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Abstract

The synthesis of nitrile ligands linked to tricarbonyl (�6-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 reported.1 In the search of new combinations of organometallic
fragments containing (�6-arene)chromium complexes, known as typical electron-withdrawing moieties,2

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 literature3 and showed interesting hyperpolarizability values. In this communication, we
describe the synthesis of new nitrile derivatives linked to tricarbonyl (�6-arene)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 and Cr(CO)3-
complexed phenylacetylene.4

Complexes3a–d were obtained by a Sonogashira5 palladium-catalysed cross-coupling reaction bet-
ween tricarbonyl (�6-phenyl) ethynyl chromium complex1 and various bromo or iodo aromatics substit-
uted by a nitrile moiety2a–d (Scheme 1). Complex1 was prepared as recently reported.4 The halogeno

� Corresponding author. E-mail: rose@ccr.jussieu.fr (E. Rose)

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
PI I: S0040-4039(00)00454-8

tetl 16734



3608

nitrile aromatics2a–d, are commercially available or prepared using standard literature procedures.6 As
depicted in Scheme 1, the use of classical reaction conditions (PdCl2TPP2, CuI, Et3N, THF) readily
afforded compound3a in 87% yield.

Scheme 1.

Under similar conditions, complex1 was coupled with 5-bromo-2-cyanothiophene2b, 5-bromo-50-
cyano-2,20-bithiophene2cand 5-bromo-50-cyanothieno[2,3-b]thiophene2d to give3b, 3cand3d7 in 81,
81 and 76% yield, respectively.

We next investigated the preparation of compound6. As shown in Scheme 2, the synthesis of6
proceeded through two iterative Sonogashira reactions between compound1 and 2,5-dibromothiophene
4 and then between compound3e and (4-cyano)trimethylsilylethynylbenzene7. The first coupling
sequence using dichlorodiphenylpalladium(II), copper iodide and triethylamine afforded a mixture of
the expected bromothienyl derivative3eand the 2,5 di(�6-phenyl)ethynylthiophene5 as by-product. The
formation of compound5 can be explained by considering the well-known electron withdrawing ability
of the Cr(CO)3 entity which favours the insertion of Pd(0) (in the first step of the catalytic cycle) into the
carbon–bromine bond of compound3eby comparison to4.

Attempts to selectively obtain compound3eby varying reaction conditions are reported in Table 1. We
found that no reaction took place at 50°C (entry 1) whereas higher reaction temperatures (NEt3 reflux)
were essential for the coupling to give products3eand5. To overcome the formation of compound5, we
first used 2 equivalents of dibromothiophene4. Surprisingly the3e:5 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 by1H NMR.8 It is worthy to note that after 30 min, only compound3e
was detected by1H 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 (THF:NEt3

2:1), the observed ratio was only 1.7:1.
On the other hand, the use of a fivefold excess of4 also afforded a mixture of3eand5 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 complexes3e and 5 were
almost the same using 1 or 2 equivalents of the dibromo derivative4. Compounds3e and 5 were
isolated in 42 and 12% yield, respectively (entry 5). In the last step, the in situ desilylation of the (4-
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Scheme 2.

Table 1

trimethylsilylethynyl)cyanobenzene79 and subsequent coupling with3eafforded the expected complex
6 in 46% yield.

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 of3e formed is unexpectedly independent of the ratio of the
reactants but dependent on the reaction temperature and time.

Acknowledgements

We thank CNRS and the EU Training and Mobility of Researchers Program for financial support and
for a postdoctoral fellowship to Z.F.P.



3610

References

1. (a) Wolff, J. J.; Wortman, R. InAdvances in Physical Organic Chemistry; Bethel, O., Ed.; Academic Press: New York,
1999; Vol. 32, pp. 121–217. (b) Lee, I. S.; Sea, H.; Chung, Y. K.Organometallics1999, 18, 1091–1096. (d) Heck, J.;
Dabek, S.; Meyer-Friedrichsen, T.; Wong, H.Coord. Chem. Rev.1999, 190–192, 1217–1254. (c) Mata, J.; Uriel, S.; Peris,
E.; Llusar, R.; Houbrechts, S.; Persoons, A.J. Organomet. Chem.1998, 562, 197–202 and references cited therein.

2. (a) Plyta, Z. F.; Prim, D.; Tranchier, J.-P.; Rose-Munch, F.; Rose, E.Tetrahedron Lett.1999, 40, 6769–6771. (b) Rose-
Munch, F.; Rose, E.Current Org. Chem. 1999, 3, 493–515. (c) Rose-Munch, F.; Gagliardini, V.; Renard, C.; Rose, E.
Coord. Chem. Rev. 1998, 178–180, 249–268.

