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Introduction

Conjugated oligomers and polymers have received
much attention due to their potential uses in optical and
electronic applications. Among a large array of conju-
gated architectures, diarylethynes and their oligomeric,
polymeric, and dendritic analogues play a very important
role as nonlinear optical materials,1 photochemical an-
tenna systems,2 and molecular electronic devices.3 Of the
various synthetic approaches to diarylethynes 1, the
Sonogashira reaction4 that features the cross-coupling
between an arylethyne 2 and an aryl halide 3 in the
presence of a Cu(I)/Pd(0) cocatalyst and a base is the most
widely used method. This reaction is highly versatile not
only for the preparation of diarylethynes but is also
extremely useful for the syntheses of oligo- and poly-
(aryleneethynylene)s,5 as well as oligo-(aryleneethy-
nylene) dendrimers.6

One of the side products formed in the Sonogashira
reaction is diarylbutadiyne 4, a homo-coupling product

resulting from the oxidative dimerization7 of the terminal
arylethyne 2. In instances where the two aryl groups (i.e.,
Ar1 and Ar2) are of very different sizes or chromato-
graphic polarities, this does not pose any problem as one
could simply purify the desired diarylethyne by distilla-
tion or chromatographic separation. The yield of the
cross-coupling product 1 could also be improved by
increasing the molar ratio of arylethyne 2 to aryl halide
3 used in the reaction. However, the situation becomes
more complicated when the arylethyne 2 is not readily
available or when the two aryl groups are of similar
nature. This is often encountered in the synthesis of oligo-
and poly-(aryleneethynylene)s. In this case, both the
diarylethyne 3 and diarylbutadiyne 4 had very similar
chromatographic mobility and product purification had
been proven to be difficult.5a,5d Furthermore, linear5c and
dendritic oligo-(aryleneethynylene)s6a with a terminal
ethyne group tended to undergo self-dimerization in
preference to cross-coupling with aryl halides under the
Sonogashira conditions. As a result, the desired diaryl-
ethyne could only be isolated in low yield. The extent of
homo-coupling could be reduced, but not totally sup-
pressed, by vigorous exclusion of oxygen.5a,6a,8 The recent
introduction of a copper-free palladium-mediated cou-
pling reaction in the presence of triphenylarsine by
Lindsey8 had proven to be a successful modification which
could minimize the amount of diarylbutadiyne 4 formed.
Nonetheless, there is still a strong demand for improved
procedures which could suppress the formation of Hay
homo-coupling product during the Sonogashira reaction.
Herein we reported an efficient preparation of diaryl-
ethynes by a modified Sonogashira method under phase
transfer conditions. This new protocol could effectively
reduce the amount of homo-coupling diarylbutadiyne 4
produced and was far superior to the original procedure
in terms of coupling efficiency and product homogeneity.

Results and Discussion

Since the Hay homo-coupling product 4 was the result
of the intermolecular dimerization of arylethyne 2, its
formation could therefore be suppressed if the terminal
arylethyne 2 could be kept at a low concentration during
the Sonogashira reaction. Under such circumstances, the
arylethyne 2 would have a better chance to couple to the
aryl halide 3 than to itself and hence the yield of the
cross-coupling product 1 could be increased. This can be
achieved by conducting the reaction under conditions in
which the arylethyne 2 is slowly generated in situ from
a precursor.9 One such precursor is the acetylenic alcohol
5, which is readily available via the Sonogashira coupling
[PdCl2(PPh3)2, CuI, i-Pr2NH] of an aryl halide 6 and
2-methylbut-3-yn-2-ol (Scheme 1).10 Hence the cross-
coupling between the acetylenic alcohol 5 and the aryl
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halide 3 may be realized in a two-phase heterogeneous
system11 in the presence of a phase transfer agent and
an aqueous base, conditions under which the acetylene
alcohol 5 is known to transform into the arylethyne 2.

