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Abstract The synthesis of conjugated allenyl esters (tri-substituted al-
lenes) was achieved by magnesium(II)-mediated Horner–Wadsworth–
Emmons reaction of methyl bis(2,2,2-trifluoroethyl)phosphonoacetate
with disubstituted ketenes. In addition, a novel access to α-fluorinated
allenyl carboxamides (tetrasubstituted allenes) is presented.

Key words Horner–Wadsworth–Emmons reaction, allenes, ketenes,
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Since the first synthesis of glutinic acid (allene-1,3-di-
carboxylic acid) in 1887,1 allenes have attracted consider-
able attention as chemical curiosities.2 Furthermore, allene
derivatives have recently been established as versatile
building blocks in organic synthesis, including asymmetric
synthesis.3 Allenic structures are also found in natural
products and pharmaceutical agents.4 We have already es-
tablished a characteristic method of synthesizing conjugat-
ed allenyl esters from diethyl α-alkynyl-α-methoxy
malonates through a cascade reaction,5 and suggested the
possibility of developing novel inhibitors of cysteine prote-
ase based on several biomimetic reactions by using conju-
gated allenyl compounds and their precursors.6 On the oth-
er hand, the Horner–Wadsworth–Emmons (HWE) reaction
of phosphonoacetates with aldehydes (or ketones) is one of
the most useful methods of synthesizing α,β-unsaturated
esters.7 There are, however, only a limited number of re-
ports concerning the HWE reaction of ketene for the prepa-
ration of allenyl esters.8,9 We now describe a facile one-pot
synthesis of allenyl esters (tri- or tetra-substituted allenes)
by HWE reactions of ketenes using i-PrMgBr as base.

We first investigated HWE reactions of methyl bis(2,2,2-
trifluoroethyl)phosphonoacetate (Still–Gennari reagent,
1)10,11 with a di-substituted ketene, which was prepared in

situ from 2-phenylpropionyl chloride (5a) and triethyl-
amine,9g,j as shown in Table 1. Phosphonoacetate 1 is a typi-
cal Z-selective HWE reagent due to the electron-withdraw-
ing effect of the two trifluoroethoxy groups on its phospho-
rus atom. As expected, the desired conjugated allenyl ester
6a (tri-substituted allene) was obtained by the HWE reac-
tion of 1 in good to excellent yields by using bases such as
n-BuLi, NaH, and i-PrMgBr (entries 1–3). Among these, i-

Table 1  HWE Reactions of Phosphonoacetates 1–4 with Phenyl Methyl 
Ketene Prepared In Situ from 2-Phenylpropionyl Chloride (5a)

Entry HWE reagent Base Yield (%)a

1 1 n-BuLi 68 (6a)

2 1 NaH  5 (6a)

3 1 i-PrMgBr 98 (6a)

4 2 i-PrMgBr 96 (6a′)

5 3 i-PrMgBr 81 (6a)

6 4 i-PrMgBr 72 (6a)
a Isolated yield.
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PrMgBr afforded allenyl ester 6a in almost quantitative
yield (98%).12,13 We have reported the use of stereoselective
HWE reactions for the preparation of α,β-unsaturated es-
ters by using i-PrMgBr.14 Thus, HWE reagents 2–4 were in-
vestigated in the HWE reaction mediated by i-PrMgBr for
the preparation of conjugated allenyl esters 6a and 6a′
(entries 4–6). As a result, Z-selective HWE reagent 2 (Ando
reagent)15,16 also furnished 6a′ in excellent yield (96%). It
appears that increasing the Z-selectivity of HWE reagents in
the reaction with aldehydes and ketones tends to increase
the chemical yield of allenyl ester 6a (entries 3, 5, and 6).

To explore the substrate scope of the HWE reaction, a
range of ketenes generated in situ from the corresponding
acyl chlorides 5a–h were subjected to reaction with HWE
reagent 1 as shown in Table 2. In all cases investigated, HWE
reactions of di-substituted ketenes derived from acyl chlo-
rides 5b–e proceeded smoothly to afford 90–100% yields of
the desired allenyl esters 6b–e (tri-substituted allenes)
(entries 1–4). On the other hand, the HWE reaction of
mono-substituted ketenes derived from acyl chlorides 5f–h
resulted in the formation of allenyl esters 6f–h (di-substi-
tuted allenes) in low yields (entries 5–7). It is interesting to
note that a similar HWE reaction of ketenes derived from
5f–h with α-methylated Still–Gennari reagent (7)17 afforded

the corresponding allenyl esters 8f–h (tri-substituted al-
lenes) in higher yields than those of 6f–h (entries 8–10).
The HWE reaction of 7 with phenyl methyl ketene derived
from acyl chloride 5a furnished allenyl ester 8a (tetra-sub-
stituted allene) in 89% yield (entry 11).

