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Abstract : Wittig reactions, of stable phosphorous ylids, when carried out in presence of silica gel, in

hexane, provide a fast, efficient and simple method to obtain o : B unsaturated compounds in high yields
and high purity.

The Wittig reactions have been well investigated!=b<, It has been well documented!e* in the literature that
Wittig reactions of the stable ylids with aldehydes are much slower especially in non polar solvents and that
they do not react with ketones under normal conditions. During the investigations of Wittig reaction!f we
observed that certain reactions proceeded extremely fast in the presence of silica gel. Earlier investigations?*< to
increase the rate of reaction of the stable ylids have led to the realisation that additives like benzoic acid
increase the rate of the reaction with aldehydes and also that ketones which are sluggish to react, readily
undergo the Wittig reaction in the presence of catalytic amount of benzoic acid at elevated temperatures.
However addition of benzoic acid involves an additional process of purification, along with the removal of
triphenylphosphine oxide (formed in the reaction mixture) in the process of obtaining the product. Also it was
observed that the reaction of aldehydes with resonance stabilized ylids gets strongly accelerated when the
reactions are carried out at about 10 kbar pressures?f. Remarkable rate enhancements and dramatic reductions
of reaction times in the Wittig reactions were observed3 when a mixture of triphenylcarbethoxymethylene
phosphorane, an aldehyde and silica gel (200 - 300 mesh ) was irradiated in a microwave oven for 5-6 minutes.
This enhancement in the rate of Wittig reaction is clearly due to microwave heating as when a similar
experiment carried out with the ylid adsorbed on silica gel, however without microwave irradiation, does not
show any enhancement in the rate of the reaction (see summary of our results). In this case’ only aromatic
aldehydes have been studied and furthermore the reaction mixture has to be chromatographed to obtain the
product.

Following our observations during our investigations!f we decided to investigate the efficacity of silica gel
as additive in Wittig reactions, of stable ylids, with aldehydes and ketones, in hexane. It is well known that
triphenylphosphine oxide is soluble in most of the polar solvents and is very little soluble in hexane. However
the reactions of stable ylids are very sluggish in hexane (see table). A survey of literature indicated that so far
there have been no investigations of Wittig reactions in the presence of silica gel. Our rationale behind this
exercise was that -- silica gel should increase the rate of the reaction, should help to remove the
triphenylphosphine oxide formed in the reaction so that the product formed could be obtained in high yield and
of high purity and thereby eliminating the need of further purification. Furthermore silica gel can be removed
from  the reaction mixture simply by filteration. Reactions of the stable  ylid
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Triphenylphosphinomethoxycarbonyl methanide, with various aldehydes and ketones, in the presence of silica

gel, in hexane as solvent and at room temperature were carried out. At the same time similar reactions with the

same stabilized ylid, in hexane, however without silica gel, were carried out for comparison. The results
obtained from these experiments are presented in the table and could be summarised as follows

a) the reactions of the ylid with aldehydes adsorbed on silica gel are rapid.

b)  the products are obtained in high yields. The yields are slightly higher in case of the reactions without
silica gel. In in case of pivalaldehyde the yields are almost double, when the reaction is carried out in the
presence of silica gel.

c) no additional purification is necessary to remove the triphenylphosphine oxide, a simple filteration (see
general procedure) is sufficient to provide a product of high purity.

d) there is a decrease in frans selectivity in case of aliphatic aldehydes as the substitution on the o carbon
atom of the aldehyde increases.

e) sterically hindered aldehydes also react very well.

f)  there is no reaction with ketones even after 100 h. A trace (5%) of product was observed in case of
reaction in the presence of silica gel after 100 h.

g)  under microwave irradiation? the ylid on silica gel reacted very well with aldehyde on silica gel, however
in our case the reaction was extremely sluggish when the ylid adsorbed on silica gel was reacted with the
aldehyde in solution. This clearly indicates that the microwaves help in the former case.

h)  any commercial grade silica gel (60 -120 mesh) can be used for the Wittig reactions.

i)  Although reactions of only one stable ylid has been reported in this communication the other stable ylids
show similar behavior, details of which will be published in due course of time.

