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Summary

The polycondensation of p-ferrocenylacetophenone in the presence of some
metallic salts has been studied, and a scale of the catalytic activity of the metallic
salts has been determined. The influence of the ferrocenyl residue on the carb-
onyl group in p-ferrocenylacetophenone and on the electrophysical properties
is considered by applying Hiickel MO calculations. The monomers synthesised
show semiconducting properties.

Introduction

In recent years an increasing number of investigators turned their attention
to the effects of substituents in polyphenylacetylene syntheses as well as to
their influence upon the properties of the polymers formed. Thus, for the poly-
phenylacetylenes obtained both by condensation and by polymerization the
effects have been studied of ortho-, meta- and para-directing substituents intro-
duced either by synthetic reactions of polymers [1] or by polymerization of
the previously substituted monomers [2, 3].

Polyferrocenylacetylenes showing good electrophysical properties have
been synthesised either by polymerization [4—6] or by polycondensation [7—9]
of some substituted ferrocene derivatives.

The improvement of semiconducting properties achleved by introduction of
the ferrocene ring into the macromolecular chain of polyphenylacetylene suggest-
ed that we should synthesize p-ferrocenyl substituted polyphenylacetylenes. In
the present paper the syntheses and the properties of the poly-p-ferrocenyl- '
phenylacetylenes are reported. .

* This paper was given at the VIth International Conference on Organometalhc Compounds Amhezst
Massachusetts. USA, August, 1973. . .
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. Expenmental

Attempts to prepare the p-ferrocenylacetophenone by means of Broadhead
and Pauson’s method [10] resulted in very small yields [11, 12]. By applying
Nesmeyanov and co-worker’s method, reported for the p-tolyHerrocene syn-
thesis [13], we prepared p-ferrocenylacetophenone in a 63% yield, starting from
diazotised p-aminoacetophenone and ferrocene.

. “The values of physical constants of the obtained monomer are 1dentlcal
with those in the literature [11].

The bulk: polycondensation was carried out in sealed glass ampoules, under
inert atmosphere, in the presence of previously dehydrated metallic halides
{14—18] as dehydrating catalysts.

The IR spectra were recorded on a Unicam SP 200 spectrophotometer.

The thermodifferential analyses were performed by using a Paulik, Paulik and
Erdey M.O.M.-Budapest apparatus. The monomer reactivity was estimated by
means of calculations carried out with the aid of an Iris 50 type electronic

computer.
Results and discussion

Characterization of the monomer
The p—fen'ocenylacetophenone was characterized by elementary analysis,
“infrared absorption, and thermodifferential analysis. The IR spectrum (Fig. 1)
shows all the absorption bands characteristic of aromatic and ferrocene rings
at 1067 cm™' and 840, 1020 and 1110 cm™, respectively. The carbonyl absorp-
tion band at 1685 cm’l is very strong.

Since the reaction of the diazonium salt of the p-aminoacetophenone with
ferrocene is carried out in acidic medium the ferrocene nucleus may protonate
(iron is oxidised) leading to a cation as shown by Rosenblum [19]. The
sulphur present in the counter ion was identified by elemental analysis.

In the NMR spectrum, in addition to the chemical shifts characteristic of
the ferrocene nucleus § 4-5 ppm, benzene ring 7.95 ppm and of the CH; group
5 2.7 ppm and 7.55 ppm, offset signals occur (6 11.8-13.2 ppm) which may

 be probably attributed to the proton in the counter ion.
, The monomer thermostability was determined from thermodifferential
analysis data. The thermal decomposition takes place in several stages which
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* Fig. 1. Infrared spectruin of p-ferrocenylacetophenone.



-377

TABLE 1

THERMAL DEGRADATION OF THE p-FERROCENYLACETOPHENONE

Compound Temperature range . Time interval Weight loss

cor. " (min.) (%)
p-Ferrocenylaceto-
phenone 155—400 15—40 . 32.90
p-Ferrocenylaceto- ‘
phenone 400—600 40—60 72.86

superimpose on one another, two processes being more distinct. The thermo-
destruction, as a function of temperature and time, is given in Table 1.