To evaluate the scope of the phase transfer Sonogash-
ira reaction (hereafter called PT method), we decided to
conduct a comparative study between this method and
the one reported originally by Sonogashira (original
method). Our procedure involved the reaction of the
acetylenic alcohol 5 and an aryl bromide 7 in the presence
of PdCl2(PPh3)2, CuI, and Bu4NI in a heterogeneous
mixture of toluene and aqueous NaOH under nitrogen
at 80 °C for 24 h. Similar conditions had previously been
applied to the synthesis of 1,3-enynes by reacting
1-alkynes with alkenyl halides.12 For the original method,
the arylethyne 2 and the aryl bromide 7 were directly
reacted in the presence of PdCl2(PPh3)2, CuI, and tri-
ethylamine in toluene at 80 °C for 24 h. To further assess
the effectiveness of the coupling reaction, the amount of
arylethyne 2 or acetylenic alcohol 5 used was restricted
to 1.0 mol equiv per bromine atom with respect to the
aryl bromide 7.

The results of the two coupling methods were tabulated
in Table 1. Several interesting findings were noted. First,
the yields of the cross-coupling product 1 obtained by the
PT method were consistently better than those obtained
by the original method (entries A vs B, 1-10). In general,
the product yield was at least 23% higher by using the
PT method. Second, the Hay reaction leading to the
homo-coupling product 4 was a prominent side reaction
(>20%) under the original Sonogashira conditions. For
example, the ratios of the cross-coupling 1 to homo-
coupling product 4 were found to vary from 2.3/1 to 4.6/1
for reactions between phenylethyne and the various aryl
monobromides (entries 1A-4A). For the coupling reac-
tions between aryl (4-nitrophenyl)ethyne and the mono-
bromides (entries 5A-6A), the reaction was very dirty
and only a complex mixture of unidentifiable compounds
was formed. In sharp contrast, the PT reaction protocol
smoothly converted a 1:1 molar ratio mixture of the
acetylenic alcohol 5 and the aryl bromide 7 to the cross-
coupling product 3 in fair to excellent yields (51-92%).
More importantly, the ratios of the cross- to homo-
coupling product (9/1 to 70/1) were much higher, thus
demonstrating the better selectivity of the our method.

An additional feature that was not apparently noticed
from the table was that sometimes it was difficult to
isolate the cross-coupling product 1 in good purity. This
was due to the similar polarities of the homo-coupling
byproduct, cross-coupling product, and unreacted aryl
bromide, which rendered their separation by column

chromatography a difficult task. For example, coupling
of phenylethyne and 1-bromonaphthalene (entry 1A)
afforded a nearly inseparable mixture of 1-(phenylethy-
nyl)naphthalene 1a and 1,4-diphenylbutadiyne 4a, and
their product ratio was determined by HPLC analysis.
A similar separation problem was also encountered in
the coupling reaction between phenylethyne 2a and
4-bromobenzophenone 7d (entry 4A). Due to the higher
extent of homo-coupling side reaction in the original
method, and hence a larger amount of unreacted aryl
bromide left in the reaction mixture, product isolation
in the original method was particularly difficult. In sharp
contrast, because of a better selectivity toward the
formation of the cross-coupling product under the PT
conditions, the arylethynes 1 obtained were very clean
and had little contamination.

To further examine the versatility of the PT coupling
conditions, we then compared the two methods toward
the preparation of oligomeric and branched (aryleneethy-
nylene)s. 1,4-Dibromobenzene 7f, 4,4′-dibromobiphenyl
7g, and bis-(4-bromophenyl)ethyne 7h were selected as
the aryl dibromides and then coupled to phenylethyne
(entries 7-9). In principle, a mixture of two cross-
coupling products, namely the monoadduct and the bis-
adduct, could result. In all three cases studied, the yield
of the bis-adduct 1g-i was very poor (<20%) under the
original Sonogashira conditions, while the monoadduct
as well as the Hay homo-coupling product were formed
in significant quantities. On the other hand, the yields
of the bis-adduct 1g-i were very high (67-95%) under
the PT conditions, and there was no product contamina-
tion by 1,4-diphenylbutadiyne. Furthermore, no monoad-
duct could be detected, and hence this new method was
extremely efficient in promoting multiple cross-coupling
reactions.

