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The first example of a porphyrin-quinonoid donor–acceptor
triad featuring (tetraphenylporphinato)zinc(II) moieties co-
valently attached to an oxoporphyrinogen through its macro-
cyclic nitrogen atoms is reported. This arrangement of chro-
mophores results in an interesting interplay between the
electron-donating zinc–porphyrin(s) and the electron/energy
accepting oxoporphyrinogen. The optical absorption of the
triad reveals features corresponding to both the donor and
acceptor entities. The geometry and electronic structure of
the triad deduced from B3LYP/3-21G(*) calculations reveal
an absence of inter-chromophoric interactions and localiza-
tion of the HOMO on one zinc–porphyrin group and the
LUMO on the oxoporphyrinogen scaffold. The electrochemi-
cal redox states of the triad were established from a compara-
tive electrochemistry of the triad and the reference com-

Introduction
The concept of a quinone-linked porphyrin was origi-

nally introduced to model the photochemical processes oc-
curring in photosynthetic systems.[1] This concept has since
been adopted in work involving a wider variety of molecu-
lar components.[2] The archetypal molecule consists of a
zinc–porphyrin covalently linked to a quinone moiety, and
this has appeared frequently in a variety of guises, even con-
taining multiple porphyrin or quinone groups.[3] Apart from
the mere presence of these electron donating and electron
accepting components, it was recognized that the inter-com-
ponent distance and orientation has a crucial effect on the
photophysical properties of these systems, just as it is in
natural photosynthetic systems, so that often intricate syn-
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pounds. Both steady-state and time-resolved emission stud-
ies revealed quenching of the singlet excited state of zinc–
porphyrin in the triad, and the free-energy calculations per-
formed using Weller’s approach indicate the possibility of
electron transfer from the singlet excited zinc–porphyrin
group to the oxoporphyrinogen in polar solvents. Time-re-
solved fluorescence studies reveal excited state energy trans-
fer from zinc–porphyrin to oxoporphyrinogen in nonpolar sol-
vents, while nanosecond transient absorption studies com-
bined with time-resolved fluorescence studies in polar sol-
vents are indicative of the occurrence of photoinduced
charge separation from the singlet excited zinc–porphyrin to
the oxoporphyrinogen.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

theses have been performed to obtain molecules where the
tetrapyrrole and quinone are in the required configura-
tion.[4] One notable extension to the family of donor–ac-
ceptor molecules has been in the replacement of the qui-
none group with a fullerene acceptor[5] because of an osten-
sible improvement in electron-accepting properties and the
stability of its reduced species.[6] Further to their impor-
tance and relevance as photosynthetic model compounds,
such molecules are implicated as potential device compo-
nents in molecular electronics and photovoltaics.[7] This is
related to the fact that the σ-bonded arrangement of elec-
tron donor and electron acceptor permits these compounds
to exist in a variety of stable oxidation states and as charge-
separated species on ultrafast time scales.

Porphyrinogen species containing macrocyclic conjuga-
tion pathways have been observed previously in the struc-
tures of meso-tetramethylene-porphyrinogen (1)[8] and
meso-tetraoxo-octaethylporphyrin (2)[9] (which is known
trivially as xanthoporphyrinogen) (Scheme 1). Thus, ox-
oporphyrinogen 3 (OxP) can be considered as the cyclo-
hexadienylidene analogue of 2.[10] Having shown that the
oxoporphyrinogen, 3 and its N-alkylated derivatives (such
as 4) are electron deficient and can exist in a variety of
redox states,[11,12] we were interested in building higher
function into derivatives of 3 by incorporating appropriate
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modular species, especially those related to light energy har-
vesting applications. Thus, the bis(zinc–porphyrin)–oxopor-
phyrinogen [(ZnTPP)2-OxP] (5), was prepared as an exam-
ple of a donor–acceptor type triad. We demonstrate here
that, upon excitation of the zinc–porphyrin(s), an efficient
energy or electron transfer occurs in this novel triad, and
that this depends on the polarity of the solvent used in the
studies.

