
The Wittig reaction offers an important method for the forma-
tion of carbon–carbon double bonds and has been widely used
in the synthesis of natural products.1,2 Recently it was found
that alcohols can undergo the tandem reaction of oxida-
tion–Wittig reaction with phosponium ylides to give corre-
sponding olefination products. This showed potential use in
organic synthesis.3,4 To simplify and improve the reaction fur-
ther, we have combined the deprotonation of the ylide, oxida-
tion of alcohol and the Wittig reaction into one tandem
reaction.

At the beginning of the study, potassium carbonate was used
as weak base to deprotonate the phosphonium salt 1, but the
tandem reaction of deprotonation–oxidation–Wittig reaction
did not proceed smoothly. The reason may be that, the con-
centration of phosphonium ylide 1 was too low under the con-
dition of low concentration of aldehyde formed in situ. Then
we used sodium hydroxide as a strong base and found that, in
the presence of active manganese dioxide, the phosphonium
salt 1 and the alcohol 2 underwent the tandem reaction of
deprotonation–oxidation–Wittig reaction smoothly to form
the desired product 3 (see Scheme 1). The tandem reaction
gave a good yield of the α,β-unsaturated nitriles or ketones 3
(see Table 1). The configuration of the major products 3 are E-
form since the coupling constants of vinyl protons range in
16-17Hz (see Experimental). The protocol has high stereose-
lectivity to give predominantly the (E)-α, β-unsaturated
nitriles or ketones 3.

Scheme 1

In conclusion, the previous tandem reaction of
oxidation–Wittig reaction has been  improved further in the
present tandem reaction sequence of deprotonation–oxida-
tion–Wittig reaction. This protocol has the advantages of mild
reaction conditions, good yields and high stereoselectivities
and affords an efficient method for the stereoselective synthe-
sis of (E)-α,β-unsaturated nitriles and ketones.

Experimental

All reactions were carried out in a Schlenk apparatus under nitrogen
atmosphere. 1H NMR spectra were determined in CDCl3 on 
a Brucker Advance 400(400MHz) with TMS as internal standard.
Mass spectra(EI) were obtained on a HP5989B mass spectrometer. IR
spectra were taken with a Brucker Vector 22 spectrometer. Melting
points were uncorrected. Cynomethylenetriphenylphosphorane,
acetylmethylene triphenylphosphorane and benzoylmethylene triph-
enylphosphorane 1 were prepared according to the literature
method.5-7

General procedure for the stereoselective synthesis of (E)-α,β-
unsaturated nitriles and ketones 3a–g: The mixture of phosphonium
salt 1 (1.5mmol), alcohol(1.4mmol), sodium hydroxide(0.088g,
2.2mmol) and manganese dioxide (1.04g, 12mmol) in dry
dichloromethane was stirred at r.t. for the time indicated in Table 1.
After the reaction was complete (monitored by TLC), the mixture was
filtered. The filtrate was concentrated and the crude product was sub-
jected to preparative TLC (hexane–ethyl acetate as eluant) to give
3a–g.

3-(4-Nitrophenyl)-2-propenenitrile 3a: 199–200°C (Lit8);
δH(ppm): 8.29(d, J= 8.8Hz, 2H), 7.63(d, J=8.8Hz, 2H), 7.47(d,
J=16.8Hz, 1H), 6.07(d, J=16.8Hz, 1H); ν(cm-1): 3076, 2218, 1600,
1521, 1347, 745; m/z: 174(M+, 77), 101(100).

3-Phenyl-2-propenenitrile 3b: Oil(Lit9); δH(ppm): 7.50–7.30(m,
5H), 7.12(d, J=16.8Hz, 1H), 5.87(d, J=16.8Hz, 1H); ν(cm-1): 3061,
2217, 1619, 1494, 1449, 749, 689; m/z: 129(M+, 100), 76(12).

3-(4-Methoxyphenyl)-2-propenenitrile 3c: Oil(Lit10); δH(ppm):
8.29(d, J= 8.8Hz, 2H), 7.50–6.90(m, 3H), 5.78(d, J=16.4Hz, 1H),
3.95(s, 3H); ν(cm-1): 3062, 2219, 1684, 1603, 1512, 1461, 768; m/z:
159(M+, 100), 77(0.5).

5-Phenyl-2,4-pentadienenitrile 3d: Oil(Lit11); δH(ppm):
7.70–7.10(m, 5H), 7.00–6.75(m, 3H), 5.44(d, J=16.0Hz, 1H);
ν(cm1): 3063, 2213, 1678, 1624, 1493, 748, 690; m/z: 155(M+, 100),
77(13).

4-(4-Nitrophenyl)-3-buten-2-one 3e: 114–115°C (Lit12); δH(ppm):
8.25(d, J= 8.4Hz, 2H), 7.68(d, J=8.4Hz, 2H), 7.52(d, J=16.4Hz, 1H),
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Table 1 Tandem reaction of deprotonation–oxidation–Wittig
reaction

Product Y X R Reaction Isolated Z/Eb

time/h yields/%a

3a CN Cl 4-NO2C6H4 2 85 90/10
3b CN Cl C6H5 3 76 80/20
3c CN Cl 4-CH3OC6H4 6 71 85/15
3d CN Cl C6H5CH=CH 3 75 95/5
3e COMe Br 4-NO2C6H4 24 81 100/0
3f COMe Br C6H5 24 71 90/10
3g COPh Br 4-NO2C6H4 20 70 99/1
aThe structure of the products are confirmed by 1H NMR, IR,
and MS.
bThe ratioes of Z-isomer to E-isomer are determined  by 
1H NMR or GC.



6.80(d, J=16.4Hz, 1H), 2.41(s, 3H); ν(cm-1): 3112, 1693, 1669, 1614,
1513, 1342, 747; m/z: 191(M+, 19), 43(100).

4-Phenyl-3-buten-2-one 3f: Oil(Lit13); δH(ppm): 7.60–7.24(m,
6H), 6.70(d, J=16.4Hz, 1H), 2.37(s, 3H); ν(cm-1): 3028, 1668, 1610,
1495, 1450, 749, 691; m/z: 146(M+, 61), 103(100).

3-(4-Nitrophenyl)-1-phenyl-2-propen-1-one 3g: 158–160°C
(Lit14); δH(ppm): 8.27(d, J=8.8Hz, 2H), 8.02(d, J=8.4 Hz, 2H), 7.80-
7.75(m, 3H), 7.63(d, J=16.0Hz, 1H), 7.62-7.50(m, 3H); ν(cm-1):
3080, 1658, 1609, 1518, 1341, 747, 688; m/z: 258(M+, 43), 77(100).
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