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A NOVEL OLEPINATION OF CARBONYL COMPOUNDS WITH DIBROHO- 

MALONATE Promoted by Dibutyl Telluride E 

* * 
Zhang-Lin Zhou, Li-Lan Shi and Yao-Zeng Huang 

Laboratory of Organometallic Chemistry, 

Shanghai Institute of Organic Chemistry, Academia Sinica, 

345 Lingling Lu, Shanghai 200032, China 

Abstract: n,P-Unsaturated malonic esters are convenient- 

ly synthesized from the reaction of dibromomalonate with 

carbonyl compounds promoted by dibutyl telluride in 

excellent yields. A possible mechanism involving twice 

halophilic attacks of dibutyl telluride is proposed. 

This methodology provides a facile route to fl ,p-unsatu- 

rated malonic esters and represents an alternative to 

the Knoevenagel reaction. 

Recently, more and more attention has been paid to 
I11 the synthetic application of organotellurium reagents . 

In previous communications, we reported that diphenyltel- 

luronium methylide - a first non-stabilized telluronium 
ylide reacted with carbonyl compounds to afford substi- 

tuted oxiranes in good yields[21 ; and that the reaction 

of trimethyl- and methyldiphenyltelluronium salts 

1027 

Copyright 0 1991 by MarcelDekker, Inc. 
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1028 ZHOU, SHI, AND HUANG 

( precursors of n o n - s t a b i l i z e d  t e l l u r o n i u m  y l i d e  ) w i t h  

a l d e h y d e s  g a v e  s e c - a l c o h o l s  by u s e  o f  o r g a n o l  i t h i u m  re- 

a g e n t s [ 3 1 .  Under  s o l i d - l i q u i d  p h a s e  t r a n s f e r  c o n d i t i o n ,  

allyldiisobutyltelluronium b r o m i d e  r e a c t e d  d i r e c t l y  w i t h  

aromatic a l d e h y d e s  t o  a f f o r d  d , p - u n s a t u r a t e d  e p o x i d e s  i n  

e x c e l l e n t  y i e l d s  [ 4 1  . I n  t h e  p r e s e n c e  o f  c e s i u m  c a r b o n a t e  , 
w e  a c h i e v e d  t h e  d i i s o b u t y l  t e l l u r i d e  c a t a l y z e d  e p o x i d a -  

t i o n  o f  a l d e h y d e s  w i t h  a l l y 1  b r o m i d e  - a f i r s t  e x a m p l e  

However , o f  c a t a l y t i c  y l i d e  e p o x i d a t i o n  r e a c t i o n  . 
l i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  t o  t h e  h a l o p h i l i c i t y  o f  

o r g a n o t e l l u r i u m  compound[61 .  I n  our p r e v i o u s  paper, w e  

d e s c r i b e d  a n o v e l  m e t h y l e n a t i o n  o f  c a r b o n y l  compounds  

by a h a l o p h i l i c  r e a c t i o n  o f  d i b u t y l  t e l l u r i d e  w i t h  

iodomethyltriphenylphosphonium i o d i d e i 7 ] .  W e  w i s h  to  

report  h e r e i n  a n o t h e r  e x a m p l e  o f  h a l o p h i l i c  r e a c t i o n  o f  

d i b u t y l  t e l l u r i d e  - a n o v e l  o l e f  i n a t i o n  o f  c a r b o n y l  

compounds w i t h  d i b r o m o m a l o n a t e  p r o m o t e d  b y  d i b u t y l  

t e l l u r i d e  t o  a f f o r d  a , @ - u n s a t u r a t e d  m a l o n i c  esters i n  

e x c e l l e n t  y i e l d s .  

[51 

I t  is known t h a t  t h e  c o n d e n s a t i o n  o f  a l d e h y d e s  or  

k e t o n e s  w i t h  m a l o n i c  es ters  is ca l led  t h e  K n o e v e n a g e l  

r e a c t i o n .  Under  t h e  u s u a l  c o n d i t i o n s  o f  t h e  r e a c t i o n ,  

a s e c o n d a r y  amine  is u s e d  as, a c a t a l y s t  a n d  water f o r m e d  

m u s t  be removed b y  a z o t r o p i c  d i s t i l l a t i o n .  T h e  p r o c e d u r e  

is r a t h e r  t r o u b l e s o m e  18]. Moreover  , t h e  c o n d e n s a t i o n  

g i v e s  r i s e  t o  u n e x p e c t e d  p r o d u c t s  w h i c h  r e s u l t  f r o m  
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OLEFINATION OF CARBONYL COMPOUNDS WITH DIBROMOMALONATE 1029 

