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Performance of metathesis reactions using different nano-sized
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This paper represents a comparative study of our research on metathesis reaction, performed in the presence
of different nano-sized ferrite-type catalysts. The obtained products — substituted polyphenylacetylenes, have been
characterized by FTIR and "H-NMR spectroscopy, Size exclusion chromatography (SEC) and Scanning electron
microscopy. The monomers used were — 1-phenylacetylene or 1-phenyl-1-propyne, co-monomer — isobutyraldehyde
and various nanostructured ferrite-type catalysts — Ni Fe, O,, Mg Fe, O, CoFe, O, (x=0.25, 0.5, 1). The results
obtained show that varying of alkyne — carbonyl metathesis reaction conditions — starting monomers, reaction time,
temperature and ferrite-type catalysts used, lead to the formation of polyphenylacetylenes with a carbonyl- or olefin
end groups. The alkyne — carbonyl metathesis is promising method for preparation of organic compounds and poly-

mers with specific properties.
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INTRODUCTION

The metathesis carbon-carbon bond forming re-
actions mediated by transition metal catalysts (all
variants of olefin metathesis, metathesis polymeri-
zation of alkynes, 6-bond metathesis, etc.) are pow-
erful tools in organic synthesis. Over the last dec-
ade, it became an efficient tool to accomplish the
synthesis of many complex molecules [1, 2].

The spinel ferrites are interesting materials as
they can be used in various fields - catalysts, gas
sensors, biomedical applications, targeted drug de-
livery, hyperthermia treatment. Spinel ferrites ex-
hibit many advantages as catalyst - they are cheap,
efficient, reusable and recyclable [3]. In their review
I. Bauer et al. [4] report the application of various
ferrites as catalysts in different reactions. The me-
tathesis reactions have been studied also in [5-7].

The aim of this present paper is a comparative
study of our research concerning the synthesis of
polyphenylacetylenes with a carbonyl- or olefin end
groups, using metathesis reactions and their phys-
icochemical characterization. A new synthetic route
for synthesis of substituted polyphenylacetylenes
using different ferrite-type catalysts was developed.
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The influence of different synthesis conditions -
varying the monomer, co-monomer and the nano-
sized ferrite-type catalyst on the products obtained
in the alkyne-carbonyl metathesis reactions is dis-
cussed.

EXPERIMENTAL

Synthetic procedure

The polymerization was performed under nitro-
gen in a Schlenk flask, equipped with a three way
stopcock placed in an oil bath. Starting materials
for each synthesis: isobutyraldehyde (C,H,O) (Alfa
Aesar), 1-phenyl-1-propyne (C,H,) (Alfa Aesar)
or 1-phenylacetylene (C{H,) (Fluka AG), 4 ml sol-
vent 1,2-dichloroethane (C,H,Cl,)) and nano-sized
ferrite-type catalysts with average crystallite size
in 6.5-10 nm. The following co-precipitated fer-
rite-type materials — Ni Fe, O,, Mg Fe, O, and
Co.Fe, O, (x=0.25, 0.5, 1) — were tested as cata-
lysts. The presence of ferrite and additional iron
oxyhydroxide phase has been determined for nickel
ferrite-type samples. In the Mg Fe, O, (x=0.25)
sample non-stoichiometric ferrite phase and ad-
ditional iron oxyhydroxide were registered. For
the materials Mg Fe, O, (x=0.5; 1) the ferrite and
additional phases iron oxyhydroxides, as well as
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double layered hydroxides have been established.
The single non-stoichiometric ferrite Co Fe, O,
(x=0.25) and cobalt ferrite-type materials Co Fe, O,
(x=0.5;1) containing additional phases — iron oxy-
hydroxide and double layered hydroxide were also
used as catalysts. The synthesis conditions used, ac-
cording to the end groups of the product, are sum-
marized in Tablel and Table 2.

1,2-Dichloroethane was dried over CaH, then
distilled and stored under nitrogen. All starting or-
ganic materials were characterized by TLC analy-
sis. The reaction mixture was heated at 80-120 °C
and stirred at 400—600 rpm for 4 or 24 hours. After
cooling the crude mixture was purified using col-
umn chromatography with a mixture hexane:ethyl

acetate = 1:10. After evaporating the solvent viscous
liquids (yellow to brown ) were obtained [5—7].

