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The Horner-Wadsworth-Emmons reaction of diphenylphosphonoac-
etamides [(PhO)2P(O)CH2CONRR′] (2a: R, R′ = CH2Ph; 2b: R =
CH2Ph, R′ = H; 2c: R = Me, R′ = OMe) was examined. The reaction
of 2a was found to be Z-selective for benzaldehyde with selectivities up
to 94:6. Reagent 2b led to reasonable selectivity for both benzaldehyde
(85:15) and 3-phenylpropionaldehyde (87:13), while 2c was somewhat
effective only for the latter aldehyde (83:17).

Keywords: α,β-unsaturated amides; Horner-Wadsworth-Emmons re-
action; Z-selectivity

Methods for the preparation of the thermodynamically less sta-
ble Z-olefins bearing electron-withdrawing groups by the Wittig or
the Horner-Wadsworth-Emmons (HWE) reaction1−5 are limited.6−10

For α,β-unsaturated amides we have reported on the effectiveness
of N,N-dibenzyl-triphenylsilylacetamide (1).11 However, for mono-N-
substituted amides, the mere generation of the enolate of the Peterson
reagent lead to decomposition. In an attempt to overcome this de-
fault and seek further utility, we have carried out an examination
on diphenylphosphonoacetamides, analogs of the highly successful
phosphonoacetates by Ando.10,12,13

Examined were [(PhO)2P(O)CH2CONRR′] with three different pat-
terns of substitution upon the amide nitrogens (2a: R, R′ = CH2Ph;
2b: R = CH2Ph, R′ = H; 2c: R = Me, R′ = OMe), as representatives
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TABLE I The Reaction of 2a

Entry R′′ Base Z : E Yield (%)

1 Ph n-BuLia 73:27 95
2 Ph NaH 88:12 71
3 Ph t-BuOK 92:8 65
4 Ph KHMDS 94:6 96
5 Ph(CH2)2 NaH 67:33 77
6 Ph(CH2)2 t-BuOK 60:40 39
7 Ph(CH2)2 KHMDS 50:50 80

aThe reaction temp was gradually raised to 0◦C.

of N,N-disubstituted reagents, N-monosubstituted reagents, and
reagents bearing the potential for further transformation to ketones,
respectively.14 The reagents were prepared by the reaction of diphenyl
phosphite with the corresponding chloroacetamides in the presence of
NaH in fair to good yield (2a, 77%; 2b, 90%; 2c, 61%).

SCHEME 1

In the reaction of 2a with benzaldehyde, higher selectivity was
achieved in the order of Li+ < Na+ < K+.† It was also found that NaH
and t-BuOK, which could not be used for 1 could be used here. Con-
sidering the availability of the reagent and range of usable bases in
the olefin forming reaction, 2a scores favorably with 1 toward aromatic
aldehydes. For 3-phenyl propionaldehyde, an aliphatic aldehyde, the
selectivity was found to be only modest, with a maximum of ca. 2:1
(Table I).

The reaction of 2b with benzaldehyde in the presence of either 1
or 2 equiv of base was found to proceed with selectivities up to 85:15
(Table II). The use of 2 equiv was to assure full conversion in the pres-
ence of product bearing a somewhat acidic amide group. A general trend
was that the use of 2 equiv of base compared to 1 equiv gave higher yield
but somewhat lower selectivity, and NaH turned out to exhibit highest
selectivities for both aromatic and aliphatic aldehydes. This presents

†General procedure: To the reagent (0.20 mmol) in THF was added base (0.20 mmol),
followed by aldehyde (0.22 mmol) at −78◦C. After stirring for 3 h, the solution was
quenched with aq NH4Cl, worked up, and subjected to PTLC purification to give the
product.
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TABLE II The Reaction of 2b

Entry R′′ Base Z : E Yield (%)

1 Ph NaHb 85:15 55
2 Ph NaHc 68:32 84
3 Ph t-BuOKb 78:22 91
4 Ph KHMDSb 81:19 77
5 Ph KHMDSc 76:24 93
6 Ph(CH2)2 n-BuLia,b 84:16 82
7 Ph(CH2)2 NaHb 87:13 44
8 Ph(CH2)2 NaHc 86:14 77
9 Ph(CH2)2 KHMDSb 80:20 52

10 Ph(CH2)2 KHMDSc 74:26 52

aThe reaction temp was gradually raised to 0◦C.
b1 equiv of base was used.
c2 equiv of base was used.

TABLE III The Reaction of 2c

Entry R′′ Base Z : E Yield (%)

1 Ph n-BuLia 67:33 49
2 Ph NaH 71:29 79
3 Ph t-BuOK 67:33 85
4 Ph KHMDS 72:28 67
5 Ph(CH2)2 n-BuLia 75:25 90
6 Ph(CH2)2 NaH 83:17 83
7 Ph(CH2)2 t-BuOK 65:35 85
8 Ph(CH2)2 KHMDS 67:33 92

aThe reaction temp was gradually raised to 0◦C.

the first Z-selective synthesis for unsaturated amides bearing an N-
hydrogen.

The selectivity of the reaction of Weinreb type HWE reagent 2c with
benzaldehyde was found to be disappointing (Table III). However, the
reaction of 3-phenylpropionaldehyde proceeded with a reasonable selec-
tivity of 83:17 using NaH. Transformational application of the products
is currently under investigation.
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