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Synthesis, structure and properties of '§38propargylthio)bis(1,2-dicarbollido)cobaltate
8,8-(u-CH=C-CH,S)-(1,2-GBgH;p),-3-Co(lll), are described (NMR, IR, and UV spectra, ma
spectrum, X-ray structure, dipole moment) and transformation of this acetylenic monomer
T-conjugated homopolymer is reported.
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Molecules of boranes and heteroboranes involve multicenter (mostly three-center
electron bonds“that are delocalized in the molecular skeletohsThus, they can be
regarded as formally electron-deficient conjugated systems — a counterpart of the
tron-balancedr-conjugated (polysilanes) and electron-riglconjugated systems (aro
matics, conjugated polyenes).

Molecules in which electron-deficient and electron-rich conjugated systems
linked together can possess interesting physical properties. Some low-molecular-\
compounds involving metallacarborane skeleton linked with aromatic rings have al
been described (e.g. 8@i-o-phenylene)- and 4'8,4-(bisq-o-phenylene)bis(di-
carbollido)cobalt(1-)ate iofis'9. However, no polymer involving carborane and/
metallacarborane groups linked witkhconjugated chain has been reported in the |i
rature although great attention has been devotedctinjugated polymers due to the
potential use as advanced materials in construction of organic material-based ele
and optoelectronic devicEs™®
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Synthesis and characterization of a hitherto unreported functional metallacarb
bearing acetylenic group and its transformation imoonjugated polymer with
metallacarborane substituents is the subject of the present communication.

EXPERIMENTAL

Chemicals

Decaborane BH,, (Katchem Inc., Institute of Inorganic Chemistry, Academy of Sciences of
Czech Republic), propargyl bromide (Aldrich), inorganic bases (KOH, NaH), acids, salts, aux
compounds and solvents were of analytical or reagent grade and were used as supplied.

(CgHs)4Sn (both Aldrich) and benzene (Lachema) were purified as described'&aflier

Synthesis of 8,8(u-Propargylthio)-(1,2-6BgH;g),-3-Co(lll) (A)

Freshly distilled propargyl bromide (1.80 g, 15 mmol) was added to a deep blue-green solut
[8,8-u-S(1,2-GBgH;),—Co(lll)]~ Cs (4.8 g, 10 mmol; for preparation see t&fin acetone (50 ml).
The colour changed gradually to a permanent deep red within 30 min at ambient temperature
all the starting anion had disappeared (according to TLC), the solution was filtered and the &
evaporated in vacuo. The solid residue was dissolved in methylene chloride (50 ml) and f
through a short column of silica gel to remove ionic impurities. The eluate was concentrated to
and then carefully layered with hexane (70 ml). Deep red prisn¥s séparated after three day
(4.52 g, 91%). Well developed crystals were picked up for X-ray diffraction. An additional crop
obtained from the mother liquors by stripping off the solvents in vacuo.

Polymerization ofA

Polymerization was carried out at room temperature using the vacuum break-seal té&hSifue

rated benzene solution of WQ@Qatalyst (3.4 mg, 1@umol in 1 ml) was mixed with solid BBn

cocatalyst (8.5 mg, 2Amol) and the stirred mixture was allowed to ripen for 15 min. Then a ben:
solution (1 ml) ofA (1 mmol, 393 mg) was added and the resulting mixture was allowed to rea
72 h (the polymer precipitated from the reaction mixture). The reaction was quenched with me
(5 ml), the suspension was filtered and the solid polymer was washed with methanol and d
vacuum to constant weight. Yield 390 mg (100%) of orange-red solid polymer, insoluble in aro
solvents, tetrahydrofuran (THF), 1,4-dioxane, dimethylformamide, acetone, methyl ethyl keton
acetates. The polymer was partly soluble in dimethyl sulfoxide, mainly at temperatures abovV€ca

Methods

NMR spectrawere taken on Varian Unity 508H at 499.84 MHz!'B at 160.36 MHz) and Varian
Unity 200 ¢H at 200.06 MHz}!B at 64.16 MHz;*3C at 50.31 MHz) spectrometers. The and
13C spectra were referenced to the solvent (deuterioacetonéfBtspectra to trimethoxyborane.

IR spectraof non-diluted powdered samples were measured by means of the diffuse refles
technique in the range 7 500-400-¢msing an FTIR Nicolet 210 instrument (128 scans, resolut
4 cntd). The spectra were collected in the logRJI(R is reflectance) format and then transformed
Kubelka—Munk units.

