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Phosphorus ylids find great utility in synthesis where the best known reactions such as 

the Wittig and variants thereof are used for the construction of carbon-carbon bonds.' We now 

report a new, sinple reaction of ~tho~carbonylalkylidenephosphoranes with singlet oxygen to 

give a-keto carboxylic esters.2 The general procedure consists in placing the ylid in a solvent, 

such as chloroform, benzene or methanol, adding as sensitizer meso-tetraphenylporphin or rose 

bengal and then irradiating with light frcan a 500 W tungsten filament lamp while oxygen is passed 

through the solution3 After a few minutes, the solution is filtered frcxn triphenylphospbine 

oxide and the cc-keto carboxylic ester is recovered in yields of 94-100%. 

We present three typical and one atypical exanples. The nrxt clean-cut reaction is with 

~~~carbony~lid~~i~ylphosp (1) (Table l).4 Photo-oxygenation is rapid, 1 

has a half-life of only a few minutes at loo, and. a quantitative yield of rne'chyl phenylglyoxylate 

2is obtained. Insethanol, the rate of reaction is twice as slawas that in chloroformand 

traces (1.4%) of uncharacterized substances are also forned. The behaviour of the isobutylidene- 

phosphorane (3, is strictly analogous (Table 1). High yields of xuathyl a-keto-isobutyrate (4, 

are obtained (95-98%) in the halofonns and benzene, but an insignificantly lm yieldWW ~CCQR- 

panied by unspecified side products is found in z&hanol. Sinrllarly, the ethylidenephosphorane 

5 reacts rapidly giving essentially methyl pyruvate 2 (94-98% yields) adulterated by sxnall 

amDunts of methyl acrylate epoxide (1) and tiny amounts of impurities (Table 1). 

In all cases, singlet oxygen appears to be the reagent responsible inaach as replacing 

oxygen by nitrogen or adding diazobicyclo[2.2.2]octane (DAECO) (2.5 x 10B4 M)' stops and retards 
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Table 1. Photo-oxygenation of 

'0 
@sP=C(R)COOMe 2 > 

Reactanta Half-lifeb Conditions' 

& R=@ 

Some Phosphoranes 

RCOC02Me + Side productse 

Yield in % 
d 

1 

4'20" CDCl,/TPP 

4'30" CHCl,/TPP 

6'15" C~HG/TPP 

8'43" CHsOH/RB 

100 

100 

100 

98.6 1.4 

1 R=iPr 4 - 

3'08" CDCIJ/TPP 95 5 

3'30" CHCls/TPP 94 6 

5'46" C6Hs/TPP 98 2 

7'18" CH30H/RB 89 11 

2 R=Me a 

2'24" CDC13/TPP 94 gf 

2'36" CHC13/TPP 95.4 4.6' 

5'05" C~HG/TPP 98.6 1.4 

6'37" CHaOH/RB 98 2.0f 

aConcentration of phosphorane was 0.2 M in 2.5 ml of solvent. 
b Half-lives of reactant were estimated from the rate of absorption 
of oxygen assuming an equimolar reaction with substrate. 

'The concentration of sensitizer 
or rose bengal (RB) was 10-3 M. 

, meso-tetraphenylphorphin (TPP) 

was 12' 
The temperature of the solution 

for 2, and 10' for 1 and 5. - - 
d Absolute yields were obtained by glc (5% OV-225 on Chromosorb WAW 
at 19Ot carrier gas nitrogen). Internal standards were hexadecane 
(Fluka) for I, pentadecane (Fluka) for 3_, tridecane (Fluka) for 5. 

eExcept where specified, these were unidentified. 
- 

fThe only side product was the epoxide of methyl acrylate (1). 

'1.2% of 1 was also present. 
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Table 2. Photo-oxygenation of Methoxycarbonylmethylidene- 

triphenylphosphoraneQ 

@3P=CHC02Me d HCC02Me HCCO,Me 

12 II + II 
- MeOCOCH HCCO,Me 

14 15 - - 

Half-life Conditions Yield in % 

1'24" CDCl,/TPP 89.9 10.1 

1'32" CHC13/TPP 89.3 10.7 

2'47" CBHG/TPP 98.9 1.1 

3'18" CH30H/RB 67.8 32.2 

aThe general remarks mentioned in Table 1 are valid 

- qJ3P=0 RCOCOZMe 

2 E 11 

lo* 
(d3P+-CHC02Me - 

12 
HCOC02Me aMeOCOCH=CHC02Me 

12 13 14 and 15 
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respectivelythereaction. Auto-oxidation is also negligible since the adjunction of di-t-butyl- 

cresol (2.27 x 10s4 M) to the reaction mixture scarcely affects the course or the rate of photo- 

oxygenation.6 

We can safely assuma that the mchanism is electrophilic attack' by a singlet oxygen mole- 

cule on the carbanionic centre (g) to create the zwitterionic peroxide 9.' Closure then cccurs - 

to the phx#&ane 10 followed by cleavage to the product 11. - Once the a-keto ester fom it - 

reacts no further with singlet oxygen, although as we have reported elsewhere,g the free acids 

themselves undergo oxidative decarbxylation. In principle, further reaction between the ylid 

and the newly fonmad a-keto ester could occur, however in the three exsn@es quoted, there was no 

evidence for this under the experimental conditions.'o Nevertheless, in the case of the parent 

ylid, the methoxycarbonyln&hylidenephosphorme (g), photo-oxygenation occurs readily, but w 

diately gives instead amixture of dimethyl fmarate (14) audmleate (2) (Table 2). Evidently, 

the glyoxylic ester 13 as soon as it forms reacts rapidly with the ylid to give the observed 

products. 
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