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A New Approach to the Assembly of Electron Donor-Spacer—Acceptor Systems
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A new range of electron donor—spacer—acceptor systems has been assembled using co-ordination chemistry to link
the subunits; rates of photo-induced electron transfer to the same acceptor ligand imply that tetraphenylporphyrins
and octa-alkyl porphyrins have different solvent reorganisation energies.

The design of an artificial photosynthetic system requires that
we understand the factors which control the rates of electron
transfer reactions.!:2 Despite considerable efforts since
Marcus first proposed his theory in 1956, we still cannot use
the theory on a quantitative or predictive basis. There are a
large number of variables in the Marcus equation and most of
these are inter-related so that it is almost impossible to vary
any one factor independently. Consequently, the results
obtained on any particular system do not correlate well with
those obtained for different systems. The rates of electron
transfer even for closely related systems can show a dramatic
variation for no obvious reason, as we shall show. Many
elaborate covalent systems, requiring much synthetic effort,
have been described and have produced important informa-
tion;2 ultimately, however, the results have lacked generality.
In this communication, we present a new versatile approach to
the assembly of electron donor-spacer—acceptor systems. We
use co-ordination3 rather than covalent chemistry to link the
organic components, giving the following attractive features.
(i), The range of systems which can be investigated is not
severely limited by the synthetic route, (ii), good conforma-
tional control is achieved and, (iii), a closely controlled range
of systems can easily be studied because the electron donor,
the electron acceptor, the spacer, and the solvent can all be
varied independently.

Figure 1 illustrates our approach with Zn meso-II-porphyrin
dimethyl ester (ZnDME). The ligands were synthesised by the
condensation of acid anhydrides with primary amines
(Scheme 1). For example, (2) was synthesised by refluxing
equimolar quantities of pyromellitic anhydride, n-hexylamine
and 4-aminomethyl pyridine in dry dimethylformamide
(DMF) for 4 h. The products (1)—(3) were separated by

column chromatography and recrystallised from CH,Cl,/hex-
ane.t The pyridine group [or other spacer, as in (4)] confers
the co-ordination properties, while the hexyl group confers
solubility on the ligand.

When excess ligand was added to a solution of ZnDME in
CH,Cl,, the porphyrin fluorescence was completely quenched
by intramolecular photoinduced electron transfer from the
porphyrin to the bound ligand (Figure 1). The binding
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Figure 1. An electron donor-spacer—acceptor assembly.

t All new compounds gave satisfactory NMR and mass spectra.



1766

J. CHEM. SOC., CHEM. COMMUN., 1989

0 0
(1) n-Hex—N N—n-~Hex
NH,
0
-
\N +
n-Hex o}
+
N
0 0 0
11
0 o (2) 0
DMF, N
reflux 4 h
0 o] 0
+ ~ ‘
n-Hexylamine \N
+
0] 0
(3) PyCH,—N N—CH,Py
. 0 0
py = pyridyl
Scheme 1

- 0
n Hex\

constants for the complexes studied (as observed by shifts in
absorption and emission spectra) were all of the order
10=3 mol~1 dm?3 so that we were able to work at concentrations
(~10-3 M) at which collisional (Stern-Vollmer) quenching of
the excited singlet states was not important.% Furthermore,
addition of a stronger binding ligand, such as piperidine, to the
system shown in Figure 1 displaces (2) and fully restores the
porphyrin fluorescence, giving these systems potential as
molecular electron transfer switches.

We have synthesised a range of ligands, using different
co-ordinating spacers, solubilising groups and electron accep-

I A control experiment using (1), an acceptor molecule lacking a
co-ordinating group, showed essentially no quenching of porphyrin
fluorescence, confirming that the electron transfer reactions in the
porphyrin-ligand complexes are intramolecular.

Table 1. Rate constants of charge separation k, and charge recombina-
tion k; for ZnDME and ZnTPP.2

ZnDME ZnTPP
kb 213 53.3
ke 6.10 9.40
ksv© 6.35 3.81

a Units are 108 s—1, measured in dichloromethane solution at 294 K.
b k, was measured from the experimental decay rate k. as ks = k. — k;
where ki, the decay rate constant in absence of quenching ligand, was
6.25 x 108 for ZnDME and 3.71 x 108 for ZnTPP. ¢ Predicted decay
rate constants in the presence of Stern—Vollmer quenching of the
porphyrin singlet state, ksv = kgligand] where the diffusion con-
trolled rate constant kq = 1010 s—1, [ligand] = 10-3 M.

tors. Combining these ligands with a series of zinc porphyrins,
we have investigated the rates of electron transfer reactions in
five solvents. In this communication, we note two interesting
results which illustrate the power of the approach and a degree
of hitherto unappreciated subtlety in the behaviour of electron
donor-spacer—acceptor systems. Using picosecond absorption
and emission spectroscopy, we measured the rate of electron
transfer (k) from ZnDME to (2) to be five times faster than
the corresponding rate for the transfer from zinc tetraphenyl
porphyrin (ZnTPP) (Table 1). The charge recombination
steps (k,) are slower, by 5 to 50 times, than charge separation.

The two porphyrins have similar redox potentials§ and we
suggest that the unusual disparity between these two systems

§ Redox values were measured vs. a standard calomel electrode
(SCE) in dichloromethane with tetrabutylammonium tetrafluoro-
borate as electrolyte. Ferrocene was used as a reference redox.
ZnDME: —AG, 665, ~AG, 1445 mV; ZnTPP: —AG, 595, —AG, 1405
mV.
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may be due to a difference in the reorganisation energy, }; this
could result from differences in solvation or solvent mobility in
the two complexes. Alternatively, differences in the charge
distributions of the porphyrin radical cations may be respon-
sible.5 Steric factors per se seem unlikely to be the cause of the
difference: the geometries of the two adducts appear identical,
and there is very little difference in closest-approach distances
between donor and acceptor. The ligand bound to ZnTPP is
slightly more constrained in rotational motion but it seems
unlikely that this could affect electron transfer.

A second significant result is that acceptor (4) behaves
almost identically to (2) when bound to ZnDME: both . and
k. are about 25% slower for (4), suggesting that an aromatic
pathway does not speed up the electron transfer process.6 A
through-space pathway may also be important.4 Clearly, the
volume of data generated on systematically variable systems
should make this approach exceedingly powerful and should
clarify the nature of photoinduced electron transfer reactions.
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