UV spectrawere recorded using a Hewlett—Packard 8452 diode-array spectrometer, quartz c
(optical path 0.2 mm) using dimethyl sulfoxide and THF as solvents.
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X-Ray diffraction A red crystal of the dimensions 0.290.4 x 0.4 mm was measured at 22 on
a CAD4-MACHIII diffractometer with graphite monochromated MoKadiation 3 = 0.71069 A).
Absorption was neglecteql ¢ 0.978 mm). The lattice parameters were determined from 25 refle
ions in the 16—176-range. Intensities of the reflections were measured usinf-2& scan between
h (3-15,13) k 0,137 | [©,17]) (SinB/A)pax = 0.59 A. Three standard reflections, monitored every 1
showed 3% variation during measurement. From 3 529 measured reflections, 3 400 wereRypiq
= 0.019) and 2 769 of them were regarded as “observed” using=tt8e(l) criterion.

X-Ray data treatmentThe Co atom coordinates were determined from Patterson syntt
(SHELXS86). The structure was developed by successive Fourier synthesis and all non-hy
atoms were anisotropically refined (SHELXL93). Positions of hydrogen atoms were found on diffe
Fourier map and atoms were refined isotropically. The function minimized=wgg,|* — |F)?
wherew = 1/[0%(F2)(0.0592P)? + 0.3%P], where P = (maxf2,0) + F2)/3. Convergence for 336
refined parameters was achievedRat 0.03 for the observed reflections an&, = 0.085,S = 1.04
with (A/0)ax = 0.001 for all reflections. The final difference electron map showed no peak
chemical significance (extreme values #.41 e/&. The final fraction coordinates are given i
Table I, the selected bond distances and bond angles in Table II.

Mass spectrunof A was obtained with an INCOS 50 (Finnigan-MAT Corp.) quadrupole sg
trometer operating in the EI mode, using the method of direct exposure probe and heating rate'15 |

Thin-layer chromatographyvas performed using commercial Silufol sheets (Kavalier, Voti
silica gel on aluminium foil, 3% of starch as binder).

Dipole momenivas determined by Guggenheim—Smith method in benzene. Relative permitti
were measured on an instrument with direct frequency reldiRgfractive indices were measure
on an Aerograph RI detector (Varian).

RESULTS AND DISCUSSION

Basic Characteristics oA

Molecular weight Relative molecular mass calculated foiHg;B,4C0S is 392.82.
Relative intensities of molecular peaks as determined by mass spectrometry were
to be in good agreement with the theoretical values. Molecular ion mass (measur:
culated relative intensity): 388 (4.5/4.4), 389 (13.4/13.3), 390 (32.0/32.0),
(60.7/60.6), 392 (89.7/89.6), 393 (100/100), 394 (80.4/80.4), 395 (43.1/43.3),
(13.8/13.8), 397 (2.5/2.4).

X-Ray crystal datamonoclinic, space group2,/c (No. 14),a = 13.186(1) Ab =
11.721(1) Ac = 15.082(2) AB = 123.470(8), unit cell volumeV = 1 944.4(3) A, Z = 4,
calculated densityp, = 1.342 g cm?, F(000) = 792. Geometric parameters of the t
rane cages, i.e. bond distances, bond angles as well as the angle between th¢
C1,C2,B4,B7,B8 and CX2,B4',B7',B8, which is equal to 16.5(1) are similar to
those in the related compound ‘8(g-CH;OCOCH,S)-(1,2-GBgH,),-3-Co(lll)
(ref29. The acetylenic group is inclined towards the cage C1-B11 as indicate
differences in: (i) the distances C4-to-B8 and C4-t61BBich are equal to 3.550(4) /
and 4.275(4) A, respectively; and (i) the dihedral angles B8—S—-C3-C4 &+8-B3-C4
equal to —84.3(2)and 171.0(2) View of the 8,8(u-HC=C—-CH,S)-(1,2-GBgH;),Co
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TaBLE |
Atomic coordinates (1 . If) and equivalent isotropic displacement parameleg§(10‘3A2), for A.
Ueqis defined as one third of the trace of the orthogonaliZgtensor

Atom X y z Uyq

Co 2985(1) 86(1) 2250(1) 31(1)
S 1203(1) -1877(1) 1509(1) 36(1)
c1 3579(2) 566(2) 1277(2) 44(1)
c2 4584(2) -117(2) 2309(2) 45(1)
B4 2220(3) -98(2) 613(2) 38(1)
B5 3189(3) —141(3) 137(3) 50(1)
B6 4705(3) -118(3) 1222(3) 58(1)
B7 4041(2) —1354(2) 2480(2) 39(1)
B8 2492(2) -1371(2) 1372(2) 32(1)
B9 2485(3) -1411(2) 186(2) 42(1)
B10 4020(3) —1420(3) 563(3) 51(1)
B11 4962(3) —1354(3) 1964(3) 51(1)
B12 3608(3) -2181(2) 1333(2) 42(1)
C1 2500(2) 1600(2) 2632(2) 46(1)

cz 3522(2) 918(2) 3655(2) 46(1)

