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Synthesis of polyphenylacetylene by iron(l11) chloride catalyzed carbonyl olefin
metathesis polymerization of chalcone
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Carbon-carbon bond formation is a fundamental reaction in organic synthesis, one of its most important applications
being synthesis of polymers and copolymers. Studies of the olefin metathesis reaction have resulted in extensive
knowledge regarding synthesis of molecules applied in agricultural, petroleum, and pharmaceutical industries. The most
commonly used catalysts for this purpose are ruthenium, molybdenum, and tungsten-based complexes.

Recently, Ludwig et al. have successfully conducted iron(lll)-catalysed carbonyl-olefin metathesis reaction for
synthesis of low molecular weight compounds.

In this study, we demonstrate for the first time that the carbonyl-olefin metathesis reaction, catalysed by anhydrous
iron(l11) chloride, can also be effectively applied in polymerization mode by using a single bifunctional monomer as
chalcone. Polymerization was performed in a simple and efficient way under mild reaction conditions in solvents of
various polarity, such as 1,2-dichloroethane and toluene. The average molecular mass of the synthesized oligomers
reached 5000 g.mol %, which was higher than reference values so far reported. In situ doping of the as synthesized
polyphenylacetylenes with FeCl; represents another advantage of selected synthetic approach.

Obtained products were characterized by gel permeation chromatography, *H NMR, and FTIR spectroscopy. The
structure of the obtained oligomers was studied by X-ray diffraction analysis.
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INTRODUCTION

During the last decade, a new synthetic route for
the preparation of oligomeric products based on
carbonyl-olefin exchange reaction and reductive
coupling of conjugated compounds has been
developed using novel catalyst systems. The control
over the polymer structure provided by metathesis
polymerization makes fine-tuning of polymer
properties and functionality possible.

Carbonyl olefin metathesis (COM) has been
reported for the first time by Schopov et all. [1].
COM has been applied for polymerization of a,f3-
unsaturated carbonyl compounds in the presence of
WClg [2]. It has been shown that treatment of a,f3-
unsaturated carbonyl compound as 1,3-diphenyl-
prop-2-en-1-one (chalcone) with WClg resulted in
the formation of polyphenylacetylene. Using this
procedure several substituted o,B-unsaturated
carbonyl compounds were polymerized. A series of
substituted polyacetylenes (polyphenylacetylene,
polydiphenylacetylene, polymethylacetylene, poly-
camphor, etc.) was obtained. The most commonly
used catalysts for this purpose are ruthenium,
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molybdenum, and tungsten-based complexes. Until
now, COM has not been widely applied. The
requirement of stoichiometric amounts of transition
metals with concurrent formation of inert metal oxo
species, which preclude regeneration of the active
metal catalyst, has probably been the main reason
for obscurity of the carbonyl-olefin metathesis reac-
tion [3]. Finding mild catalytic conditions to
perform carbonyl olefin metathesis has always been
a significant challenge.

Remarkable innovations have been made in the
field of olefin metathesis concerned with design and
preparation of new catalysts. Considerable break-
through has been achieved exploring iron(l1)-cata-
lysed carbonyl-olefin metathesis reactions. This
approach is characterized by operational simplicity,
high functional group compatibility, and region-
selectivity using anhydrous FeCls as a cheap, non-
toxic, and environmentally friendly compound.
Ludwig and co-workers have successfully demon-
strated iron(lll)-catalysed carbonyl-olefin ring-
closing metathesis reaction for synthesis of low-
molecular cyclic compounds [4, 5].

The goal of the present work was to synthesise
polyphenylacetylene by iron(lll)-catalysed carbonyl
olefin metathesis polymerization of chalcone. Struc-

© 2018 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 169



H. P. Penchev et al.: Synthesis of polyphenylacetylene by iron(l11) chloride

ture and chemical composition of the obtained
products were studied by GPC, 'H NMR, FTIR, and
XRD analysis.

EXPERIMENTAL
Materials and methods

Chalcone >98.0% (Sigma-Aldrich) was used as
received. Anhydrous FeCl; (98%) was purchased
from Alfa Aesar. 1,2-Dichloroethane and toluene
ppa grade were purchased from Valerus company,
Bulgaria. 1,2-Dichloroethane was dried over CaH,
and distilled; toluene was dried over CaH, and
stored with metal sodium wire.

