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Table 1. Optimization of reaction parameters for the diarylation of acetylene gas with a Pd(NO3)2-2H2O-NCB catalyst

I

H

H

5 mol % Pd, 10 mol % CuI
PPh3, 5 eq Base, 80 oC

2 HO HO OH

Entry Pd Source Base (5 eq) Ligand (mol %) Solvent Time (h) Yield (%)

1 Pd(NO3)2-2H2O-NCB Et3N none Acetone 12 -
2 " Et3N 10 Acetone 12 22
3 " Et3N 20 Acetone 12 38
4 " Et3N 20 Acetone:H2O (3:1) 12 68
5 Pd(NO3)2-2H2O Et3N 20 Acetone 12 62
6 Pd(II)-NaY Et3N 20 Acetone 12 -
7 Pd/C Et3N 20 Acetone 12 -
8 Pd/C DBU 20 Dioxane:H2O (3:1) 12 48
9 Pd(PPh3)4 Et3N 20 Acetone 12 52
10 Pd(PPh3)2Cl2 Et3N 20 Acetone 12 45
11 Pd(NO3)2-2H2O-NCB DBU 20 Dioxane 24 41
12 " DBU 20 Dioxane:H2O (3:1)   8 83
13 " Et3N 20 Dioxane:H2O (3:1) 12 51
14 " Piperidine 20 Dioxane:H2O (3:1) 12 37

Functionalized bisarylacetylenic compounds are valuable 
intermediates in organic synthesis of natural products, pharma-
ceuticals, synthetic agrochemicals, and molecular materials.1-3 
In particular, palladium-catalyzed cross-coupling between sp2 
hybridized carbon atoms and the terminal sp hybridized carbon 
atoms of acetylene has frequently been used to synthesize bis-
arylacetylene intermediates.3 Although Sonogashira cross-cou-
pling with substituted terminal acetylenes has been shown to be 
a powerful synthetic method for bisarylacetylenic compounds,4-6 
only a few literature sources have reported diarylation coupling 
reactions with acetylene gas.7-9

Recently, many reports have described nano-sized, semi- 
heterogeneous catalysts, the properties of which border bet-
ween those of homogeneous and heterogeneous catalysts.10-12 
Separation of spent heterogeneous catalyst from a product 
mixture is easier than in the case of homogeneous systems. 
Heterogeneous catalysts also help to minimize waste derived 
from the reaction workup, thereby contributing to the develop-
ment of green chemical processes. The most common strategy 
for preparing a heterogeneous catalyst involves using a solid 
support, such as metal oxide, carbon, silica, or various organic 
materials, with a catalytic metal.10 Several studies have demon-

strated that both the production13 and utilization of carbon nano-
materials show promise in catalytic organic reactions.4,14

Porous carbon-based nanomaterials are currently receiving 
a large degree of attention, and great progress has been made 
toward the synthesis of various shapes and sizes. Spherical 
carbon nanoparticles have been fabricated with a template-based 
synthesis.15 These recently developed nano-sized carbon balls 
(NCBs) are an interesting material for use as a heterogeneous 
catalyst support. NCBs contain a hollow core and are meso-
porous, ball-like structures with an average diameter of 500 nm, 
an average shell thickness of 40 - 50 nm, a specific surface 
area of at least 1,000 m2/g, and a total pore volume of about 
0.9 cm3/g.16 Due to the large surface area and pore volume, 
these materials make excellent substrates for adsorption-based 
applications.17 However, the chemical inertness of NCBs limits 
their utilization in other potential applications such as those 
involving bioactive compounds and homogeneous catalysts.

Palladium-catalyzed heteroannulation has been studied on 
both internal and terminal acetylene with homogeneous and 
heterogeneous palladium catalysts.18-21 NCBs may be useful as 
palladium-supporting materials for the preparation of hetero
geneous palladium catalysts for the synthesis of functionalized
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Table 2. Synthesis of functionalized bisarylacetylenes using a Pd 
(NO3)2-2H2O-NCB catalyst.

