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Abstract: The efficient synthesis of rigid multifunctional vinylic
monomers 1 and 2 from 3,5-dibromobenzene derivatives and prop-
argyl alcohol via the Sonogashira reaction is reported. For example,
a series of 3,5-bis(3-hydroxyprop-1-ynl)benzoate ester derivatives
have been prepared efficiently using an improved palladium cata-
lyst system. Subsequent hydrolysis and reaction with 4-vinylaniline
afforded a new monomer 2 for use in functional macroporous poly-
mer systems. In addition, Sonogashira and Wittig methodologies
have been optimised in order to construct successfully an alternative
rigid monomer 1 from 3,5-dibromobenzaldehyde.

Key words: Sonogashira reaction, palladium, cross-coupling, or-
ganometallic reagents, tri-2-furylphosphine

The palladium(0)/copper(I) halide catalysed coupling of
terminal alkynes with aryl or alkenyl halides, first
reported1 by Sonogashira and co-workers, is a widely
used method for the synthesis of arylalkynes and conju-
gated enynes.2 As part of our research towards the synthe-
sis of novel rigid vinylic monomers 1 and 2 (Figure) for
use in imprinted polymer systems,3 an efficient and robust
procedure for the coupling of propargyl alcohol to a range
of 3,5-dibromobenzene derivatives was required. Conse-
quently, use of Sonogashira coupling methodologies was
investigated and the results of these studies are reported
herein.

The synthesis of monomer 1 employed the conditions
reported4 by Brown et al. for the synthesis of 3,5-dibro-
mobenzaldehyde from 3,5-dibromobenzoic acid via a two
step reduction/selective oxidation process (Scheme 1).
Employing the original reaction conditions described1 by
Sonogashira and co-workers (0.4 mol% Pd (PPh3)2Cl2, 0.8
mol% CuI, triethylamine, THF) in conjunction with 3,5-
dibromobenzaldehyde and propargyl alcohol, the key in-
termediate 3,5-bis(3-hydroxyprop-1-yl)benzaldehyde 3
was constructed in good yield (Table, entry 1). The hy-
droxyl moieties of 3 were then protected in the form of
their corresponding tert-butyldimethylsilyl (TBDMS)
ethers. Subsequent conversion of the aldehyde group of
the protected diol 4 to the corresponding olefin 5 employ-
ing standard Wittig conditions5 followed by deprotection
of the TBDMS groups afforded the desired monomer 1 in
96% yield.

In addition to monomer 1, novel rigid monomers such as
2 (Figure), comprised of 3,5-bis-acetylenated aromatic
units tethered to a polymerisable vinylic group, were also
targeted to enable structure-property relationships of the
resultant imprinted polymers to be studied. The approach
used to obtain monomers such as 2 also involved use of
the palladium mediated cross-couplings of propargyl al-
cohol to 3,5-dibromobenzoic acid ethyl ester (Scheme 2).
However, in stark contrast to monomer 1, the synthesis of
monomer 2 required significant modification of the Sono-
gashira-based methodologies.

Under the original coupling conditions (Table, entry 2),
the desired bis-acetylenic product 6a was not isolated,
only a moderate yield of mono-substituted product 7a was
obtained. This effect has also been observed6 by Krause
and co-workers in the coupling of trimethylsilylacetylene
to methyl bromobenzoate derivatives and higher catalyst
loadings were found to increase cross-coupling yields.6

However, in the case of 6a, this approach proved ineffec-
tive (Table, entry 3). In light of these initial disappointing
results, a range of different palladium catalyst and ligand
combinations were screened in order to optimise the coup-
ling of propargyl alcohol to 3,5-dibromobenzoic acid eth-
yl ester (see Table). The catalytic system PdCl2/PPh3 re-
ported by Philp et al.7 (Table, entry 4) for the successful
coupling of propargyl alcohol to 3,5-substituted halo-
genobenzenes unfortunately failed to yield the desired
product 6a. Several reports have detailed the use of

Figure

OH OH

N O
H

OH OH

2

1

D
ow

nl
oa

de
d 

by
: W

E
S

T
 V

IR
G

IN
IA

 U
N

IV
E

R
S

IT
Y

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



252 L. Davidson et al. LETTER

Synlett 2002, No. 2, 251–254 ISSN 0936-5214 © Thieme Stuttgart · New York

Pd2(dba)3 or Pd(dba)2 in the presence of phosphine
ligands as effective catalysts in the Sonogashira reac-
tion.8–10 However, in the case of 6a, this catalytic system
required extensive heating in order to afford the desired
product in moderate yield (Table, entry 5). Reetz et al.11

have reported high catalytic activity from the use of palla-

dium salts such as Pd(OAc)2 in the presence of Ph4PX
(where X = Cl, Br, I) in Heck type arylations of unreactive
aryl halides. This catalyst combination proved almost in-
active for the Sonogashira coupling of propargyl alcohol
to 3,5-dibromobenzoic acid ethyl ester, (Table, entry 6)
with only a low yield of the mono-acetylenic ester 7a ob-
tained. Subsequent combination of the catalyst Pd(dba)2

with Ph4PCl also proved unsuccessful (Table, entry 7).