Characterization

The FTIR spectra were recorded from thin films
on KBr plates, using Fourier infrared spectrometer
Bruker-Vector 22 in the region 400-4000 cm .

'H-NMR analysis was performed on Bruker
Avance DRX 250 spectrometer, 250 MHz. The
peak of the solvent CDCL, (6 = 7.25 ppm) was used
as internal standard.

Size exclusion chromatography was used for
the determination of the average molecular weight
(M,)), number average molecular weight (M,) and

Table 1. Synthesis conditions of polyphenylacetylene with a carbonyl end group

Name Monomer Co-monomer Catalyst Yield,%
P1-CO 1-phenylacetylene isobutyraldehyde CoFe,0, 70
0.007 mmol 0.005 mmol 0.0001mmol
P2-CO 1-phenylacetylene isobutyraldehyde Co,sFe, 0, 30
0.007 mmol 0.005 mmol 0.0001mmol
P3-CO 1-phenylacetylene isobutyraldehyde Co,sFe, 0, 65
0.007 mmol 0.005 mmol 0.0001mmol
P4-CO 1-phenylacetylene isobutyraldehyde Co,,sFe, 550, 60
0.007 mmol 0.005 mmol 0.0001mmol
P5-CO 1-phenylacetylene isobutyraldehyde NiFe,0, 65
0.1 mmol 1 mmol 0.00001 Immol
P6-CO 1-phenylacetylene isobutyraldehyde Ni,,Fe, 0, 76
7 mmol 5 mmol 0.00001 Immol
P7-CO 1-phenylacetylene isobutyraldehyde Ni, sFe, 0, 30
7 mmol 1 mmol 0,000011 mmol
P8-CO 1-phenylacetylene isobutyraldehyde Ni,,;Fe, ,s0, Only for
7 mmol 5 mmol 0.00001 Immol analyses
P9-CO 1-phenylacetylene isobutyraldehyde Mg, Fe, 0, 75
0.07 mmol 0.011 mmol 0.00001mmol
Table 2. Synthesis conditions of polyphenylacetylene with an olefin end group
Product Monomer Comonomer Catalyst Yield, %
1-phenyl-1-propyne isobutyraldehyde Co,sFe, 0,
P10-OL 0.007 mmol 0.005 mmol 0.0001mmol »
1-phenyl-1-propyne isobutyraldehyde Ni,;Fe, 0,
P1I-OL 7 mmol 1 mmol 0.000011 mmol 2
P12-OL 1-phenyl-1-propyne isobutyraldehyde Ni, ,Fe, ;s0, Only for
7 mmol 1 mmol 0.000011 mmol analyses
P13-OL 1-phenyl-1-propyne isobutyraldehyde Mg, Fe, .0, 56
0.07 mmol 0.011 mmol 0.00001mmol
1-phenylacetylene isobutyraldehyde MgFe,0O,
Pl14-0L 0.07 mmol 0.011 mmol 0.00001mmol 65
1-phenylacetylene Mg, Fe, O,
P15-OL 0.07 mmol - 0.00001 mmol 80
P16-OL 1-phenylacetylene isobutyraldehyde Mg, ,sFe, .0, 7
0.07 mmol 0.011 mmol 0.00001mmol
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Scheme 1. Alkyne — carbonyl metathesis polyaddition reaction between phenylacetylene and isobutyraldehyde.

molar mass dispersity of products. The SEC system
used (Waters, Millipore Corp., USA), was equipped
with a double detection — differential refractometer
RI M410 and a UV M490 detector. Three different
columns were used — Phenogel 50 A; + Phenogel
100 A; + Phenogel 10000 A) calibrated with PS
standards, mobile phase — THF, flow rate — 1 ml/min,
pressure — 500 psi and temperature — 40 °C [5-7].

The SEM images were recorded on scanning
electron microscope JEOL JSM-T200.