To appreciate the influence of ferrocenyl substituent on the reactivity of
. the carbony! group some characteristics of the molecule were determined, such
as the total energy, the resonance energy and the charge distribution, by Hickel
molecular orbital calculation.

The parameters used in calculations, a (coulomb integral) and 3 (resonance
integral) were chosen according to the indications given in literature [19—22}
(see Fig. 2).

Table 2 lists the values of total energy, resonance energy and electric charges

“on the atoms 1 and 2 in acetophenone as well as in p-ferrocenylacetophenone.

As can be seen from Table 2 the electric charges on the C and O atoms in
the C=0 group are larger for the p-ferrocenylacetophenone. This supports the
assumption of a transmission of the ferrocene (electron donating) character to
the carbonyl group through the benzene ring. The increased electron density at
the carbonyl carbon atom results in a decreased reactivity of this group, as
compared to that of the carbonyl group in acetophenone. This fact is also in-
dicated by the values of resonance energies which are indicative of the greater
reactivity of the unsubstituted monomer.
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Fig. 2. Values of the parameters &« and f.
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) TABLE 2

: MOLECULAR CHARACTERISTICS OF THE MONOMER
B quomer ) To;a.l energy R ’ Resouance energy » Electric charge
‘ ’ - @ . 0inC=0 - CinC=0
Acetophenone - . . 114780 3.7780 1.4630 - 06533
pFeHOceuylacecophenone 40.7600 14.7600 ’ 1.4727 - 0,6654

Polycondensatton of p—ferrocenylacetophenone
JIn the published literature rather few reports are to be found concemmg
the preparation of conjugated polyenes by poly- and copoly-condensation reac-
. tions [7—9, 24—271, although these reactions lead to polymers having uniform
‘structures and higher molecular WEIghtS than those of polymers obtained by
polymerization [25—27]. :

‘We synthesized poly—p-ferrocenylacetylene by condensation of p-ferroceny.
acetophenone in the presence of ten metallic halides. Dark-brown polymers wer:
obtained that were insoluble in commeon solvents and burned without melting.
The monomer was removed by extraction with acetone and the catalyst was re-
moved by repeated washings with water, ammonia or alcohol.

~ The catalytic activity of the metallic halides was determined from the con-
version values and is given in Table 3. As is obvious from Table 3 the catalytic ac
" tivity of the metal halides decreases in the following order: HgCl, = Sn(l, >
AlCl3- > FeCl3 > CU.CIZ = MgClz > CDCIZ = NiC},z > ZnClz > CdClz .

In the case of polycondensation reaction of phenylacetaldehyde the above
catalysts were found to lie on another reactivity scale [27]. This is probably due
to the nature of the carbonyl group, on one hand, and to the influence of the
strong electron-donating ferrocenyl residue, on the other hand. The higher poly-
mer yields obtained by Paushkin and ce-warkers on polycondensation of acetyl-

" and diacetyl-ferrocene, in the presence of ZnCl, , as well as on copolycondensa-
tion with acetone and acetophenone [7—9], support the assumption that exten-
sion of the m— conjugating effect in the case of our monomer results in a de-

" crease of the ketonic group reactivity. Under our experimental conditions
(catalyst/monomer mole ratio = 1/10) splitting of the ferrocene molecule did

not oceur.