Characterization

The products prepared by metathesis polymeri-
zation were studied by several analytical techniques.
'H-NMR (CDCl;, dioxane) spectroscopy was per-
formed on a Bruker Avance DRX 600 spectrometer,
600 MHz. FTIR spectra were recorded by means of
a Bruker-Vector 22 spectrometer using thin films
applied on KBr discs. GPC analysis was carried out
on a Shimadzu Nexera XR LC20ADXR liquid chro-
matograph equipped with a DGU-20A5R degasser,
a SIL-20ACHT auto sampler, a RID-20A refractive
index detector, and a set of PLgel GPC columns: 5
um 50 A, 500 A, and 10 um Mixed-B. Tetrahydro-
furan (THF) was used as eluent at a flow rate of 1
ml.min* at 40 °C. Samples were prepared as solu-
tions in THF. Molecular weight characteristics as
number average and weight average molecular
masses and polydispersity index of the copolymers
were calculated using a calibration curve constructed
with monodisperse polystyrene standards. Data
acquisition and processing were performed using
LabSolutions v.5.54 GPC software.

Morphology of the obtained oligomers was stu-
died by X-ray diffraction analysis. X-ray diffraction
patterns were recorded on a Bruker D8 Advance
ECO diffractometer in reflection mode with Ni-
filtered Cu Ka radiation over the 26 range of 10-60°
at 40 kV. ICDD database was used to establish the
phases.

Synthetic procedure

Polymerization was conducted in a Schlenk flask
equipped with a three-way stopcock under argon,
chalcone being dissolved at room temperature. Then
the solution was heated according to applied
medium: 60 °C for 1,2-dichloroethane and 90 °C for
toluene. Almost immediately after addition of the
FeCl; catalyst, a distinguished benzaldehyde smell
was perceived. Best results were obtained for reac-
tion time within 12-24 hours. At the first step 10
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wt.% chalcone solutions in 1,2-dichloroethane
(C,H4CIy) or toluene were obtained. Then anhydrous
FeCl; preliminary dissolved in an appropriate
amount of solvent was added. The solution imme-
diately turned brown-reddish in colour as the vis-
cosity was increased. Synthesis conditions are sum-
marized in Table 1.

Table 1. Preparation conditions of polyphenylacetylenes

Sample Solvent FeCl;, mole%  Yield, %
PA-1 1,2-dichloroethane 7.5 43
PA-2 1,2-dichloroethane 15 76
PA-3 Toluene 15 81
PA-4 Toluene 45 68

All experiments were carried out for 24 h.

The products were purified by precipitation in
methanol, filtering and abundant washing with conc.
HCI, washing with distilled water, neutralization
with 0.1M NaHCOs;, and final washing with water
to neutral pH of the filtrate (removal of catalyst and
reaction rests). Purified polyphenylacetylene powder
was pale yellow in colour while the FeCls-doped
product was reddish-brown.

RESULTS AND DISCUSSION

The aim of this study was to use anhydrous
FeCl; as a cheap and widely available catalyst for
metathesis polymerization of chalcone and to char-
acterize the obtained product — oligomeric poly-
phenylacetylene. Resonance structures of the syn-
thesized oligomeric polyphenylacetylene are given
in Scheme 1.

The products are stable in air, well soluble in
common volatile solvents like chlorinated hydrocar-
bons, and exhibit the physical properties of con-
jugated polymers. GPC analysis of PA-4 sample
showed a multimodal molar mass distribution with
dispersity index of 2.5. Representative GPC traces
are displayed in figure 1. It should be pointed out
that the molar mass of the obtained oligomers
strongly depended on the polarity of solvent used as
polymerization medium. The polymerization carried
out in 1,2-dichloroethane resulted in formation of
predominantly trimeric product, irrespective of cata-
lyst amount and polymerization time, while when
performing the reaction in solvent of lower polarity
like toluene, fractions of molecular masses up to
5000 g.mol " were registered.

FTIR spectra of the products are presented in
figure 2. All oligomers showed a band at 1656 cm™*
assigned to C=0 bond (conjugated ketone end
group). In the spectrum of PA-2 sample, the double
bond for -C=C- from the phenylene ring appeared
around 1597 cm!, the =C-H aromatic vibrations
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Scheme 1. Fe(l11) chloride catalyzed carbonyl olefin metathesis polymerization of chalcone.
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Fig. 1. GPC traces of sample PA-4 (eluent THF).

were in the range of 1180-1029 cm*, while the
=CH- vibration from the polymer backbone was at
1448 cm™ [6].
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Fig. 2. IR spectra of monomer, PA-2, PA-3, and PA-4.

'"H NMR spectra of the synthesized polyphenyl-
acetylenes are shown in figures 3 and 4. ‘H-NMR
(in CDCIl3) of PA-2 manifested a characteristic
chemical shift for double bonds at 5.37 ppm. Signals
in the region 7.3-8 ppm are assigned to protons
characteristic of aromatic rings. The chemical shifts
between 1.8-2.5 ppm are attributed to =CH- protons
from the backbone.

