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THE YITTIG-HORNER REACTION IN HETEROGENEOUS lEDIA’ - X : SYNTHESIS OF 
6-DEUTERATED FUNCTIONAL OLEFINS USING POTASSIUM CARBONATE WITH DEUTERIUM OXIDE. 
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SuruRy : a-Labelled functional olefins (% II >95 %) are prepared in high yields by the 
WITTIGHORNER reaction in the presence of a 6M K2C03 - deuterium oxide solution at 
room temperature. 

The WITTIGHORNER reaction can be performed in high yields with various 
phosphonates (24) and carbonyl compounds using 6M K2C09 aqueous solution as base in the 
absence of any solvent and phase transfer catalyst. 

R-CH2-CHO + (Et0)2PO-CH2-A 

6M K2C09 - H20 

) R-CH2-CH=CH-A 

R.T. 

1 2 

Under these conditions, the reaction consists of equilibria sequences 
(acido/basic. aldolisation/retroaldolisation, epimerisation) displaced by the irreversible 
elimination step (see Scheme). New processes may be promoted by varying conditions such as 
the order of addition of reagents or the concentration of aqueous base. For instance, 
aldolisation is favored in a low concentration basic medium (step b), while elimination 
needs a stoechiometric amount of potassium carbonate (step c). The conditions necessary for 
bisaldolisation before the elimination step have been determined, leading to the first 
effective synthesis of a-hydroxymethyl acrylates and keto and phosphono analogs from aqueous 
formaldehyde (5). and functional 2-hydroxycycloalkenes from aqueous succinaldehyde and 
glutaraldehyde (1). 

We wish to disclose here a new synthetic application of low basic aqueous 
mediated WITTIG-HORNER reaction based on acido-basic equilibria (a, a') displacement. Use of 
deuterium oxide as solvent may give rise to a-labelled functional olefins if acido-basic 
equilibria a and a' are not rate determining steps as might be expected in the presence of a 
low basic medium (6M K2C03 deuterium oxide solution). 

Up to now, the usefulness of the WITTIG and WITTIG-HORNER reactions (6. 7. 8. 9) 
for the preparation of labelled olefins has been severely limited by the occurrence of large 
amounts of scrambling and exchange of deuterium in sophisticated media. 

In the presence of a 6M potassium carbonate deuterium oxide solution such 
scrambling does not occur and a-deuterated functional olefins 2D (% D> 90) are obtained in 
high yields (Table I) in a very easy one-step one-pot WITTIG-HOGER reaction (Mode A). 

6M dry K2C03 in D20 

1 + RCHO > R-CH=CD-A Mode (A) reaction d 

Room Temperature 2D 90>% D>95 - 

t (hours) A = CCCEt, CN, COCH5 
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Analytical data (particularly isotopic analyses) were obtained from 'H (90 MHz), 

D and l3 C (22.5 MHz) N.M.R. and mass spectroscopy. The stereochemistry was identical for 
both labelled and non labelled olefins. 

Although total deuteration (> 95 %) of methylene groups of aliphatic aldehydes 
can be performed in the presence of a 6M K2C03-D20 solution, no deuteration was observed in 
this position in the presence of phosphonates (absence of s), since the YITTIG-HORMBR 
reaction proceeds fastec (Node A). 

) R-CD2-CHO z (almost quantitative 

yield D%> 95) 

6M K2C03 I 1. 
R-CH2-CHO -K----j R-CD2-CH=CD-A 4D - 

3 in D20 

"Labelling improvment" is achieved (% D> 95 %) using a two-step one-pot 
procedure (mode B) in which the carbonyl compound is added a few hours (tl) after 1 in order 
to form the deuterated phosphonate lD before the WITTIG-HORNER reaction occurs. 
a,a-dideuterated phosphonate lD can be prepared and isolated almost quantitatively (% D on 
methylene > 95 %) after shaking for t 1 hours. 

(c~H~o)~;-cH~-A 

b 

1 

6M K2C03, D20 

) (c~H~o)~;-CD~-A (almost quantitative 

tl (hours) 0 yield D % > 95 %) 

lD - 

6M K2C03, 
D2° 

R-CHO 

1 ,z!! ______, R-CH=CD-A g (Table I) 

? t2 

It can be expected that the WITTIG-HORNER reaction of freshly distillated 
a,a-dideuterated phosphonate 1D with an 
solution would improve the labelling 

aldehyde in the presence of a new 6M K CO -D 0 
(two-step two-pot procedure). However the 2re8ul& 

obtained using mode B for A = COOEt, CN or CO-CH3 in 1 and benzaldehyde or heptanaldehyde 
show that it is not absolutely necessary (see Table I) (10). 

The WITTIG-HORNER reaction of g using the latter procedure gives rise to 3 in 
high yield. 

6M K2C03, D20 

R-CD2-CHO 3 R-CD2-CH=CD-A 

3D 1D - - 

A= g yield % 

COOEt 75 % 

CN 60 % 

CO-CH3 80 % 

Results concerning the WITTIG reaction under almost identical conditions are now 
available. 
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(Et0)2;-CH2-A 

6 

K2C03 11 
(EtOj2P$A 

0 

11 
(Et0)2[-CHD-A 

0 

11 
(EtO)2+?-A 

0 

11 
(Et0)2;-CD2-A 

0 

RCHO 

aldollsationb (H) 
N R-CHOD-CB > R-CH=CH-A 

\ PO(OEtj2 
elimination 'c (H) 

I 

K2C03 
RCHO 

/A 
-(Et0)2POOK 

aldolizb (D) 
-. R-CHOD-CD > R-CH=CD-A 

\ 
PO(OEtj2 

elimination c (D) 

equilibria (a') 

equilibria (a) 

SCHEIlK : UITTIG HORNKR Reaction in D20/K2C03 
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10 - General procedure, mode B (for mode A, t = 0 and t = t). 
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triethylphosphonoacetate (3.3 g. 15 mmoles) are stirred vigorously in a dry flask for 
20 hours at room temperature under nitrogen atmosphere. Benzaldehyde (1.65 g, 
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