B4 1291(2) 786(2) 1778(2) 38(1)

B5 1211(3) 1777(3) 2629(3) 52(1)

B6 2641(3) 1880(3) 3818(3) 59(1)

B7 3137(2) —464(2) 3641(2) 40(1)

B8 1671(2) -574(2) 2426(2) 34(1)

B9 666(3) 363(3) 2509(2) 42(1)

B10 1506(3) 1046(3) 3768(3) 50(1)

B11 3017(3) 549(3) 4448(3) 53(1)

B12 1793(3) —414(3) 3652(2) 43(1)

C3 1848(3) -3115(2) 2399(2) 45(1)
c4 1714(3) —4124(2) 1797(2) 54(1)
C5 1587(5) —4912(3) 1291(4) 89(1)
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TasLE Il

Selected atom distances (A) and bond andlesvith e.s.d’s in parentheses far

Atoms Distances Atoms Distances
S-B8 1.916(2) S-B8 1.920(3)
Co-B8 2.035(2) Co-B8 2.044(3)
Co-B7 2.091(3) Co-B7 2.097(3)
Co-B4 2.099(3) Co-B4 2.101(3)
Co-C2 2.075(2) Co-C2 2.072(2)
Co-C1 2.085(2) Co-C1 2.073(2)
C1-C2 1.595(4) Gac? 1.594(4)
C1-B4 1.685(4) GiB4 1.687(4)
C1-B5 1.712(4) GiBS 1.709(4)
C1-B6 1.731(4) GiB6 1.726(4)
C2-B7 1.699(4) '2B7 1.695(4)
C2-B11 1.705(4) GB11 1.714(4)
C2-B6 1.733(4) c2B6 1.731(4)
B4-B9 1.776(4) B4BY 1.773(4)
B4-B5 1.778(4) B4B5 1.777(4)
B4-B8 1.792(3) B4B8 1.790(4)
B5-B6 1.751(5) B5B6 1.748(5)
B5-B10 1.757(4) BSB10 1.761(5)
B5-B9 1.777(4) B5BY 1.777(4)
B6-B11 1.746(5) BeB11 1.750(5)
B6-B10 1.772(5) B6B10 1.754(5)
B7-B11 1.767(4) B7/B11 1.768(4)
B7-B12 1.780(4) B7B12 1.781(4)
B7-B8 1.788(4) B7B8 1.790(4)
B8-B12 1.778(4) B8B12 1.776(4)
B8-B9 1.784(3) B8BY 1.777(4)
B9-B10 1.775(4) B9B10 1.776(4)
B9-B12 1.782(4) B9B12 1.784(4)
B10-B11 1.766(5) BLB1Y 1.762(5)
B10-B12 1.771(4) B1LB12 1.782(4)
B11-B12 1.777(4) B1iB12 1.783(4)
S-C3 1.836(3) C3-C4 1.442(4)
C3-H31 0.97(3) C3-H32 0.89(3)
C4-C5 1.150(5) C5-H5 0.81(4)
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TasLE Il
(Continued
Atoms Angles Atoms Angles

B8-S-B8 83.10(11)

C3-S-B8 104.09(12) C3-S1B8 105.48(12)
S—-C3-H31 106(2) S-C3-H32 103(2)
S-C3-C4 109.9(2) H31-C3-H32 111(2)
C4-C3-H31 113(2) C4-C3-H32 113(2)
C3-C4-C5 178.1(4) C4-C5-H51 168(3)

molecule with the atom numbering is shown in Fig. 1 and packing of the molecul

the unit cell in Fig. 2.

Dipole momentThe measured value of dipole moment, (1 @.3) . 163°C m (i.e.
5.3+ 0.1 D), proves an extremely high polarity of tfé-®-cobaltacarbollide bonds.

UV/VIS spectrunof A is shown in Fig. 3 (curvé). The molar absorption coefficien
of the main band at 290 nm, characteristic of cobaltacarbollides, was determinec
€590= 31 800 dmMmoltcm™. There is a satellite band with two maxima at 442 nm
about 500 nm in the visible region with equivalent values of molar absorption cc

cient: €44,= €559= 520 dni moltcnt?.