Finally, phenylethyne was coupled to 1,3,5-tribro-
mobenzene 7i to furnish the G0-dendrimer 1j. Under the
original conditions, a mixture of mono-, bis-, and tris-
coupling adducts was formed, and the desired dendrimer
1j could only be obtained in 22% yield. The homocoupling
product 4a was also found but was not separable from
the mono- and bis-coupling products. On the other hand,
the dendrimer 1j could be obtained cleanly in 57% yield
under the PT conditions. Again no mono- and bis-adducts
were found.

As described earlier, the improved ratio of diarylethyne
1 to butadiyne 4 may be due to the reduced concentration
of terminal ethyne 2 under the PT conditions. However,
it is also likely that the improvement could be the result
of a reduced rate of the oxidative homo-coupling. It has
been documented that the rate of Hay coupling depends
on the solvent medium and the solubility of the catalyst.7c

The absence of any tertiary amines in aqueous medium
may render the copper species less soluble which resulted
in a retardation of the homo-coupling reaction. We are
currently looking into this issue.

In summary, we disclosed here a highly selective
method for the construction of diarylethynes and their
oligomeric and branched analogues by a modified Sono-
gashira reaction under PT conditions. In contrast to the
original Sonogashira method, very little Hay homo-
coupling product was formed under the new reaction
protocol. This method also alleviates the need to use
excess arylethyne to promote the cross-coupling ef-
ficiency. Furthermore, under the new reaction conditions,
the cross-coupling products were less likely contaminated
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Scheme 1a

a Reagents: (i) 2-methylbut-3-yn-2-ol, PdCl2(PPh3)2, CuI, i-Pr2NH;
(ii) Ar2-X 3, PdCl2(PPh3)2, CuI, NaOH, H2O, toluene, Bu4NI.
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with residual starting materials and the various side
products and could be obtained in good yields and purity.
The method was also useful for promoting multiple
Sonogashira reactions toward the construction of struc-
turally homogeneous oligo- and branched (aryleneethy-
nylene)s.

Experimental Section

General. All reactions were conducted under a nitrogen
atmosphere. Melting points were taken on a hot-plate microscope
apparatus and were uncorrected. 1H (300 MHz) and 13C (75
MHz) NMR spectra (in CDCl3) were acquired on a Brüker
Advance DPX NMR spectrometer. Mass spectra were obtained
on a Hewlett-Packard 5989B mass spectrometer using electron
ionization (EI) technique. Elemental analyses were carried out
at MEDAC, Ltd., Brunel Science Center, Surrey, United King-
dom. (4-Nitrophenyl)ethyne 2b,10 2-hydroxy-2-methyl-4-phenyl-
but-3-yne 5a,10 2-hydroxy-2-methyl-4-(4-nitrophenyl)but-3-yne

5b,10 and bis-(4-bromophenyl)ethyne 7h13 were prepared ac-
cording to literature methods. All other aryl bromides, aryl
dibromides, and 1,3,5-tribromobenzene were purchased from
Aldrich and used without purifications.

General Procedure for the Sonogashira Coupling Be-
tween Arylethyne 2 and Aryl Bromide 7 (Original Method).
A degassed mixture of aryl bromide 7 (3.0 mmol), arylethyne 2
(3.0 mmol per bromine atom), copper(I) iodide (0.3 mmol),
palladium(II) dichlorobistriphenylphosphine (0.3 mmol), and
triethylamine (4.0 mL) in dry toluene (5.0 mL) was placed in a
sealed tube under nitrogen. The mixture was heated at 80 °C
for 24 h and then cooled to room temperature. The solution was
filtered through a pad of silica gel, and the filtrate was
concentrated under reduced pressure. The residue was chro-
matographed on silica gel, eluting with the appropriate solvent
system (see below for details) to give the homo-coupling products
4 and cross-coupling products 1. Their ratios were determined
either by direct weighting of the products obtained after chro-

(13) Harrison, R. M.; Brotin, T.; Noll, B. C.; Michl, J. Organome-
tallics 1997, 16, 3401.