Scheme 1. Structure of the porphyrinogens, 1–4 and the bis(zinc–
porphyrin)–oxoporphyrinogen triad 5.

Results and Discussion

The methodology adopted for the synthesis of triad 5 is
an extension of the previous work on 3[11–13] and required

Figure 1. X-ray structure of N21,N23-dibenzyl-5,10,15,20-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)porphyrinogen (4) (from
ref.[11]). (key: C, small, light grey sphere; N, black; O, dark grey).
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the initial synthesis of a bromomethyl-substituted tet-
raphenylporphyrin and its subsequent use in N-alkylation
of 3 yielding the required triad 5. For 5, N-alkylation of the
porphyrinogen 3 consistently occurs in a stepwise manner
and without altering the conformation of the macrocycle.
Figure 1 shows the X-ray structure of the N21,N23-benzyl-
ated oxoporphyrinogen 4 as an example.[11] All known di-
N-substituted derivatives of 3 exist in this configuration be-
cause of the apparent direction of the subsequent N-alkylat-
ing group to N23 in the mono-N-substituted derivative.
Thus, a structure analogous with that of 4 is assigned to
compound 5, and was confirmed by NMR and computa-
tional studies. Notably, the presence of only two tert-butyl
proton resonances in the NMR spectrum of 5 excludes the
possibility of less symmetrical isomers of the triad (see Exp.
Sect. for NMR spectroscopic data).

The electronic spectra of ZnTPP, 3 and 5 are shown in
Figure 2. Compound 3 exhibits a broad absorption maxi-
mum at 518 nm, occupying most of the UV and visible re-
gion of the spectrum and this broad, red-shifted spectrum
for oxoporphyrinogen (relative to porphyrin) has been at-
tributed to the extended conjugation of the macrocycle to
include its meso-substituents.[11] As a consequence of N-
substitution at N21 and N23 in 5, there is a nearly 10 nm
blue shift of the oxoporphyrinogen absorption maximum
with the loss of a tail in the longer wavelength than 650 nm.
This is due to the increasing steric bulk at the oxoporphyri-
nogen core and the consequent slight reduction in overlap
between unsaturated groups. There is no appreciable shift
in the Soret band position of the ZnTPP entity of 5, when
compared to pristine ZnTPP, indicating that there is little
or no electronic interchromophore interaction between
identical or non-identical moieties within 5. Intensity of the
420 nm band of 5 is less than that of ZnTPP, which is only
a sign of the weak interaction between the ZnTPP units and
the 3 unit in 5. Thus, the electronic absorption spectrum is
essentially the superimposition of the spectra due to ZnTPP
and an N21,N23-dibenzyloxoporphyrinogen such as 4. This
lack of intramolecular interaction between N-substituents
is expected because of the restricted rotation at the methyl-
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ene group adjoining the two different components of 5.
This has been noted in the N-naphth-2-ylmethyl derivatives
where intermolecular interactions are preferred.[12]

Figure 2. Absorption spectrum of (i) 5 (solid line), (ii) ZnTPP
(dashed line), and (iii) 3 (dotted line) in o-dichlorobenzene.

Electrochemical studies were performed to evaluate the
redox potentials and energetics of different photochemical
processes. Figure 3 shows the cyclic voltammograms of 3
and 5 in o-dichlorobenzene containing 0.1 m (nBu)4NClO4.
The reference compound ZnTPP undergoes two one-elec-
tron oxidations located at 0.28 and 0.62 V vs. Fc/Fc+ corre-
sponding to the formation of a zinc–porphyrin cation radi-
cal and a dication species, respectively, and two one-electron
reductions located at –1.92 and –2.23 V vs. Fc/Fc+ corre-
sponding to the formation of a zinc–porphyrin anion radi-
cal and a dianion species, respectively.[5c] The cyclic voltam-
mogram of the oxoporphyrinogen 3 exhibits two reversible
oxidations located at E1/2 = 0.27 and 0.48 V vs. Fc/Fc+ cor-
responding to the formation of cation radical and dication
species, respectively, and an irreversible reduction at Epc =

