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Abstract : The Michael reaction of several 1.3-dicarbonyl compounds. 
alkanea, and thiola as donors with methyl vinyl ketone, acrolein. 
acrylate, methyl methacrylate. and meaityl oxide as acceptors 
surface of alumina without any solvent proceed very effeciently and 
high yield of adducta. 
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methyl 

on the 
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The technique of surface-mediated solid phase reaction is of growing interest’ 

because of their advantages of ease of set-up, mild conditions, rapid reactions, 

selectivity, increased yields and low cost compared with their homogeneous 

counterparts. As a part of our continuing efforts to explore the novel utilities of 

surface-mediated reactions’ we have disclosed a dramatic acceleration of Michael 

reaction on the surface of alumina in a recent communication3 and wish to report here 

the details of these results and further scope and generality of this procedure. 

The Michael reaction is one of the moat efficient methods for effecting carbon- 

carbon bond formation4 and has wide synthetic applications. 
5 

These reactions are 

usually carried out in a suitable solvent in presence of strong bases. Side reactions, 

frequently encountered in presence of a base, are secondary condensations, bis 

additions, polymerisationa. retrogressions and rearrangements. Use of transition-metal 

complex. 
6 alumina- and clay-supported catalysts, 

7 
and phase-transfer catalysts8 have 

made considerable improvements in the Michael addition, yet, these procedures have one 

or more limitations as regards the scope and generality of the reaction, the use of 

toxic and expensive materials, long reaction procedures, 

products. The need to accomplish this important 

efficiently has led us to develop this procedure of 

surface of A1203. 

and/or relatively low yields of 

synthetic transformation more 

Michael reaction on the solid 
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Table 1 : A1203-mediated Michael Addition 

Bntry Donor Acceptor Time Adduct Yield, ‘La 

1 I4wXyl z-oxocyclo- 
hexawcarboxylate 

MVKb 5 min 

2 Ethyl acetoacetate MVK 5 min 

3 Acetylacetone MVK 30 min 

4 Ethyl cyanoacetate MVK 4h Et0 

5 Diethyl malonate MVK 4h 

6’ Nftroetha~ MVK 2h 

7 Methyl thioglyco~ate MVK 5 min 

6 1,3-Propanedithiol MVK 
(1 eqiv) 

5 min 

9 

10 

llC 

MVK 5 min 
(2 equiv] 

Methyl thioglycolate 

0 

Mesityl 30 min 
oxide G s ACOOMe 

0 0 

Ethyl acetoacetate Acrolein 5 min 

OEt: 95 

0 0 

91 

84 

90 

60 

65 

75 

82 

80 

90 
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Table 1 (Contd....) 

Entry Donor Acceptor Time Adduct Yield.%’ 

91 12c 

13d 

lid 

Methyl 2-oxycyclo- 
hexanecarboxylate 

Acrolein 5 min 

lh 

10 min 

4h 

4h 

4h 

2h 

30 min 

Nitroethans 

Methylthioglycolate Acrolein 

MAb 

MA 

MA 

MA 

MA 

15 Ethyl acetoacetate 60 

Methyl Z-oxocyclo- 
hexane cat-box ylate 

16 66 

OOMe 

H3COOC- 

aH3 

17c 

16 

Nitroethane 

Methyl thioglycolate 

55 

85 

19 1.3-propanedithiol 76 
(1 equiv) 

MA 30 min 
(2 equiv) 

MMAb 2h 

20 1, I-propanedithiol 90 

LOOCH, 
H3C00C- 

s/\/ 75 

H,CO,C\b 

21 Methyl thiogl ycolate 

aYield of isolated pure products, fully characterized by their IR. NMR data: bMVK, MA 

and MMA are abbreviations for methyl vinyl ketone, methyl acrylate and methyl 

methacrylate respectively; ‘Reactions were carried out at WC; dReactions were carried 

OUI dt -10 to -15OC (ice-sall bath). 
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In a typical general procedure, the Michael donor (1 mmol) was stirred on the 

surface of activated alumina at room temperature for 10 min after which the Michael 

acceptor (1 mmol) was added and stirring was continued under nitrogen’ till completion 

of the reaction, as monitored by TLC/or GC. The product was isolated in a pure state 

by simple filtration chromatography of the solid mass through a short plug of silica 

gel. The results are reported in Table 1. 