Fc. 1
Structure of 8,8(u-CH=C-CH,S)-(1,2-
C,BgH;0),-3-Co(lll) as determined by
X-ray diffraction
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NMR Spectra oA

The B NMR (160.36 MHz) spectrum of the propargyl cobaltacarboragensists of
7 signals which can be assigned to the following boron atoms (numbering in &
dance with Fig. 1);d in ppm, (intensity),J(*'B*H)]: B10 1.22 d (1) 146.5; B8 —4.49
(1); B4 —-6.60 d (1) 149.5; B7 —7.93 d (1) not determined; B9 and B12 —8.54 d (

Fic. 2
Packing of the molecules of 8,§1-CH=C—
CH,S)-(1,2-GBgH;(),-3-Co(lll) in the cell
unit

04

Fic. 3
UV/VIS spectra of 8,8(u-CH=C-CH,S)-(1,2- o0 |
C,BgH;0),-3-Co(lll) in THF (Z) and soluble frac-
tion of poly[8,8-(u-CH=C—-CH,S)-(1,2-GBgH1),- : :
3-Co(lIl)] in DMSO (2) 400 600 m 800
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146; B5 and B11 -14.65 d (2) 161.7; B6 —22.02 d (1) 170.9. The assignment was
on the basis of a comparison witlB NMR spectrum of the methyl analog Af(B10
1.22; B8 —4.19 s; B4 and B7 —6.82; B9 and B12 —8.45; B5 and B11 —14.65; B6 -
ref8) and the analysis ¢fB-''B(*H) 2D COSY NMR spectrum. The found diversity i
the shifts of the B4 and B7 atoms can be explained as the result of an additional -
ing of the B7 atom by the ring current of the acetylenic bond. Due to tetrah
arrangement of the sulfur bridge (the lone electron pair forms the forth vertex]
propargyl group is declined to one side of the B8-S{B&ne, shielding thus preferer
tially two analogous BH-vertices B7 and 'B8ee the structure in Fig. 1).

The appropriatéH signals exhibit the following chemical shifts: H10 2.98; H4 2.:
H7 3.72; H9 and H12 2.26; H5 and H11 1.92; H6 1.81. These were assigned
selectiveB—'H decoupling. Also here, the acetylenic group shows an impor
shielding of the H7 atom. Thd signals of hydrogens linked with carbons exhibit t
following shifts: 3.14 t (H51, acetylene); 4.10 d (H31 and H32,)C#29 s (H1 and
H2, skeleton). Thé3C signals were assigned as follows: 29.42 (C3); 51.86 and 5
(C1 and C2, skeletal); 75.80 (C4); 77.20 (C5).

IR Spectrum of

The IR spectrum ofA (Fig. 4, curvel) has been interpreted on the basis of |
characteristic group frequenctég? (propargylthio group) and réf.(cobaltacarborane
skeleton).

The following bands attributable to cobaltacarborane skeleton were observed:
strongest band in the spectrum at 2 622¢mith overtone at 5 186 ct, attributable
to v(B—-H) fundamental vibrations in the skeleton; (ii) band at 3 042 and satellite

-5940 7
- 4348
- 3947
~3303
-2622

-6498
-4117

— — —3-5186

2
iﬂ*“"h,lﬂ“\%w\‘\ 1 1 1 1 I

6500 6000 5500 5000 m—l 4000 3000 2500 2000 1500 v Cm—l 500

v, C
Fic. 4

Diffuse reflectance IR spectra (Kubelka—Munk units) of'-§8CH=C-CH,S)-(1,2-GBgH;),-3-
Co(lll) (1) and poly[8,8-(u-CH=C—-CH,S)-(1,2-GBgH;),-3-Co(ll)] (2)
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bands at 3 053 and 3 031 dwhich are attributable to variow§C—H) modes of the
skeleton CH groups with non-equivalent environment Yi{@&-H) modes of carborane
skeleton are usually observed in the region 3 100-3 000astd they are known to be
very sensitive to both inter- and intramolecular interact®ngii) band at 1 210 cmt
which can be assigned &CH) mode; and (iv) bands at 1 083, 975, 838 and 708 c
which can be assigned to skeletal vibrational modes of the cages.

Bands characteristic of vibrations in the propargylthio group were found at the
lowing wavenumbers: (i) at 3 303 (s) thiovertone at 6 498 crh) with shoulder
at 3 284 cm* (overtone 6 462 cm) due tov(=C—H) of acetylenic hydrogen; (ii) a
2 127 (w—m) cm' (overtone 4 117 cm) and 2 094 (w) crt (overtone 4 072 cm) due
to v(C=C); (iii) at 659 (m-s) cmtand 639 (m) cm ascribed tad(=C—H); two of three
possible bands (1 3252 , 1 271 and 1 238%#)coan be assigned as the correspond
overtones. The IR spectra suggest that there are two non-equiva@rHGyroups
from the vibrational point of view. The differences can originate from the diffe
orientation of the propargyl group with respect to the cobaltacarborane skeleton.

