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Abstract: New Horner-Wadsworth-Emmons reagents, (diphe-
nylphosphono)acetamides 2 react with a variety of aldehydes to
give the corresponding Z-�,�-unsaturated amides stereoselectively
(up to Z:E = 98: 2).
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�,�-Unsaturated amides are useful synthetic intermediates
in organic synthesis. They can not only be transformed to
a variety of compounds, but also have been used as
Michael acceptors or Diels-Alder dienophiles. Stereo-de-
fined synthesis of carbon-carbon double bonds with high
selectivity is critically important for the stereoselective re-
actions. The Wittig reaction,1 the Horner-Wadsworth-
Emmons (HWE) reaction,2-4 and the Peterson olefination5

have been used for the synthesis of �,�-unsaturated
amides. While it is rather easy to obtain thermodynami-
cally favored E isomers, only one direct preparation of
Z-isomers has been reported by Peterson olefination.5b

Since more general and practical methods are desirable,
we studied Z-selective synthesis of �,�-unsaturated
amides as an extension of our HWE reaction using (dia-
rylphosphono)acetate reagents 1.6 We prepared (diphe-
nylphosphono)acetamide reagents 2 and performed the
HWE reaction with representative aldehydes under vari-
ous conditions.7 Herein we report our results.

The N,N-dimethyl(diphenylphosphono)acetamide 2a was
prepared by acylation of diphenyl methylphosphonate as
shown in Scheme in 55% yields (not optimized). The re-
sults of the HWE reaction of 2a with aldehydes were sum-
marized in Table 1. When Triton B (40% benzyltri-
methylammonium hydroxide in MeOH) was used as base
for the reaction with benzaldehyde, only a low yield of the
olefin products was obtained along with a large quantity
of phenol (entry 1). Treating 2a with tBuOK at 0 °C also
caused partial decomposition of 2a (entry 2). These re-
sults show that the anion from 2a is labile and easily de-
composes. The reaction successfully gave 3a in 95%
Z-selectivity and in 90% yield by treating 2a with tBuOK
at �78 °C before the addition of PhCHO (entry 3). Fur-
thermore, 98% Z-selectivity was obtained in the presence
of 18-crown-6 (1 equiv) (entry 5). In the same condition,
2E-hexenal gave Z-olefin in 88% selectivity (entry 8).
Disappointingly, the reaction of 2a with aliphatic alde-
hydes showed only moderate Z-selectivities (entries 9-
14). The best Z-selectivities were obtained when

Table 1 The HWE reaction of 2a with aldehydes in THF

The reaction was carried out at �78 °C (entries 1-5) and from �78
to 0 °C (entries 6-14). a: The number in parentheses is the recovered
yield of 2a, b: 2a was treated with base at 0 °C, c: HMPA(2 eq), d:
18-crown-6 (1 eq), e: 18-crown-6 (2 eq).

Scheme
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NaHMDS8 was used as base (77% and 75% Z, entries 10
and 13).

In order to see the substituent effect of 2, N-phenyl(diphe-
nylphosphono)acetamide 2b and N-methoxy-N-meth-
yl(diphenylphosphono)acetamide 2c were prepared by the
reaction of diphenyl phosphite, bromoacetyl bromide, and
the corresponding amines in one pot. The results of the re-
action of 2b are given in Table 2. When 2b was treated
with tBuOK at �78 °C and the reaction with benzalde-
hyde was performed at �78 °C, 90% Z-selectivity was ob-
tained in 98% yield (entry 1). At �95 °C, slightly better
selectivity of 92% was attained (entry 2). In the presence
of 18-crown-6 (1 equiv), the selectivity increased to 94%
(entry 3). The reaction with 2E-hexenal was also found to
be Z-selective, although the selectivity was not quite high
(85%, entry 4). The HWE reactions with n-octanal, 2-eth-
ylhexanal, and pivalaldehyde were carried out using
NaHMDS8 (entries 5-7). The resulting olefin products
contain 91-94% Z-isomers in almost quantitative yields.
Thus, the reagent 2b gives a wide range of Z-�,�-unsatur-
ated amides in high selectivities.9

Table 2 The HWE reaction of 2b with aldehydes in THF

The reaction was carried out at �78 °C (entries 1-3) and from �78 to
10 °C (entries 4-7). a: The number in parentheses is the recovered
yield of 2b, b: at -95 °C, c: 18-crown-6 (1 eq)

Further, we studied the HWE reaction of the reagent 2c.
Since the initial report from Weinreb group,10 the N-meth-
oxy-N-methylamides (Winreb amides) have served as
valuable intermediates in organic synthesis. The Wittig or
HWE reagents containing this amide moiety were report-
ed.1,3 These reagents are useful for converting aldehydes
into �,�-unsaturated N-methoxy-N-methylamides with
high E-selectivity. Hoping 2c gives Z-isomers selectively,
the HWE reaction of 2c with benzaldehyde, 2-ethylhexa-
nal, and n-octanal was performed (Table 3). Since the an-
ion derived from 2c is stable at 0 °C, 2c was treated with
tBuOK at 0 °C and the reaction with benzaldehyde was
carried out at �78 °C. Disappointingly, 66% Z-selectivity
was obtained in 94% yield (entry 1). The use of LDA in-
stead of tBuOK slightly improved the Z-selectivity (77%).
The HWE reaction of 2c with 2-ethylhexanal was also
performed using NaH, tBuOK, and LDA (entries 4-6).

NaH gave a highest selectivity (79%). In the presence of
MgBr2 (0.1 equiv.), the Z-selectivity slightly increased to
81%. Increasing the quantity of MgBr2 (1 equiv.) only
caused a diminished yield (63%, 81% Z). The reaction
with n-octanal using NaH gave the olefin products with
75% Z-selectivity. Although these selectivities are just
moderate, the Z-olefins can be easily obtained in pure
form by column chromatography or recrystallization.

Table 3 The HWE reaction of 2c with aldehydes in THF

The reaction was carried out at �78 °C(entries 1-3) and from �78 to
0 °C (entries 4-8). a: The number in parentheses is the recovered yield
of 2c, b: MgBr2 (0.1 eq)

All new compounds described here were characterized by
1H NMR, mass, and high-resolution mass spectrum. The
Z:E ratios of 3 were determined by integrating the vinyl
proton signals in the 500 MHz 1H NMR spectra. These as-
signments were confirmed by NOE experiments.

In summary, the HWE reaction described above provides
a direct route to a wide range of Z-�,�-unsaturated amides.
Further efforts to expand the scope and utility of the re-
agents 2 are in progress in this laboratory.
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