TABLE 3
POLYCONDENSATION OF p-FERROCENYLACETOPHENONE IN THE PRESENCE OF METAL
CHLORIDES

. Qatalyst conen. {moles of catalyst/mole of monomer) = 0.1, Time of reaction 9 h,
Catalyst Conversion (%) Aspect of the polymer
HgCly | C §8.86 ‘ brown-hlack powder
8nClz - 87.86 ) brown-black powder
AlCL3 : 86.12 bright black powder
FeCly - . 73.96 * bright brown powder
CuClz 67.53 brown-black powder

" MgCla ' 66.64 brown-black powder
cocgly - ) © 59,10 . brown-black powder

"NiCl- . ¢ 58.60° .. brown-black powder
ZnCly : ' 52.63 ) . brown-black powder

- cdclys C 39.29 . brown-black powder
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The molecular structure and the properties of poly-p-ferrocenylacetylenes

; (a). The molecular structure of the polymers was deduced from IR spectra
(see Fig. 3) and elemental analytical data. The spectra of the polymers synthe-
sized in the presence of different metallic halides are identical. This fact is
strong evidence for the fact that the catalyst nature does not influence the
structure of the polymers obtained. The spectra show absorption bands character-
istic of the benzene ring (at 1600—1610 cm™! ) and of the ferrocene ring (at
830—840 cm™ ,1018—1020 cm™, 1090—1120 cm ™ ). The absorption band
v(C=0), characteristic of the carbonyl group at the end of macromolecular chain,
can also be found at 1675—1692 cm™! .

Following the mechanism of Simionescu and co-workers [25, 27] for
the polycondensation reaction carried out in the presence of metallic halides, in
which the intermediate occurrence of some coordinate complexes is implied, the
metallic halides are considered to increase the carbonyl group reactivities and to
labilise the hydrogen at C,. Polyene units could be formed as shown in Fig. 4.
Polymers of analogous structure, but with saturated main chain, have been ob-
tained by synthetic reactions of polystyrene [28].

The possibility of a cross-linked structure is suggested by the insolubilities
of the polymers as well as their decomposition without melting.

The reaction of ferrocene with ketones, in the presence of Lewis acids,
leading to substitution products [29] suggests the formation of some segments
of the type shown in Fig. 5, which contain ferrocenyl residues fixed hetero-
annularly.

As the acetylferrocene [30] can easily trimerize, cyclic trimer formation is
also expected. Under our experimental conditions all these reactions are, un-
doubtedly, competitive and the synthesised polymers have three-dimensional

structures.
The structures attributed to the polymers on the basis of oniy IR spectral

measurements are inconclusive because of the superposition of the absorption
of the ethylenic links on that of the aromatic ring, existing in the monomer
molecule. In this connection the NMR spectra would have been of interest,
but they could not be recorded because of the insolubilities of the polymers.
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Fig. 4. Polyene units in the structures of the polymers.

Fig. 5. The assumed structure of the polymers.

(b). Thermogravimetric analysis. The thermostability was determined by
thermodifferential analysis carried out between 20 and 900° at a heating rate
of 9.8°/min in air. Table 4 shows the weight losses at different temperaturas
and time intervals. The thermal stability of the polymers-up to 220—240° is
good, thereafter losses begin. The thermal behaviour is analogous with that of
condensation polyphenylacetylenes. :

(¢). Electrophysical properties. The electroconductivity and the paramag-
netism (Table 5) are discussed as a function of the catalyst nature. The poly-
mers showing the best electrophysical properties were found to be those syn-
thesized in the presence of NiCl, and CoCl, which exhibit a lower catalytic
activity. When using these catalysts the structure containing conjugate units
predominates. .

Table 6 compares the influences of the ferrocenyl residue and other sub-
stituents on the electrophysical properties of substituted polyphenylacetylenes
and of polyferrocenylacetylenes obtained by several authors. The values of the
electroconductivity and of the paramgnetic particle concentrations of poly-

