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Summary

Organocobalt poly(arylene-vinylene)s composed 19g2- or 1,3- linkage at their
cyclobutadiene moieties3 (and 4, respectively) were prepared by the Heck reactiorp-of
divinylbenzene with (cyclobutadiene)cobalt-containingnmmers having two aryl bromide
moieties ( and2, respectivel). The number average mecular weights N1 ) of the obtained
organocohlt poly(arylene-vinylene)s3(and4) were 4,100 and 4,000, resgively (GPC, on
the basis of polystyrene). UV-vis spectra3and4 exhibited mainrert absorption peaks at
362 and 397 nm, resptively, which were ca. 60 nm batlmwomically shiftedfrom those of
the corresponding monomeric units. Both polymers were found to show thermotropic liquid
crystallinity in the range ofoom temperature to ca. 8@ by employing differential scanning
calorimetry (DSC and the optical measurement using crossed polarizers.

Introduction

On the basis of a variety of geometriesoajananetallic complexes and their potential
for revealing uniquephyscal propeties, organanetallic polymers are attractive candidates for
novel functional material§€l). For examplemetal-containing liquid crystalline polymers, or
metallomesogenic polymers have attracted much adtentOwing to the datures of
organanetallic cores such asdex-active and d-prt electon delaalizations, these polymers
are expected to serve as armigpic materials with excellermgropeties suitablefor advanced
electo-optical devices. However, studies on such metallomesogenic polymers have been still
limited so far(2).

We have reported the synthesis of a variety of polymers having cobaltacyclopentadiene
or (cyclobutadiene)cobalt cores anjgested the potéals for various appcations(3). In the
case of polyesters having 1, 3-linked (cyclobutadiene)cobalt moieties in the main chain, for
instance, thermotropic liquid crystalline phase was observe@{3&oly(arylene)s cdaining
(cyclobutadiene)cobalt units were aleand to form lyotropic as @ll as thermabpic liquid
crystalline phase in the presence ppiprate lateral alkyl side chain@g, 3h). Bunzet al
have independently reported the synthesis of comformationally linear and stiff polymers
containing cyabbutadiene and alkyne units and their mesophase piegpét). So as to
investigate another possibility of a new classoagfananetallic polymers and to compare the
propeties, we r@ort herein the synthesis and prdpees of novel organocadlt poly(arylene-
vinylene)s bearing (cyclobutadiene)cobalt and vinylene moieties in the main chain.

Experimental

Materials and instruments

Monomers { and 2) were prepared by modification of thepoeted procedure for
cyclobutadienecobalt derivatives (Bg). That is, (cyclobutadiene)calb dibromide bis-
phenols were obtained by the reaction of 2 equiv (-bromophenyl)(4'-
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hydroxyphenylacetylene with if°-cyclopentadienyl)bis(triphenylphosphine)cobalt (I)
(CpCo(PPH,). Chranatography on SjOeasily led to the isolation df,2- and 1,3-bisphenols.
Alkylation of the hydroxy groups with 1-brometradecane resulted id,2- and 1,3-
organocohlt monomers { and?2). p-Divinylbenzene was prepared according to literature
procedure (6). Dnethyformamide DMF) and trin-butylamine were dried over CagH
distilled, and storednder N. Toluene and tethgydrofuran (THF) were dried over sodium and
distilled under I?; Other reagents were used as received.

The purifcation of products was carried out on a JAI LC-908 dinyg preparative
high-performance liquid chmatography (HPLC using chloroform as eluent (JAIGEL-1H and
JAIGEL-2H). 'H- and ®C-NMR spectra were reeded on a JEOLINM-EX400 sgctrometer
in CDCL(400 MHz and 100 MHz, resgtively). Gel pemeation @iromatographic (GPC
analyses were performed on a Tosoh HLC-8020 (TSK gel G2500HXL, G3000HXL,
G4000HXL, and G5000HXL, THF as eluent) on the basis of polystyrene standards. IR
spectra were obtained onJASCO FTIR-5300 sectrometerfrom KBr pellets. UV-vis spectra
were recorded on a Bhadzu UV2100 sectrometer in CHCI Thermograimetric analyses
(TGA) were carried out on a Shimadzu T®BA instrument at adating rate of 20C/min under
N,. Anisotropic textures were observed by use of the polarizing microscope (Olympus BH-2,
Mettler FP90 hot stage).

Synthesis of an organocobalt polymer.

The following representativprocedure for3 is presented. To a DMF solutid@.6 ml)
of Pd(OAc) (0.42 mg, 0.0019 mmol), toftolyl)phosphine (1.1 mg, 0.0038 mmol), aad
(100 mg, 0.094 mmol) were addeudivinylbenzene (12 mg, 0.094 mmol) and ri-
butylamine(70 mg, 0.38 mmol) under ,Mitmosphere. Stirrefbr 10 h at 100°C, the reaction
mixture was poured into 100 ml ohethanol. The resulting yellow powder was filtered,
washed with methanol, and then driadsacuoto give 77 mg of the polymer: yield 74 93-
NMR (6, ppm) 0.81 (t, -CH 6H), 1.20-1.39 (m, -CH 48H), 3.90 (t, -OCH, 4H), 4.54
(s, CGH,, 5H), 6.51-6.76 (br, -CH=CH-, 2H)C-NMR (3, ppm) 14.2 (-CH, 22.7, 25.1,
26.1, 29.4, 295, 29.7, 31.9 (-(%H), 68.0 (-CH-O-), 83.0 (CH,), 114.1, 119.5, 126.1,
126.6, 128.8, 128.9, 129.9, 130.0, 130.1, 130.2, 131.1, 131.2, 136.5, 157.8 (-CH=CH-,
-CH,-, C); IR (KBr, cm') 2924, 2853, 1607, 1514, 1466, 1383, 1244, 1175, 1074, 10009,
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808, 743.

