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Abstract

The synthesis of nitrile ligands linked to tricarbonyl®¢arene)chromium complexes by conjugated spacers is
performed by reacting aromatic bromo nitrile derivatives with tricarbonylchromium-complexed phenylacetylene
using Sonogashira coupling reaction. © 2000 Elsevier Science Ltd. All rights reserved.
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Carbon-bridged bimetallic -conjugated complexes have recently attracted considerable interest due
to their physical and chemical properties, leading to potential application such as material with non-
linear optical properties. Some examples of the use of heterobimetallic complexes in which the electron-
withdrawing and donating properties of two organometallic fragments are combined in order to obtain
high first hyperpolarisabilities have been reportéd.the search of new combinations of organometallic
fragments containing €-arene)chromium complexes, known as typical electron-withdrawing mofeties,
we were interested in the synthesis of chromium complexes substituted by conjugated chains tailed by
a cyano group which could play the role of ligand of an organometallic donor fragment in a further
condensation. Indeed, some Fe, Ni and Ru mononuclear complexes with benzonitrile ligand have been
described in the literatufend showed interesting hyperpolarizability values. In this communication, we
describe the synthesis of new nitrile derivatives linked to tricarbon§dafene)chromium complexes
by different conjugated chains using the palladium—copper-catalysed methodology. This is the first
report of coupling reactions between cyano-substituted thiophene (or benzene) derivatives ang-Cr(CO)
complexed phenylacetylerie.

Complexes3a-d were obtained by a SonogasRigalladium-catalysed cross-coupling reaction bet-
ween tricarbonyl (6-phenyl) ethynyl chromium complekand various bromo or iodo aromatics substit-
uted by a nitrile moiety2a—d (Scheme 1). Complex was prepared as recently reporfetihe halogeno
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nitrile aromatic2a-d, are commercially available or prepared using standard literature procéduses.
depicted in Scheme 1, the use of classical reaction conditions {PEB), Cul, EEN, THF) readily
afforded compoun@ain 87% vyield.
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Scheme 1.

Under similar conditions, complek was coupled with 5-bromo-2-cyanothiopheig 5-bromo-5-
cyano-2,9-bithiophene2c and 5-bromo-5cyanothieno[2,3]thiophene2d to give 3b, 3cand3d’ in 81,

81 and 76% yield, respectively.

We next investigated the preparation of compodis shown in Scheme 2, the synthesis6of
proceeded through two iterative Sonogashira reactions between compaundd?,5-dibromothiophene
4 and then between compourBt and (4-cyano)trimethylsilylethynylbenzerne The first coupling
sequence using dichlorodiphenylpalladium(ll), copper iodide and triethylamine afforded a mixture of
the expected bromothienyl derivati8eand the 2,5 di(6-phenyl)ethynylthiopheng as by-product. The
formation of compound can be explained by considering the well-known electron withdrawing ability
of the Cr(CO} entity which favours the insertion of Pd(0) (in the first step of the catalytic cycle) into the
carbon—bromine bond of compouBdby comparison td.

Attempts to selectively obtain compouBdby varying reaction conditions are reported in Table 1. We
found that no reaction took place at 50°C (entry 1) whereas higher reaction temperatureeefMEk}
were essential for the coupling to give produgesand5. To overcome the formation of compoubgdwe
first used 2 equivalents of dibromothiophehe&urprisingly the3e5 ratio was found to be dependent on
the reaction time. As the chemical shifts and multiplicity of protons H-11 and H-12 were very different,
this ratio could be determined ¥4 NMR.8 It is worthy to note that after 30 min, only compouBd
was detected byH NMR spectroscopy (entry 2). This ratio gradually dropped to 3:1 and finally to 2:1
during the course of the reaction (entries 3-5). Moreover, when THF was used as co-solvent (EHF:NEt
2:1), the observed ratio was only 1.7:1.

On the other hand, the use of a fivefold excesd afso afforded a mixture deand5 in a 3:1 ratio
(entry 7). However, a decrease of the reaction time to only 1 h was observed.

Finally, a 2:1 ratio was also obtained when 1 equiv. of dibromothiophene was used (entry 8),
confirming the major role played by the tricarbonylchromium entity in the coupling sequence. Comparing
the data obtained entries 4 and 8, we observed that the ratio between confpdeard 5 were
almost the same using 1 or 2 equivalents of the dibromo derivdtiv@ompounds3e and 5 were
isolated in 42 and 12% vyield, respectively (entry 5). In the last step, the in situ desilylation of the (4-
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Table 1
kil:],gtry Eq. of 4 T(°C) Time(h) Additive Ratio 3e / 5/ 1 Yield of 3e(%)
1 2 50 2.5 - 0:0:1 0
2 2 reflux 0.5 - 1:0: 11 -
3 2 reflux - 3:1:75 -
4 2 reflux 2 - 2:1:02 -
5 2 reflux 2.5 - 2:1:0 42
6 2 reflux 2.5 THF 1.7:1:0 33
7 5 reflux 1 - 3:1:7 -
8 l reflux 2 - 2:1:0 27

trimethylsilylethynyl)cyanobenzeri# and subsequent coupling wigie afforded the expected complex
6in 46% vyield.

In conclusion, we prepared new nitrile ligands containing a combination of arene tricarbonylchromium
complexes, alkynes and aromatic spacers. Further work is in progress in order to use these new
building blocks as ligands in the synthesis of bimetallic complexes with potential activity in non-linear
optics. We also pointed out the efficiency of the Sonogashira coupling reaction for the synthesis of
substituted acetylenes bearing organometallic moieties. Moreover, resulting from the presence of the
tricarbonylchromium entity, the amount 8& formed is unexpectedly independent of the ratio of the
reactants but dependent on the reaction temperature and time.
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