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Conjugated Acetylenic Carboxylates from Aldehydeswith Ph;P/Br;CCO,Et
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Abstract: We have established the optimal conditions for the Wit-
tig reaction for synthesizing a-bromoacrylates with a high selectiv-
ity, and developed a simple and efficient one-pot procedure for
preparing various conjugated acetylenic carboxylates in moderate
to highyields.
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Conjugated acetylenic carboxylates are important inter-
mediates that have been used for synthesizing avariety of
cyclic compounds and pharmaceutical agents.® There are
two approaches to preparing conjugated acetylenic car-
boxylates. One of them introduces substituents to triple
bonds by the reaction of acetylideswith el ectrophiles® and
by metal-catalyzed cross-coupling reactions.® The other
approach formsthetriple bond itself by the reaction of ap-
propriate substrates. It includes dehydrohalogenation of
dihalo esters* and u-haloacrylates® and dehydration of B-
keto esters.® However, they often suffer from unsatisfac-
tory yields, expensive and toxic reagents, and lengthy pro-
cedures. Herein, we report on an efficient one-pot
procedure for synthesizing the conjugated acetylenic car-
boxylates from adehydes with Ph,P and Br;CCO,Et via
a-bromoacrylates.

a-Bromoacrylates are usually prepared by bromination—
dehydrobromination sequence, but the method requires
toxic reagents.” The Wittig reaction of aldehydes with
bromophosphoranesis an attractive and convenient meth-
od for the synthesis of a-bromoacrylates.2 However, the
hazardous reagents such as molecular bromine are neces-
sary for the preparation of bromophosphoranes. Burton et
al. reported that the reaction of aldehydes with a mixture
of Ph,P and Br;CCO,Et produces a-bromoacrylates.® We
attempted to prepare o-bromoacrylates under these reac-
tion conditions. Treatment of p-nitrobenzaldehyde with
Ph;P/Br;CCO,Et in CH,CI, afforded the desired a-bro-
moacrylates in poor yield (Table 1, entry 1). This result
prompted us to investigate the reaction to find out its op-
timal reaction conditions. The reaction was carried out in
common organic solvents such as CH,Cl,, MeCN, ben-
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Tablel Reaction of p-Nitrobenzaldehyde with a Mixture of Ph;P
and Br;CCO,Et under Various Conditions?

CHO CO,Et
Q PhsP, BrsCCO,Et S
O,N ON
Entry Solvent  Temp. (°C) Time (h) Yield (%)°
1 CH,Cl, rt. 24 32
2 MeCN r.t. 24 22
3 benzene r.t. 24 0
4 DMF r.t. 24 3
5 THF rt. 6 83 (96:4)°
6° THF rt. 6 45 (94:6)°
7 THF reflux 3 90 (96:4)°
BIThe )reacti on was carried out with Ph;P (4 equiv) and Br;CCO,Et (2
equiv).

b |solated yields based on the aldehyde.
¢ Z/E ratio was determined by *H NMR analysis.
4 The reaction was carried out with PhyP (2 equiv) and BryCCO,Et (1

equiv).

zene, DMF, and THF to examine the solvent effect. As
presented in Table 1, the yields of the desired product de-
pended significantly on the kind of solvents. The reaction
afforded the a-bromoacrylate in high yield with high ste-
reosel ectivity when the reaction was carried out in THF
(entries 5-7).

A number of aldehydes were subjected to our standard
Ph;P/Br;CCO,Et conditions. Asshown in Table 2, there-
action of aromatic aldehydes with an electron-withdraw-
ing group gave higher yields of the corresponding
acetylenic carboxylates than the reaction of aldehydes
with an electron-donating group (Table 2, entries 1-4).
Heteroaromatic aldehydes such as 2-furaldehyde and 2-
thiophenecarboxaldehyde afforded the corresponding
conjugated acetylenic carboxylatesin high yields (entries
5 and 6). Aliphatic aldehydes were less reactive than aro-
matic aldehydes, but the stereoselectivity still remained
high (entries 7 and 8). Less reactive aldehydes such as al-
iphatic aldehydes required a prolonged reaction time. Ke-
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Table2 Synthesisof a-Bromoacrylates®

Entry Aldehyde Product Time (h) Yield (%)° (ZE)®
o CO,Et
1 ©)KH Br 3 83 (95:5)
CO,Et

2 /©)K {;§_< 3 90 (98:2)

Cl

CO,Et
(@]

3 /@)J\H 3 80 (92:8)

t-Bu

CO,Et
(@]
4 /©)‘\ {;§_< 12 68 (92:8)
CO,Et

5 12 71 (90:10)

\ 2

o CO,Et
6 s 12 74.(92:8)
H

\ B
7 i F{‘:Oza 12 69 (83:12)

Me(CHy)s H Me(CHa)e

CO,Et
12 74 (89:11)

o &

@ The reaction was carried out with PhyP (4 equiv) and BrsCCO,Et (2 equiv) in boiling THF.

b |solated yields based on aldehydes.
¢ Z/E ratio was determined by *H NMR analysis.

tone was not a good substrate under these reaction
conditions.

The Z/E ratio was determined by *H NMR on the basis of
the chemical shifts of vinyl protons of the crude mixtures.
The vinyl protons of Z-isomers are deshielded owing to
the CO,Et group.® The reaction with various aldehydes
showed a high selectivity for Z-isomers.

