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ABSTRACT: Reaction of mesitylacetylene was carried out by annealing under high
pressure (0.13 and 0.52 GPa). The products obtained were classified into soluble and
insoluble products in chloroform. The insoluble product reacted under 0.13 GPa was the
mesitylacetylene polymer. The soluble product reacted under 0.13 GPa was classified as
the monomer and the oligomer [number-average molecular weight (M# n): 390, weight-
average molecular weight (M# w): 453, Oligomer yield (Oy): 36%]. The oligomer yield was
accelerated by pressure [pressure: 0.13–0.52 GPa, M# n: 390–315, M# w: 453–968, Oy: 36–
98%]. Field desorption mass spectrum showed that the oligomer had cyclic structure.
The result of the elementary analysis revealed that the insoluble product reacted under
0.52 GPa was a polycyclic aromatic compound. © 1999 John Wiley & Sons, Inc. J Appl Polym
Sci 72: 1539–1542, 1999
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INTRODUCTION

Polyacetylene is an insoluble conjugated polymer
that can be obtained by using conventional
Ziegler-Natta catalysts.1–3 Substituted acetylenes
such as phenylacetylene, having bulky phenyl
groups on the sp hybridized carbons produces oli-
gomers not exceeding a number-average molecu-
lar weight of 7500 and insoluble products by use
of the Ziegler-Natta catalysts.4,5 Masuda et al.
found in 1974 that Group 5 and 6 transition metal
catalysts (W and Mo catalysts) are effective for
substituted acetylene polymerization.4,6 These
polyacetylenes and polyacetylenes with substitu-
ents have attracted much attention as electrical
and nonlinear optical materials.7–9

In general, the polymerization of unsaturated
compounds start from initiator or catalyst and a

linear polymer is formed.4,10 In previous articles,
new cyclic oligomers were synthesized, in the ab-
sence of initiator or catalyst, by high-pressure
oligomerization of diphenyldiacetylene and phe-
nylacetylene.11,12

In this study, the reaction of mesitylacetylene
under high pressure was carried out using a high
hydrostatic pressure reactor. The structure of the
product was evaluated by elemental analysis,
FTIR, size exclusion chromatography (SEC), 13C-
NMR spectra and field desorption mass (FDMS)
spectra.

EXPERIMENTAL

Materials

Reactions of mesitylacetylene in the form
HOC'COC9H11 under high-pressure were car-
ried out using a high hydrostatic pressure reac-
tor, as shown in the previous article.11 The spec-
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imen (about 1 g) was packed into a polytetrafluo-
roethylene cell (inside diameter: 8 mm, length: 23
mm). After closing the cell, it was introduced into
the high-pressure vessel. The specimen was com-
pressed at 0.13 and 0.52 GPa by hand oil pump,
substantially annealed at 150°C for a constant
time of 5 h, with a pressure transmitting medium
(silicone oil). The specimens were annealed at a
heating rate of 10°C/min. After reaction under
high pressure, the product was cooled to room
temperature, decompressed, and removed from
the cell.

Characterization

Elemental analysis was conducted using an in-
strument for combustion analysis (Perkin-Elmer
Elemental Analyzer 240C) for carbon and hydro-
gen. A Fourier transform infrared spectrophotom-
eter (Japan Spectroscopic Co., Ltd. FT/IR-5M)
was used for infrared studies. Specimens in pow-
der form were mixed with KBr (0.5 mg of speci-
men with 200 mg of KBr), and were formed into
tablets by applying pressure. The molecular
weight of the product was determined by SEC
with a liquid chromatograph (Japan Analytical
Industry Co., Ltd. LC-908) consisting of a refrac-
tive index detector and a polystyrene preparative
column (exclusion limit: 70,000). Chloroform was
used as a mobile phase at a flow rate of 3 mL/min
on the column. It was also used as a solvent, and
the concentration of the product solution was 3%
(wt/vol). A carbon-13 (13C)-NMR spectrum of the
specimen was obtained on a spectrometer (Japan
Electron Optics Laboratory JNM-FX90Q) at
22.53 MHz (13C). The conditions of 13C-NMR data
acquisition were as follows: pulse width 9.2 s;
pulse repetition time 5.0 s; frequency range 5000
Hz; 16,000 data points; 20,000 scans. Chloroform-
d was used as a solvent. The concentration of the
solution was about 5% (wt/vol). The chemical shift
of the NMR spectrum was calibrated relative to
tetramethylsilane (TMS) [(CH3)4Si]. A field de-
sorption mass (FDMS) spectrum was obtained on
a mass spectrometer (VG Analytical Co., Ltd.
ZAB-SE) using field desorption ionization.