Figure 3. Cyclic voltammograms of (a) 5 (upper) and (b) 3 (lower) in o-dichlorobenzene containing 0.1 m (TBA)ClO4. Scan rate =
100 mVs–1.
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–1.33 V vs. Fc/Fc+. The current for the reduction process is
twice that for the individual oxidation processes, suggesting
the occurrence of a two-electron reduction process. This
two-electron reduction is conceivable since the conversion
of the oxoporphyrinogen to its parent (4-hydroxyphenyl)-
porphyrin (or vice versa) involves a two-electron, two-pro-
ton process.[12]

Introduction of N-alkyl substituents at the oxoporphyrin-
ogen macrocycle results in anodic shifts of the oxidation
potentials without significant alteration of its reduction po-
tentials.[11,12] However, the same substitution causes the
two-electron irreversible reduction process to become two
one-electron reversible processes. Generally, for each added
N-alkyl substituent (alkyl = benzyl or naphth-2-ylmethyl)
an anodic shift of nearly 100 mV is observed.[11,12] This is
also the case for the triad 5 substituted at N21 and N23 with
zinc–porphyrins. As shown in Figure 3, the first oxidation
of the oxoporphyrinogen coincides with the second oxi-
dation of the zinc–porphyrin and appears at around 0.50 V
vs. Fc/Fc+. The oxidation potentials corresponding to the
zinc–porphyrin (each is an overlapping two one-electron
process because of the presence of two zinc–porphyrins) are
located at 0.28 and 0.64 V vs. Fc/Fc+ and do not vary from
pristine ZnTPP. The reductions corresponding to the oxo-
porphyrinogen of 5 are located at –1.33 and –1.48 V vs. Fc/
Fc+. The first and second reductions of the zinc–porphyrins
are located at –1.94 and –2.29 V vs. Fc/Fc+, respectively.
The HOMO–LUMO gap, measured as the potential differ-
ence between the first oxidation of the donor, zinc–porphy-
rin entity and the acceptor, oxoporphyrinogen entity, was
found to be 1.61 V for the triad 5.

To further understand the geometry and electronic struc-
ture of the triad 5, computational studies using the B3LYP/
3-21G(*) method[14] were performed. Figure 4 shows the
optimized structure and the frontier HOMO and LUMO
orbitals. The structure of the oxoporphyrinogen in 5 was
found to be highly ruffled so that the β-pyrrole carbon dis-
placement is as much as 1.7 Å from the macrocyclic least-
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squares plane and this is in agreement with earlier X-ray
and computational analyses of di-N-benzyl-substituted oxo-
porphyrinogens.[11,12] In the calculated structure, the intra-
molecular Zn–Zn distance is 18.6 Å while that between the
Zn and the center of oxoporphyrinogen is 11.8 Å and there
is no apparent association between the two zinc–porphyrins
of 5, a feature confirmed by the optical absorption data.
The frontier HOMO was found located on a single zinc–
porphyrin, as was predicted from the electrochemical data,
and suggests a non-symmetric arrangement of the two
ZnTPP moieties. On the other hand, the frontier LUMO
was found localized on the oxoporphyrinogen entity so that
the requirement of zinc–porphyrin as electron donor and
oxoporphyrinogen as electron acceptor is fulfilled in the
triad 5. The B3LYP/3-21G(*)-computed HOMO–LUMO
gap was found to be 1.83 eV, which is comparable with that
deduced from electrochemical measurements.

Figure 4. (a) B3LYP/3-21G(*)-optimized structure of triad, 5 and
(b) the frontier HOMO and LUMO of the triad.

The free-energy changes for charge separation during
generation of the radical ion-pair (ZnP)(Znp.+)-OxP .–

(∆GS
CS) were calculated according to Rehm and Weller[15]

using the first oxidation potential of zinc–porphyrin, the
first reduction potential of oxoporphyrinogen, the singlet
excitation energy of the donor zinc–porphyrin, and the
Coulomb energy (see Table 1, footnote for relevant equa-
tions). The ∆GS

CS was found to be exothermic with a value
of –0.58 eV in o-dichlorobenzene indicating the possibility
of photoinduced electron transfer from a singlet excited
zinc–porphyrin to the oxoporphyrinogen entity.

