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SYNTHETIC COMMUNICATIONS, 27(4), 621-626 (1997) 

MICROWAVE ASSISTED MICHAEL ADDITION OF CYCLOALKENONES 
AND SUBSTITUTED ENONES ON THE SURFACE OF 

ALUMINA IN DRY MEDIA 

* 
Brindaban C. Ranu, Manika Saha and Sanjay Bhar 

Department o f  Organic Chemistry, Indian Association f o r  the  
Cu l t i va t ion  o f  Science, Jadavpur, Calcutta - 700 032, India. 

ABSTRACT : The Michael add i t i on  o f  e t h y l  
acetoacetate, ace ty l  acetone and e thy  I cyanoacetate 
t o  cycloalkenones and B -subst i tuted enones and 
enal has been accomplished e f f i c i e n t l y  on t h e  
surface o f  alumina under microwave i r rad ia t i on  i n  
dry media. 

The Michael react ion i s  one o f  t he  most e f f i c i en t  

methods f o r  ef fect ing carbon-carbon bond formation' and has 

w ide  syn the t ic  appl icat ions. '  A few years back we have 

introduced a s imp le  and e f f i c i en t  method f o r  Michael add i t i on  

on ?he surface o f  alumina w i thout  any ~ o l v e n t . ~  Although t h i s  

procedure works  v e r y  we l l  w i t h  unsubst i tuted a , B-unsaturated 

carbony l  compounds, t h e  add i t i on  t o  subst i tuted enones and 

cycloalkenones appeared d i f f i c u l t .  We w ish  t o  repo r t  he re  tha t  

these d i f f i c u l t i e s  a re  now overcome by ca r ry ing  out t he  

react ion under microwave i r rad ia t i on .  

In a t y p i c a l  procedure, a m ix tu re  o f  Michael donor and 

Michael acceptor, adsorbed on ac t iva ted  neutral  alumina, was 

To whom correspondence should be addressed 
* 
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622 RANU, SAHA, AND BHAR 

i r r a d i a t e d  w i t h  microwave i n  a domestic microwave oven f o r  a 

cer ta in  p e r i o d  o f  time. The produc t  was isolated by simple 

e lu t ion  o f  t he  s o l i d  mass w i t h  methylene c h l o r i d e  and 

evaporat ion o f  solvent. S t ruc tu ra l l y  v a r i e d  donors such as 

e thy  I acetoacetate, ace ty l  acetone and e t h y l  cyanoacetate 

underwent clean addi t ions to  acceptors I i k e  cyclopen-2-en-l-one, 

cyclohex-2-en-1 -one, croton a ldehyde and pent-3-en-2-one. The 

resu l ts  a re  presented in Table 1. The react ions a re  v e r y  fast  

and t h e  y i e l d s  a re  also good. 

The present invest igat ion thus  p rov ides  a v e r y  simple, 

e f f i c i en t  and general methodology f o r  Michael add i t i on  to  

cycloalkenones and subst i tuted enones. The notable advantages 

o f  t h i s  methodology a re  : (a)  use o f  environmental ly safe and 

inexpensive reagents; ( b )  fas t  reaction; ( c )  h i g h  y i e l d s  and 

( d )  operational s imp l i c i t y .  Th i s  also shows h i g h  potent ia l  o f  

microwave technology i n  organic synthesis.  4 

EXPERIMENTAL 

General Procedure for Michael  Add i t i on  - A m ix tu re  o f  Michael 

donor (1  mmol) and Michael acceptor ( 1  mmol) was added to  

alumina (neutral,  Brockmann a c t i v i t y ;  grade 1 f o r  column 

chromatography, S R L ,  India; 1 g, ac t i va ted  a t  180 C f o r  4 h a t  

0.05 mm of  Hg) in  a small  p y r e x  round bottom f l ask  and 

shaken wel l .  The f l ask  was then placed i n  a porcelain basin 

containing alumina and i r r a d i a t e d  w i t h  microwave a t  200 W i n  a 

domestic microwave oven (BPL, model BMO-700T) f o r  a cer ta in  

p e r i o d  o f  t ime as requ i red  fo r  completion (Table 1) .  A f te r  
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MICHAEL ADDITION OF CYCLOALKENONES 623 

