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The Synthesis of Dimeric Porphyrins Linked by a Ferrocene
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Abstract: The synthesis and characterisation of dimeric porphyrins linked via a ferrocene are reported.
The porphyrins are prepared using a Wittig reaction of a tetraphenylporphyrin-derived phosphonium
salt and 1,1’-diformylferrocene. The reaction can be carried out in a stepwise manner to enable the
preparation of heterobimetallic complexes. © 1997, Elsevier Science Ltd. All rights reserved.

The combination of redox-active moieties, such as ferrocene, covalently linked to macrocycles has
been of considerable interest for some time. In particular, porphyrin-ferrocene conjugates!-6 have great
potential in such areas as chemical sensors, porphyrin-assisted electron transfer, solar energy conversion,
small molecule activation and molecular devices. Also dimeric porphyrins have attracted attention as models
for electron transfer’-10 and in the activation of small molecules!!-12. We report herein the selective synthesis
of dimeric porphyrins that are linked by a conjugated connection to a ferrocene.

Treatment of 1,1’-diformylferrocene with one equivalent of the tetraphenylporphyrin-derived
phosphonium salt 113 in the presence of a base results in the formation of a cis:frans mixture of the ferrocene

functionalised compounds 2 and 34 in 70% yield.

Scheme 1 : Synthesis of ferrocene porphyrins conjugates.
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Reagents: i, DBU, CH,Cl, RT; ii, I, CHyCly iil, Mj(OAc), CHyClyMeOH, reflux.
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The coupling constants for the olefinic protons, in the !H NMR spectra, enable unambiguous
assignment of isomers 2 (cis 3/ = 11 Hz) and 3 (trans 3Jy; = 16 Hz). The two isomers can be separated by
careful chromatography and are obtained as a 5:95 cis:trans (2:3) ratio. In practice it is more convenient to
treat the cis:trans mixture with iodine which converts 2 to 3 enabling the isolation of 3 in 68% yield overall.
Metallation of the 3 with Zn, Cu, and Ni, can be achieved using standard conditions!’ in near quantitative
yields (scheme 1).

Reaction of 3 with a second equivalent of 1 in the presence of a base results in the formation of the
dimeric compounds 4 and 5!4 in 56% yield (Scheme 2). Once again 4 and 5 are isomers, formed in a 20:80
(4:5) ratio, where the newly formed double bond is either cis 4 or trans 5. As before the isomers cis:trans 4

and trans:trans § can be separated by chromatography.

Scheme 2 : Synthesis of dimeric porphyrins.
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Reagents: i, DBU, toluene, reflux.

The 'H NMR of 4 is shown in Figure 1 with the signals for both the cis and trans olefins apparent as

separate resonances!'4. The cyclopentadieny! protons give rise to four signals which is further evidence of the
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unsymetrical nature of 4. In contrast to the complex 'H NMR spectrum produced by 4, the spectrum
obtained for 5 is simple. For example, only two resonances are observed for the protons of cyclopentadienyl
rings, as is expected for a symmetrical dimer.

Reaction of 3a or b, with 1 results in the formation of compounds containing both a free base
porphyrin and a metalloporphyrin (4a, 4b) without loss of metal or the formation of 4. The cis:trans ratios
are generally 5:95 and yields range from 50-70%. The free base porphyrin can be metallated using standard
conditions. Thus, treatment of 5b with Cu(OAc), results in the formation of the Ni-Cu heterobimetallic
complex. Other systems prepared are Cu-Cu, Cu-Zn, Zn-Zn, Zn-Ni, and Ni-Ni. The yields for the insertion
of the second metal are essentially quantitative.!5 This selective metallation should enable fine tuning of the

properties of the dimeric porphyrins. More extensive investigations of these compounds will be reported

elsewhere.

ppm

Figure 1. 'H NMR spectra of 4.
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