














The antiproliferative action of tamoxifen results from the com-

petitive binding to the estrogen receptor ERa, thus repressing the
estradiol-mediated DNA transcription in the tumor tissue. The

activity of ferrocifen was believed to follow the same principle.89

However, recently it was shown that ferrocifen also acts against

tumor cells that lack this estrogen receptor, thus indicating a

yet unknown mode of action. Interestingly, the isostructural

ruthenocene derivative of 15 also acts as an antiestrogen in

hormone-dependent breast cancer cells but lacks the antiproli-

ferative effect of ferrocifen against hormone-independent cells.90

This indicates that the function of ferrocifen in hormone-

independent cells is at least in part due to the redox activity of

the ferrocene unit. A recent electrochemical study by Jaouen,

Amatore and co-workers revealed that it may be a quinone

methide oxidative product that is involved in the mode of

action.91

Cobalt–alkyne complexes of aspirin as COX inhibitors

The cobalt–alkyne derivative 16 (Fig. 6(a)) of the drug aspirin

(acetylsalicylic acid) exhibits high cytotoxicity in breast cancer

cell lines.92 This cytotoxicity correlates with cyclooxygenase

(COX) inhibition and it can be speculated that 16 binds to

cyclooxygenase in a fashion similar to aspirin followed by an

acetylation of a surface residues or even a reaction of the

cobalt–alkyne complex.

Conclusions

This collection of recent literature illustrates the latest emerging

strategies for targeting metal complexes to proteins, particularly

the use of the unique shapes of metal complexes as structural

scaffolds, the linkage of metal complexes to known organic

protein binders, the application of coordination modes that are

unique to the target site, or a combination thereof. Many

current approaches use modes of molecular recognition that

are analogous to typical organic protein binders and enzyme

inhibitors. Target selectivity together with aspects of metal

complex stabilities in biological systems will be the two most

critical aspect for the next generation of metal-containing

compounds used in chemical biology and medicinal chemistry.

In such compounds, defined molecular recognition will be

combined with properties that are unique to metal complexes,

such as photophysical signatures or catalysis, in order to create

compounds with novel and unprecedented properties.
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37 T. Takeuchi, A. Böttcher, C. M. Quezada, M. I. Simon,

T. J. Meade and H. B. Gray, J. Am. Chem. Soc., 1998,
120, 8555.

38 F. Lebon, E. de Rosny, M. Reboud-Ravaux and F. Durant, Eur. J.
Med. Chem., 1998, 33, 733.

39 F. Lebon, N. Boggetto, M. Ledecq, F. Durant, Z. Benatallah,
S. Sicsic, R. Lapouyade, O. Kahn, A. Mouithys-Mickalad,
G. Deby-Dupont and M. Reboud-Ravaux, Biochem. Pharmacol.,
2002, 63, 1863.

40 M. Ledecq, F. Lebon, F. Durant, C. Giessner-Prettre, A. Marquez
and N. Gresh, J. Phys. Chem. B, 2003, 107, 10640.

41 A. I. Anzellotti, Q. Liu, M. J. Bloemink, J. N. Scarsdale and
N. Farrell, Chem. Biol., 2006, 13, 539.

42 Q. Liu, M. Golden, M. Y. Darensbourg and N. Farrell, Chem.
Commun., 2005, 4360.

43 A. Y. Louie and T. J. Meade, Proc. Natl. Acad. Sci. U. S. A., 1998,
95, 6663.

44 D. Rehder, J. Inorg. Biochem., 2008, 102, 1152.
45 D. R. Davies and W. G. J. Hol, FEBS Lett., 2004, 577, 315.
46 M. Zhang, M. Zhou, R. L. Van Etten and C. V. Stauffacher,

Biochemistry, 1997, 36, 15.
47 G. Huyer, S. Liu, J. Kelly, J. Moffat, P. Payette, B. Kennedy,

G. Tsaprailis, M. J. Gresser and C. Ramachandran, J. Biol. Chem.,
1997, 272, 843.

48 S. Bhattacharyya and A. S. Tracey, J. Inorg. Biochem., 2001,
85, 9.

49 E. Rosivatz, J. G.Matthews, N. Q.McDonald, X. Mulet, K. K. Ho,
N. Lossi, A. C. Schmidt, M. Mirabelli, K. M. Pomeranz, C. Erneux,
E. W.-F. Lam, R. Vilar and R. Woscholski, ACS Chem. Biol., 2006,
1, 780.

50 J.-O. Lee, H. Yang, M.-M. Georgescu, A. Di Cristofano,
T. Maehama, Y. Shi, J. E. Dixon, P. Pandolfi and N. P.
Pavletich, Cell, 1999, 99, 323.

51 M. Nakai, M. Obata, F. Sekiguchi, M. Kato, M. Shiro,
A. Ichimura, I. Kinoshita, M. Mikuriya, T. Inohara, K.
Kawabe, H. Sakurai, C. Orvig and S. Yano, J. Inorg. Biochem.,
2004, 98, 105.

52 C. F. Shaw III, Chem. Rev., 1999, 99, 2589.
53 J. Zou, P. Taylor, J. Dornan, S. P. Robinson, M. D. Walkinshaw

and P. J. Sadler, Angew. Chem., Int. Ed., 2000, 39, 2931.

54 S. Urig, K. Fritz-Wolf, R. Réau, C. Herold-Mende, K. Tóth,
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