RESULTS AND DISCUSSION

The newly developed one-step route for the
preparation of substituted polyphenylacetylene
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Fig. 1. FTIR spectra of polyphenylacetylene with a carbonyl
end group.
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with a carbonyl or olefin end group is presented
in Scheme 1. The products obtained are stable in
air, well soluble in common volatile solvents like
chlorinated hydrocarbons and exhibit the physical
properties of conjugated polymers. The yield of
polyphenylacetylenes with a carbonyl or olefin end
groups is 60-80% (Table 1 and Table 2).

Another advantage of the reaction is that cheap
catalysts are used instead of the well-known ones
(Ru, W, Mo).

The FTIR spectra of the products are presented
in Fig. 1 and Fig. 2. The FTIR spectra of polyphe-
nylacetylenes with a carbonyl end group, prepared
using 1-phenylacetylene as monomer and co-mono-
mer — isobutyraldehyde and nano-sized ferrite-type
catalysts — samples M Fe, O, (M — nickel, cobalt
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Fig. 2. FTIR spectra of polyphenylacetylene with an olefin end
group.
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and magnesium; x=0.25, 0.5, 1) at different reac-
tion time — 4 or 24 hours are shown in Figure 1. All
oligomers showed a band at 1656 cm' assigned
to C=0O bond (conjugated ketone end group).
Characteristic peaks observed: about 3058 cm
(=C-H), 2925 cm!, 2860 cm™' (CH, and CH,). The
double bond -C=C- from the phenylene ring appears
around 1597 cm™', the =C-H aromatic vibrations are
in the range of 1180-1029 cm™!, while the =CH- vi-
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bration from the polymer backbone is at 1448 cm'.
Figure 2 shows the FTIR spectra of polyphenyla-
cetylenes with an olefin end group. The presence
of conjugated —C=C— bonds corresponding to the
bands at around 1600 cm™ is observed [5-7, 8].
The '"H-NMR spectra of the synthesized poly-
phenylacetylenes are shown in Figures 3 and 4. The
"H-NMR (in CDCI,) of P2-CO and P9-CO showed
characteristic chemical shift for double bonds
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Fig. 3a. "H-NMR spectra of polyphenylacetylenes with a carbonyl end group (P2-CO, P4-CO).
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Fig. 3b. 'H-NMR spectra of polyphenylacetylenes with a carbonyl end group (P7-CO, P9-CO).

around 5.07 and 5.4 ppm. The observed signals in
the region 7.3—8 ppm are assigned to the protons
characteristic for aromatic rings. The chemical
shifts between 1.8-2.5 ppm are attributed to the
=CH- protons from the backbone. In the 'H-NMR
spectrum of the predominantly cis-polyphenylacet-
ylene P9-CO, the peak, characteristic for the proton,
attached to the cis-conformation of the double bond,
is observed at 5.4 ppm [5—7]. From the literature it is
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known that if the polymerization of arylacetylenes
is catalyzed by W, Mo, Rh, mainly cis-transoidal
structure is obtained [9].

Polyphenylacetylene with a carbonyl end group
can be prepared using monomer-1-phenylacetylene,
co-monomer — isobutyraldehyde and ferrite-type
catalysts — Mg, .Fe, .O,, Ni Fe, O, and Co Fe, O,
(x=0.25, 0.5, 1). The use of 1-phenylacetylene,
isobutyraldehyde or only 1-phenylacetylene and
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Fig. 4. "H-NMR spectra of polyphenylacetylenes with an olefin end group.

Mg Fe, O, (x=0.25, 1) or Mg, Fe, O, as catalysts
leads to the formation of polyphenylacetylene with
an olefin end group. Polyphenylacetylene with an
olefin end group can be obtained also in the pres-
ence of monomer-1-phenyl-1-propyne, co-mon-
omer — isobutyraldehyde and ferrite-type cata-
lysts — Mg, ;Fe, ;O,, Ni Fe, O, (x=0.25, 0.5) and
Co,sFe, ;O,.

The SEC analysis of P16-OL and P14-OL
showed various fractions with different molecular
masses — 10>-10* g/mol and multimodal molar mass
distribution with dispersity index of 2.5.