Table 1. Cross-Coupling Reactions between Arylethynes and Aryl Bromides

a No isolable product. b No detectable butadiyne. c Yield of bis-coupling product. Yield of mono-coupling product was 12%. d Yield of
bis-coupling product. No mono-coupling product was isolated. e Yield of bis-coupling product. Yield of mono-coupling product 8 was 14%.
f Yield of tris-coupling product. g The homo-coupling product could not be separated from the mono- and bis-coupling products.
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matography or by HPLC method. In the case of inseparable
product mixtures, product ratios were calculated by 1H NMR
method.

General Procedure for the Sonogashira Coupling Be-
tween Acetylenic Alcohol 5 and Aryl Bromide 7 Under
Phase Transfer Conditions (PT Method). A degassed mix-
ture of aryl bromide (3.0 mmol), acetylenic alcohol 5 (3.0 mmol
per bromine atom), copper(I) iodide (0.3 mmol), palladium(II)
dichlorobistriphenylphosphine (0.3 mmol), and tetrabutylam-
monium iodide (0.3 mmol) in a heterogeneous mixture of toluene
(5.0 mL) and aqueous sodium hydroxide (5 M, 2.0 mL) was
placed in a sealed tube under nitrogen. The mixture was heated
at 80 °C for 24 h and then cooled to room temperature. The
solution was filtered over a pad of silica gel, and the filtrate was
concentrated under reduced pressure. The residue was chro-
matographed on silica gel, eluting with the appropriate solvent
to give the various products.

1,4-Diphenyl-1,3-butadiyne (4a).14 Eluent, hexane; white
solid; mp 85-86 °C (lit.14 85-86 °C); 1H NMR δ 7.26-7.35 (m,
6 H), 7.45-7.50 (m, 4 H); 13C NMR δ 73.9, 81.6, 121.8, 128.5,
129.2, 132.5; MS (EI, m/z) 202 (M+, 20).

1-(Phenylethynyl)naphthalene (1a).15 Eluent, hexane;
colorless oil; 1H NMR δ 7.35-7.70 (m, 8 H), 7.78 (d, 1 H, J ) 8
Hz), 7.89 (t, 2 H, J ) 8 Hz), 8.46 (d, 1 H, J ) 8 Hz); MS (EI,
m/z) 228 (M+, 17).

3-Nitro-1-(phenylethynyl)benzene (1b).16 Eluent, hexane/
EtOAc ) 20/1; yellow solid; mp 68-70 °C (lit.16 56-57 °C); 1H
NMR δ 7.24-7.30 (m, 3 H), 7.40 (t, 1 H, J ) 8 Hz), 7.40-7.47
(m, 2 H), 7.70 (d, 1 H, J ) 8 Hz), 8.05 (d, 1 H, J ) 8 Hz), 8.25
(s, 1 H); 13C NMR δ 86.8, 91.9, 122.1, 122.8, 125.1, 126.3, 128.5,
129.0, 129.3, 131.7, 137.2, 148.1; MS (EI, m/z) 223 (M+, 100).

4-(Phenylethynyl)-1,1′-biphenyl (1c).17 Eluent, hexane;
white solid; mp 162-163 °C (lit.17 165-167 °C); 1H NMR δ 7.31-
7.38 (m, 3 H), 7.49 (t, 2 H, J ) 7 Hz), 7.54-7.65 (m, 8 H); 13C
NMR δ 89.3, 90.0, 122.1, 123.3, 127.0, 127.6, 128.2, 128.3, 128.8,
131.6, 132.0, 140.3, 140.9; MS (EI, m/z) 254 (M+, 18).