3. See for example: (a) Wenseleers, W.; Gerbrandij, A. W.; Goovaerts, E.; Garcia, M. H.; Robalo, M. P.; Mendes, P. J.;
Rodrigues, J. C.; Dias, A.J. Mater. Chem. 1998, 8, 925–930. (b) Dias, A. R.; Garcia, M. H.; Mendes, P.; Pielade, M. F. M.;
Duarte, A. T.; Calhorda, M. J.; Mealli, C.; Wenseleers, W.; Gerbrandij, A. W.; Goovaerts, E.J. Organomet. Chem. 1998,
553, 115–128. (c) Dias, A. R.; Garcia, M. H.; Rodrigues, J. C.; Green, M. L. H.; Kuebler, S. M.J. Organomet. Chem.1994,
475, 241–245. (d) Dias, A. R.; Garcia, M. H.; Robalo, M. P.; Green, M. L. H.; Lai, K. K.; Pulham, A. J.; Kuebler, S. M.;
Balavoine, G.J. Organomet. Chem.1993, 453, 241–247.

4. Only one example of Sonogashira coupling reaction of Cr(CO)3-complexed phenylacetylene with iodobenzene is described
in the literature: Müller, T. J. J.; Lindner, H. J.Chem. Ber.1996, 129, 607–613.

5. (a) Sonogashira, K.; Thoda, Y.; Hagihara, N.Tetrahedron Lett.1975, 50, 4467–4470. (b) Sonogashira, K. InComprehensive
Organic Chemistry; Trost, B. M., Ed.; Pergamon: Oxford,1991, 3, 521–549.

6. (a) Dell’Erba, C.; Spinelli, D.Tetrahedron1965, 21, 1061–1066. (b) Reynaud, P.; Delaby, R.Bull. Soc. Chem. Fr.1955,
1614–1615. (c) Hapiot, P.; Demanze, F.; Yassar, A.; Garnier, F.J. Phys. Chem.1996, 100, 8397–8401. (d) Compound2d
was prepared as described in Ref. 6(e), by using chloroacetonitrile instead of benzylbromide (38%, four steps starting from
3-bromothiophene);1H NMR (200 MHz, CDCl3) � 7.31 (s, 1H, ArH), 7.70 (s, 1H, ArH);13C NMR (CDCl3) � 109.7 (C
Ar), 114.2 (C Ar), 120.8 (CN), 121.9 (CHAr), 128.9 (CH Ar), 138.2 (C Ar), 142.1 (C Ar). (e) Prim, D.; Kirsch, G.J. Chem.
Soc., Perkin Trans. 11994, 2603–2606.

7. All new compounds showed satisfactory spectroscopic and analytical data. Typical procedure for product3d: The ethynyl
complex1 (137 mg, 0.57 mmol), PdCl2(PPh3)2 (20 mg, 0.028 mmol), CuI (6 mg, 0.028 mmol) and compound2d (140
mg, 0.57 mmol) were placed under inert atmosphere and dried in vacuo for 30 min. NEt3 (5 ml) and 10 ml anhydrous
THF were then added and the mixture was immediately heated to reflux for 30 min. After cooling to room temperature,
the suspension was filtered and the solvents were removed under reduced pressure. The residue was chromatographed on
silica gel (diethyl ether:petroleum ether, 3:7) to afford3d as an orange solid in 76% yield.1H NMR (200 MHz, CDCl3)
� 5.33 (m, 2H, H3, H5), 5.53 (m, 3H, H2, H4, H6), 7.43 (s, 1H, H10), 7.72 (s, 1H, H13); 13C NMR (CDCl3) � 82.0 (C1),
87.4 (C4), 90.1 (C8), 90.9 (C6, C2), 91.1 (C4), 94.7 (C3,C5), 96.4 (C9), 112.1 (C14), 114.1 (CN), 124.7 (C10), 129.4 (C13),
139.1 (C12), 142.1 (C11), 231.6 (CO); UV–vis (CH2Cl2) nm ("): �max=330 (14400); IR (CH2Cl2) cm�1: 2221 (CN), 1908
and 1976 (CO).

8. In CDCl3: 6.95 (d, H-11) and 7.03 (d, H-12) for3e; 7.16 (s, H-11 and H-12) for5.
9. Shultz, D. A.; Gwaltney, K. P.; Lee, H.J. Org. Chem.1998, 63, 4034–4038.


