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Poly(/V-vinylimidazole) as efficient recyclable catalyst for the Michael addition
of CH-acids to electron deficient alkenes in water*
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Efficiency of poly(/N-vinylimidazole) as the basic recyclable catalyst for the Michael addi-
tion of CH-acids to acrylonitrile, methyl acrylate, methyl vinyl ketone and methyl vinyl sulfone
in water at ambient temperature was studied. In these reactions, formation of both 1: 1 and 1:2

adducts is possible.
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The Michael addition is one of the most important and
widely used methods for the carbon—carbon bond forma-
tion.1:Z Catalysis by strong bases commonly used in this
reaction often led to formation of side products.3 There-
fore, more selective catalysts were currently suggested, e.g.,
soft bases,4—7 Lewis acids, including salts and complexes
of transition metals and lanthanides, 3 ionic liquids,10—12
enzymes,!3 Amberlyst 15,14 SiO,.!5> Among them, chiral
organic catalysts giving rise to non-racemic products!6—19
are of particular value.

From the economical and ecological viewpoints, the
catalysts which could be used repeatedly have major ad-
vantages.2? Often enough, such catalytic systems contain
synthetic polymers acting as supports for catalyst.2! Among
them, the catalysts suitable for the Michael addition are
also known.22—24 So-called smart polymers capable of
changing physicochemical properties, especially solubili-
ty, depending on the conditions?%-2! are of great impor-
tance. This property makes it possible, on the one hand, to
perform the reaction in the homogeneous conditions, and,
on the other hand, to use the catalytic system repeatedly.
In some cases, the polymers themselves can exhibit cata-
Iytic properties similar to biopolymers. We have previous-
ly shown that polymers bearing basic imidazole moieties
catalyzed the Michael addition of thiols?5 and nitrogen
heterocycles20 to electron deficient alkenes.

* Dedicated to Academician of the Russian Academy of Sciences
R. Z. Sagdeev on the occasion of his 70th birthday.

In the present work, we studied the possibility to apply
poly(N-vinylimidazole) with molecular weight 75300
as the basic catalyst for the Michael addition of the
CH-acids to electron deficient alkenes.

Results and Discussion

In the presence of poly(/N-vinylimidazole), CH-acids
such as malononitrile, ethyl nitroacetate, acetylacetone,
and 2-nitropropane react with electron deficient alkenes,
e.g., methyl acrylate, acrylonitrile, methyl vinyl sulfone,
and methyl vinyl ketone (Scheme 1). Depending on the
nature of the CH-acid, these reactions give predominantly
the 1 :1(3a—h) orthe 1 : 2 adducts (4a—e) (Table 1). The
reactions proceed in water at ambient temperature.

It was found that in the case of excess of alkene, malo-
nonitrile yielded exclusively 1:2 adducts (see Table 1,
entries /—3). Acetylacetone gave rise to the 1 : 1 adducts
(entries 4—6), whereas ethyl nitroacetate gave products,
whose composition depended on the nature of alkene and
the reactant ratio (entries 7— 11). Ethyl (3-acetyl-4-hydr-
oxy-4-methyl-1-nitrocyclohexane)carboxylate (5) was
synthesized with the excess of methyl vinyl ketone in 73%
yield. Apparently, compound 5 formed via addition of the
second molecule of methyl vinyl ketone to 1 : 1 adduct 3f
followed by intramolecular aldol-crotonic condensation
(Scheme 2).

It is of note that in contrast to other studied Michael
acceptors, acrylonitrile readily reacts with malononitrile
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to give exclusively 1 :2 adduct (see Table 1, entry 2); in
the cases of acetylacetone and ethyl nitroacetate, the yields
were low (entries 5 and §).

In the present work, we studied the possibility of the
catalyst recyclization on an example of the reaction be-
tween malononitrile and methyl acrylate (see Table 1, en-
try I). It was found that at least the second cycle proceed-
ed without loss of the catalyst activity. After completion of
the reaction (TLC monitoring), the product was extracted
with ethyl acetate, the organic layer was separated, and
the reactants and water in the amounts required for the
next step were added to the water phase. In the second
catalytic cycle, dimethyl 4,4-dicyanoheptanedioate (4a)
was obtained in the yield of 90%.