4-(Phenylethynyl)benzophenone (1d).18 Eluent, hexane/
EtOAc ) 10/1; yellow solid; mp 109-111 °C; 1H NMR δ 7.35-
7.40 (m, 3 H), 7.45-7.65 (m, 7 H), 7.78-7.84 (m, 4 H); 13C NMR
δ 88.7, 92.5, 122.7, 127.6, 128.4, 128.5, 128.8, 130.0, 130.1, 131.4,
131.8, 132.6, 136.7, 137.4, 196.0; MS (EI, m/z) 282 (M+, 12).

4-[(4-Nitrophenyl)ethynyl]-1,1′-biphenyl (1e). Eluent, hex-
ane/EtOAc ) 4/1; yellow solid; mp 184-185 °C; 1H NMR δ 7.27-
7.42 (m, 3 H), 7.50-7.56 (m, 2 H), 7.56 (s, 4 H), 7.61 (t, 2 H, J
) 8 Hz), 8.15 (t, 2 H, J ) 8 Hz); 13C NMR δ 88.2, 94.7, 120.9,
123.7, 127.0, 127.2, 127.9, 128.9, 130.3, 132.2, 132.3, 140.0, 142.0,
146.9; MS (EI, m/z) 299 (M+, 100). Anal. Calcd for C20H13NO2:
C, 80.25; H, 4.38; N, 4.68. Found: C, 79.69; H, 4.77; N, 4.54.

1-Nitro-4-(phenylethynyl)benzene (1f).15 Eluent, hexane/
EtOAc ) 8/1; yellow solid; mp 111-113 °C (lit.15 118-120 °C);
1H NMR δ 7.35-7.45 (m, 3 H), 7.50-7.58 (m, 2 H), 7.66 (t, 2 H,
J ) 8 Hz), 8.22 (t, 2 H, J ) 8 Hz); 13C NMR δ 87.5, 94.7, 122.0,
123.6, 128.5, 129.2, 130.2, 131.8, 132.2, 146.9; MS (EI, m/z) 223
(M+, 100).

1,4-Di(phenylethynyl)benzene (1g).19 Eluent, hexane; white
solid; mp 178-180 °C (lit.19 180-181 °C); 1H NMR δ 7.30-7.40
(m, 6 H), 7.45-7.60 (m, 4 H), 7.52 (s, 4 H); 13C NMR δ 89.1,
91.2, 123.0, 123.1, 128.4, 128.45, 131.5, 131.6; MS (EI, m/z) 278
(M+, 100).

4(4′-Bromophenyl)tolan (8).20 (See footnote e in Table 1.)
Eluent, hexane; pale yellow solid; mp 196-200 °C (dec); 1H NMR
δ 7.32-7.40 (m, 4 H), 7.47 (d, 2 H, J ) 9 Hz), 7.51-7.63 (m, 8
H); MS (EI, m/z) 332/334 (M+, 35).

4,4′-Bis(phenylethynyl)biphenyl (1h).21 Eluent, hexane;
pale yellow solid; mp 250-251 °C (dec) (lit.21 252-254 °C); 1H
NMR δ 7.33-7.40 (m, 6 H), 7.53-7.59 (m, 4 H), 7.61 (s, 8 H);
MS (EI, m/z) 354 (M+, 7).

4,4′-Bis(phenylethynyl)diphenylethyne (1i). Eluent, hex-
ane; pale yellow solid; mp 259-260 °C (dec); 1H NMR δ 7.31-
7.40 (m, 6 H), 7.48-7.60 (m, 4 H), 7.52 (s, 8 H); MS (EI, m/z)
378 (M+, 32); HRMS (EI) 378.1386 (C30H18 requires 378.1408).

1,3,5-Tris(phenylethynyl)benzene (1j).22 Eluent, hexane;
white solid; mp 141-142 °C (lit.22 144-145 °C); 1H NMR δ 7.32-
7.40 (m, 9 H), 7.50-7.58 (m, 6 H), 7.66 (s, 3 H); 13C NMR δ 87.8,
90.5, 122.7, 124.0, 128.4, 128.6, 131.6, 134.0; MS (EI, m/z) 378
(M+, 100).
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