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â-Meta- and -para-linked diporphyrins have been synthesized from two complementary routes using
Suzuki cross-coupling and Adler condensation. Porphyrin boronate 6 cross couples with â-mono-
bromoporphyrin 2 to give unsymmetrically substituted porphyrin dimer 7c in high yield, and Adler
condensation of â-formylphenyltetraphenylporphyrins 9b,cwith aryl aldehydes yields electronically
tunable diporphyrins 7a-e. The homo- and hetero-bimetallic complexes 11a-c have been
synthesized. Selective mono-metalation with zinc acetate at the â-substituted site has been found
for 7a. The Zn-Co diporphyrin complex 11c undergoes strong emission quenching compared to
that of the diporphyrin 11a and dizinc diporphyrin 11b.

Introduction

Porphyrin arrays and their metal complexes with
different geometries and separation distances bear struc-
tural and light-absorbing similarities with the chlorophyll
and have been utilized as synthetic models for biochemi-
cal and photochemical processes1-3 as well as electro-
chemical catalysts. Porphyrin arrays with electron do-
nor, electron relays, and electron acceptors serve as
biomimics for the understanding of the energy utilization
in the dimeric porphyrin-like nature of electron donor in
photosynthetic system I.1 Dimanganese diporphyrins
have also been used to model successfully the oxidation
of water to oxygen catalyzed by the maganese clusters
in the active sites of photosynthetic system II.2 Cofa-
cially-bridged dimeric porphyrin cobalt complexes have
exhibited enhanced efficiency as catalysts for the elec-
trochemical reduction of O2 to water via a four-electron
process with reduced overvoltage as a result of bimetallic
cooperativity.3
Most of the reported porphyrin dimers can be broadly

classified into two categories: (1) linear stacked dimers
either covalently4 linked or hydrogen bonded;5 (2) cofacial
dimers linked by linear spacers to achieve parallel
configuration.6
All the reported dimers are mainlymeso-aryl-linked4-6

though some recent ones are beta-7 and meso-alkyne-
linked.8 They are prepared through lengthly routes such
as the classic [2 + 2] condensation of valuable dipyrrol-
methanes and dialdehydes.9 The improved preparation
of porphyrin dimers would facilitate the biomimetic and
catalytic studies. We report herein our results of the
facile synthesis of porphyrin dimers linked betweenmeso-
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position and â-position by phenyl groups through key
Suzuki cross-coupling10 in two complementary routes.11,12
Furthermore, we have prepared new homo- and hetero-
metallodiporphyrins selectively and studied their emis-
sion properties.

Result and Discussion

Inspired by our success in synthesizing â-substituted
porphyrins by Suzuki cross-coupling with aryl and alkyl
boronic acids,11 we envisaged that a diporphyrin would
be easily obtained from two complementary procedures:
(A) mixed Adler13 condensation of a boronated aldehyde
with aldehyde and pyrrolesSuzuki cross-coupling with
â-bromo porphyrin; (B) Suzuki cross-coupling of a â-bro-
mo porphyrin with a boronic acid aldehydesmixed Adler
condensation of porphyrin aldehydes with aryl aldehydes
and pyrrole (Scheme 1). These new, unsymmetrical
diporphyrins would provide possibilities for the prepara-
tion of both homo- and hetero-metalloporphyrins. Sub-
sequently, the interaction of porphyrin and metallo
dimers with a â-aryl linkage could be probed.
(A). Synthesis of Diporphyrins via Condensa-

tion. Suzuki Cross-Coupling. This method involved
the preparation of porphyrin boronate [H2(tpbp)] 6 and
its subsequent condensation with â-monobromoporphyrin
[H2(tpp)(Br)] 2 via Suzuki cross-coupling reaction to form
diporphyrin 7a (Scheme 2). p-Tolylboronic acid (3c) was
oxidized to the aldehyde boronic acid 4c by NBS after
hydrolysis (eq 1). Subsequent protection of the boronic

acid with 1,3-propanediol to avoid undesired reaction at
the electrophilic boron atom yielded p-(1,3-dioxaboryl)-
benzaldehyde (5c) in 33% yield (eq 2).14 The porphyrin
boronate 6 was prepared in 33% yield from the mixed
Adler condensation 5c (1 equiv) and benzaldehyde (3
equiv) with pyrrole (4 equiv) in CHCl3 at room temper-
ature for 24 h under N2 with a catalytic amount of
TsOH14 after oxidation by p-chloranil (eq 3).
Porphyrin 6 (4 equiv) underwent a smooth Suzuki