50 ' C r  THF 

1 2  3 R R C=O + B r 2 C ( C O O R  ) 2  

B u  T e ( 2  e q u i v . j  2 

1 2 

B r  B r  
1 2  3 I I 

R R C = C ( C O O R  + B u  Te-0-TeBu2 2 
4 3 

Scheme 1 

n-Bu T e ( l  e q u i v . )  2 

P - C 1 C 6 H 4 C H 0  + B r 2 C ( C O O C 2 H 5  + 

p-ClC,H,CH=C(COOC2H5)2(50%) + ( u n r e a c t e d  a l d e h y d e )  (50%) 

Scheme 2 

[8 1 s e c o n d a r y  r e a c t i o n  . I n  o u r  c o n t i n u o u s  s t u d i e s  o v e r  

t h e  h a l o p h i l i c  r e a c t i o n  o f  d i b u t y l  t e l l u r i d e  w e  f o u n d  

t h a t  t h e  d i b u t y l  t e l l u r i d e - p r o m o t e d  r e a c t i o n  of d i b r o m o -  

m a l o n a t e  w i t h  a v a r i e t y  of c a r b o n y l  compounds  u n d e r  

n e u t r a l  c o n d i t i o n s ,  c o n v e n i e n t l y  g i v e s  @ , P - u n s a t u r a t e d  

m a l o n i c  es ters  i n  e x c e l l e n t  y i e l d s .  The  r e s u l t s  a r e  

l i s t e d  i n  T a b l e  1. 

W e  f o u n d  t h a t  when o n e  e q u i v a l e n t  d i b u t y l  t e l l u r i d e  

was u s e d r  o n l y  5 0 %  of a l d e h y d e  was c o n v e r t e d  t o  u , P -  

u n s a t u r a t e d  m a l o n i c  es ters .  (Scheme 2 )  
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1030 ZHOU, S H I ,  A N D  HUANG 

T a b l e  1 P r e p a r a t i o n  o f  a , P - u n s a t u r a t e d  m a l o n i c  esters ( 4 )  a 

P r o d  u c t s R1 R2 R3 I so l a  t e d  

y i e l d  ( % )  

4a  'gH5 
4 b  4-C1C6H4 

4 c  2 -C 1 C 6 H  

4d 4 - N 0 2 C 6 H  

4e 4 - C H 3 0 C 6 H 4  

4 f  2 - p y r  i d  y 1 

49 (-JBr 

411 n-C9H19 

4 i  - (CH2)5  

4 1  i - B u  

4k 2 - t h i o f u r y l  

H 

H 

9 3  

99  

9 8  

9 1  

95  

94  

92 

98 

8 4  

9 1  

93 

a A l l  t h e  p r o d u c t s  were c h a r a c t e r i z e d  b y  'H N M R ,  MS and IR. 

b I s o l a t e d  y i e l d s  

However ,  when 2 e q u i v a l e n t s  of d i b u t y l  t e l l u r i d e  were 

u s e d ,  c a r b o n y l  compounds  d i s a p p e a r e d  c o m p l e t e l y  a f t e r  2 -  

8 . 5  h o u r s .  Thus w e  s u g g e s t  t h a t  t h e  mechan i sm i n v o l v e s  

twice h a l o p h i l i c  a t t a c k s  of d i b u t y l  t e l l u r i d e  a s  shown i n  

Scheme 3. The r e a c t i o n  is  i n i t i a t e d  by  a t t a c k  of d i b u t y l  
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OLEFINATION OF CARBONYL COMPOUNDS WITH DIBROMOMALONATE 1031 

Br C O O R ~  

n-Bu2Te + Br2C(COOR3)2 -c 

'I) 

R ~ R ~ C = O  

,Br 

C O O R ~ )  

C 
R2' r\C 
/ 

Br Br 
I I 

R1R2C=C ( COOR3 ) 2 + n-Bu2Te-0-TeBu2-n 

( 4 )  (3) 

(Scheme 3) 

telluride on dibromomalonate to the intermediate (I), 

which reacted with carbonyl compounds to form intermedi- 

ate(II), (11) is halophilically attacked by another dibutyl 

telluride to give the desired prnducts ( 4 )  and byproduct 

( 3 ) ,  which has been characterized by 'H-NMR, MS, IR and 

elemental analysis. 