In summary, poly(/N-vinylimidazole) can be used as
cheap, efficient, and most importantly easy-separable re-

Scheme 2
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cyclable organic catalyst for the addition of CH-acids to
the Michael acceptors. Poly(/N-vinylimidazole) provides
performing these reactions under simple and cost-effec-
tive conditions, e.g., with water as a solvent at ambient
temperature.

Experimental

The course of the reactions was monitored by TLC on silica
gel precoated plates 60 F,s54 (Merck), visualization in iodine
vapor or in the KMnO, solution. Silica gel Merck 60
(0.040—0.063 mm) was used for column chromatography. 'H
and 13C NMR spectra were run on a Bruker AMX-400 instru-
ment in CDCl; and DMSO-dg¢ at working frequencies of 400.13
and 100.61 MHz, respectively; the chemical shifts are given in
the 3 scale relative to the residual signals of the solvents (CHClj;,
8y 7.27, 8¢ 77.00; DMSO, 8y 2.50, ¢ 39.51) as internal stan-
dards. The starting methyl vinyl ketone (Aldrich) was purified by
vacuum distillation (b.p. 34—35 °C (120 Torr)), other starting
compounds (Aldrich, AlfaAesar) were used as purchased. Poly-
(N-vinylimidazole) with M 75300 was synthesized by the known
procedure.?’

Addition of CH-acids (1a—d) to alkenes (2a—d) in the pres-
ence of poly(/V-vinylimidazole) (general procedure). To a stirred
solution of poly(/N-vinylimidazole) (14.1 mg, 0.15 mmol per
monomer unit) in distilled water (4 ml), CH-acid la—d
(1.5 mmol) was added followed by addition of alkene 2a—d
(4.5 mmol) after 5 min of stirring. The reaction mixture was
stirred at ambient temperature until complete consumption of
the reactants (see Table 1). In the case of formation of insoluble
products (3g, 4c, and 4d), the precipitates were separated by
filtration or centrifugation, washed with water and diethyl ether
and dried in vacuo. Compound 4d was additionally recrystallized
from AcOEt. All other products were extracted with AcOEt, the
organic layer was dried with Na,SO,, the solvent was removed
in vacuo, the residues were purified by column chromatography
(elution with petroleum ether—AcOEt (2 : 1) for 3a, 3f, 3h, 4a,
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4e, and 5, petroleum ether—AcOEt (1:1) for 4b, petroleum
ether—AcOEt (1 : 2) for 3¢, petroleum ether—CH,Cl, (1 : 1) for
3d). Compounds 3a, 3¢, 3d, 3f, 3h, 4a, 4e, and 5 are colorless
oils, compound 4b is colorless crystals. Compounds 3b and 3e
were not isolated, their yields were determined by 'H NMR
spectroscopy of the mixtures obtained by extraction and removal
of the volatiles. Structures of known compounds were confirmed
by the comparison of the 'H and !3C spectra with published data
(references are given in Table 1). The 'H and !3C spectra and
elemental analysis data for hitherto unknown compounds are
given below.

3-(2-Methylsulfonylethyl)pentane-2,4-dione (3c). Colorless
oil. 'HNMR (CDCl,), 8:2.19 (s, 1.8 H, CH3, enol); 2.25 (s, 6 H,
CH;, keto-form); 2.29—2.36 (m, 2 H, CH,, keto-form);
2.81—2.84 (m, 0.6 H, CH,, enol); 2.93 (s, 3 H, CH;S, keto-
form); 2.96 (s, 0.9 H, CH;S, enol); 3.01 (t, 2 H, CH,, keto-
form, J=7.4 Hz); 3.05—3.06 (m, 0.6 H, CH,, enol); 4.02 (t,  H,
CH, keto-form, J= 6.9 Hz). 3C NMR (CDCl,), 8: 19.97 (CH3,
enol); 20.33 (CH3, keto-form); 22.96 (enol); 29.74 (keto-form);
40.86 (keto-form); 41.03 (enol); 51.69 (keto-form); 54.33 (enol);
65.12 (CH, keto-form); 106.38 (C=C, enol); 191.41 (C=C, enol);
202.82 (C=0, keto-form). Found (%): C, 46.78; H, 6.73.
CgH404S. Calculated (%): C, 46.58; H, 6.84.

