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MECHANISM OF THE REACTION OF TRIALKYL PHOSPHITES WITH CHALCONES 

Imre PETNEHAZY; Zsuzsa M. JASZAY; LBsz16 TOKE 
Dept. of Organic Chemical Technology, Technical  U n i v e r s i t y  H-1521, 
Budapest, HUNGARY 

Abstract  According t o  our k i n e t i c  measurements t h e  n u c l e o p h i l i c  a t -  
t ack  of t r i a l k y l  phosphi te can occur both on t h e  carbonyl  carbon 
and on t h e  C=C double bond of chalcone producing oxaphospholene 
r i n g .  

It has p rev ious l y  been shown t h a t  t h e  t r i a l k y l  phosphi tes and a,B- 
-unsaturated carbonyl  compounds g i v e  s u b s t i t u t e d  oxaphospholene i n  
a p r o t i c  so l ven t  i n  an e q u i l i b r i u m  reac t i on .  I n  p r o t i c  so l ven t  t he  

product i s  g-ketophosphonate or t h e  eno l  e the r  depending on t h e  

so l ven t  (Scheme 1). 1 

ROH 

R Me , E t  , iPr 
R1.R2: H ,  CL, Me, NO1 

Scheme 1 
We have inves t i ga ted  t h e  i n t e r a c t i o n  of chalcones (benzalaceto- 

phenones) with t r i a l k y l  phosphites. I n  a p r o t i c  so l ven t  o r  w i thou t  use 
of any so l ven t  we prepared the  oxaphospholene adducts (2) and 
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i d e n t i f i e d  them by I R ,  'H- and 31P-n.m.r. spectroscopy. The oxa- 

phospholenes (3)  are c r y s t a l l i n e  compounds , which are s low ly  decom- 

posed t o  t h e  s t a r t i n g  chalcone and t r i a l k y l  phosphi te.  They can be 

hydrolysed e a s i l y  i n  a c i d i c  circumstances t o  t h e  appropiate g-keto- 

phosphonate ( 5 ) .  The \(-ketophosphonates are formed i n  a c e t i c  a c i d  

q u a n t i t a t i v e l y .  Using a l coho l  as so l ven t  both 4 and i t s  enol  e the r  ( 5 )  

are formed i n  an almost equal  r a t i o .  The l a t t e r  can be i s o l a t e d  i n  pure 

form by column chromatography. 

Ogata and coworkers s tud ied  t h e  r e a c t i o n  o f  d -d i ke tones  with t r i a l k y l  

phosphites which r e s u l t e d  a dioxaphospholene r i n g  . The k i n e t i c  data 

and a c t i v a t i o n  parameters o f  t h e  r e a c t i o n  have a l s o  been measured, and 

the  Hammett and T a f t  equations have been used f o r  t he  study o f  t he  

reac t i on .  A mechanism was assumed by them i n v o l v i n g  the  a t tack  o f  t he  

phosphi te t o  t h e  carbonyl  carbon atom f o l l o w i n g  a phosphoryl m i g r a t i o n  
and a r i n g  c losu re  step. 

I n  our k i n e t i c  experiments t h e  chalcone ( 2 )  - has been reacted with a 

l a r g e  excess of t r i a l k y l  phosphi te (1) - wi thou t  any added so l ven t  i n  an 

i n e r t  atmosphere a t  the temperature range o f  40-78 OC. The course o f  

t he  r e a c t i o n  was monitored by measuring t h e  q u a n t i t y  o f  t he  chalcone by 

GC. The r e a c t i o n  was f rozen by a d d i t i o n  o f  d i l u t e d  hyd roch lo r i c  a c i d  

which reac ts  with bo th  t h e  excess of t r i a l k y l  phosphi te and with the 

oxaphospholene i n  f a s t  reac t i ons  t o  produce d i a l k y l  phosphi te and g-ke- 

tophosphonate, respec t i ve l y .  