The reaction is of wide scope (Table 1). The carbonyl 

compounds may be aromatic, aliphatic, heteroaromatic 

aldehydes and ketones. This one-pot synthesis of a,/3- 
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1032 Z H O U ,  S H I ,  A N D  HUANG 

u n s a t u r a t e d  m a l o n i c  esters is c o n v e n i e n t .  T h i s  m e t h o d o l o g y  

may S e r v e  as  a n  a l t e r n a t i v e  t o  t h e  K n o e v e n a g e l  r e a c t i o n  

d u e  t o  n e u t r a l  c o n d i t i o n ,  s i m p l e  p r o c e d u r e  and  e x c e l l e n t  

y i e l d s .  

E x p e r i m e n t a l  s e c t i o n :  

The  r e c o r d e d  b o i l i n g  and  m e l t i n g  p o i n t s  were u n c o r r e c t e d .  

P r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  ( H N M R )  s p e c t r a  were 

d e t e r m i n e d  i n  C D C l j  w i t h  a V a r i a n  EM-360L(60MHz) s p e c t r o -  

meter u s i n g  TMS a s  t h e  i n t e r n a l  s t a n d a r d  i n  ppm. I n f r a r e d  

1 

(IR) s p e c t r a  were r e c o r d e d  o n  a n  IR-440 i n s t r u m e n t  i n  

c m  . Mass s p e c t r a l  d a t a  were o b t a i n e d  w i t h  e l e c t r o n  

i o n i z a t i o n ( E 1 )  on  a F i n n i g a n  4 0 2 1  s p e c t r o m e t e r .  

-1 

A l l  r e a c t i o n s  were c a r r i e d  o u t  u n d e r  n i t r o g e n .  A l l  

s o l v e n t s  were d r i e d  and r e d i s t i l l e d  b e f o r e  u s e .  D i b u t y l  

t e l l u r i d e ,  e t h y l  d i b r o m o m a l o n a t e  and  m e t h y l  d ib romomalo -  

n a t e  were p r e p a r e d  a c c o r d i n g  t o  r e f e r e n c e s  I I 

and  [11 r e s p e c t i v e l y .  

[91 [ l o 1  

S y n t h e s i s  of u , @ - u n s a t u r a t e d  m a l o n i c  esters ( 4 ) :  

G e n e r a l  p r o c e d u r e :  D i b u t y l  t e l l u r i d e  (2 .0mmol)  was 

i n j e c t e d  i n t o  a s o l u t i o n  o f  t h e  c a r b o n y l  compound ( 1 . 0  

m m o l )  and  dibromomalonate(l.0mmol) i n  THF u n d e r  n i t r o g e n .  

The  m i x t u r e  was s t i r r e d  and  h e a t e d  €or s e v e r a l  h o u r s .  

A f t e r  t h e  r e a c t i o n  was c o m p l e t e d  ( m o n i t o r e d  by T L C ) ,  

e t h y l  a c e t a t e  was a d d e d .  The  r e s u l t i n g  m i x t u r e  was f i l -  

t e r e d  t o  remove  t h e  b y p r o d u c t .  The  d e s i r e d  p r o d u c t  was 

o b t a i n e d  by f l a s h  c h r o m a t o g r a p h y .  
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OLEFINATION OF CARBONYL COMPOUNDS WITH DIBROMOMALONATE 1033 

Diethyl benzylidene malonate (4a): Yield, 93%; b.p. 

165'C/5mmHg (lit. [12] 178 'C/l2mmHg); 'H NMR J 1.27(t,J= 

7.OHz,3H), 1.33(t,J=7.OHz,3H), 4.23(q,J=7.OHz,4H), 7.32 

(s,5H), 7.57(s,lH); IR(neat) 1740(vs), 1631(m); MS m/z 

(rel. intensity) 249(M+1,39), 248(M ,36), 203(100), 158 

(16), 130(15), 102(34). 