I

H

H
X X X

5 mol % Pd(NO3)2-2H2O-NCB
10 mol % CuI

20 mol % PPh3, 5 eq DBU
Dioxane:H2O (3:1), 80 oC

2

Entry X Reaction time (h) Product yield (%)

1 4-CH3 12 75
2 4-CH2OH 10 85
3 3-OH 10 81
4 4-OH,3-CH3 10 62
5 4-NH2 15 92
6 4-CO2CH3 24 88
7 3-NO2 12 85
8 4-Br 12 89

Table 3. The reaction of 4-iodoaniline with acetylene gas using re-
cycled Pd(NO3)2-2H2O-NCB catalyst.

I

H

H

5 mol % Pd(NO3)2-2H2O-NCB
10 mol % CuI

20 mol % PPh3, 5 eq DBU
Dioxane:H2O (3:1), 80 oC

H2N H2N NH22

Entry Pd(NO3)2-2H2O-NCB Reaction time (h) Yield (%)

1 Fresh   8 92
2 1st recycled 12 89
3 2nd recycled 18 88
4 3rd recycled 24 85
5 4th recycled 24 83
6 5th recycled 24 80

bisarylacetylene derivatives with acetylene gas.
The current study describes the preparation of bisarylace-

tylene compounds with acetylene gas using a NCB-supported 
heterogeneous palladium catalyst. The reusability of the catalyst 
is also discussed. 

Results and Discussion

NCBs used in the present study were prepared according to 
a previously reported procedure and characterized by SEM.16 
The reaction of 4-iodophenol and acetylene gas was investigated 
as a model diarylation reaction with a 5.0 wt % Pd-loaded NCB 
catalyst. Reaction conditions were optimized by varying the 
Pd catalyst, base, ligand, and solvent as shown in Table 1. The 
reaction of Pd(NO3)2-2H2O-NCB catalyst with a PPh3 ligand 
gave a better yield than the reaction without PPh3 in acetone 
(entries 1-3). The same reaction was also performed in a 3:1 
acetone:water mixture, producing a 68% yield of biarylated 
acetylene after 12 hours (entry 4). To compare catalytic activity, 
different Pd species were examined with Et3N base and 20% 
PPh3 in acetone. The reaction using Pd(II)-NaY and did not result 
in acetylene diarylation (entry 6). Reactions with Pd(NO3)2- 
2H2O, Pd(PPh3)4, or Pd(PPh3)2Cl2 provided moderate yields 
of bisarylacetylene (entries 5, 9, and 10, respectively). Reactions 
performed with various organic bases in a 3:1 dioxane:H2O 
mixture were also evaluated (entries 12-14). The reaction with 
DBU provided an excellent yield of the desired product without 
any side products. Furthermore, the Pd(NO3)2-2H2O-NCB catal-
yst exhibited both a high catalytic activity and a high stability 
in aqueous solvent systems. These results suggest that the 
Pd(NO3)2-2H2O-NCB catalyst is very effective at absorbing 
acetylene gas from aqueous solvents. 

The reaction of various substituted aromatic iodide com-
pounds with acetylene gas was evaluated under the optimized 
reaction conditions shown in Table 1. The results are summariz-
ed in Table 2. Reactions with hydroxyl-substituted aryl iodides 
provided the corresponding hydroxyl-substituted bisarylacetyl-
enes in good to excellent yields without any polymerized pro-
duct (entries 2-4). Reactions incorporating electron-donating 
(CH3, NH2, entries 1 and 5) or electron-withdrawing groups 
(CO2Et, NO2, Br, entries 6, 7 and 8) substituted on the aryl 
iodide gave good to excellent yields of the desired products. 
These results demonstrated that excellent yields of bisarylated 
acetylenes can be obtained from a variety of substituted aryl 
halides using a heterogeneous palladium catalyst.

