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For the u-dicarbonyl compounds RCOCHO studied where R=H. Me or Ph it was found 
that the use of Wittig reagents resulted in higher overill yields of the expected products 
and that with neither type of reagent could the product OCHCH=CHC02Et from gly- 
oxal be isolated. 

K e y  onls: Wittig reagents: Wittig-Homer reagents 

Some work has been done on the reactions of a-dicarbonyl compounds 
with Wittig and Wittig Homer (Wadsworth Emmons) reagents. On the 
whole the reactions followed the predicted routes, although surprisingly in 
one case the Wittig reagent reacted as follows': 

PKocOMe 

Even though a 1:2 molar ratio of dicarbonyl compound to Wittig reagent 
was always used reaction at both ketonic groups to give a dienediester was 
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62 SHEILA MAWAZINY and SADIAH IMAKKY 

not observed. In other studies reaction at the less sterically hindered carbo- 
nyl group yielded the only or greatly predominating. products.'-' 

In the case of the muconaldehyde OCH(CH=CH),CHO reaction with one 
equivalent of Ph3P=CHR gave only OCH(CH=CH)2CH=CHR and no 
R(CH=CH)4R.3 Similarly reactions of OCH(CH*),CHO (n=2 or 3) with 
triethylphosphonoacetate resulted in reaction at one carbonyl group only 
and the product was the E i~omer .~  In another case where geometrical isom- 
erism was noted, it was found that RCOCHO yielded predominantly trans 
RCOCH=CHR.6 However glyoxal reacted with replacement of both oxy- 
gen atoms yielding EE and EZ isomers,'the ratio of EE:EZ being 68:32. 

Acid hydrolysis of a. P unsaturated ester products sometimes resulted in 
isomerizntion, the cis acid being produced from the trans ester.6 On treatment 
with iodine isomerization of an EZ product to its EE isomer was recorded,' 
and various dimeri~ations~ and cyclizations 'h7 have also been observed. 

In our present work we varied the experimental conditions, namely sol- 
vent. ylide and molar ratio of reactants in order to establish the optimum 
conditions for preparation of the desired a, P-unsaturated ketoesters or 
dienediesters. Schemes ( I ) and (2) summarise the reactions studied and 
table I summarises the results. 

SCHEME I 

la. 4a 5a R=Me 1 b. 4b. Sb R=Ph l C . 4 C . 5 C  R=H 

SCHEME 2 

As can be seen from table 1 higher yields were generally obtained from 
ylide 2 than from ylide 3. la and l b  readily yielded good to fair yields of 
their a, P-unsaturated ketoesters 4a and 4b, and in addition l a  could read- 
ily be made to yield the dienediester 5a by changing molar ratios but this 
was not observed for preparation of 5b from lb,  only very poor yields 
being obtained. 
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lc gave complete1.y different results. Even on using a tenfold molar excess 
of lc the product 4c was not isolated and indeed was not even detected dur- 
ing monitoring of the reaction; the products 4a and 4b were easily detected 
by TLC analysis using 2,4dinitrophenylhydine spray reagent. 

Whether the ylide used was 2 or 3 approximately the same E:Z ratios 
of a, P-unsaturated ketoesters were isolated if none of the product 5 was 
formed. These ratios depended on the dicarbonyl compound only and 
were also independent of solvent used. However directly dienediester 
formation accompanied formation of product 4a the residual quantity of 
E isomer of 4a decreased more rapidly then the Z isomer. This is in 
keeping with analysis of PMR spectra obtained from the isomeric 5a 
products which indicated that the predominant isomer was 
EtO?CCH' = C(i\lle)-CH' = CHC02Et(E1Z2) but all four isomers 
E I Zz, E I €2.2 I €2 and Z lZ2 were formed. GLC combined with NMR anal- 
ysis indicated that 51% of the mixture of these four isomers was the ElZ2 
product and probably 20% was EIEz. 

In the case of glyoxal, lc. which reacted to give only 5c and no 4c, a sol- 
vent effect was observed and indeed in our laboratory we have noticed a 
similar solvent effect in other reactions. Pyridine increased the amount of 
EZ isomer 5c at the expense of the EE isomer. In the absence of pyridine 
the only isomer obtained, as established from GLC and NMR analysis was 
the EE isomer. The lack of detection of the product 4c could be understood 
when one considers the fact that lc  was used in the form of triglyoxal 
dihydrate, solutions of which showed only very weak bands due to the car- 
bony1 group in their IR spectra. I t  appears that the small amount of free 
glyoxal and presumably of product 4c, react very rapidly with the ylide 
present. 