The highest molecular masses of P16-OL and
P14-OL are 548 and about 17000 g/mol [5—7]. The
polymerization carried out in 1,2-dichloroethane re-
sults in formation of predominantly oligomer prod-
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100 um!

Fig. 5. SEM images of P1-CO at magnifications: 200x (A);
1000x (B); 1000x (C).

uct, irrespectively of the amount of catalyst and the
polymerization time.

The SEM images of P1-CO and P2-CO are dis-
played on Figures 5 and 6 showing different mor-
phological structures of obtained products at differ-
ent magnifications.

The SEM analysis of the films, prepared from
the polymerized samples, show essentially a glass-
like matrix structure and enamel-like structure [10].
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100 pumn SRSl

Fig. 6. SEM images of P2-CO at magnifications: 200x (A);
1000x (B); 5000x (C).

CONCLUSIONS

The present comparative study shows that by
varying the metathesis reaction conditions — starting
monomers, reaction time, temperature and ferrite-
type catalysts — a series of substituted polyphenyla-
cetylenes with a carbonyl or olefin end groups have
been obtained. The structure and chemical compo-
sition of these products were investigated in detail



S. S. Dimova et al.: Performance of metathesis reactions using different nano-sized ferrite-type catalysts

by FTIR, "H-NMR spectroscopy and Scanning elec-
tron microscopy. The results obtained confirm that
the materials prepared are oligomers with an alter-
nating C=C double bond system which limits the
conjugation in the backbone, having mainly trans-
configuration.
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IIPEJICTABSIHE HA METATE3HM PEAKIIMU, U3IIOJI3BANKHN PA3ZJINYHUA
HAHOPA3SMEPHU ®EPUTEH TUII KATAJIN3ATOPU

C. C. lmmosa'*, K. JI. Baxapuesa?, ®. C. Youekos', Xp. I1. [Tenues'

! Hnemumym no nonumepu, bvicapcka akademus na naykume, ,, Axao. I'. Bonueg*, 61.1034,
1113 Cogus, bvreapus
2 Unemumym no kamanus, bvieapcka akademus na naykume, ,, Axao. I'. Bonueg ™, 6n. 11,
1113 Cogus, bvreapus

[ocrenuna mapt, 2018 r.; mpueta maif, 2018 .

(Pe3srome)

Ta3u cratus mpeAcTaBs CPABHUTEIHO M3CIEABAHE BHPXY METaTe€3Ha PEakiys B MPUCHCTBUETO HA PA3IMIHH Ha-
HOpa3MepHHU (PepUTEH TUM KaTaau3aTopH. [lomydeHuTe MPOAyKTH — 3aMECTEHH MOIH()EHUIAETUICHH, Ca 0XapaK-
tepusupann 4upe3 FTIR cnexrpockomnust, 'H-SIMP cniekrpockormnusi, xpoMaTorpadusi ¢ U3KIIOYBaHE MO pa3Mepa U
CKaHHUpaIa eIeKTpOHHa MUKpOocKonusa. KaTto MOHOMepH ca M3Mon3BaHu — |-¢peHmnanerines win 1-gerni-1-mpo-
IIMH, CBMOHOMEp — M300yTHUPANICXHU] U PA3INIHN HaHOCTPYKTypHupaHu (eputeH tumn karammsatopu — NiFe, O,,
Mg Fe, O, Co,Fe; O,(x=0.25, 0.5, 1). [lomydennte pe3yaTaTn IIOKa3BaT, 9€ MPOMIHATA HA PEAKITHOHHHUTE yCITOBHSA
Ha aJKUH-KapOOHWIIOBAaTa METaTe3a — HadYaJlHM MOHOMEpPH, PEAKIOHHO BpeMe, TeMIeparypa U (epuTeH THI KaTa-
TU3aTOpH, BOAHM 0 00pasyBaHe Ha MOMH(DEHUITANCTHIICHN C KpaifHH KapOOHWITHH WA OJNC(UHOBU TPYIH. AJNKHWH-
KapOOHITHATA METaTe3Ha Peakuus € oOemmanan] MeTo] 3a MOyYaBaHe HA OPTaHWIHU ChEANHECHUS U MTOJIMMEPH ChC

cnenn(UIHI CBONCTBA.
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