Preliminary steady-state fluorescence spectral studies
were performed to understand the emission behaviour, and
the results of these are shown in Figure 5, a. In o-dichloro-
benzene, oxoporphyrinogen 3 is weakly fluorescent with
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Table 1. Fluorescence lifetime, τf (collected at 580–650 nm),
quenching rate-constant (kS

q), quenching quantum-yield (ΦS
q) of

1ZnTPP* and free energy of charge-separation (∆GS
CS) of 5

(ZnTPP)2-OxP) via 1ZnTPP* generating (ZnTPP)(ZnTPP.+)-OxP .–.

Solvent τf kS
q

[a] [s–1] ΦS
q

[a] –∆GS
CS

[b] [eV]
[ps]

Benzon- 51 2.0×1010 0.98 0.68
itrile
o-Dichlo- 80 1.2×1010 0.96 0.58
roben-
zene
Toluene 104 1.0×1010 0.95 0.05

[a] Lifetime (τf) of the reference compound ZnTPP was evaluated
to be 2000 ps in toluene. The kS

q and ΦS
q were calculated from the

differences in the fluorescence lifetimes between 5 and the reference
compound. [b] Calculated from Rehm–Weller equations[15a] and
employing ∆E0–0 = 2.07 eV for 1ZnTPP*, Eox = 0.28 V for ZnTPP,
and Ered = –1.33 V for OxP vs. Fc/Fc+ in o-dichlorobenzene. R+ =
5.0 Å for ZnTPP, and R– = 5.0 Å for OxP, and RCC = 11.8 Å, for
OxP-(ZnTPP)2. Permittivities of toluene, o-dichlorobenzene, and
benzonitrile, are 2.38, 9.93, and 25.2, respectively.

emission bands located at 609, 667 and 726 nm. The weak
fluorescence of 3 can be attributed to the severe macrocyclic
buckling and the quinonoid structure of the macrocycle.[16]

Emission intensity due to the zinc–porphyrin entity in 5 is
substantially quenched (� 95%) relative to pristine ZnTPP
at the same concentration. Increasing the polarity of the
solvent further increases the degree of emission-intensity
quenching. The fluorescence spectra obtained after normal-
ization of the ZnTPP fluorescence at 650 nm and measured
by exciting selectively the ZnTPP moiety revealed emission
bands corresponding to oxoporphyrinogen 3 at higher
wavelengths, indicating the occurrence of Förster-type en-
ergy transfer as one of the ZnTPP-fluorescence quenching
pathways. With increasing solvent polarity, fluorescence
emission due to 3 decreased suggesting that charge-separa-
tion could also be contributing to the ZnTPP-fluorescence
quenching (see Supporting Information; for details see the
footnote on the first page of this article).

The time profile of pristine ZnTPP gives a mono-ex-
ponential decay with a lifetime of 1.95 ns. As expected, the
time profile decay of the zinc–porphyrin emission in 5 is
more rapid and exhibits biexponential decay with initial
major short and minor long components (Figure 6, a). The
lifetime of the minor long component is comparable to that
of ZnTPP. Similar trends were also observed in solutions of
5 in toluene or benzonitrile. The lifetimes of the short-lived
component of zinc–porphyrin in the triad are 104, 80, and
51 ps, in toluene, o-dichlorobenzene and benzonitrile,
respectively.

The quenching rate and quantum yield calculated from
the fluorescence decay at 600 nm in toluene are
1.0×1010 s–1 and 0.95, respectively (see Table 1, footnote for
relevant equations and data in other solvents). The fluores-
cence quenching process in toluene can be attributed mostly
to energy transfer because of an insufficient driving force
for the charge-separation process in non-polar solvents (in
toluene ∆GS

CS = –0.05 eV in Table 1). Increasing the fluores-
cence decay rate with polarity of the solvent is interpreted
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Figure 5. (a) Fluorescence spectra of (i) ZnTPP, (ii) 5 and (iii) 3
in o-dichlorobenzene. The concentrations held constant (except for
OxP) at the Soret band. The samples were excited at the Soret band
position of zinc–porphyrin in (i) and (ii), and at 536 nm in the case
of 3. (b) Normalized fluorescence spectra of ZnTPP and 5 in dif-
ferent solvents; λex = 425 nm.