As shown in Table 1, several structurally varied donors including 1,3-dicarbonyl 

compounds, ethyl cyanoacetate, diethyl malonate, nitroethane, methyl thioglycolate and 

1,3-propanedithiol underwent clean and remarkably fast Michael additions with a variety 

of acceptors like methyl vinyl ketone, acrolein, methyl acrylate. meeityl oxide and 

methyl methacrylate under this procedure. The dramatic improvement observed is with 

regard to tWICtiOn tiSV3. Many reactions are complete within a period of 5 minutes. 

Interestingly, it was found that presence of solvent (THF) slowered the reaction. The 

reasons for the efficiency of the process on the solid phase are yet to explore. The 

yields, in general, are very high except in the additions of nitroethane where the 

isolated yields are reIatively low presumably due to decomposition of adduct during 

isolation process. The reactions were usually carried out at room temperature, although 

in few cases (entries 6,11-14.17) where acrolein or nitroethane are involved, lower 

temperature furnished better yields. All the additions were carried out with 1:l donor- 

acceptor proportions. 1,3-Propanedithiol having two reactive sites produced a small 

amount (to the extent of 10%) of di-adducts when one equivalent of acceptors were used 

(entries 6,20), although the mono adducts were easily separated by column 

chromatography. The additions with mesityl oxide and methyl methacrylate are not 

general ; these acceptors, though, went very well with relatively more reactive methyl 

thioglycolate (entries 10,22), additions with 1, d-dicarbonyl compounds and nitroethane 

are not very successful. 

To sum up, the important features of this methodology are: (a) no requirement of 

base; (b) no undesirable side reaction: (c) remarkably fast addition: (d) mild reaction 

condition: (e) ease of set-up and work-up: ( f) involvement of no toxic and expensive 

material: and (g) high yield. 

In conclusion, this procedure of Michael addition on the solid surface of A1203 

without any solvent offers significant improvements over the existing methods and would 

thus help facile entry into a host of new Michael adducts of pOtentidlY high Synthetic 

utility. Nevertheless, this procedure clearly illustrates a finer application of surface- 

mediated solid phase reaction technology. 

Acknowledgement : Financial support from DST. New Delhi (Want No. SP/Sl/G-49/98) k 

gratefully acknowledged, S.B. thanks CSIR for his fellowship. 
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FJcperimental 

General : 
1 H NMR spectra were recorded at 60 MHz on Em 360 spectrometers of 

Varian Associates in CC14 solutions with Me4Si as an internal standard. IR spectra were 
recorded on a Perkin Elmer 298 spectometer as a thin film (neat). GLC was done on a 
Shimadzu GC-9A instrument using a SE-30 column (2 m) and nitrogen as carrier gas. Thin 
layer chromatography was done on precoated silica gel plates (E. Merck). Alumina, 
supplied by SRL, India (Aluminium oxide, neutral, Brockmann activity: grade 1 for column 
chromatography) was used in all the reactions. Silica gel (60-120 mesh) used for 
filtration chromatography was also from SRL, India. All the chemicals are commercial 
products and distilled before use. 

General procedure for Michael addition : The Michael donor (1 mmol) was added 
onto the surface of alumina ( 500 mg, activated at 180% for 4 h under vacuum ) and 
stirred for 10 min at room temperature. The Michael acceptor ( 1 mmol ) was then 
added and stirring was continued at room temperature unless otherwise mentioned in 
Table 1 under nitrogen till completion of the reaction as monitored by TLC or GC. The 
solidmass was then taken in a column with a short plug of silica gel and eluted with 
methylene chloride. Evaporation of solvent furnished practically pure product which was 
further purified by column chromatography over silica gel or short path distillation. 

Although the results shown in Table 1 were obtained from milligram scale reactions, 
gram-scale reactions afforded the corresponding products in analogously excellentlyields. 