TABLE 4

THERMAL DESTRUCTION OF POLY-p-FERROCENYLPHENYLACETYLENES
Catalyst Temperature range Time Weight loss
o) (min.) (%)
HgCl» . 20—240 - 2—24 3
' 240-725 2412 71.70
. SnCly 20225 2-22.5 2.5
. 225—710 22,5—71 71
AlCl3 235—605 23—60 39.5
605—900 60—90 73
FeCl3 235—660 : 23—66 48.46
) 660—900 66—90 77.55
MgCly ’ . 20—235 2—-23.5 2.5
235—760 23.5—76 81
CocCl,y 20—240 ' 2—24 4
240—725 - 24—-72.5 77
NiCly 10—220 . 1—22 2
: - 220—735 . 22—73.5 78
ZncClp 245—540 S 24.5—54 71 .
Cacl; 7 © . 20—-230 . T 2—23 ' 1

230—760 23—76 ) 717.27
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TABLE 5
ELECTROPHYSICAL PROPERTIES OF THE POLYMERS AS A FUNCTION OF THE CATALYST -
Catalyst : Electroconductlvzty. B 7 o o Unpa.lred electron
- 2~ tem™1) . . (eV) - . conen. .
. L (spin/g)

HeCly 1.13 10711 . 0.207° .
SnCl, 2,60 10712 . 0.445 6.5 1017
AlCl3 210 10718 0.907

SRR - ; . 0.234
FeCl3 1.86 10718 1.436 1.9 1018

0.0229

CucCl, 6.20 10713 0.318 1.06 1018
MgCl, 29 10713 0.345
CoCly 2.34 10712 0.283 6.09 1017
NiCl, 4.13 10712 0.624 1.19 1018
ZnCly 2.5 10718 1.03 2.35 1018

p-ferrocenylacetylenes are comparable with those of the other p-substituted
polyphenylacetylenes, which places these polymers among the organic semi-
conductors. The poly-p-ferrocenylphenylacetylenes would be expected to possess
higher semiconducting properties owing to the strong electron donating proper-
ties of the ferrocenyl as a substituent in aromatic ring {31, 32]. However, this
was not so, probably because of steric hindrance, on one hand, and the three
dimensional structure with a sufficiently small weight of the polyenic chain,

on the other nand The iron in the polymer is Fe'! but on reduction it may
change to Fel* ’

P-p-FcFA = P-p-FcFA" + ne”

As this process is reversible the polymer might be used in redox systems.

Conclusion

In order to obtain polymers with good semiconducting properties, the poly-
condensation of the p-ferrocenylacetophenone was studied. 1, The p-ferrocenyl-
acetophenone was synthesized and characterized by means of elemental analysis,
infrared absorption and thermodifferential analysis; 2, The influence of the ferro-

TABLE 6

VALUES OF THE ELECTROPHYSICAL CONSTANTS OF THE POLYMERS AS A FUNCTION OF THE
p-SUBSTITUENT NATURE

Polymer Catalyst Electrocon- Energy of Paramagnetic Ref.
ducthty, activation particle concen.
L (em™) (eV) (spin/g)
PFA C ZnCl, 1.4 10713 1.41 6.8 10!° 25
NO,-PFA 2,0 10714 1.43 4.42 1017
NH>-PFA 1.67 10713 0.96 5.38 1018
CI-PFA 6.10 10713 0.70 6.7 1019 3
PFcA b ZnCly 1010 9
PFcA B(i-C3H7)3 10712 1010710 1.12t00.96 1018 101019 5
P-p-FcFA ¢ MeX 10718 010°11 (.20t0 1.43 1017 g0 1018

@ PFA = polyphenylacetylene. b precA = polyferrocenylacetylene. € P-p-FcF A = poly-p- fen-ocenylphenyl—
acetylene.
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,cenyl re51due on the G-O group reactwlty in acetophenone was elucldated by
‘Hiickel molecular orbital calculations; 3, The catalytic activity of ten metallic.

- halides in these polycondensation reactions was determined; 4, The influence of
- the ferrocenyl residue on the electrophysical properties of the polymers is dis-
cussed in comparison with that of other substituents; 5, The influence of steric
‘factors on the values of the paramagnetic particle concentrations and of the
‘electroconductivity was determined; 6, It is suggested that these polymers may

be used in redox systems.
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