+ 

Diethyl 4-chlorobenzylidene ralonate (4b): Yield, 99%; 

b.p. 165 'C/3mmHg (lit. [13] 156-158'C/1.5mmHg); 'H NMR d 

1.26(t,J=7.OHz,3H), 1.30(t,J=7.OHz,3H), 4.26(q,J=7.0Hz, 

4H), 7.30(s,4H), 7.45(s,lH); IR(neat) 1730(vs), 1638(m); 

MS m/z(rel. intensity) 283(M+1,83), 282(M ,351, 237(100), 

193(5), 165(8), 136(18). 

+ 

Diethyl 2-chlorobenzylidene malonate (4c): Yield, 98%; 

b.p. 163 "C/lmmHg (lit. [14] 141-142 'C/0.3mmHg); 'H NMR d 

1.33(t,J=7.OHz,3H), 1.43(t,J=7.OHz,3H), 4.15(q,J=7.OHz, 

2H), 4.26(q,J=7.OHz,2H), 7.40(m,4H), 7.96(s,lH); IR(neat) 

1735(vs), 1637(m); MS m/z(rel. intensity) 283(M+1,72), 

247(80), 237(81), 219(15), 173(100), 136(8). 

Diethyl 4-nitrobenzylidene malonate (4d): Yield, 91%; 

m.p. 94-95"~ (lit. [15] 93-94'C); 'H NMR d 1.26(t,J=8.OHz, 

3H), 1.35(t,J=8.OHz,3H), 4.27(q,J=8.OHz,4H), 7.59(d,J= 

8.OHz,2H), 7.63(s,lH), 8.14(d,J=8.OHz,2H); IR(KC1) 1730 

(vs), 1628(m); MS m/z(rel. intensity) 294(M+1,19), 293( 

M+,27), 264(10), 248(100), 220(30), 203(77), 175(39), 

157(36), 147(50). 
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10 34 ZHOU, SHI, AND HUANG 

Diethy1 4-methoxybenzylidene rnalonate (4e) : Yield 

95%; b . p .  160*C/l.OmrnHg (lit. [13] 166-168'C/1.5mmHg) ; 

'H NMR 1.26(trJ=7.0Hz,3H), 1.29(t,J=7.OHZr3H) r 3.76(~, 

3H), 4.20(q,J=7.OHz,4H), 6.80(drJ=8.5HZ,2H)r 7*33(drJ= 

8.5Hzr2H), 7.48(srlH); IR(neat) 173O(VS)r 1631(w); MS 

m/z (rel.intensity) 279(Mt1,29), 278(M+,100) , 233(85), 

205(14), 188(6)r 132(46). 

Diethyl 2-pyridylnethylidene malonate (4f): Yield, 

94%; m.p. 81-82'C(lit. [16] 83.4-84.5.C); 'H NMR J 1.40 

(trJ=8.OHz,6H) 4.37(qrJ=8.0HZr4H), 7.10-7.80(mr4H) 

8.63(d,J=2.0HzrlH); IR(KC1) 1735(vs), 1630(w); MS m/Z 

(rel. intensity) 250(M+1,20) , 249(M+r4), 220(97), 204 
( l o o ) ,  176(58), 159(14), 132(58). 

Diethyl 2 - ( 3 - b r o m o t h i o f u r y l ) r e t h y l i d e n e  malonate (4g): 

Yield, 92%; oil; 'H NMR d 1.30(trJ=7.OHz,3H) , 1.35(trJ= 
7. OHz ,3H) , 4.20 (q ,J=7 .OHz , 2H) , 4.27 (q,J=7 .OHz ,2H) , 6.99 

(d ,J=4 .OH2 , 1H) , 7.04 (d ,J=4 .OHz ,1H) , 7.54 ( s  ,1H) ; IR(neat) 

1720(s), 1614(s); MS m/z(rel. intensity) 335,333(M+lr14), 

334,332 (M+,54) 289,287 (36) 253 (46) 129 (100) 108 (27) * 

Anal. Found: C,42.84; H,3.85; Br,24.32. Calc. for C12H13 

Br04S: C,43.26; H,3.93; Br,23.98, 

Diethyl n-decylidene malonate (4h): Yield, 98%; b.p. 

155 'C/lmmHg; 'H NMR d 0.93(trJ=5.OHz,3H) , 1.30(mr20H), 

2.30(mr2H), 4.23(qrJ=7.OHz,4H), 6.86(trJ=8.OHz,lH); IR 

(neat) 1730(vs), 1650(m); MS m/z(rel. intensity) 299 
+ 

(~+1,100), 298(M r4)r 253(27)r 225(5)r 140(14), 127(29). 
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OLEFINATION OF CARBONYL COMPOUNDS WITH DIBROMOMALONATE 1035 

Anal. Found: C,68.21; H,10.22. Calc. for C17H3004: C, 

68.42, H,10.13. 

