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Synopsis. Conformation of viologen-linked porphyrins
(p-PCnV, n=4—7), which are capable of intramolecular
electron transfer, was studied by TH NMR in order to gain
insight into the relative geometry of the donor and acceptor
during the electron transfer process. The orientation of the
viologen with respect to the porphyrin was interpreted in
terms of the rate of the intramolecular electron transfer
between the two m-systems.

The viologen-linked porphyrins (Fig. 1) exhibit the
intramolecular electron transfer process from the por-
phyrin to the viologen.!=® The rate of this process
depends crucially on the length of the methylene
chain intervening between the two m-systems. The
electron transfer rate of m-PCnV in dimethylsulphox-
ide (DMSO) decreases monotonously with the meth-
ylene chain length and, in the case of p-PCnV in
DMSO, only p-PC4V exhibits the intramolecular elec-
tron transfer with the rate comparable to that of m-
PC3V.® We have studied the conformation of p-

CH, p-PCnV R=

mpcnV R =

3
2

PCnV in DMSO by tTHNMR. The orientation of the
viologen with respect to the porphyrin ring in p-
PCnV was compared with that of m-PCnV® and the
difference of the efficiency in the electron transfer
process for these compounds was interpreted in terms
of the distance between the porphyrin and the bipyri-
dine, based on a proposed relationship, i. e., an expo-
nential dependence of the electron transfer rate on the
distance of the donor-acceptor separation.”

Experimental

Materials. The viologen-linked porphyrins (p-PCnV) were
synthesized as described previously.® Dimethyl-ds sulfox-
ide (DMSO-ds) was purchased from MSD Isotopes.

NMR Measurements. Solutions of 10 mM p-PCnV in
DMSO-ds (1IM=1 moldm3) were used for 'HNMR mea-
surements. 500 MNz *H NMR spectra were recorded on a
JEOL GSX-500 FT-NMR spectrometer at 27°C. Typical
spectra were recorded with 64 transients, 32 k data points,
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Fig. 1. Molecular structures and numbering systems of viologen-linked porphyrins (p-PCnV and m-PCnV).
Table 1. Chemical Shifts® on Viologen 'H Resonances of p-PCnV(n=4—7) in DMSO-ds
Protons p-PC4V p-PC5V p-PC6V p-PCTV

Methylene Chain
1-CH: 5.00(-+0.34) 4.95(+0.34) 4.93(+0.34) 4.92(+0.34)
2-CHaz 2.35(1+0.34) 2.36(1+0.34) 2.30(+0.37) 2.26(+0.33)
3-CH: 2.35(+0.34) 1.64(+0.28) 1.62(+0.28) 1.58(+0.24)
4-CHg2 4.92(+0.31) 2.24(+0.26) 1.62(4-0.25) 1.55(+0.13)
5-CHz 4.84(10.17) 2.14(+0.21) 1.51(+0.13)
6-CHz 4.79(+0.13) 2.08(1+0.15)
7-CHz 4.75(+0.08)
Bipyridyl
a 9.50(+0.17) 9.47(1+0.12) 9.45(+0.11) 9.42(+0.09)
B 8.85(+0.07) 8.84(1+0.06) 8.83(+0.06) 8.79(+0.02)
v 8.79(+0.06) 8.70(—0.04) 8.79(1+0.04) 8.72(—0.01)
é 9.31(+0.03) 9.15(—0.13) 9.28(+0.01) 9.24(—0.03)
N-Me 4.46(+0.02) 4.28(—0.16) 4.44(0.00) 4.41(—0.02)

a) Chemical shifts are given in ppm from TMS. The numbers in the parentheses are the
porphyrin ring-current induced shift changes and positive value indicates the downfield shift.
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7000 Hz spectral width, and 5.9 ps 90° pulse. Chemical
shifts were referenced to the solvent peak (2.5 ppm relative to
the signal of tetramethylsilane) and are given in parts per
million, ppm.

Results and Discussion

'HNMR spectra of p-PCnV have been unambigu-
ously assigned from the combined analyses of the
connectivities in 'H-1H chemical shift correlated and
nuclear Overhauser effect correlated spectroscopies.
Chemical shifts for the viologen proton resonances of
p-PCnV are given in Table 1. Pyridyl 2/, 6’ and 3/, 5’
protons resonate at 9.09 and 9.52 ppm, respectively,
and the shifts of the other proton resonances are
essentially identical with those of the corresponding
resonances of m-PCnV previously reported. These
shifts are essentially independent of the sample con-
centration (1—50 mM), indicating the absence of sig-
nificant intermolecular interaction. The porphyrin
ring current induced shifts for the viologen proton
resonances of p-PCnV were calculated using the data
obtained for appropriate model compounds as pre-
viously described.®) The ring current shifts (8rc) of
the viologen proton resonances are summarized in
Fig. 2 and their plots are individually compared with
those of m-PCnV in Fig. 3. The drc value of the 1-
CH;, proton resonance for p-PCnV is +0.34 ppm and
decreases to ca. 0 almost monotonously for protons
further away, along chemical bonds, from the por-
phyrin ring. Similarity in their drc plots (Fig. 2)
indicates that the orientation of the viologen with
respect to the porphyrin is not significantly different
among the p-PCnV. These results suggest that the
methylene chain of p-PCnV is in energetically stable
all-trans extended conformation as found for m-
PCnV. Anomalously large negative Src detected for
the 8 and N-Me protons of p-PC5V may not be
explained in terms of its conformational features.
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Assuming the extended all-trans conformation for
the methylene chain, the closest edge-to-edge distances
between the two m-systems (Rqz) in p-PCnV with n=4,
5, and 6 are 1.03, 1.13, and 1.27 nm, respectively, and
are compared with Ry, of 0.85, 0.92, and 1.09 nm for
m-PCnV with the corresponding n value, respectively.
Therefore, the fact that p-PCnV (n>4) does not
exhibit the intramolecular electron transfer leads to
conclusions that the electron transfer in DMSO occurs
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Fig. 2. Plots of the ring current induced chemical
shift against viologen protons of p-PCnV in
DMSO-ds. p-PC4V(O), p-PC5V (O), p-PC6V (@),
p-PC7V (W).
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Fig. 3. Plot of the ring current induced chemical shift against viologen proton resonance of p-PCnV (O) in

DMSO-ds.

Similar data for m-PCnV (@)8 are also shown for comparison.
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when R < ca. 1.1 nm and that the electron is not
transfered through the methylene chain. Ry of 1.1
nm 1s greater than the theoretical estimate, 0.8 nm, for
electron transfer by a short-range tunneling mecha-
nism.® . Furthermore, Rr; should be considered as a
semiquantitative parameter for interpreting the intra-
molecular electron transfer rate in terms of the molec-
ular structure of these viologen-linked porphyrins,
because it does not account for the fact that m-PC3V
and p-PC4V exhibit similar rates.® Considering
both the conformational flexibility of the methylene
chain in solution and the time scale, ns, of the process,
R calculated for a molecular structure infered from
NMR data may not simply correlate to the electron
transfer rate. A conformational change around one of
the C-C bonds in themethylene chain, for example,
trans — gauche, alters Rqx as much as ca. 10 and ca.
15% for p- and m-PCnV, respectively.
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