The surface of silica gel itself is mildly acidic and it has been observed* that silica gel accelerates reactions

catalysed by weak acid. The acceleration observed in case of Wittig reactions could be possibly due to this

weak acidity of silica gel.

General procedure :

a) for silica gel containing reactions : to a dry schlenk tube, flushed with nitrogen, was added commercial

grade silica gel (three times the weight of aldehyde or ketone) followed by the aldehyde or ketone (30 mmol).

The resulting mixture was stirred for 5 min. so as to obtain a free flowing powder, hexane (80 mL) was added

followed by the ylid (36 mmol). The resulting mixture was stirred at 25 °C.

b)  reactions without silica gel : to a dry schlenk tube flushed with nitrogen were added successively ylid (36

mmol), hexane (80 mL) and aldehyde or ketone (30 mmol) and the resulting mixture stirred at 25 °C.

The reactions were monitored by GC at regular time intervals (Carbowax C20M / 5%-2m*) and the time when

the minimal concentration (less than 1%) of the starting material was observed has been noted in the table.

Workup : the reaction mixture was filtered through a pad of silica gel (4 cms. thick) and the residue washed

with 100 ml of a mixture ethyl acetate : hexane (1 : 20). The solvent from the combined filterates was distilled

off / evaporated under reduced pressure to obtain the products.

The cis : trans mixtures were seperated by preparative GC ( Carbowax C20M / 8% -2m*) to obtain pure cis

and trans products. The cis : trans ratios were established by comparing the product ratios on two columns of

GC - 1) Carbowax C20M / 5% - 2m* and 2) SE - 30/ 5% - 2m*.
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Olefins : Methyl 2-hexenoate’: cis Isomer: bp 148-151 °C/760 mmHg; n3’ 1.4311. trans Isomer:bp 153-155
°C/760 mmHg; n3’1.4342. Methyl 4-methyl-2-pentenoates: cis Isomer: bp 150-152 °C/760 mmHg; n3°
1.4251. trans Isomer: bp 154-156 °C/760 mmHg; n2’ 1.4340. Methyl 4,4-dimethyl-2-pentenoate’. cis
Isomer: bp 155-157 °C/760 mmHg; n2’ 1.4291. trans Isomer: bp 160-162 °C/760 mmHg; n3° 1.4350. Methyl
2,4-octadienoates: cis Isomer: bp 190-192 °C/760 mmHg; n3’ 1.4921. trans Isomer: bp 201-203 °C/760
mmHg; n?° 1.4978. Methyl 3-cyclohexyl-2-propenoate®: cis Isomer: bp 210-212 °C/760 mmHg; n3’ 1.4710.
trans Isomer: bp 219-222 °C/760 mmHg; n3° 1.4760. Methyl 3-phenyl-2-propenoate’: cis Isomer: bp 230-
232 °C/760 mmHg; n‘z,0 1.555. trans Isomer: mp 35-36 °C. Methyl 4-methoxy-2-butenoate!?: cis Isomer:
145-148 °C/760 mmHg; n3’ 1.4344. trans Isomer: 152-154 °C/760 mmHg; n2° 1.4396. (R,S) Methyl 3-
[2'4(3',4")dihydropyranyl]-2-propencate!!: cis Isomer: bp 54-56 °C/0.65 mmHg; nf,o 1.4789 . trans Isomer:
bp 64-66 °C/0.65 mmHg; n3° 1.4847. Methyl 3-methyl-2-octenoate!2: cis Isomer: bp 195-198 °C/760 mmHg;

n3’ 1.4479. trans Isomer: bp 208-210 °C/760 mmHg; n3’ 1.4507. Methyl 3-phenyl-2-butenoate!3: cis Isomer:
mp 16-18 °C. trans Isomer: mp 33-35 °C.
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