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WITTIG TYPE REACTIONS INDUCED BY ELECTROGENERATED BASES 

A.P. Bettencourt, A.P. Esteves, A.M. Freitas and M J . Montenegro 
Centro de Química Pura e Aplicada da Universidade do Minho 

Largo do Paço, 4719 Braga Codex, Portugal 

Recent ly , a great dea l of progress has been made i n u n d e r s t a n d i n g 

the m e c h a n i s m s b y w h i c h o rgan i c r e a c t i o n s m a y be c a r r i e d o u t 

e l ec t rochemica l l y a n d the advantages of these routes have b e en w ide l y 

d i s c u s s e d . Therefore, organic chemis t s become i n c r e a s i n g l y in t e res t ed 

i n t h e p o s s i b i l i t y o f u s i n g e l ec t ro l yses as a n a l t e r n a t i v e to th e 

convent iona l chemica l methods . 

It h a s been s h o w n for severa l years t h a t the de l ibera te ca thod i c 

generat ion of an i on i c bases , i n apro t i c so lvents , m a y be p a r t i c u l a r l y 

convenient for preparat ive purposes s ince factors s u c h as base s t r eng th 

and concentrat ion c a n be easi ly contro l led [1]. 

T h e synthes is of unsa tu ra t ed c ompounds f rom o rganophosphorous 

reagents a n d ca rbony l c ompounds h a s been largely exp lored a n d ole f in 

format ion by means of phosphonate ca rban ions h a s been referred as the 

W i t t i g -Ho rne r r eac t i on . Di f ferent t e c h n i q u e s have b e e n emp l oyed to 

generate the c a r b a n i o n r e s u l t i n g f r om the phosphona t e depro tona t i on . 

T h e t e c h n i q u e d e s c r i b e d here i s b a s e d o n the d e p r o t o n a t i o n b y 

electrogenerated bases . C o m p o u n d s w h i c h f o rm e lectrogenerated bases 

(EGB) by e lectroreduct ion, s u c h as azobenzene, are ca l l ed probases (PB). 

L u n d [2] h a s s h o w n tha t s t i lbene r e su l t s f r om the e l ec t ro lys is , at the 

a zobenzene r e d u c t i o n p o t e n t i a l , o f a m i x t u r e o f b e n z a l d e h y d e , 

b e n z y l t r i p h e n y l p h o s p h o n i u m b r o m i d e a n d a z o b e n z e n e i n N , N -

d imethy l f o rmamide (DMF) . T h e phosphona t e c a r b a n i o n s , however , are 

genera l ly more react ive t h a n the c o r r e s p o n d i n g p h o s p h o r a n e s , a n d 

therefore the phosphonates are less ac id ic . T h e poss ib i l i t y o f genera t ing 

the bases in situ i s , therefore, h i gh ly des i rab le a n d the success o f these 

react ions h a s already been pre l im inary observed [3]. 

W e report here examples o f W i t t i g -Ho rne r r eac t i ons c a r r i e d o u t 

e lectrochemica l ly w i t h different probases . 
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The reac t ion c a n be schemat ica l l y represented by: 

1D3.SC 
( R O ) 2 P ( 0 ) C H 2 R 1 - ( R O ) 2 P ( 0 ) C H R l 

(Phosphonate) (Phosphonate carbanion) 

( R O ) 2 P ( 0 ) C H R 1 + R 2 R 3 c = 0 R l H C = C R 2 R 3 + ( R O ) 2 P 0 2 -
(alkene) 

A convenient P B satisf ies the fo l lowing cond i t i ons : 1) It i s r educed 

at less negat ive po tent ia l s t h a n other spec ies p resen t i n the r eac t i on 

so lu t i on ; 2) The co r respond ing E G B i s suf f ic ient ly s t rong to deprotonate 

the weak a c i d a n d reac ts pre ferent ia l ly as a base , e.g., i t i s a w e a k 

nuc leoph i l e a n d a weak r educ ing agent. 

E G B ' s offer some advantages over convent iona l bases: 

- The co r r espond ing P B ' s are stable a n d therefore c a n be eas i ly s tored 

a n d c a n be regenerated i n some cases. 

- It i s poss ib le to cont ro l the rate of generat ion of base b y means of the 

cur r en t densi ty . 

- The in f luence of me ta l cat ions , present i n the reac t ion m e d i u m , on the 

y ie ld and on the stereochemistry of the react ion c a n be s tud i ed . 

- The exper imenta l cond i t i ons c a n be easi ly r eproduced s ince the base is 

formed i n situ. 
- It i s poss ib l e to depro tonate some less a c i d i c p h o s p h o n a t e s w h i c h 

require quite drast ic condi t ions w h e n convent iona l bases are used . 

U s i n g cyc l i c vo l tammetry i t is poss ib le to detect the depro tonat i on 

reac t ion of the phosphonate , ( E t O ) 2 P ( 0 ) C H 2 C 0 2 E t , by the a n i o n r ad i c a l 

of the azobenzene, obta ined by ca thod ic r educ t i on of t h i s P B . It i s a lso 

poss ib l e to observe the W i t t i g -Horne r~ reac t i on between the c a r b a n i o n 

and benzaldehyde: 

E G B 
( E t O ) 2 P ( 0 ) C H 2 C 0 2 E t - (E tO ) 2 P (0 )CHC0 2 Et 

(E tO ) 2 P (0 )CHC0 2 Et + PhCHO - PhCH=GHC02Et 
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Fig . la) s h o w s a cyc l i c v o l t a m m o g r a m (CV) for a s o l u t i o n c o n t a i n i n g 

azobenzene a n d B u 4 N B F 4 (TBAB) i n D M F . W h e n p h o s p h o n a t e i s a d d e d , 

the c o r r e s p o n d i n g C V (Fig. lb) s h o w s a n i n c r e a s e i n the c a t h o d i c p e a k 

c u r r e n t t o g e the r w i t h l o s s of r e v e r s i b i l i t y , i n d i c a t i n g t h a t r e a c t i o n 

be tween p h o s p h o n a t e a n d azobenzene a n i o n r a d i c a l h a s o c c u r e d . 