RESULTS AND DISCUSSION

Reaction of mesitylacetylene was carried out by
annealing under high pressure (0.13 and 0.52
GPa). The products obtained were classified into
soluble and insoluble products in chloroform. The

fraction of the insoluble product was approxi-
mately independent of pressure [the fraction of
the soluble product: 51 wt % (0.13 GPa), the frac-
tion of the soluble product: 56 wt % (0.52 GPa)].
Elemental analysis showed that the [H]/[C] (num-
ber of hydrogen atom/number of carbon atom)
values of the soluble and the insoluble products
under the reaction pressure of 0.13 GPa were 1.08
and 1.10, respectively, corresponding to that of
mesitylacetylene (1.09).

Figure 1 shows the infrared spectrum of the
insoluble product reacted under 0.13 GPa. The
OC'CO stretching vibration of the original
mesitylacetylene occurred at 2100 cm21. This
band is absent in the infrared spectrum of the
insoluble product. For the insoluble product, the
band at 840 cm21 indicates a monosubstituted
benzene structure.13 This means that the insolu-
ble product is the mesitylacetylene polymer.

The infrared spectrum of the soluble product
reacted under 0.13 GPa shows a band at 2100
cm21, owing to the presence of the monomer. SEC
was used to estimate the molecular weight of the
soluble products in chloroform. Based on a poly-
styrene calibration, the molecular weight distri-
bution was estimated. The molecular weight dis-
tribution of the soluble product reacted at 0.13
GPa is shown in Figure 2. The product is classi-
fied as the monomer and the oligomer [number-
average molecular weight (M# n): 390, weight-av-
erage molecular weight (M# w): 453, Oligomer
yield (Oy): 36%]. The oligomer yield is acceler-
ated by pressure [pressure: 0.13–0.52 GPa, M# n:
390–315, M# w: 453–968, Oy: 36–98%] as shown
in Figure 2, but the [H]/[C] of the soluble product

Figure 1 Infrared absorption spectrum of insoluble
product reacted under 0.13 GPa.
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under the reaction pressure of 0.52 GPa was 0.91
and lower than that of mesitylacetylene. It is sug-
gested that the oligomer includes polycyclic aro-
matic compounds. The result of the elementary
analysis revealed that the insoluble product re-
acted under 0.52 GPa was a polycyclic aromatic
compound because of the [H]/[C] of 0.47. It is,
thus, believed that pressure accelerates the car-
bonization of mesitylacetylene.14 The character-
ization of the oligomer synthesized under 0.13
GPa was carried out after the separation of four
components F1–F4 shown in Figure 2. The IR
spectra of components F2–F4 were similar to that
of the insoluble product reacted under 0.13 GPa.

Figure 3 shows the 13C-NMR spectrum for the
component F3. Two broad peaks appear at 128
and 136 ppm owing to the sp2-carbon.15,16 The

peak obtained at 21 ppm comes from the sp3-
carbon, but the 13C-NMR spectrum due to the
sp-carbon is absent. It is assumed that the NMR
spectrum of component F3, appearing at 132–150
ppm, is assigned to the sp2-carbon bonded to the

sp2-carbon SACO
P
CO

P
CAD and the sp2-carbon

bonded to the methyl group S P
AC –CH3

D of the

oligomer.15,16 Furthermore, we assume that the
NMR spectrum of the component F3 appearing at
125–132 ppm is assigned to the sp2-carbon
bonded to hydrogen (A

u
C–H) of the oligomer.15,16

The ratio [sp2-carbon bonded to hydrogen/(sp2-
carbon bonded to the sp2-carbon 1 sp2-carbon
bonded to the methyl group)] of the component F3
(0.58) was approximately in agreement with the
calculated value for the polymer (0.6).

Figure 4 shows the FDMS spectrum of the com-
ponent F2 {apparent molecular weight: 240–700
(polystyrene calibration)}. As the error of the
FDMS spectrum is mass of 61, we can accurately
obtain the absolute molecular weight of the oli-
gomer. The molecular weight of mesitylacetylene
monomer composed of 12C and 1H is 144.215 and
the FDMS spectrum showed peaks that are mul-
tiples of the molecular weight of the monomer.
The FDMS spectrum of component F2 also shows
the presence of oligomers from tetramer to hep-
tamer below an absolute molecular weight of
1100. We found that the mesitylacetylene oli-
gomer synthesized under high pressure had a
cyclic structure. Figure 5 shows the structure
model of the cyclic hexamer. The synthesis of the
cyclic oligomer has not been previously reported.

Figure 2 Molecular weight distribution of soluble
products.

Figure 3 13C-NMR spectrum of mesitylacetylene oli-
gomer (component: F3).

Figure 4 Field desorption mass (FDMS) spectrum of
mesitylacetylene oligomer (component: F2).
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Thus, the mesitylacetylene oligomers are new
compounds having cyclic structures.

In conclusion, mesitylacetylene oligomer was
prepared by reacting mesitylacetylene under high
pressure. The oligomer yield was accelerated by
pressure. FDMS spectrum showed that the oli-
gomer had cyclic structure.

The authors thank Professor T. Masuda of Kyoto Uni-
versity for the sample of mesitylacetylene.
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Figure 5 Structure model of mesitylacetylene oli-
gomer.
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