Figure 6. Fluorescence decay profiles of 5 (0.1 mm) collected over
(a) the 600–640 nm range corresponding to zinc–porphyrin emis-
sion and (b) the 700–750 nm range for 3; λex = 410 nm.
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in terms of the occurrence of a competing electron-transfer
process in the more polar media based on the free energy
calculations (∆GS

CS = –0.58 and –0.68 eV in o-dichloroben-
zene and benzonitrile, respectively). The time profiles of the
oxoporphyrinogen in 5, in which the fast fluorescence de-
cays were observed, are shown in Figure 6 (b). The initial
rise corresponding to the energy-accepting process is not
clear. Since these decay rates are similar to those for com-
pound 3 (see Supporting Information), these short lifetimes
of the excited states are likely an intrinsic characteristic of
the oxoporphyrinogen moiety.

Compounds 3 and 5 were subjected to nanosecond tran-
sient absorption spectral measurements for characterization
of the electron-transfer products. Nanosecond transient ab-
sorption spectra are shown in Figure 7 (a) for the triad 5 in
toluene, which were obtained by the predominant excitation
of the ZnTPP entity. Broad absorption bands were ob-
served in the 600–1100 nm region with peak maxima
around 830 nm. These absorptions are characteristic of the
triplet states of ZnTPP[5c] and 3 (see Supporting Infor-
mation, and this assignment is supported by their rapid de-
cay in the presence of O2. An initial increase in intensity at
860 nm in the time profile (right-hand side in Figure 7, a)
may be due to the triplet energy-transfer from oxoporphyrin-
ogen to ZnTPP.[5b,5c]

In a more polar solvent (benzonitrile), transient absorp-
tion spectra observed by the predominant excitation of the
ZnTPP groups, revealed a weak absorption in the 600–
1000 nm region (Figure 7, b), and suggest the occurrence of
electron transfer as a competitive process with intersystem
crossing for attenuation of generation of the triplet state of
ZnTPP. It is likely that absorption bands corresponding to
the radical ion-pair are obscured by the strong triplet ab-
sorptions, probably because of rapid charge-recombination
rates. Similar transient absorption spectral behaviour was
also observed in o-dichlorobenzene.

Figure 8 shows the energy-level diagram for the different
photochemical events occurring in the triad. Emission and
transient absorption studies demonstrate that upon exci-
tation of the ZnTPP entity of 5 in toluene, energy transfer
is the predominant photochemical process, and the antici-
pated electron-transfer process is not appreciable because
of the lack of driving force. However, in polar solvents such
as o-dichlorobenzene and benzonitrile, it is possible that an
electron-transfer process occurs in competition with the en-
ergy-transfer process. The contribution due to electron
transfer becomes greater with increasing solvent polarity
because of an increase in the rate of that process.

The effect of solvent polarity on the formation and sta-
bility of charge-separated states is relatively well appreci-
ated both in biochemical and synthetic systems.[18] It is
interesting to note that, in the case of 5, formation of a
charge-separated state involves donation of an electron
from an N-substituent (giving a zinc–porphyrin cation radi-
cal) to the oxoporphyrinogen. The resulting state of the oxo-
porphyrinogen moiety can be best described as an anion
radical although it could be also formally seen as a porphy-
rinic cation radical. Such a tautology is in keeping with the



J. P. Hill, O. Ito, F. D’Souza et al.FULL PAPER

Figure 7. (a) Nanosecond transient absorption spectra of 5 (0.1 mm) observed by 425 nm laser irradiation for 0.1 µs (�) and 1.0 µs (�)
in toluene. Right-hand side: Absorption-time profiles at 860 nm. (b) Nanosecond transient absorption spectra of 5 (0.1 mm) observed by
425 nm laser irradiation for 0.1 µs (�) and 1.0 µs (�) in benzonitrile. Right-hand side: Absorption-time profiles at 880 nm.

