"*
EtO,C oM
1 2> A 2 91
MeOC O
EtO,C
2 Fa 2 88
MeOC> CN
EtO,C /\n,o‘n_Bu
3 MeOC> o 2 ol
o
EtO,C
4 3 88
MeOC> Cj
EtO,C g
5 Meoc> OO0 6 90
o
Et0,C
X
6 MeOC> al O O 6 92
MeO,C. OMe
g
7 MeO, C> X 3 91
MeO,C .
Z
8 MeO,C CN 3 88
MeO,C o
ANy P'n-Bu
9 yeo, C> X 3 90
NC, oM
10 ) D Gl 4 88
NC o
NC.
11 Y Z>CN 4 90
NC
NC, o.
12 > A nBu 5 89
NC o
i OMe
13 é/co?a /\([)r 5 85
(o)
14 é/COzEt Z>CN 5 84
o]
15 é/COZEt /\g OBy 4 38

The mixture of [bmIm]Cl (200 mg)and K3PO, (100 mg)
was stirred at 60°C for 2hrs and allowed to cool. To this
mixture EAA (1mmol) and methyl acrylate (1.2 mmol) was
added and stirred at RT; *Isolated yields.

In further investigation, the mono addition product was isolated and
used as substrate for another addition of methyl acrylate under same
reaction conditions. The reaction did not show any progress and the
mono addition product remained intact. To explore the effect of
temperature, the reaction was carried out at elevated temperature
(60°C) and it was resulted into exclusive double addition product
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(Scheme 2). This clearly depicts that there is exclusive mono
addition, when reaction is carried out at room temperature.

o K3PO,4 o) PO,
j £ 2COMe — > COMe ZcoMe —— " o No
o bmimcl O [bmimjci Reaction
OFt OFt
it it
0 [obmim]OH | 1t
K3PO4 60 C
[bmIm]CI
O:SC(COZMe
o CO,Me
OEt

Sheme 2: Selective mono-Michael addition

The reusability of catalyst is important from commercial point
of view. The reusability of the system was tested using EAA
and methyl acrylate as substrates. The potassium phohphate
ionic liquid system, after extraction of product in diethyl ether,
could be recycled for three times without any substantial loss of
catalytic activity.

Table 3: Reusability of the IL- K;PO, system

Cycle Yield%*
1 96

2 91

3 88

4 78

*GC yields

Earlier report'' suggested that there is a possibility of existence
of ion pair of organic anion and quaternary ammonium cation
in organic phase. Based on the assumption and a recently
reported'> mechanism of a potassium phosphate catalyzed
reaction, we propose a plausible mechanism for present
protocol (Scheme 3).

Organic phase , Interphase  Solid phase

1
1
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N~ “CO.Et | !
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L Kel
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MeOC \_\P
B COMe ! | KoHPO,

{
|
i
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MeOC™ ™ !
1
1

Scheme 3: Plausible Mechanism
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In reaction mixture, there is existence of organic phase, solid
phase and interphase. The substrates and ionic liquid remains in
organic phase. While the potassium phosphate remains in solid
phase. Phosphate is acting as base, and abstract proton from active
methylene compound. The active methylene compound is
deprotonated in the interphase of organic liquid phase and solid
phase. The organic anion enter into organic phase by exchange
reaction with anion of ionic liquid [bmIm]Cl. It forms an ion
pair (A) of imidazolium cation and organic anion. The anion
reacts with methyl acrylate to give mono-Michael addition
product (B). Formation of ion pair is the key step in the reaction.

Owing to steric effects further deprotonation of mono addition
product (B) becomes cumbersome. Also due to bulky nature,
formation of ion pair of imidazolium cation and anion of mono
addition product (B) is difficult. This can be the probable reason of
exclusive mono-Michael addition reaction.  To support this
mechanism we carried out P>! and DOSY NMR (Figure 1) analysis
of isolated ionic liquid. The probability of metathesis reaction
between potassium phosphate and ionic liquid [bmIm]Cl is
completely warded off due to absence of peak in P*' NMR. Peaks
and diffusion constant values in the DOSY NMR analysis of fresh
and isolated ionic liquid remain unchanged. This clearly depicts that
the ionic liquid do not undergo any structural changes. It remains
intact and work only as facilitator.