A d d i t i o n o f b e n z a l d e h y d e (Fig 2) l e a d s to a C V p r e s e n t i n g f u r t h e r 

p e a k s : one c o r r e s p o n d i n g to b e n z a l d e h y d e r e d u c t i o n (1) a n d a n o t h e r 

c o r r e s p o n d i n g to the a l k e n e ( P h C H = C H C 0 2 E t ) r e d u c t i o n (2) (see F i g . 3 

for c o m p a r i s o n ) . 

100mV/s 

E/VvsSCE 

Figure 1 - Cyclic v d t o m o g r a m s , at a vitreous carbon electrode, of a solution 0.1 

m d d m ^ T B A B , i n DMF, containing: 

a) 1 0 ^ m o l d m ' 3 P h N = N P h 

b) 10^moldm-3PhN=NPh+ 1 0 ^ m d d m ^ ( F ^ a 2 H O ) C H 2 C Q 2 E t 

I , . 08 raAcnr2 

- E/VvsSCE 

Figure 2 - Cyclic vdtarrimograms, at a vitreous carbon electrode, of a solution l O 3 

moldm-3 PhN=NPh. 10^moldm-3 ( E t q ^ i Q i ^ e G s E t a i d 0.1 m o l d m ^ T B A B , i n 

DMF. 

http://1D3.sC
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figure 3 - Cyclic vdtarnmograms, at a vitreous carbon electrode, of a solution l O 3 

mcJdnrS PhCH=CHCQzEt and 0.1 m o l d m ^ T B A B , i n D M F . 

Cont ro l l ed po tent ia l e lectrolyses were ca r r i ed ou t at po ten t ia l s 50 

m V after the first r educ t i on process w h i c h cor responds to the f o rmat i on 

of the azobenzene a n i o n r ad i ca l . T h e concen t ra t i on ra t ios azobenzene : 

phosphona t e : b enza ldehyde was 1:2:2. T h e e l ec t ro lys is p r o d u c t w a s 

identi f ied by H P L C a n d the y ie ld was determined to be 8 0 % . Cou l ome t r y 

data suggest that the n u m b e r of electrons c onsumed b y molecu le was 2. 

The fo l lowing m e c h a n i s m i s proposed for the r eac t i on [3]: 

PhNNPh +e- - PhNNPh--

PhNNPh" • +HA - PhNHNPh- + A " 

PhNHNPh- +PhNNPh--^ PhNHNPh" +PhNNPh 

PhNHNPh- +e- - PhNHNPh" 

PhNHNPh" +HA - PhNHNHPh +A" 
H A = (BQ2P(QCH2CD2H 

It shou ld be emphas i zed that , a l though azobenzene i s a conven ient 

P B [2,3], the w o r k - u p i n ac id ic m e d i a of the electrolysis s o l u t i o n leads to 

the f o rmat i on of b e n z i d i n e w h i c h i s a c a r c i nogen i c p r o d u c t . It i s , 

therefore, des i rab le to s e a r c h for o ther P B ' s a n d some a t t empts were 

made to use f l uo r en -9 - y l i d eneme thane der i va t i ves w h i c h p r e s e n t a 

reasonable r educ t i on po ten t ia l . It was observed b y cyc l i c vo l t ammet ry , 

however that even the cor respond ing d i an i on i s not a s t rong enough base 

to deprotonate the phosphonate . T h i s fact was con f i rmed b y con t ro l l ed 

potent ia l electrolyses s ince no a lkene was obta ined as a product . 
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Fuchsone was also used as a P B a n d Fig.4a) shows a C V of fuchsone 

and T B A B i n D M F at a v i t reous c a r b o n cathode. W h e n phosphona t e , i s 

added, on ly a s m a l l decrease i n the anod i c peak c u r r e n t i n t e n s i t y i s 

observed (Fig. 4b)) i n d i c a t i n g tha t the a n i o n r a d i c a l of f uchsone is a 

weaker base t h a n the a n i o n r a d i c a l of azobenzene. Con t r o l l e d po t en t i a l 

electrolyses of fuchsone i n the presence of phosphona t e a n d a ldehyde , 

however, y i e lded 6 0 % of a lkene sugges t ing tha t i n a n e lec t ro lys is t ime 

scale the phosphonate is deprotonated by the E G B . 

100mV/s 

Figure 4 - Cyclic wltarnmograms, at a vitreous carbon electrode, of a solution 0.1 

mo ldm^TBAB i n DMF, contouring: 

a) lO-Smoldm- 3 Fbchsone 

b) 10^moldm-3rtohsone + 

In t h i s p r o g r a m m e of w o r k i t i s i n t e n d e d to o p t i m i z e the 

e x p e r i m e n t a l c o n d i t i o n s i n o rd e r to i n c r e a s e the r e a c t i o n y i e l d . 

Therefore, the in f luence of so lvent , e lectro lyte , t e m p e r a t u r e a n d the 

addi t ion of s m a l l meta l cat ions w i l l be invest igated. 
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