Figure 8. Energy level diagram showing the different photochemi-
cal events of triad 5.

www.eurjoc.org © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2006, 595–603600

nature of the oxoporphyrinogen 3 and its parent porphyrin
where the dual reactivities of porphyrin and antioxidant
phenol substituents can be perplexing. Fortunately, N-alky-
lation of 3 allows distinction of its derivatives from the un-
substituted precursors. It is also significant that, in the N-
substituted derivatives of 3, intramolecular inter-substituent
interaction is apparently not favoured because of the
crowded environment at the core of the molecule and the
restricted rotation about the bond between pyrrolic nitro-
gen atoms and substituent benzylic methylene. This ar-
rangement could be of interest where a study of interaction
between proximal but non-interacting chromophores is re-
quired.

In conclusion, we have prepared and studied an unprece-
dented example of a porphyrin-quinonoid featuring (tet-
raphenylporphinato)zinc(ii) moieties covalently attached to
an oxoporphyrinogen through the macrocyclic nitrogen
atoms of the latter moiety. Optical absorption and compu-
tational studies reveal an absence of π–π-type interactions
between the different chromophores of the triad. Free-en-
ergy calculations based on redox and emission data revealed
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that electron transfer from the singlet-excited zinc–porphy-
rin to the oxoporphyrinogen is exothermic in polar solvents.
The arrangement of chromophores in the triad results in an
interesting interplay between the energy/electron-donating
ZnTPP group(s) and the energy/electron-accepting tetrapyr-
role-quinonoid as a function of solvent polarity. The com-
pound described represents the most accessible of the por-
phyrin-oxoporphyrinogens and accounts of the properties
of other similarly coupled derivatives, where we have at-
tempted optimization for charge separation, will be re-
ported shortly.

Experimental Section

All solvents and reagents were used as received. Reactions were
performed under dry nitrogen. Size exclusion chromatography was
performed using Biorad BioBeads SX-1. Tetra-n-butylammonium
perchlorate, (nBu)4NClO4 was obtained from Fluka Chemicals.
The synthesis of 3 was carried out according to published meth-
ods.[11]

Instrumentation: 1H and 13C NMR spectra were obtained from [D1]-
chloroform solutions using a JEOL AL300BX NMR spectrometer
with tetramethylsilane as internal standard. MALDI-TOF mass
spectroscopy was performed by Shimadzu Corp. The UV/Visible
spectral measurements were carried out with a Shimadzu Model
1600 UV/Visible spectrophotometer. The fluorescence emission was
monitored by using a Spex Fluorolog-tau spectrometer. Cyclic vol-
tammograms were recorded with an EG&G Model 263A po-
tentiostat using a three electrode system. A platinum button or
glassy carbon electrode was used as the working electrode. A plati-
num wire served as the counter electrode and an Ag/AgCl was used
as the reference electrode. Ferrocene/ferrocenium redox couple was
used as an internal standard. All the solutions were purged prior
to electrochemical and spectral measurements using argon gas. The
computational calculations were performed by ab initio B3LYP/3-
21G(*) methods with GAUSSIAN 03 software package[14] on high
speed computers. The images of the frontier orbitals were generated
from Gauss View-03 software.

Time-Resolved Emission and Transient Absorption Measurements:
Picosecond time-resolved fluorescence spectra were measured using
an argon-ion pumped Ti:sapphire laser (Tsunami) and a streak
scope (Hamamatsu Photonics). Nanosecond transient absorption
spectra in the near-IR region were measured by means of laser-
flash photolysis; 532 nm light from a Nd:YAG laser was used as
an exciting source and a Ge-avalanche-photodiode module was
used for detection of the monitoring light from a pulsed Xe-lamp
as described in our previous report.[21]

