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SYNTHESIS OF NEW BINUCLEATING LIGANDS CONTAINING
A PORPHYRIN
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New binucleating ligands containing a porphyrin
and another coordination site in close proximity, and
their metal complexes were prepared and characterized.

Cytochrome c oxidase is the enzyme which mediates the four-electron
reduction of molecular oxygen to water.l) The enzyme contains four metal centers
(cytochrome a, cytochrome ag, CuA and CuB). One conceptual model which is
capable of accounting for a wide range of spectroscopic and magnetic data is
based on the hypothesis that the oxygen reduction site is an antiferro-magnetically
coupled cytochrome a3—CuB binuclear ion. This proposalz) has stimulated
considerable activity for the synthesis of simple mixed-metal binuclear ions
which might serve as structural analogues of the site, and several examples
have been reported.3—7) In view of providing new models for cytochrome c oxidase,
we have in this study prepared new binucleating ligands containing a porphyrin
and another coordination site in close proximity, according to the scheme
shown below.

Compound’g,was prepared from compound 1, , 5-(2-hydroxyphenyl)-10,15,20-
tri(p-tolyl) porphyrin and Br(CHz)nBr(n=3,4,5,6).8) The N,N-dimethylformamide
solution containingaa (2 mmol), 4-a (10 mmol)g) and K2C03(1 mmol) was stirred
for a week at room temperature. The solvent was evaporated by a rotary evaporator,
and the residue was treated with CHC13. The CHCl3 solution was eluted on a
alumina column(Nakarai Chemicals, Alumina Activated 200, CHR-10). The desired
porphyrin was collected and purified on a silicagel column(Wakogel C-200). The
eluted CHCl3 solution was collected, and to this was added methanol to give the
porphyrin as deeply colored needles( 3-a , these porphyrins are abbreviated as

10 was also used to obtain the binucleating

Hz(p-n-prz)). Instead of 4-a , 4-b
NS o~
ligands, 3-b , which are abbreviated as Hz(p-n-st). The analytical data of
the compounds 3-a are given in Table 1.
For the preparation of the hetero-binuclear metal complexes, for example,
Co(p—n-NSz)CuC12(in these cases, cobalt(II) ion is coordinated by the porphyrin
and copper(II) ion is in another coordination site), we have started with the

cobalt(II) complex of 1 . By a method similar to that described in the scheme,
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the cobalt(II) complexes of‘;:g (n=3,4,5,6) were prepared and purified by the
column chromatography. Adding a methanol solution of CuClz'2H20(0.l mmol) to

a CHCl3 solution of the cobalt(II) complex of }:B (0.1 mmol), the hetero-binuclear
complexes, Co(p-n—NSz)Cucl2 were obtained, the analytical data of these

compounds being listed in Table 1.

Table 1. The analytical data of new compounds

compound found?é:;cd) found?ézicd) found:igitd)
Hz(p—B—prz) 77.58(77.94) 5.62(5.50) 10.39(10.54)
H2(p—4—pr2) 77.89(78.04) 5.65(5.61) 10.37(10.40)
Hz(p—S—prz) 77.76(78.14) 5.76(5.73) 10.06(10.26)
H2(p—6—pr2) 78.01(78.24) 5.90(5.83) 9.96(10.14)
Co(p—3—NSz) 69.36(69.66) 5.52(5.38) 7.63(7.74)
Co(p—5—NSz) 70.17(70.06) 5.77(5.71) 7.48(7.54)
Co(p—3—NSz)CuC1 61.64(61.99) 4.82(4.79) 6.59(6.88)
Co(p—4—NSz)CuC1 62.68(62.26) 5.00(4.90) 6.81(6.81)
Co(p-G—NSz)CuCl2 62.95(62.78) 5.21(5.11) 6.64(6.66)
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Fig. 1 Absorption spectra(in CHC13) of A: Co(p—3-NSz)

and B: Co(p-3—-NSZ)CuC12([C02+]=10-6 mol dm >)

The spectral data are summarized in Table 2. The Soret band of [Co(ttp)]
is observed at 417 nm(in CHC13). In the cases of Hz(p-n—prz) and Co(p-n—NSz)
(n=3,4,5,6), the Soret bands are observed in the range 412~-419 nm, the shift of
the absorption maximum being small. On the other hand, the Soret bands in the
hetero-binuclear complexes(Co(p—n-NSz)CuC12) are observed in the range 434 —~ 439
nm(cf. Fig. 1 and Table 2), which greatly shift to longer wavelength region
relative to that of [Co(tpp)]. These facts are suggesting that there are some
interactions between the cobalt and the copper coordination units.

Table 2. Spectral data of the compounds(in CHC13)

compound Soret (nm) visible (nm)
Hz(ttp)* 419 515
Hz(p—S—prz) 419 515
Hz(p—6—pr2) 419 515
Co(ttp) 417 523
Co(p—3-NSz) 412 532
Co(p—S-NSz) 412 533
Co(p—3--NSz)CuCl2 439 552
Co(p-4--NSz)Cucl2 436 548
Co(p—6-NSz)CuCl2 434 552

*H2(ttp)=a,B,y,G—tetra(p-tolyl)porphyrin.
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Each component complex in the hetero-binuclear complexes(Co(p—n-NSz)CuClz),
e.g., [Co(ttp)] and Cu(NSz)Clz, does not catalyze only by itself the oxidationll)
of TMPD(N,N,N',N'-tetramethyl-p-phenylenediamne) by molecular oxygen, where(NSz)
represents bis(2-methylthioethyl)amine. However, the hetero-binuclear complexes
showed remarkably high activity for the oxidation reaction. We are making
effort to prepare more hetero-binuclear complexes of this type with a variety
of metal ions, and more detailed studies on the reaction mechanism of the
catalytic function of these hetero-binuclear complexes are now in progress.

Acknowledgement
This work was supported by a grant from the Ministry of Education.(Grant-
in-Aid for Scientific Research, No. 00543014).

References

1) D. C. Wharton, "Inorganic Biochemistry", ed. by G. I. Eichhorn, Elsevier,
Amsterdam(1973) , Vol. II, pp 955-987.

2) G. Palmer, G. T. Babcock, and L. E. Vickery, Proc. Natl. Acad. Sci. USA, 73,
2206(1976) and references therein.

3) M. J. Gunter, L. M. Mander, K. S. Murry, and P. E. Clark, J. Am. Chem. Soc.,
103, 6784(1981) and references therein.

4) E. A. Deardoff, P. A. G. Carr, and J. K. Hurst, J. Am. Chem. Soc., 103,
6611(1981).

5) B. Lukas, J. R. Miller, J. Silver, M. T. Wilson, and I. E. G. Morrison, J.
Chem. Soc. Dalton Trans., 1982, 1035.

6) C. M. Elliott and K. Akabori, J. Am. Chem. Soc., 104, 2671(1982).

7) C. K. Chang, M. S. Koo, and B. Ward, J. Chem. Soc. Chem. Commun., 1982, 716.

8) R. G, Little, J. Heterocyclic Chem., 15, 203(1978).

9) Recently, the compound 3:3 and its metal complexes were prepared.
K. Takahashi, H, Shimo, Y. Nishida, and S. Kida, to be submitted.

10) K. Takahshi, E. Ogawa, N. Oishi, Y. Nishida, and S. Kida, Inorg. Chim. Acta,
66, 97(1982).

11) Y. Nishida, N. Oishi, H. Kuramoto, and S. Kida, Inorg. Chim. Acta, 57, 253

(1982) .

(Received August 26, 1982)