- - 

2 

Table 

The pseudo f i r s t  order r a t e  constant o f  1, y i e l d  i n  t h e  e q u i l i b r i u m  

and values o f  t h e  a c t i v a t i o n  I 

R R1 R2 

Me H H 

E t  H H 
i P r  H H 

Me C1 H 

E t  C 1  H 

Me H c1 
E t  H c1 
Me Me H 

Me H Me 

k l o5  

(s-l) 
1 .7  

0.9 

3.6 

2.1 

2 . 1  

3.2 

2 .8  

0.97 

0.96 

rameters a t  50 OC 

y i e l d  

(%) 
55 

60 

30 

7 4  

88 

82 

78  

50 

44 

A H* 

(KJ.mo1-l) 

61.7 

6 7 . 9  

47.4 

59.8 

55.4 

47.7 

As* 
( J .  OK-' .mol-l) 

-163 

-147 

-206 

-164 

-187 
-211 
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The pseudo f i r s t  order r a t e  constants were determined from t h e  i n i t i a l  

s lope i n  a diagram o f  l ogc  vs. t ime (Table). According t o  t h e  measured 

data t h e  r e a c t i o n  r a t e  depends on t h e  subs t i t uen ts  i n  any o f  t he  

aromatic r i n g s ,  namely t h e  e l e c t r o n  withdrawing group increases wh i l e  

t h e  e l e c t r o n  r e l e a s i n g  group decreases t h e  r a t e .  

The values of t h e  enthalpy and entropy of a c t i v a t i o n  were calcu- 

l a t e d  and are shown i n  t h e  Table. 

The observed smal l  value o f  AH": and t h e  l a r g e  negat ive va lue o f  AS* 
are  c h a r a c t e r i s t i c  f o r  a s e r i e s  o f  t h e  r e a c t i o n  o f  compounds 

with nucleophi les.  I n  general, a l a r g e  negat ive value o f  AS* i s  

observed i n  t h e  r e a c t i o n  i n  which t h e  t o t a l  number o f  species decreases 

or a s t rong ly  po la r i zed  and/or crowded t r a n s i t i o n  s t a t e s  are invo lved.  

Therefore t h e  concerted onestep c y c l o a d d i t i o n  o f  chalcone with t r i a l k y l  

phosphi te may be excluded. 
Beside the  a t tack  on t h e  carbonyl  carbon the re  i s  an o the r  possi-  

b i l i t y  f o r  t h e  a t tack  of t h e  phosphi te nuc leophi le ,  namely t h i s  s i t e  i s  

t h e  C=C double bond i n  t h e  (3 p o s i t i o n .  From t h e  measured thermodynamic 

data i t  seems t o  be d i f f i c u l t  t o  d i f f e r e n t i a t e  between a n u c l e o p h i l i c  

a t t a c k  on t h e  C=C bond from t h e  a t tack  on t h e  carbonyl  carbon by t h e  

t r i a l k y l  phosphite. This d i f f i c u l t y  can be overcome us ing  t h e  Hammett 

equat ion which method had been used i n  our e a r l i e r  work t o  e l u c i d a t e  

t h e  mechanism of Perkow-Arbuzov r e a c t i o n  . 
Thus the  l o g k  vs. E was p l o t t e d  i n  t h e  case of some chalcones 

carbonyl  

3 

P 
having subs t i t uen ts  on t h e  aromatic r i n g s  (Fig.  1. and F ig.  2 . ) .  

' I  

t 4 . 3  -- 50 *C 

F ig .  1 I 
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As i t  can be seen from t h e  Figures t h e  Hammett p l o t s  became curved 

espec ia l l y  i n  the  case when the  subs t i t uen ts  are s i t u a t e d  on t h e  

aromatic r i n g  next  t o  t h e  C=C double bond (Fig.  1.). It means t h a t  more 

then one complex are formed i n  the  r a t e  determining step, namely the  

t r i a l k y l  phosphite can a t t a c k  both on t h e  carbonyl  carbon ( r o u t e  A i n  

Scheme 2) and on t h e  C=C double bond ( rou te  6 ) .  

1 ,C=C-C-- \ I  + ( R O ) , P  

II 
0 

'* It 

OR 

Scheme 2 
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