The proposed method may find a wide range of applica-
tions because a-bromoacrylates have been used as versa-
tile precursors for forming carbon—carbon bonds by
metal-catalyzed cross-couplings such as Still couplings,*
Suzuki couplings,* Sonogashira couplings,*® and copper-
catalyzed trifluoromethylations. ™

With areliable method for preparing a-bromoacrylatesin
our hands, we tried to develop a one-pot procedure for
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preparing acetylenic carboxylates. It has been known that
dehydrohalogenation of vinyl halides can be accom-
plished only with strong bases.> We performed dehydro-
bromination of 2-bromo-3-(4-nitrophenyl)acrylate with
strong bases such as t-BuLi and t-BuOK. 2-Bromo-3-(4-
nitrophenyl)acrylate was generated in situ from the reac-
tion of p-nitrobenzaldehyde with Ph;P and Br;CCO,Et
was treated with t-BuLi, affording a poor yield (5%) of
acetylenic carboxylates (Table 3, entry 1). With an excess
of t-BUOK, theyield of acetylenic carboxylates somewhat
increased, but it was not satisfactory (entry 2). It was re-
ported that a 1:1 mixture of NaNH, and t-BuOK isvery ef-
fective as a base for elimination reactions.®> When a 1:1
mixture of NaNH, and t-BuOK was used as a base, the
yield of the acetylenic carboxylate drastically improved to
82% (entry 3). A widerange of aldehydeswere treated un-
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der these reaction conditions, giving moderate to high
yields of the corresponding conjugated acetylenic carbox-
ylates. Aromatic aldehydes that had an electron-with-
drawing substituent were good substrates for the reaction
(entries 5-8). A substituent at the ortho-position of aro-
matic aldehyde did not diminish the reactivity (entries 7
and 8). Aromatic aldehydes that had an electron-donating

Table3 One-Pot Synthesis of Conjugated Acetylenic Carboxylates®

group and heteroaromatic aldehydes afforded the corre-
sponding acetylenic carboxylates in moderate yields (en-
tries 9-13). Aliphatic aldehydes gave moderate yields of
acetylenic carboxylates (entries 14 and 15). The reaction
with a conjugated aldehyde proceeded efficiently afford-
ing a high yield of the conjugated acetylenic carboxylate
(entry 16).

PhsP, BrsCCO,Et Br NaNH,, t-BuOK
RCHO —MM > —< — CO,E
THF, reflux [R COzEt rt,2h 2Et
Entry Aldehyde Product Time (h)° Isolated yield (%)
1 Q 3 5e
2 H 02N~©7coza 3 34
3 3 82
O,N
o)
NO, O NO,
5 Ny 3 83
| ——CO,Et
=
o
NC
0
cl
c o al
8 ©)J\H L 3 81
< §>7_ CO,Et
o)
t-Bu
o)
MeO
OMe O OMe
11 H 12 58
— CO,Et
12 @_H/H f H—=—cosxt 12 61
" g 3
13 @_H/H | —=—cost 12 62
S g
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Table3 One-Pot Synthesis of Conjugated Acetylenic Carboxylates® (continued)
PhsP, BrsCCO,Et Br NaNH,, t-BUOK

RCHO ———————» =< ——CO,E

THF, reflux [R CO,Et rt,2h 2Et
Entry Aldehyde Product Time (h)° Isolated yield (%)

o)

14 Me(CH,)g—==—CO,Et 12 57

Me(CH,)s H

0
15 dH < > —  Co.et 12 59
o)
3 85

16 ©/\)J\H

@ﬁcoza

2 See the typical experimental procedure for the reaction conditions.'6
© Reaction time for the first step.

¢ The reaction was carried out with t-BuLi (3.0 equiv).

4 The reaction was carried out with t-BuOK (3.0 equiv).

In conclusion, we have established the optimal conditions
for the Wittig reaction for synthesizing a-bromoacrylates,
and developed a simple and efficient one-pot procedure
for preparing conjugated acetylenic carboxylates from al-
dehydes. The availability of a wide variety of aldehydes
may make the present reaction an important tool for pre-
paring the conjugated acetylenic carboxylates.
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Typical Procedure: To amixture of PhyP (1.31 g, 5 mmol)
and Br,CCO,Et (0.81 g, 2.5 mmol) in THF (6 mL) under
argon was added a solution of p-nitrobenzal dehyde (0.19 g,
1.25 mmol). After heating at reflux for 3 h, the reaction
mixture was cooled tor.t. A mixture of NaNH, (0.78 g, 1.88
mmol) and t-BuOK (0.21 g, 1.88 mmol) in THF (3 mL) was
added to the reaction mixture. After stirring at r.t. for 2 h, the
mixture was diluted with Et,O, washed with brine, and dried
over anhyd MgSO,. After evaporation of the solvent, the
residue was separated by column chromatography on silica
gel (hexane-EtOAC, 9:1) affording the product in 82% yield;
mp 122-123 °C (lit.%¢ 120-121 °C). *H NMR (300 MHz,
CDCl,): 6 =8.31(d,J=9.0Hz,2H), 7.78 (d, J=9.0 Hz, 2
H), 4.37 (q, J=7.0Hz, 2 H), 1.38 (t, J = 7.0 Hz, 3 H).
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