In the '"H NMR spectrum of dominating cis-
polyphenylacetylene PA-2, the peak characteristic
of proton attached to the cis-conformation of the
double bond was observed at 5.4 ppm. It is known
that if W, Mo, and Rh catalyse the polymerization
of arylacetylenes a cis-transoidal structure is mainly
obtained [7-9]. Sample PA-2 showed a singlet at
& = 5.37 ppm that has to be assigned to olefinic
protons in the cis-transoidal main chain.

X-ray diffraction pattern of the polymerization
product in toluene is displayed in figure 5. The
diffractogram shows a broad maximum around 26 ~
12.5°, which confirms predominant amorphous
structure of the sample. However, sharpening of two
peaks at 26.6° and 32.8° was observed. This indi-
cates that synthesized oligomer is susceptible to
some structural ordering. [10]. The area of these two
peaks is negligible in comparison with the amor-
phous halo. For this reason, the crystallinity is close
to zero.
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Fig. 3. 'H NMR spectrum of PA-2.
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Fig. 4.'H NMR spectrum of PA-4.
In previous pioneering studies, Jossifov et al.
performed carbonyl-olefin exchange reaction of 4000
chalcone using WCl, as catalyst and obtained poly- 3500
phenylacetylenes, however, the WClg catalyst is 2000 ]
expensive and toxic [11,12]. Binary systems like 2500
WClg + AICI;, WOCI, + AICI; and others were also 2
used as Friedel-Crafts type catalysts [11,12]. In our g "]
study, we performed polymerization of chalcone in 15001
solution using anhydrous FeCls. Iron(lll) chloride 1000 1
was selected as a cheap and green catalyst alter- 500
native to traditionally used tungsten-based catalyst ol
systems. Another advantage that could be empha- S A A S A
sized is conducting the metathesis polymerization in 20,1
common volatile organic solvents and using low
concentrations of FeCls. Fig. 5. XRD pattern of the polymerization product in

toluene.
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CHUHTE3 HA IOJIN®EHUJIALUETUJIEHU ITOJYYEHU YPE3 KAPBOHWJI OJIEOMMHOBA
METATE3HA INOJIMMEPU3ALINS HA XAJIKOH KATAJIM3UPAHA OT XXEJIE3EH(I11) XJIOPU/]
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OOpa3yBaHETO Ha BBIJICPO-BHIVIEPOJHA BPb3Ka ¢ (hyHIAMEHTAIHA PEaKIUs B OPraHUYHUS CHHTE3 KaTO €IHO OT
Hai-BXKHUTE NPUIOKEHUS € IMOJy4aBaHETO Ha TMOJIMMEPU W ChIOIMMEpH. V3CiieBaHETO Ha peakuusaTa Ha
oneduHOBaTa MeTare3a BOJAU 10 33/IbJIOOUEHH MO3HAHUS 10 OTHOILICHHWE HAa CHHTE3a HA MOJIEKYJIUTE, NMpHIaraHd B
CEJICKOTO CTONAHCTBO, HeTeHaTta W (apMaleBTUYHATA MPOMHUILICHOCT. Haif-yecTo M3Mosi3BaHUTe KaTalu3aTopH 3a
Ta3| el ca KOMITJIEKCH Ha 0a3ata Ha pyTeHUMH, MOJUOIEH 1 BOJIppaM.

JlynBur u chTp. YCIEIIHO OCHIIECTBABAT KapOOHII oehrH MeTaTe3Ha peakuus, katamusupana ot xess3o(11D), 3a
CHUHTE3 Ha HICKOMOJICKYJTHU ChEIHMHCHUS.

B ToBa m3cnenBaHe HUE MOKAa3BaMe 3a MIBPBH BT, Y¢ KapOOHWI OJepHHOBA METaTe3HA PEaKIHs, KaTalu3upaHa OT
6e3BogeH xenesdeH(I1l) xmopun, MoXe YCHENmHO Ja ce Mmpuijara U B MOJUMEPH3AIMOHCH PSKUM Ype3 U3IOJI3BAHE Ha
Ou(yHKIIMOHAJICH MOHOMED - XaJkoH. [lomumepusaiusara ce U3BBPIIBA 10 HIPOCT U ¢)ECKTUBCH HAYMH MPH YMEPCHHU
PCaKIMOHHH YCJIOBUS B PA3TBOPUTEIHU C PA3IMYHA MOJIIPHOCT KaTo 1,2-muxiopoeran u ToiryeH. CpeiHaTa MOJICKYJIHA
Maca Ha CHHTEe3UpaHuTe oymroMmepu goctura 5000 g.molfl, KOETO € T0-BUCOKO OT MOCOYCHOTO B JINTEpATypaTa Jocera.
In-situ goTupaneTo Ha moxyueHute nonudenmnanerwienn ¢ FeCl; e mpyro mpeauMcTBO Ha M30paHUst OT HAC
CHUHTETHUYEH MOJXO/I.
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