Some of the other bands can be interpreted very tentatively. The 2 970 thandm
2 929 (m) cm! bands may be ascribed W§C—H) vibrational modes of CHn the
propargylthio group. However, the wavenumbers of these two bands are highe
those typical fov(C—H) modes of the —CHS— groug?; the effect of the neighboring
groups ((&C-H); S-cobaltacarborane) can be suggested (see the polymer spec
The 8(CH,) mode of CH-S can be attributed to the 1 404 (m) tband. The band a
957 (m) cmi can be tentatively ascribed ¥¢§C—C) mode of the CjH+C=CH group.

Characterization of Poly)

Due to the limited solubility of the polymer (see Experimental), its molecular we
could not be determined. An evidence that polymerization took place is seen fro
UV/VIS spectrum of the polymer low-molecular-weight fraction which was extrac
with dimethyl sulfoxide (Fig. 3, curvé). An increase in absorption in the visible r
gion as compared with the monomer is evident. It proves the presence of shorter
gated sequences in the molecules of the extracted oligomers.

An attempt to obtain structural information from the NMR spectra of the sol
fraction failed due to low yield of this fraction. Only a poorly resol#&INMR spec-
trum was obtained in which some signals corresponding to those observidafer
detectable (at 2, -5, -7, -8, —8.5 and —15 ppm). However, no réfihlaled*C spec-
tra were obtained. Thus the main evidence for a transformati@nirgb the polymer
has been obtained from the polymer IR spectrum (Fig. 4, c®ve

The measured IR spectrum of paly(multiplied by the factor of 1.25 to obtain th
same baseline-corrected area of 2 622dmand as in the spectrum of monomer,
shown in Fig. 4, curve (it is believed thaw(B—H) vibrations of cobaltacarboran
skeleton remain intact by the transformationAointo poly(A)). It is seen that all the
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bands characteristic of the propargyl group are absent in the spectrum a%)pc
(bands at 3 303, 3 284, 2 127, 2 094, 665, 639 and their overtones at 6 498, 6 46
4117, 4 072, 1 3252, 1 271, 1 238?YmOn the other hand, new bands which we
absent in the monomer IR spectrum appeared in the spectrum k)pdighds at 1 602
(w) cnttand 1 494 (w) crmt can be tentatively assigned w§C=C) modes in the
polymer t-conjugated backbone. The 738 (s)"étmand is in the region characteristi
of 3(C=C—H) out-of-plane vibrations in conjugated syst&m% We can thus conclude
that the IR spectrum has confirmed transformation of theG—@& functional group
into Trconjugated main-chain units, i.e. that the polymerizatiorA dby metathesis
catalyst was successful.

Some other bands have little changed positions after the polymerization, in th
place the bands af(C—H) modes of Ckgroups which shift from 2 970 (m) to 2 92
(w) cnttand from 2 921 (m) to 2 869 (w) chAlso thed(CH,) modes of methylene
groups are shifted for about 7 tinBoth shifts can be regarded as the result of
change in the —CH group surrounding (conversion of RC-H into —_RC=CH-).

The bands assigned to skeletal vibrations in the monomeric species have
counterparts in the spectrum of the homopolymer (without any significant wavenu
shifts; the corresponding bands are connected with dashed lines in Fig. 4). The be
skeletalv(C—H) modes (at 3 038 cH) are rather broad in the polymer IR spectrum
compared to that of the monomer, presumably due to overlap with the bardCeH)
modes of conjugated chain.

Due to low solubility (almost insolubility) of the homopolymer Afit was not
possible to prepare films needed for tests of its electrical and photoelectrical prop
Orientation measurements were performed on films of poor quality prepared frot
extracted low-molecular-weight fraction (see UV/VIS spectra) and no photoconduc
has been reliably detected. However, we have found that mondroan be well co-
polymerized with phenylacetylene to a soluble copolymer of enhanced resis
against autoxidative degradation as compared with poly(phenylacef/tehd) would
thus be possible to study the effects of carboranyl groups on the electrical and
electrical properties oft-conjugated polymers using this or other similar copolyme
These copolymers can also be used for verification and/or examination of the eq
describing an effect of polar additives (represented by cobaltacarboranyl side gro
case of the copolymers in question) on the charge carrier transport in organic pol
which has recently been derivédResearch in this field is in progress.
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