The spectral data for products are listed in tables I1 and 111. Physical 
properties, retention times and Rf values are listed in table IV. One inter- 
esting observation is that for the 'H NMR spectrum of €2 
Et02C-C,H=CbH-C,H=CdHC02Et allylic coupling occurred for the Z 
branch (Jbd-l) but not for the E branch (Jac=O). The vinyl pattern con- 
sisted of a dd, d, t (Jk=Jcd) and a ddd. In the corresponding EE isomer 
allylic coupling does however occur and is more pronounced (J=3.2).  
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68 SHEILA MAWAZINY and SADlAH MAKKY 

EXPERIMENTAL 

General 

All melting points are uncorrected and were determined on a Fisher Johns 
apparatus. For NMR spectra, chemical shifts are reported in ppm down- 
field from tetramethylsilme and J values are in hertz. IR spectra of liquids 
were recorded from thin films and of solids from nujol mulls. GLC analy- 
ses were recorded on Pye-Unicam GCD chromatograph using the packing 
indicated in table IV, a N2 flow rate of 30 cm3per minute, initial column 
temperature of 120" for two minutes followed by a heating programme for 
the column of 8" per minute. TLC analyses were carried out on Merck sil- 
ica gel plates using either (A) petroleum ether : ether 3: l or (B) petroleum 
ether : ether 1:6 

Solvents were purified where necessary and all reactions were carried 
out at room temperature unless otherwise stated, and under N2 gas. Reac- 
tions of Wittig reagents were monitored by titration using brornophenol 
blue as indicator and neutralised methanol as solvent. Reactions of 
Wadswonh-Emrnons reagents were monitored using TLC. 

Products were quantitatively analysed for C and H and gave satisfactory 
results; analyses were carried out at the University of North London. 
Ketonic products were converted to their 2.4-dinitrophenylhydrazones and 
satisfactory melting points were observed. The refractive indices of liquid 
products agreed with literature values. E:Z ratios were determined from 
combination of GLC and NMR analyses. 

Typical Procedures 

I .  Using a Witfig reagent 
reaction of 2 with l b  to give 4b. 2 (3.64g. 95.8% pure. 10.0 mmoles) dis- 
solved in DMF (13 cm3) was added to 1 b (1.65g, 97% pure, 10.5 mmoles) 
in DMF (25cm3). Titration indicated 100% consumption of 2 after 3.5 
hours. Solvent was evaporated using a rotary evaporator, petroleum ether 
was added, solid was triturated and the mixture filtered through a tine filter 
paper. This procedure was repeated until TLC indicated no product left in 
the residual triphenylphosphine oxide. Extracts were placed in the freezer 
overnight to ppt. out dissolved TPPO, which was filtered off. Evaporation 
of solvent yielded crude product which was chromatographed on a silica 
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WI'ITIG HORNER REAGENTS 69 

gel column yielding pure 4b (1.49g, 73%). The fractions obtained were (a) 
1.46g. 100% E isomer, (b) 0.020g (20.3% E and 79.7% Z) and (c) 0.006s 
( 100% Z isomer). Thus the overall E:Z ratio was 98.5:1.5. Using solvent 
system A, Rf values were (a) 0.42 (b) 0.42 and 0.23 and (c) 0.13. Fraction 
(a) had nD3' 1.540, lit. nD2' 1.549. the 2.4-dinitrophenylhydrazone of frac- 
tion (a) was prepared. m.p. (from EtOAc) 165". lit. m.p. 167.5 - 169°.8 All 
fractions gave satisfactory analyses and spectra. 

2. Using a Wadsworth-Emmons reagent 
Reaction of 3 with l c  to give 5c. Sodium metal (0.69g. 30.0 mmoles) was 
dissolved in 20 cm3 of absolute ethanol; to this solution was added 3 
(6.79g, 30.0 mmoles). This resulting solution was then added to lc. trigly- 
oxal dihydrate (1.05g = 14.99 mmoles of C2H202) in 40 cm3 of absolute 
ethanol. TLC monitoring showed reaction was complete after 4 days. Sol- 
vent was evaporated and the crude product was chromatographed on a col- 
umn using petroleum ether : ether mixtures to elute. This yielded a solid, 
1.25g. R, values 0.38 and 0.27 using solvent system A. Recrystallization 
of this solid from hexane yielded E, E-diethyl 2.4-hexadienedioate (0.67g. 
22.4%). m.p. 60". lit. m.p. 60-61". Rfvalues using solvent system A, 0.40. 
This product gave satisfactory C, H analyses and its spectral properties are 
listed in tables I1 and 111. 
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