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Wittig-Horner Synthesis in an Aqueous Two-Phase
System using Phase-Transfer Catalysis

C. PIECHUCKT

Institute of General Chemistry, Technical University
(Politechnika), 90-924 1.6dz, Poland

In phase-transfer catalyzed reactions ' %, the anionic interme-
diates are generated in an aqueous sodium hydroxide/
organic solvent two-phase system in the presence of alkyl-
aminium- or phosphonium salts bearing relatively large alkyl
groups. Owing to the formation of ion pairs with these
aminium- or phosphonium salts, the anionic intermediates
are transferred into the organic phase where they can react
with suitable reagents.

The phase-transfer method was recently used for the genera-
tion of halocarbenes *, dimethylsulfonium methylides* (alky-
lidenedimethylsulfuranes) or dimethylsulfoxonium methy-
lides* and in Wittig olefin synthesis®. We have found that
also the Horner reaction of phosphonates 1 with carbonyl
compounds 2 proceeds readily in a two-phase system in
the presence of catalytic amounts of tetrabutylaminium
iodide (TBAI).
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The outlined synthesis, particularly convenient on account
of the simple and short preparative procedure, gives generally
good yields of conjugated alkenes 3 (Table). Limitations
of the synthesis result both from low reactivity and from
possible hydrolysis of some substrates. For example, diethy!
2-pyridylmethancphosphonate was almost quantitatively
recovered after attempted reaction with acetone and only
a small amount of unidentified material was obtained from
the reaction of ethyl 0,0-dicthylphosphonoacetate with the
same ketone.

To avoid undesired reactions, especially aldolization of acet-
aldehyde, both substrates should be added simultaneously
to the reaction mixture.

G.L.C. analyses were performed on a Giede 111 instrument, 1 m
column, 30% silicone gum on Chromosorb W. "H-N.M.R. spectra
were measured at 80 MHz on a Tesla BS 487 C spectrometer with
TMS as internal reference. Concerning the deshielding of cis
methyl protons in 3-methyl-2-butenenitrile (0.1 ppm) see Lit.!".
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Table. Horner Reactions of Phosphonates 1 in an Aqucous Two-Phase System

R! R” R* Products 3

@— H ~CN6 Cinnamonitrile

CH; H —CN Crotonitrile

CH3 CHs —~CN 3-Methyl-2-butenenitrile
@— H —COOCHs® Fthyl trans-cinnamate
CHj H ~COOC,Hg Ethyl trans-crotonate

7
@— H \/ ] trans-2-Styrylpyridine

N
G 0
N

{-Phenyl-4-(2-pyridyl)-butadicene

Based on G.L.C.-pure product.
G.L.C. conditions: 180°, t,=3.6 min, t,=5.7 min.

'H-N.M.R. (CCl,): §=5.31 (d, /=121 Hz), 5.73 (d, /=17.3 Hz), 7.11 ppm (m, 6H).

* G.L.C. conditions: 1207, t.,=3.1 min, {,=4.4 min.

SYNTHESIS
Yield® b.p./torr
(%)
77 90-92°/2

Z/E ratio 24:76°
51
Z/E ratio 39/61¢
62
56
54

71

68

116 -118°/760

40-42°/20
103 105°/8
51-52°/25

m. p. 91-92°8

m.p.121-123°°

"H-N.MLR. (CCL,): 8=1.91 (d, J, =8.2 Hz, J,= 2.1 Hz), 2.02(d, J, =8.2 Hz, J,=2.1 Hz), 5.38 (m, 1H), 6.68 ppm (m, 1H).

Horner Reactions of Diethyl Phosphonates 1 in an Aqueous Two-
Phase System: General Procedure:

A solution of the dicthyl phosphonate 1(35 mmol)and the aldchyde
or ketone 2 (35mmol) in dichloromethane (5 ml) was added drop-
wise (o a stirred two-phase system consisting of dichloromethane
(35ml), 50%, aqueous sodium hydroxide {20 ml), and tetrabutyl-
aminium iodide (0.7 g). The strongly exothermic reactions of the
phosphonates 1 (R*=--CN or ~COOC,Hs) were complete
within [5min; in the case of the 2-pyridylmethylphosphonates,
refluxing for ~3h was necessary (L.R. analysis of reaction mix-
tures). The organic layer was separated, washed with water (Sml),
and dried with magnesium sulfate. Evaporation of the solvent
and distillation or recrystallization of the residue from petroleum
cther afforded the pure products 3.

The structure of compounds 3 was confirmed by their LR.- and
"H-N.M.R. spectra and by elemental analysis.
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