We next investigated the use of ethyl 2-fluoro-2-dieth-
ylphosphonoacetate (9)18,19 in place of 1 as the HWE re-
agent to obtain a fluorinated allenyl ester. There are very
few examples of the synthesis of α-fluorinated allenyl es-
ters.20 As a result, the desired product 12a (tetra-substitut-
ed allene) was obtained in moderate yield (Table 3, entry 1).
However, the HWE reaction of phosphonoacetic acid 10 us-
ing 2.1 equivalent of i-PrMgBr did not proceed (entry 2).
Nevertheless, the HWE reaction of Weinreb amide 1121

with di-substituted ketenes derived from acyl chlorides 5a–
c afforded fluorinated allenyl carboxamides 14a–c (tetra-
substituted allenes) in 71–100% yields (entries 3–8).22 Un-
fortunately, poor yields of fluorinated allenyl carboxamides

Table 2  HWE Reactions of Phosphonoacetates 1 and 7 with Ketenes 
Prepared In Situ from Acid Chlorides 5a–h

Entry HWE reagent R1 R2 Yield (%)a

 1 1 (R = H) Ph Et 100 (6b)

 2 1 (R = H) Ph Ph 100 (6c)

 3 1 (R = H) 4-O2NC6H4 Me  90 (6d)

 4 1 (R = H) 4-MeOC6H4 Me  97 (6e)

 5 1 (R = H) Ph H  29 (6f)

 6 1 (R = H) Bn H  38 (6g)

 7 1 (R = H) n-C6H13 H  22 (6h)

 8 7 (R = Me) Ph H  40 (8f)

 9 7 (R = Me) Bn H  69 (8g)

10 7 (R = Me) n-C6H13 H  65 (8h)

11b 7 (R = Me) Ph Me  89 (8a)
a Isolated yield.
b Reaction mixture was stirred for 3 h.
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Table 3  HWE Reactions of α-Fluorophosphonoacetates 9–11 with 
Ketenes Prepared In Situ from Acid Chlorides 5a–c and 5f–h

Entry HWE reagent R1 R2 Yield (%)a

 1  9 (X = OEt) Ph Me ca. 57 (12a)b

 2c 10 (X = OH) Ph Me   0 (13a)

 3 11 [X = N(OMe)Me] Ph Me  71 (14a)

 4d 11 [X = N(OMe)Me] Ph Me  90 (14a)

 5e 11 [X = N(OMe)Me] Ph Me 100 (14a)

 6 11 [X = N(OMe)Me] Ph Et  71 (14b)

 7e 11 [X = N(OMe)Me] Ph Et  94 (14b)

 8 11 [X = N(OMe)Me] Ph Ph  92 (14c)

 9 11 [X = N(OMe)Me] Ph H   0 (14f)f

10 11 [X = N(OMe)Me] Bn H   0 (14g)g

11e 11 [X = N(OMe)Me] Bn H ca. 14 (14g)b,h

12 11 [X = N(OMe)Me] n-C6H13 H   0 (14h)i

a Isolated yield.
b Containing small amounts of impurities.
c i-PrMgBr (2.1 equiv) was used.
d Reaction mixture was stirred for 3 h.
e Reaction mixture was stirred for 18 h.
f HWE reagent 11 was recovered (ca. 54%).
g HWE reagent 11 was recovered (ca. 40%).
h HWE reagent 11 was recovered (ca. 20%).
i HWE reagent 11 was not recovered.
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14f–h (tri-substituted allenes) were obtained in the HWE
reaction of Weinreb amide 11 with mono-substituted
ketenes derived from acyl chlorides 5f–h (entries 9–12).

In conclusion, we have developed a facile method of
synthesizing conjugated allenyl esters 6 and 8 through the
magnesium(II)-mediated HWE reaction of 1 and 7 with di-
substituted ketenes, which were prepared in situ from the
corresponding acid chlorides. For the first time, α-fluorinat-
ed allenyl carboxamides 14 have also been prepared by us-
ing the magnesium(II)-mediated HWE reaction of 11 with
di-substituted ketenes. We believe that the proposed meth-
od of synthesizing conjugated allenyl carboxylic acid deriv-
atives is a valuable addition to the chemistry of allenes.
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