The reusability of the Pd(NO3)2-2H2O-NCB catalyst was 
also evaluated. The used catalyst was filtered out of the re-
action mixture, washed with water and ethanol, and dried with 
air at room temperature. The recycled catalyst was used five 
times for the same reaction, adding 10% CuI and 20% PPh3 to 
each reaction without regenerating the catalyst. The results are 
summarized in Table 3. The recycled catalyst showed a high 
degree of catalytic reusability for the diarylation of acetylene 
over all five reaction cycles, requiring only longer reaction times 
to obtain yields comparable to those of the freshly prepared 
catalyst. 

In conclusion, NCB-supported palladium catalysts exhibited 
excellent catalytic activity with a variety of substituted aryl 

iodides under mild reaction conditions. The Pd(NO3)2-2H2O- 
NCB catalyst was easily recovered and exhibited a high degree 
of reusability in synthesis of functionalized bisarylacetylene 
derivatives in aqueous solvents. Given these results, the NCB- 
supported palladium catalyst shows considerable promise for 
use in a variety of organic reactions.

Experimental Section

Equipment. Melting points were determined using a Thermo 
Scientific Electrothermal 9100 melting point apparatus. 1H 
and 13C NMR spectra were recorded on a JEOL JNM-AL400 
Spectrometer (400 MHz for 1H and 100 MHz for 13C).

Preparation of Pd(NO3)2-2H2O-NCB catalyst. NCB was 
synthesized as described previously.16 The 5 wt % of Pd/NCB 
was prepared as follows: a homogeneous slurry composed of 
1 g NCB and 100 mL of 3.0 × 10‒3 M aqueous Pd(NO3)2․2.5H2O 
(Kojima, Japan) was heated to dryness in a rotary evaporator 
at 70 oC. The metal content in the solid powder was determined 
using an inductively coupled plasma (ICP) spectrometer (J.Y. 
Ultima C, Jobin Yvon).

General synthetic procedure. A mixture of NCB (nanosized 
carbon balls)-supported Pd(NO3)2-2H2O-NCB (0.025 mmol), 
4-hydroxyphenyliodide (0.44 g, 2.0 mmol), CuI (10 mol %), 
20% PPh3, and DBU (5 equivalents) was dissolved in 4 mL of 
a 3:1 ratio of dioxane:H2O mixture in a two-necked round- 
bottom flask. The resulting mixture was stirred for 30 minutes at 
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room temperature while purging with a nitrogen-filled balloon. 
The nitrogen balloon was replaced with an acetylene balloon, 
and after purging the flask with acetylene, the reaction mixture 
was sealed and stirred for 8 - 24 h at 80 oC. The reaction mix-
ture was filtered through filter paper and the resulting solution 
was neutralized with 1 N HCl. The neutralized filtrate was then 
extracted with ethyl acetate (3 × 20 mL), washed with Na2S2O3․ 
5H2O and brine, dried over MgSO4, filtered, and concentrated. 
The product (1) was isolated with 83% yield via column chro-
matography on silica gel. mp 230 oC; 1H NMR (acetone-d6, 
400 MHz) δ 8.69 (2H,-OH), 7.34 (4H, Ar-H), 6.86 (4H, Ar-H), 
13C NMR (acetone-d6, 100 MHz) δ 88.3, 115.4, 116.4, 133.6, 
158.4.

The following compounds were prepared by this general 
procedure. 

1,2-Bis[(4,4'-dimethyl)phenyl]ethyne (2):5 The reaction with 
4-iodotoluene (0.44 g, 2.0 mmol) and acetylene gas provided 
product (2) with 75% yield as a solid. mp 129 oC; 1H NMR  
(acetone-d6, 400 MHz) δ 7.40 (4H, Ar-H), 7.21 (4H, Ar-H), 
2.34 (6H, Ar-CH3), 13C NMR (acetone-d6, 100 MHz) δ 21.4, 
89.5, 121.2, 130.1, 132.1, 139.3.