A,

= |

f

18 16 14 12 1.0 F1[m2/s e8]

TIT T T[T AT [T T[T [T I [TTr[TTr[T

NS A s S B B N B B e B B B B N B B

12 10 g [ 4 F2 [ppm]

Figure 1: DOSY NMR analysis of used ionic liquid

In conclusion, we have developed a potassium phosphate-ionic
liquid catalyzed method for selective mono-Michal addition of active
methylene compounds on acrylic esters and acrylonitriles. We have
proposed a mechanism for the reaction based upon some earlier
findings. The mechanism is supported by P*' and DOSY NMR
analysis of ionic liquid. The difficulty of existence of bulky ion pair
of imidazolium cation and anion of mono addition product is a
possible reason behind exclusive mono addition. Further
investigations are currently under way in our laboratories.

Experimental

General procedure for the preparation of [bmIm|Cl: A mixture
of 50 mmol of 1-methylimidazole and 200 mmol of 1-chlorobutane
in 6 ml dried toluene was refluxed under nitrogen atmosphere for 24
h to obtain a viscous liquid forming the lower layer. The reaction
mixture was cooled to 0°C and stirred overnight to yield the solid

This journal is © The Royal Society of Chemistry 2012

quaternary salt [bmim]Cl (1-butyl-3-methylimidazolium chloride).
The excess unreacted 1-haloalkane and toluene were decanted and
the salt was washed with diethyl ether (3 x 5 ml). The salt was
further purified by recrystallization from acetonitrile / ethyl acetate
to yield the product.

General procedure for Michael addition: A mixture of 200 mg of
[bmIm]Cl and 100 mg of K;PO, were stirred at 60°C for 2 hours and
then allowed to cool to room temperature. To this mixture , 2mmol
of EAA and 2.2 mmol of methyl acrylate was added and stirred at
room temperature. After completion of reaction (GC), diethyl ether
was added (2X10 ml) and stirred. The separated ether layer was
dried over sodium sulphate and solvent was evaporated to get crude
product. It was further purified by column chromatography.

Procedure for recyclability: After completion of reaction, the
reaction mixture was extracted with diethyl ether (3X30 ml). The
potassium phosphate-ionic liquid left in the reaction vessel was dried
inder vacuum (3 h). The dried system was used for the next run.
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Table 2: Potassium Phosphate-[bmIm]Cl mediated mono-Michael addition

Entry  Adduct Acceptor T(llr:)le Yield%"
EtO,C
1 2= Ay OMe 2 91
MeOC (0]
EtO,C
2 > 2 CN 2 88
MeOC
3 B 2y On-Bu 2 91
MeOC o
(0]
EtO,C
4 o @ 3 88
EtO,C Q
5 S 6 90
MeOC> MeO O O
o
EtO,C
6 N 6 2
Mol AT T 0 K
MeO,C. OMe
/\n/
7 MeO, C> X 3 91
MeO,C
P
8 e 02C> CN 3 88
MeO,C o
2N 'n-Bu
9 MeO, C> X 3 90
NC, oM
10 ) D Gl 4 88
NC o
NC,
11 v ZCN 4 90
NC
NC
12 NC} 2y ey 5 89

13 é/coza /\g OMe 5 85
14 é/coﬁ Z>CN 5 84
15 é/coza /\cr)ro“n—Bu 4 38

The mixture of [bmIm]Cl (200 mg)and K;PO,4 (100 mg) was
stirred at 60°C for 2hrs and allowed to cool. To this mixture
EAA (1mmol) and methyl acrylate (1.2 mmol) was added and
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4 78
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