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A porphyrin-Cgp dyad with an acetylene spacer has been
synthesized for the first time. The rate constant for charge
separation in the dyad is larger by a factor of about three
compared with a porphyrin-Cgg dyad with an amide spacer,
showing that the triple bond is a good electron transfer mediator.

Much attention has been devoted to "molecular wire", for the
realization of molecular electronics and photonics.! Utilization of
"molecular wire" for a spacer in donor-bridge-acceptor systems
is a promising strategy to facilitate efficient electron transfer (ET)
over a long distance. So far several examples using polyenes,
polyynes, and others have appeared.23 In our previous study,
we first prepared porphyrin-quinone dyad with a diacetylene
spacer.4 However, further studies have been hampered owing to
the unstability. Recently, it has been revealed that fullerenes are
good, robust electron acceptors in ET.5:6 We have shown that
fullerenes accelerate photoinduced charge separation (CS) and
slow down charge recombination (CR) in donor-linked fullerenes
due to the small reorganization energies of fullerenes.”-8

Therefore, a combination of fullerenes and "molecular wire"

seems to be a good strategy to construct artificial photosynthesis

and molecular photonics. Here we report the first synthesis and

_photophysical properties of porphyrin-Cgg dyad with an

acetylene spacer 1 (Figure 1). The ET-mediating properties of

the acetylene spacer in 1 are expected to be evaluated accurately

by comparing those of an amide spacer in porphyrin-Ceg dyad
9

The synthesis of 1 was carried out as shown in Scheme 1.
Lindsey's method of mixed-aldehyde condensations with pyrrole
afforded a mixture of six porphyrins, which could not be
separated easily with column chromatography.l0 To overcome
the tedious separation, 4-(3-hydroxy-3-methyl-1-butynyl)-
benzaldehyde 7, where the ethynyl group is protected by a polar
protecting group, was employed for the condensation. Thus,
BFj3-catalyzed condensation of 7 and 3,5-di-tert-
butylbenzaldehyde with pyrrole gave a mixture of several
porphyrins. As expected, the desired porphyrin 8 was easily
separated from the mixture of porphyrins by flash column
chromatography. Deprotection of 8 was carried out under the
basic conditions. The coupling reaction of 9 and 4-
iodobenzaldehyde with tris(dibenzylideneacetone)dipalladium(0)
(Pda(dba)3) and triphenylarsine (AsPh3) in toluene afforded
porphyrin aldehyde 10 in 55% yield. The desired dyad 1 was
obtained in 34% yield by 1,3-dipolar cycloaddition with 10, N-
methylglycine, and Cgp in toluene and subsequent treatment with
Zn(0OAc)y.11  Porphyrin-Cgp dyad 2 as well as single-
chromophore references 3-5 were also prepared. Their
structures were verified by spectroscopic analyses.12

Electronic absorption spectra of 1 and 2 in THF and DMF

Ar = 3,5-di-fert -butylphenyl

Figure 1.
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Scheme 1. Synthesis of 1 : i) 2-methyl-3-butyn-2-ol, Pd(OAc),,
PPh;, EiN, 100%; ii) pyrrole, 3,5-di-tert-butylbenzaldehyde,
BF;°Et,0, NaCl, CHCl;, 12%; iii) KOH, 2-propanol/toluene,
72%; iv) 4-iodobenzaldehyde, Pdy(dba);, AsPhs, toluene/Et;N,
55%; v) Cgp, N-methylglycine, toluene, 34%; vi) Zn(OAc),,
MeOH/CHCl3, 100%.
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were essentially a linear combination of the spectra of the
corresponding chromophores 3-5, indicating that there is no
appreciable interaction between the porphyrin and Cgg in the
ground state. The redox potentials of 1-5 were measured by a
differential pulse voltammetry in CH;Cl; using 0.1 M n-
BuyNPFg as a supporting electrolyte. The potentials of 1 and 2
(1: -1.52, -1.15, +0.33 V; 2: -1.51, -1.12, +0.32 V wvs.
Fc/Fc*) can be explained by the sum of 3 and 4 (3: +0.33 V; 4:
+0.34 V vs. Fc/Fct) and 5 (-1.54, -1.15 V vs. Fc/Fct),
respectively.

Steady-state fluorescence spectra of 1-4 were taken in THF
and DMF with the same concentration exciting at the Soret band
where the porphyrin parts absorb mainly. The emissions of 1
and 2 were very weak compared with those of 3 and 4 (relative
intensities: 0.012 for 1, 0.037 for 2 in THF; 0.039 for 1, 0.069
for 2 in DMF), showing the rapid quenching of the excited
singlet state of the porphyrin (1ZnP*) by the Cgp. The emissions
of 1 and 2 (550-750 nm) were observed only from the
porphyrin, with no detectable emission from the Cgg (700-750
nm). Therefore, there is no evidence for the existence of the
singlet-singlet energy transfer from 1ZnP* to the Cgp. It is well
established that in ZnP-Cgg dyads photoinduced CS occurs
efficiently from 1Z0P* to Cep in polar solvents such as THF and
DMEF.5.7.8 Based on the energy diagram shown in Figure 2, CS
from 1ZnP* to the Cg is energetically feasible (Table 1).13
From these results, we can conclude that CS from 1ZnP* to Ceo
is a main pathway for the emission quenching in THF and DMF.

1ZnP* - Cgq
————— 2.07 eV (THF), 2.05 eV (DMF)
wcs ZaP - 'Cgp*
———— 1.74¢eV
ZnP™* - Cgp™ ZnP - 3Cgp*
————— 1.44 ¢V (THF) 1.45eV
hv ————— 121 ¢V (DMF)
ZnP - Cq

Figure 2. Energy Diagram for 1.

The fluorescence lifetimes of 1-4 were measured by a
picosecond single photon counting technique with excitation at
425 nm where the porphyrin absorbs mainly and monitoring at
605 nm where the fluorescence is due to only the porphyrin. The
fluorescence decays of 1 and 2 in THF and DMF were analyzed
to give one major component (t=27 ps for 1, t=75 ps for 2 in
THF; 1=33 ps for 1, =75 ps for 2 in DMF). Based on the data
we can calculate the CS rates, kcs (= T~! — Tref =1 Trer =2.0 ns
for 3, Trer=2.1 ns for 4 in THF; Ter=1.9 ns for 3, T,er=2.0 ns for
4 in DMF). In THF and DMEF the kcs of 1 is larger by a factor
of about three than that of 2. Considering that the driving forces
for the photoinduced CS, the separation distances, and the
reorganization energies are quite similar in 1 and 2, the
acceleration effect can be explained by the larger electronic
coupling between the porphyrin and the Cgg via the acetylene
spacer compared with the amide spacer.
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Table 1. Free energy changes (-AGgg) and rate constants (kcs)
for charge separation.

THF DMF

Compounds i /eV keg/s!  -AGes/eV keg/s™
1 0.63 3.72x10° 084 3.01x10Y°
2 0.67 128x10° 088 128x10"

In conclusion, the zincporphyrin-Cg( dyad with the acetylene
spacer has been prepared for the first time. It is shown that
photoinduced CS from 1ZnP™ to the Cg is accelerated via the
triple bond spacer. The facile synthetic accessibility from the
ethyne to polyyne spacer as well as the well-defined linear
structure will allow us to extend the present system toward more
refined donor-"molecular wire"-acceptor systems. The extended
systems, in addition to the detailed photodynamics, are in
progress.
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