Syntheses

[5-(4-Bromomethylphenyl)-10,15,20-triphenylporphinato]zinc(II):
This complex was prepared in three steps from the corresponding
5-(4-carboxymethylphenyl)-10,15,20-triphenylporphyrin (obtained
by a mixed benzaldehyde condensation with pyrrole under Lindsey
conditions[19]). Metallation of this unsymmetrically substituted
porphyrin by the chloroform–methanol method[20] using zinc ace-
tate tetrahydrate was followed by its reduction to the 4-(hy-
droxymethyl)phenyl derivative by treatment with lithium alumin-
ium hydride in tetrahydrofuran and its subsequent conversion to
the corresponding benzyl bromide using carbon tetrabromide/tri-
phenylphosphane in tetrahydrofuran.
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5-(4-Carboxymethylphenyl)-10,15,20-triphenylporphyrin: Trifluoro-
acetic acid (0.115 mL, 0.0015 mol) was added to a degassed mix-
ture of pyrrole (1 g, 0.015 mol), benzaldehyde (1.06 g, 0.01 mol)
and 4-(carboxymethyl)benzaldehyde (0.82 g, 0.005 mol) in dry
dichloromethane (600 mL). The mixture was stirred at room tem-
perature for 3 hours whereafter 2,3-dichloro-5,6-dicyanobenzoquin-
one (3.4 g, 0.015 mol) was added and the mixture was refluxed for
3 hours. After cooling, a few drops of triethylamine were added
and the solvents were removed under reduced pressure. Initially,
flash chromatography (SiO2/CH2Cl2) was used to separate the por-
phyrinic products and this was followed by normal chromatog-
raphy [SiO2; gradient elution CH2Cl2/hexane (50:50) – CH2Cl2/hex-
ane (60:40)] for separation of the required “mono-substituted” por-
phyrin, which was isolated as a purple amorphous powder. Yield:
0.28 g (11%). 1H NMR (CDCl3, 300 MHz): δ = –2.73 (s, 2 H), 4.10
(s, 3 H), 7.75 (m, 9 H), 8.20 (m, 6 H), 8.29 (d, 3J = 8.26 Hz, 2 H),
8.42 (d, 3J = 8.26 Hz, 2 H), 8.85–8.76 (m, 8 H) ppm. MALDI-TOF
(dithranol) (C46H32N4O2): m/z = 672.72 [M]+.

[5-(4-Hydroxymethylphenyl)-10,15,20-triphenylporphinato]zinc(II):
5-(4-Carboxymethylphenyl)-10,15,20-triphenylporphyrin (0.25 g,
3.7×10–4 mol) was dissolved in chloroform (50 mL) and zinc ace-
tate dihydrate (0.24 g, 3 equiv., 0.011 mol) dissolved in methanol
(10 mL) was added dropwise. The mixture was refluxed with stir-
ring for 3 hours followed by removal of the solvents under reduced
pressure. The zinc complex was purified by column chromatog-
raphy over silica gel eluting with chloroform. After evaporation of
solvents, the product was dried overnight under reduced pressure.
Subsequently, the porphyrin was dissolved in dry tetrahydrofuran
(10 mL) and added dropwise to a suspension of lithium aluminium
hydride (20 mg, � 1.5 equiv.) in dry tetrahydrofuran (20 mL). The
mixture was stirred at room temperature until no starting material
could be detected by thin layer chromatography (SiO2/CH2Cl2).
The mixture was poured carefully into water and then extracted
with dichloromethane (2×50 mL). The organic phases were com-
bined, then dried with anhydrous Na2SO4. Filtration and evapora-
tion of the solvents gave the product as a red amorphous powder,
which was dried under reduced pressure for 24 h and used without
further purification. Yield (over two steps): 0.24 g (89%). 1H NMR
(CDCl3, 300 MHz): δ = 4.96 (d, 3J = 4.96 Hz, 2 H), 7.72 (m, 11
H), 8.20 (m, 8 H), 8.92 (m, 8 H) ppm. MALDI-TOF (dithranol)
(C45H30NOZn): m/z = 704.75 [M – H]+.