Dimethyl cyclohexylidene malonate (4i): Yield, 84%; 

b . p .  130DC/5mmHg; 'H NMR 

(s,6H); IR(neat) 1730(vs), 1640(m); MS m/z(rel. 

intensity) 213(M+1,4), 181(22), 153(14), 125(100), 97 

(49). Anal. Found: C,62.18; H,7.88. Calc. for CllH1604: 

C ,62.25; H ,7.60. 

1.70(m,6H), 2.50(m,4H), 3.70 

Dimethyl iso-pentylidene malonate ( 4  j : Yield , 91%; 

b . p .  11O8C/2mmHg; 'H NMR dO.96(d,J=6.OHz,6H), 

1.94(m,lH), 2.12(dd,J=6.OHz,7.OHz,2H), 3.72(s,6H), 6.85 

(t,J=7.0HztlH); IR(neat) 1730(vs), 1642(m); MS m/z(rel. 

intensity) 201(M+1,100), 169(17), 157(10), 99(20). Anal. 

Found: C,59.95; H,8.19. Calc. f O K  C10H1604: C,59.98; H, 

8 . 0 5 .  

1.36- 

Dimethyl 2-thiodurylmethylidene malonate (4R): Yield, 

93%; m.p. 4445°C; 'H NMR 3.78(s,3H), 3.84(s,3H), 7.00 

(dd,J=4.0,4.0Hz,lH), 7.31(d,J=4.0Hz,lH), 7.45(d,J=4.OHz, 

lH), 7.55(d,J=4.OHz,lH); IR(KC1) 171O(vs), 1610(s); MS 

m/z (rel. intensity): 227iM+1,22), 226(M ,431, 195(44), 

169(5), 108(22), 83(11), 43(100). Anal. Found: 

+ 

C,52.96; H,4.45. Calc. f O K  C10H1004S: C,53.09; H,4.46. 

Characterization of organotellurium compound ( 3 ) :  

Dibutyl telluride (2 .Ommol) was injected into a solution 

of p-nitrobenzaldehyde (l.Ommol), diethyl dibromomalonate 

(l.Ommo1) in 8ml THF under nitrogen. After heated at 5OoC 
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f o r  1 . 5 h ,  t h e  m i x t u r e  was f i l t e r e d  t o  o b t a i n  a w h i t e  

c r y s t a l .  Y i e l d ,  8 0 % ,  m.p.  1 4 0 - 1 4 2 ' C  ( f r o m  c h l o r o f o r r n -  

p e t r o l e u m  e t h e r ) ;  'H NMR d 1 . 0 0 ( t , J = 6 . O H z , 1 2 H ) ,  1 . 2 0 - 1 . 6 0  

( m , 8 H ) ,  1 . 6 0 - 2 . 0 6 ( m , 8 H ) ,  2 . 9 0 - 3 . 5 0 ( m , 8 H ) ;  I R ( K C 1 )  2 9 9 0 ( s ) ,  

1 3 8 0 ( v s ) ,  1 2 1 0 ( v s ) ,  7 9 0 ( m ) ;  MS m / z ( r e l .  i n t e n s i t y )  3 2 5 , 3 2 3  

(lo), 2 6 ; S i 3 ) ,  2 4 1 ( 6 ) ,  1 8 7 ( 2 0 ) ,  5 7 ( 1 0 0 ) .  A n a l .  F o u n d :  C ,  

2 9 . 0 5 ;  H , 5 . 3 9 ;  B r , 2 4 . 3 0 .  C a l c .  f o r  C 1 G 1 1 3 6 R C  2 2  T e . 0 :  C , 2 9 . 1 4 :  

H , 5 . 5 0 ;  B r , 2 4 . 2 3 .  

A c k n o w l e a g e m e n t :  Financial s u p p o r t  €rom t h e  N a t i o n a l  

t l a t u r a l  S ~ i o n c ~  F o u n d a t i o n ' a n d  A c a d e m i a  S i n i c a  is y r a t e -  

f u l l y  acknowledged. 
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