Table 1 : A$03 - mediated Michael addition under microwave irradiation 

Entry b n o r  Acceptor Tune Product Yield(%)a 

6 2 1 90 

3 
65  

CHO 

4 1 70 

5 
76 

2 

6 2 
78 

0 4  
0 B 7 N C / I f O E t  

0 

3 
7 2  

8 3 75 

9 3 4 
aYields refer to isolated products 
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624 RANU, SAHA, AND BHAR 

being a l lowed t o  cool, the  s o l i d  mass was then taken i n  a 

column w i t h  a sho r t  p lug  o f  s i l i c a  gel and eluted w i t h  

methylene ch lo r i de .  Evaporation o f  solvent fu rn ished the  

p r a c t i c a l l y  pu re  product wh ich  was f u r t h e r  p u r i f i e d  by column 

chromatography ove r  s i l i c a  gel. 

The products a re  most ly  known compounds and a re  i n  

good agreement w i t h  t h e i r  spectral  data wh ich  a re  recorded 

below i n  o rde r  o f  t h e i r  en t r ies  i n  the  Table. ( I R  spectra were 

recorded on t h i n  f i l m  and ' H  NMR spectra were run  a t  60  M H z  

i n  CCI4 solut ion w i t h  tetrarnethysi lane as an internal  standard).  

I R  : 1715,  1750 cm-'; ' H  N M R  6 : 1.3  ( t ,  J = 7.5 Hz, 

3H) ,  1.5-2.5 (m, 7H) ,  2.2 (s, 3H). 3.1 (d, J = 9 Hz, 

I H ) ,  4.19 (q, J = 7.5 Hz, 2H) .  

I R  : 1715,  1740 cm-'; ' H  NMR 6 : 1.3  ( t ,  J = 8 Hz,  3H1, 

1.67-2.5 (m, 9H) ,  2.2 (s ,  3H) ,  3.3 (d, J = 8 Hz, 1H) ,  

4.20 (t ,  J = 8 Hz, 2H) .  

I R  : 1710-1740 an- ' ;  ' H  NMR 6 : 1.0 (d, J = 6.5 Hz, 

3H) ,  1.29 (t ,  J = 7 Hz, 3H).  2.16 (s ,  3H) ,  2.26-2.6 (m, 

3 H ) ,  3.35 (dd, J1 = 7 H z ,  J 2  = 2 H z ,  l H ) ,  4.17 ( t ,  J 7- 7 

Hz, 2H).  9.7 ( t ,  J = 2 Hz, 1H) .  

IR : 1715,  1740 crn-l; ' H  NMR 6 :  0.96 (d, J = 6 Hz, 3H) ,  

1.3 ( t ,  J = 8 Hz, 3H). 2.1 ( s ,  3H) ,  2.16 ( s ,  3H) ,  2.1-2.7 

(m, 3H) ,  3.3 (d, J = 7 Hz, I H ) ,  4.16 (9, J = 8 Hz, 2H). 

IR : 1700,  1745 cm-'; 'H  N M R  6 : 1.4-2.4 (m, 7H) ,  2.16 

(s, 3H) ,  2.19 (s, 3H) ,  3.6 (d, J = 9.5 Hz, 1H) .  

I R  : 1710 cm-'; ' H  N M R  6 : 1.4-2.6 (rn, 9H) ,  2.15 (s, 
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MICHAEL ADDITION OF CYCLOALKENONES 625 

6H), 3.56 (d,  J 9.5 Hz, 1H). 

7 IR : 1735-1755, 2230 crn-l; 'H NMR 6 : 1.36 ( t ,  J = 7 Hz, 

3H), 1.66-3.0 (rn, 7H), 3.66 (d,  J = 5 Hz, l H ) ,  4.3 ( t ,  J 

= 7 Hz, 2H). 

IR : 1710, 1740, 2230 crn-l; 'H NMR 6 :  1.34 ( t ,  J = 7 Hz, 

3H), 1.53-2.66 ( rn ,  9H1, 3.5 (d, J = 5 HI, l H ) ,  4.3 (q, J 

= 7 Hz, 2H). 

8 

9 IR : 1720, 1745, 2230 crn-l; 'H NMR 6 : 1.05 (d,  J = 6 

Hz, 3H), 1.37 (t, J = 8 Hz, 3H), 2.15 ( s ,  3H), 2.43-2.66 

(rn, 3H), 3.63 (dd ,  J1 16 Hz, J2 4 Hz, l H ) ,  4.23 ( t ,  

J = 8 Hz, 2H). 
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