The prolonged reaction times of the procedures described
above in conjunction with inefficient cross-couplings led
to the consideration of the use of the tri-2-
furylphosphine12 (TFP) ligand. Farina and co-workers13

first reported use of the TFP ligand in Stille cross-cou-
pling reactions, demonstrating an increased rate of reac-
tion that was attributed to the low electron donating ability
of the TFP ligand. In addition, Vasella and co-workers
have observed14 that palladium catalysts incorporating the
TFP ligand are the most effective systems for the cross-
coupling of THP protected propargyl alcohol with iodo-
alkynes. Therefore, in light of these reports, the efficiency
of the TFP ligand was tested in the Sonogashira coupling
of propargyl alcohol to 3,5-dibromobenzoic acid ethyl es-
ter. Initial use of the TFP ligand in combination with the
Pd2(dba)3 catalyst (Table, entry 8) was disappointing and
afforded poor results. None of the bis-acetylenic ethyl es-
ter 6a was isolated, and a high yield of a by-product incor-
porating the furyl unit was isolated. Buchwald et al. have
reported15 the successful use of the catalyst system Pd(Ph-
CN)2Cl2 in the Sonogashira coupling of aryl bromides at
room temperature. Consequently, the TFP ligand was uti-
lised in combination with the Pd(PhCN)2Cl2 species (Ta-
ble, entry 9) and delivered an acceptable yield16 of the
desired 3,5-bis(3-hydroxyprop-1-ynl)benzoic acid ethyl
ester 6a in a significantly shorter reaction time and a dra-
matic increase in the yield per coupling (up to 65%). Sub-
sequent hydrolysis of the ethyl ester functionality to the
corresponding carboxylic acid, followed by protection of
the hydroxyl groups as their corresponding TBDMS

Scheme 1
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ethers afforded intermediate 8. EDCI mediated amidation
with 4-vinylaniline and subsequent deprotection of the
TBDMS groups afforded the required vinylic monomer 2
in an acceptable yield of 72%.

In addition to the TFP ligand, Farina and co-workers have
studied the use of other ligands of low donor ability in the
Stille reaction, such as the triphenylarsine ligand.17 Subse-
quent mixing of this ligand with sources of palladium(0)
afforded catalysts that afforded fast coupling rates, but
that were relatively unstable during the course of the reac-
tion in comparison to the TFP derived systems. Compara-
ble results were obtained in this study upon examination
of the Pd(PhCN)2Cl2/triphenylarsine and Pd(PhCN)2Cl2/
TFP systems. Therefore, although the triphenylarsine
ligand did increase the rate of formation of the mono-acet-
ylenic product 7a, the catalyst appeared to decompose be-
fore the desired bis-acetylenic product 6a could be
formed, and thus only product 7a was isolated (Table, en-
try 10).

Having uncovered that the enhanced reactivity of the
Pd(PhCN)2Cl2/TFP catalyst allows formation of the bis-
acetylenated derivative 6a, presumably via the intermedi-
acy of the bromide 7a, we then examined the effect of
variations of the ester functionality in the starting material
upon the efficiency of this process (Scheme 2). This study
proved surprisingly important with a noticeable change in

the yield whichever ester was substituted for the original
ethyl moiety. In the case of all the 3,5-dibrominated aro-
matic esters examined, moderate yields of the required
bis-acetylenic esters 6b–d were obtained (Table, entries
11–13). Only in the case of 3,5-dibromobenzoic acid me-
thyl ester was a low yield of the bis-acetylenic product 6b
observed.

In summary, an improved method for the Sonogashira
coupling of acetylenic systems to a range of 3,5-dibro-
mobenzoate ester derivatives has been developed en-
abling the synthesis of several new rigid functional vinylic
monomer systems. The catalyst Pd(PhCN)2Cl2 in con-
junction with tri-2-furylphosphine afforded successfully
the desired 3,5-bis(3-hydroxyprop-1-ynl)benzoic acid
ethyl ester 6a from the cross-coupling of propargyl alco-
hol to the 3,5-dibromobenzoic acid ethyl ester substrate in
acceptable yields with concomitant short reaction times.
This catalytic combination also proved to be active for the
cross coupling of propargyl alcohol to other ester deriva-
tives of 3,5-dibromobenzoic acid.
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Table Cross-coupling of Propargyl Alcohol to 3,5-Dibromo-benzene Derivatives

Entrya R Pd catalyst (mol%) Ligand (mol%) CuI (mol%) Yieldb (%)

6 7

1 CHO Pd(PPh3)2Cl2 (0.4) n/a 0.8 72 21

2 CO2Et Pd (PPh3)2Cl2 (0.4) n/a 0.8 0 54

3 CO2Et Pd (PPh3)2Cl2 (1.1)c n/a 4.3 0 42

4 CO2Et PdCl2 (0.5) PPh3 (1) 0.5 0 35

5 CO2Et Pd(dba)2 (0.4) PPh3 (2) 0.4 34 62

6 CO2Et Pd(OAc)2 (4) Ph4PCl (2.4) 8 0 10

7 CO2Et Pd(dba)2 (0.05) Ph4PCl (1) 0.4 0 2

8 CO2Et Pd2(dba)3 (0.6) TFPd (1.3) 0.4 0 33

9 CO2Et Pd(PhCN)2Cl2 (0.6) TFP (1.3) 0.4 42 47

10 CO2Et Pd(PhCN)2Cl2 (0.6) AsPh3 (1.3) 0.4 0 61

11 CO2Me Pd(PhCN)2Cl2 (0.6) TFP (1.3) 0.4 10 44

12 CO2-i-Pr Pd(PhCN)2Cl2 (0.6) TFP (1.3) 0.4 22 61

13 CO2-t-Bu Pd(PhCN)2Cl2 (0.6) TFP (1.3) 0.4 21 52

a In all cases, reactions were performed in refluxing THF with addition of 2.5 equiv triethylamine (distilled from calcium sulfate).
b Yields refer to compounds isolated by column chromatography on silica gel. All compounds were characterised completely, and were in full 
agreement with structures.
c With addition of 2.7 equiv DBU.
d TFP = tri-2-furylphosphine.
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