The Michael adducts were easily identified by their spectral ( IR and H NMR ) 
data which are presented here for ready reference ( adducts correspond to entries in 
Table 1 ). 
1: IR 1710, 1735 cm -t; fH NMR 6 1.5-2.53 (12H, m), 2.03 (3H, s). 3.66 (3H, s). 
2 : IR 1710, 1735 cm-'; 'H NMR 6 1.30 (3H, t, J = 7 Hz), 2.06 (3H, s), 2.16 (3H. s), 

1.93-2.56 (4H, (1H. t, J = 6 Hz), 4.16 (ZH, q, J = 7 Hz). 
3: IR 1695. 1710 cm m)_,l3.?6 : H NMR& 1.76-2.46 (4H. m). 2.06 (3H, s), 2.1 (3H, s) 2.13 

4: 

5: 

6: 

7: 

8: 

9: 
10 : 

11 : 

12 : 

13 : 

14 : 

15 : 

16 : 
17 : 

18 : 

(3H, s); 3.5 (1H. t, J = 7_lHzj (enol present). 
IR 1715, 1745, 2250(w) cm ; H NMR 6 1.33 (3H, t, J = 7 Hz), 1.73-2.66 (4H, m), 
2.13 (3H. s), 3.6_1(1+ t, J = 7Hz). 4.23 (ZH, q, J = 7 Hz). 
IR 1710, 1740 cm ; H NMR 6 1.3 (6H. t, J = 7 Hz), 1.83-2.5 (4H, m), 2.13 (3H, 
s), 3.3 (lH, t, J = 8 H_.), 14.2 (4H, q, J = 7 Hz). 
IR 1360. 1545. 1715 cm ; H NMR 6 1.55 (3H, d. J = 7 Hz), 2.13 (3H, s). 2.0- 
2.63 (4H, m). 4.21 (jH, sextet, J = 7 Hz). 
IR 1710, 1735 cm ; H NMR 6 2.06 ( 3H. s), 2.7 (4H, broad s), 3.1 (ZH. s), 3.63 

' H NMR 6 1.27 (1H. t, J = 8 Hz), 1.7-2.0 (ZH, m), 2.13 (3H. s), 
2.47-2.73 (_y, in with 2.66 (s) ). 
IR 1710 cm IR 1715 173; c;_yMRl 5 1.7-2.0 (2H, m), 2.1 (6H. s), 2.46-2.66 (IZH, m). 

s), 3.7'(3H, s). 
; H NMR 6 1.36 (6H, s), 2.1 (3H, s), 2.6 (ZH, s), 3.2 (ZH, 

IR 1710, 1720, 1735, 2730(w) cm -l; *H NMR 6 1.28 (3H, t, J = 7 Hz), 2.0-2.46 
(7H, m with 2.2 (s) ), 3.4 (lH,_~),l4.16 (ZH, q, J = 7 Hz), 9.66 (lH, s). 
IR 1710, 1720, 1730, 2730(w) cm ; H NMR 6 1.60-2.56 (12H, m). 3.73 (3H, s), 
9.66 (lH, s). 
IR 1350, 1550, 1720, 2720(w) cm -*; 'H NMR 6 1.57 (3H, d, J = 7 Hz), 1.90-2.6 
(4H, m), 4.53 (1ljI sfxtet, J = 7 Hz), 9.8 (lH, s). 
IR 1720, 1735 cm ; H NMR 6 2.70-2.86 (4H, m), 3.16 (ZH, s), 3.73 (3H, s), 9.8 

!iHi7::: 1745 cm-'; 'H NMR 6 1.3 (3H, t, J = 7 Hz), 2.00-2.33 (7H. m with 2.13 
(s) and 2.2(s) ). -1.44 (lH, t, J = 8 Hz), 3.63 (3H, s), 4.16 (ZH, q, J = 7 Hz). 
IR 1710, 1735 cm ; l-tlNMIR 6 1.43-2.56 (12H. m), 3.6 (3H. s), 3.70 (3H, s). 
IR 1360, 1550, 1735 cm ; H NMR 6 1.60 (3H, d, J = 7 Hz), 2.00-2.53 (4H. m), 
3.66 (3H. s&, 41.33-4.90 (IH, m). 
IR 1735 cm ; H NMR 6 2.33-3.00 (4H, m), 3.13 (ZH, s). 3.63 (3H, s), 3.66 (3H, 
5). 

19 : IR 1735 cm-'; ' H NMR 6 1.23 (1H t, J = 8 Hz), 1.73-2.06 (ZH, m), 2.33-2.83 (8H, 
m), 3.67 

20 : IR 1735 cm (?$I, ; f). H NMR 6 1.60-2.13 (ZH, m), 2.36-2.90 (lZH, m), 3.66 (6H, s). 
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1. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 

: IR 1735 cm-*; ' H NMR 6 1.21 (3H, d, J = 7 Hz), 2.30-2.96 (3H, m), 3.1 (2H, s), 
3.6 (3H, s), 3.66 (3H, s). 
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