1,2-Bis[(4,4'-dihydroxymethyl)phenyl]ethyne (3): The re-
action with 4-iodobenzylalcohol (0.468 g, 2 mmol) and ace-
tylene gas provided product (3) with 85% as a solid. mp 198 oC; 
1H NMR (DMSO-d6, 400 MHz) δ 7.50 (4H, Ar-H), 7.36 (4H, 
Ar-H), 5.28 (2H, -OH), 4.52 (4H, Ar-CH2); 13C NMR (DMSO- 
d6, 100 MHz) δ 62.5, 88.4, 115.5, 126.6, 130.9, 146.8.

1,2-Bis[(3,3'-dihydroxy)phenyl]ethyne (4): The reaction with 
3-iodophenol (0.468 g, 2 mmol) and acetylene gas provided 
product (4) with 81% as a solid. mp 163 oC 1H NMR (acetone-d6, 
400 MHz) δ 8.61 (2H, -OH), 7.22 (2H, Ar-H), 7.01 (4H, Ar-H), 
6.86 (2H, Ar-H), 13C NMR (acetone-d6, 100 MHz) δ 89.5, 116.8, 
118.7, 123.6, 124.9, 130.2, 158.1.

4,4'-(Ethyne-1,2-diyl)bis(2-methylphenol) (5): The reaction 
with 5-iodocresol (0.468 g, 2 mmol) and acetylene gas pro-
vided product (5) with 62% as a solid. mp 197 oC; 1H NMR 
(acetone-d6, 400 MHz) δ 8.59 (2H, OH), 7.24 (2H, Ar-H), 7.16 
(2H, ArH), 6.83 (2H, ArH), 2.21 (6H, Ar-CH3); 13C NMR (ace-
tone-d6, 100 MHz) δ 15.9, 88.3, 115.4, 115.6, 125.9, 130.9, 
134.6, 156.4.

4,4'-(Ethyen-1,2-diyl)diamine (6):22 The reaction with 4-iodo-
aniline and acetylene provided product (6) with 92% yield as 
a solid. mp 237 oC; 1H NMR (DMSO-d6, 400 MHz) δ 7.09 (4H d, 
ArH), 6.51 (4H, d, ArH), 5.37 (4H, s, NH);13C NMR (DMSO-d6, 
100 MHz) δ 148.0, 131.6, 113.4, 112.7, 89.5.

1,2-Bis(4-cabomethoxyphenyl)ethyne (7):5 The reaction with 
4-iodo(methylbenzoate) and acetylene gas provided (7) with 
89% as a soild. mp 220 oC; 1H NMR (CDCl3, 400 M Hz) δ 8.02 
(4H, m, ArH), 7.63 (4H, m, ArH), 3.93 (6H, s, -OCH3), 13C 
NMR (CDCl3, 100 M Hz) δ 52.3, 91.3, 127.3, 129.6, 129.9, 
131.6, 166.5.

1,2-Bis(3-nitrophenyl)ethyne (8): The reaction with 3-nitro-
benzene and acetylene gas provided (8) with 85% as a soild. 
mp 168 oC; 1H NMR (CDCl3, 400 M Hz) δ 8.42 (2H, m, ArH),

8.23 (2H, m, ArH), 7.87 (2H, m, ArH), 7.59 (2H, m, ArH), 13C 
NMR (CDCl3, 100 M Hz) δ 89.1, 123.7, 124.0, 126.6, 129.6, 
137.3, 148.2.

1,2-Bis(4-bromophenyl)ethyne (9):5 The reaction with 1- 
bromo-4-iodobenzene and acetylene gas provided product (9) 
with 89% as a soild. mp 186 oC; 1H NMR (CDCl3, 400 MHz) 
δ 7.49 (4H, d, ArH), 7.38 (4H, d, ArH); 13C NMR (CDCl3, 100 
MHz) δ 89.4, 121.9, 122.8, 131.7, 133.0.
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