Results and Discussion

The polyconderation of an organocalit monomer bearing two aryl bromide moieties at
1,2- pogdion of the cyclobutadiene moietie$) (with p-divinylbenzene by means of the Heck
reactionprocess (7) gave a poly(arylene-vinylen@)i6 74 % yield (Schemé). GPC analysis
suggested that the number averagdemwdar weight i1 ) of 3 was 4,100 M /M_= 1.17) (8).
Likewise, the isomeric monomeR)(gave a polymerM_ (M, /M = 4,000 (1.15)) in 82 %
yield. From the'H-NMR spectra, botl8 and4 were found to have cis:trans=10:90 vinylene
units (9). Both the polymers tbned were yellow and soluble in commorganic solvents
such as chloroformtetrehydrofuran (THF), and dichlomethane. Despite these similarities,
the form of polymers is apparently differeBtis sticky while4 is powdery, snilar to those of
1,2- and 1,3-type poly(arylene)s described previously (3g, 3h). The difference is most probably
originatedfrom their structures. That i8,has a softer main chain microstructure tdamwing
to its zigzag linkage.

In the UV-vis spectra o8 and4, the absorption maxima were observe@®@2 and 397
nm, respectively. So as to estimate the effect of the number of repeating unit onotipéicabs
spectra, model copounds 8a and4a) were prepared by the reaction of styrene Wittnd?2,
respectively. Oligomeric fractions of the polymeBsafid4) were also separated into dimeric
(3b and4b), trimeric B¢ and4c), and tetrameric3d and4d) species by HPLC.
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Pd(OAc)z, POT
(CaHo)3N, DMF

POT: tri(o-tolyl)phosphine

Scheme 1

As summarized in lgure 1, bott8b and4b revealed a substantiadriger waelength shift of

the absorption in comparison with the corresponding monomeric mo@alsarfd 4a,
respectivey). Esgecially, in theda-4d series, then _ of the absorption spectra was shifted
gradually to thednger waelength region as the number of the repeating unit increased. The
difference in regioregularity of each polymer doesn't seem to affect the delocaktectron
system. Further, the effective conjugation length3 ahd4 were supposed to be 7-9 aratic

rings, judging from the convergelimits of UV-vis spectra of oligomers.

Cyclic voltammetry was ptormed in 0.1 M B{NBF,/acetonitrile solution at a platinum
disk electode with a scanate of 50 mVs at roomtemperature. Cyclic voltamograms of3
and 4 showed the oxidation peaks at 0.91 and 0.92 V,ectsgely. On the other Imal, the
corresponding peaks @& and4a were observed at 1.30 and 1.14 V (Table 1). These results
might also suggest that the polymers wereonjugated in comparison with theomomeric
units.

Table 1. Electrochemical data for 1,2- and 1,3-type monomeric model
compounds (3a and 4a) and polymers (3 and 4)”
3a 3 4a 4

Ep /'V vs. SCE 1.30 091 1.14 0.92

30btained from films on Pt electrode in 0.1 M BuyNBF4/acetonitrile at a scan
rate of 50 mVs™!
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Figure 1 UV-vis absorption spectra of a monomeric model compound,
oligomeric fractions (dimer, trimer, tetramer), and a polymeric fraction
for 3 (a) and 4 (b) series.

Liquid crystallinity of thel,2- and 1,3-type monomeric model compourts dnd 4a),

the polymers § and 4), and oligomeric fractions3p-d and 4b-d) were examined by
differential scanning calorimetry (DSC and the optical measurement using crossed polarizers.
All oligomers and polymers except fBa and4a showed enantiotropic liquid crystallinifg0).

Since we were unable to find any substantial thermal transitions in the DSC traces, the phase
transitions listed in Table 2 were determined by the optical obsemva#i typcal optical
micrograph of 1,2-type polymemseasured at 35C is shown in Figure 2. In the cases3bf

3d, glassy state - mephase trangons were observed near rodemperature and meghase -
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Figure 2 A typical optical texture of the organocobalt
poly(arylene-vinylene)s under crossed polanzers (3,
measured at 35 °C).

Table 2. Phase Transiton Temperatures of 3a-3e and 4ade *'

Tt b) T c)

m m:
ia KL K1
3b 35 59
I <rt 72
A <n 78
3 33 82
4a d) d)
4b 34 54
4c 53 92
44 43 92
4 54 106

a) Anisouopic textures of the polymers were observed
by the optical measurement using crossed polanzers.

b) Temperature of crystalline-mesophase transition.

c) Temperature of mesophase-i1sotropic phase transition.

d) Not observed.

isotropic phase transitions occurred between 59 and(B2Table 2 suggested that the
isotropization temperature () exhibited an increase with the degree of polymerization.
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Another series 4b-4d) showed a similar thermal transition behavior 3i0-3d, in which,
however, the isotropic melt was observed at higher temperature. The results are likely due to the
backbone structures 8fand4 where4 is more rigid thar3.

Because the repeating unit®and4 is supposed to be conpigd abng themain chain
and they reveal thermmaipic liquid crystallinity, further studiedeading tonovel functional
materials are nownder investigtion.
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