3-Methyl-1-methylsulfonyl-3-nitrobutane (3g). M.p.
108—110 °C (purified by washing with water and diethyl ether).
'H NMR (DMSO-dy), 5: 1.58 (s, 6 H, CH3); 2.29—2.34 (m, 2 H,
CH,); 3.01 (s, 3 H, CH;S); 3.12—3.16 (m, 2 H, CH,). *C NMR
(DMSO-dg), 8: 25.06 (CH3); 31.68 (CHj3); 40.14 (CH,); 48.93
(CH,); 87.17 (C). Found (%): C, 37.13; H, 6.65; N, 7.01.
C¢H3NO,S. Calculated (%): C, 36.91; H, 6.71; N, 7.17.

Table 1. Addition of CH acids 1a—d to electron deficient alk-
enes 2a—d in the presence of poly(/N-vinylimidazole) in water at
20—25°C

Entry CH- Alkene Reagents #/h® Product Yield®
acid ratio? (%)

1 1a 2a 1:3:0.1 8 4a28 90 (929)

909(cycle 2)

2 1a 2b 1:3:0.1 24 4b¢ 61 (909
3 la 2c 1:3:0.1 1 4c 98
4 1b 2a 1:3:0.1 48 3a29 69
5 1b 2b 1:3:0.1 24 3p30 204

6 1b 2¢ 1:3:0.1 48 3c 30 (359)
7 1c 2a 1:3:0.1 48 3431 80
8 1c 2b 1:3:0.1 120 3e32 344
9 1c 2¢ 1:3:0.1 144 4d 87
10 1c 2d  1:1.1:0.1 2 333 84
11 1c 2d 1:3:0.1 2 4e34 25
534 73

12 1d 2¢  1:1.1:0.1 120 3g 47 (559)

13 1d 2d  1:1.1:01 12 3h35 65 (879)

4 Molar ratio CH-acid : alkene : poly(/N-vinylimidazole) (per
monomer unit).

b Reaction time.

¢Yield of the isolated product.

9Yield by the 'H NMR data using dimethyl fumarate as an inter-
nal standard.

¢ M.p. 90—92 °C (¢f. Ref. 11: 90—92 °C).

2,2-Bis(2-methylsulfonylethyl)malononitrile (4¢). M.p.
209—211 °C (purified by washing with water and diethyl ether).
'TH NMR (DMSO-dy), 8: 2.65—2.70 (m, 4 H, CH,); 3.12 (s, 6 H,
CH;S); 3.43—3.47 (m, 4 H, CH,). 3C NMR (DMSO-d), &:
28.32 (CHj3); 35.37 (C(2)); 40.44 (CH,); 49.38 (CH,); 114.33
(CN). Found (%): C, 39.10; H, 4.95; N, 10.15. CoH4N,0,S,.
Calculated (%): C, 38.83; H, 5.07; N, 10.06.

Ethyl 4-methylsulfonyl-2- (2-methylsulfonylethyl)-2-nitrobut-
anoate (4d). M.p. 110—114 °C (from AcOEt). 'H NMR
(DMSO-dg), & 1.24 (t, 3 H, CH3, J = 7.1 Hz); 2.59—2.68
(m, 4 H, CH,); 3.06 (s, 6 H, CH3S); 3.16—3.31 (m, 4 H, CH,);
4.30 (q, 2 H, OCH,, J = 7.1 Hz). 3C NMR (DMSO-dy), &:
13.59 (CH,CHj;); 26.72 (CH;S); 40.11 (CH,); 48.19 (CH,);
63.75 (OCH,); 93.20 (C(2)); 164.83 (C=0). Found (%): C, 34.92;
H, 5.41; N, 3.88. C;(H{9NOgS,. Calculated (%): C, 34.77;
H, 5.54; N, 4.06.
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