[5-(4-Bromomethylphenyl)-10,15,20-triphenylporphinato]zinc(II): An
i c e - c o l d s u s p e n s i o n o f c a r b o n t e t rabrom id e ( 17 0 m g,
5.1×10–4 mol) and triphenylphosphane (135 mg, 5.1×10–4 mol) in
tetrahydrofuran (10 mL) was added slowly to an ice-cold solution
of [5-(4-hydroxymethylphenyl)-10,15,20-triphenylporphinato]-
zinc(ii) (200 mg, 2.8 × 10–4 mol) in tetrahydrofuran (20 mL). The
mixture was stirred until its composition was stationary (3–4 h) as
determined by thin layer chromatography (SiO2/CH2Cl2). The mix-
ture was then poured into water and extracted with chloroform
(2×50 mL). The organic phases were combined and dried with an-
hydrous Na2SO4. Filtration and evaporation of solvents gave a red
solid, which was chromatographed over silica gel eluting with
dichloromethane. Yield: 0.17 g (77 %). 1H NMR (CDCl3,
300 MHz): δ = 4.87 (s, 2 H), 7.62 (d, 3J = 7.87 Hz, 2 H), 7.74 (m,
7 H), 8.20 (m, 8 H), 8.91 (m, 8 H) ppm. MALDI-TOF (dithranol):
m/z = 768.79 [M + H]+.

Synthesis of 5: Compound 3 (50 mg, 4.5×10–5 mol) and [5-(4-bro-
momethylphenyl)-10,15,20-triphenylporphinato]zinc(ii) (70 mg,
9.1×10–5 mol) were dissolved in dry dimethylformamide (5 mL)
and anhydrous potassium carbonate (200 mg) was added. The mix-
ture was stirred at 80 °C for 4–5 hours until consumption of the
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bromomethyl-substituted porphyrin was apparent from thin layer
chromatography. The reaction was poured into water and then ex-
tracted with dichloromethane (2×30 mL). The combined organic
fractions were dried with anhydrous sodium sulfate. Filtration and
removal of the solvents under reduced pressure was followed by
column chromatography over silica gel eluting with dichlorometh-
ane/hexane gradient from 50:50 to 100:0. Compound 5 was col-
lected as the highest yield fraction eluting after the low yield, higher
substitution products. Further purification was affected by size ex-
clusion chromatography eluting with tetrahydrofuran. The product
was dried at room temperature under reduced pressure for 24 h.
Yield: 75 mg (34%). 1H NMR (C6D6, 300 MHz): δ = 1.12 [s, 36 H,
C(CH3)3], 1.43 [s, 36 H, C(CH3)3], 5.09 (s, 4 H, benzylic CH2), 6.78
(s, 4 H, cyclohexadienyl H), 7.15 (m, 4 H, cyclohexadienyl H, TPP
phenyl H), 7.52 (s, 4 H, porphyrinogen β-pyrrolic H), 7.75 (m, 24
H, TPP phenyl H), 7.99 (d, 3J = 8.08 Hz, 2 H, phenyl H), 8.16 (m,
6 H, phenyl H), 8.47 (d, 3J = 4.77 Hz, 4 H, porphyrinic β-pyrrolic
H), 8.58 (d, 3J = 4.77 Hz, 4 H, porphyrinic β-pyrrolic H), 8.94 (m,
8 H, porphyrinic β-pyrrolic H), 10.04 (br. s, 2 H, NH) ppm. 13C
NMR (C6D6, 300 MHz): δ = 29.96, 30.16, 36.01, 36.25, 66.62,
118.69, 119.21, 120.34, 121.60, 121.66, 125.13, 125.33, 126.80,
126.92, 131.30, 131.44, 132.04, 132.34, 132.89, 134.63, 134.77,
135.82, 136.85, 137.22, 143.45, 143.57, 144.38, 148.34, 149.30,
149.99, 150.56, 150.57, 150.62, 186.04 ppm. MALDI-TOF
(dithranol) (C166H148N12O4Zn2): m/z = 2506.51 [M + H]+.

Supporting Information Available (see footnote on the first page of
this article): Steady-state fluorescence spectrum and transient ab-
sorption spectra of 3 in toluene.
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