cross-coupling reaction with H2(tpp)(Br) 2 (1 equiv),
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Scheme 1. Synthetic Strategy for Diporphyrins Scheme 2. Structures of Porphyrins
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prepared frommonobromination with NBS from H2(tpp)-
(Br) 1, with 8 equiv of potassium carbonate and 10 mol
% of (Ph3P)4Pd in toluene at 100 °C for 48 h to give 88%
yield of unsymmetrically substituted porphyrin dimer 7a
(eq 4). In principle, this approach should be applicable
for other monobromoporphyrins and porphyrin boronates.

(B) Synthesis of Diporphyrins via Suzuki Cross-
Coupling Condensation. Alternatively, diporphyrins
7 and 8 with both electron-withdrawing and electron-
donating groups at the aryl rings were prepared via
mixed condensation of â-arylporphyrin aldehydes 9b,c
with aryl aldehydes. â-Substituted porphyrin aldehydes
9a-c were prepared from the Suzuki reaction of H2(tpp)-
(Br) 2 with boronated aldehydes 4a-c in 62%, 86%, and
75% yields, respectively (eq 5). 9b and 9c (1 equiv) were
reacted with aryl aldehydes 10a-e (28 equiv) and pyrrole
(29 equiv) in refluxing propionic acid to give diporphyrins
7a-e and 8 in 17-23% yields in a procedure similar to
that reported by Sauvage.15 The sequence of adding
reactants was very important for the condensation. Aryl
aldehydes were first dissolved in propionic acid and
heated up to reflux for 1-5 min. 9b or 9c was added
then in one portion, and the mixture was refluxed for
several minutes. Subsequently, pyrrole was added into
the mixture. If pyrrole, aryl aldehyde, and 9b or 9c were
added in one portion, no desired diporphyrins were
obtained.
The azeotropic removal of propionic acid from the

reaction mixture was crucial. If propionic acid was
distilled out at atmospheric pressure, diporphyrin de-
composition occurred. It was gratifying that propionic
acid forms an azeotropic mixture with toluene. After the
reflux, the reaction mixture was first cooled down, and
the solution was rotary evaporated off with successive
portions of toluene (binary system at 80 °C). Further
chromatography of diporphyrins yielded pure products.

The ortho-substituted porphyrin aldehyde 9a did not
give any diporphyrin presumably due to the steric
hindrance. The advantages of this method are (1)
synthesis of â-substituted benzaldehyde porphyrins via
Suzuki cross-coupling do not require any protection of
aldehyde or boronic oxide, (2) â-substituted benzaldehyde
porphyrins can be synthesized in one step, (3) electron-
withdrawing or electron-donating groups can be easily
introduced in the Adler condensation.
Metalation of Diporphyrins. A homodizinc complex

of 11b was prepared in high yield by stirring 7a in CHCl3
with a solution of zinc acetate in MeOH at rt (Scheme 3
and eq 8). Diporphyrin 7awas found to undergo selective
monometalation with zinc acetate at the â-substituted
porphyrin core. When 1 equiv of Zn(OAc)2‚2H2O in
methanol was slowly added to 7a in CHCl3 at rt at a rate
of 1 drop every 5 min, the major product was found to be
11a in 76% yield based on consumed 7a. If the rate of
addition was too fast or more than 1 equiv of Zn(OAc)2
was used, nonselective metalation was observed.

The structure of 11a was ascertained by an indepen-
dent synthesis through the cross-coupling of H2(tpbp) 6
with Zn(tpp)(Br) 12 in which 11a was obtained in 52%
yield (eq 9). Both products from the selective metalation
and coupling reaction exhibited identical Rf values in
TLC and 1H NMR spectra. The NH resonance of 11a
synthesized from the coupling of 6 with Zn(tpp)(Br) 12
exhibited an identical NH chemical shift at δ -2.73 ppm
while the diporphyrin 7a showed two internal pyrrole
resonance at δ -2.49 and -2.73 ppm, respectively, due
to two different porphyrinic NH protons.

(15) Chardon-Noblat, S.; Sauvage, J. P. Tetrahedron 1991, 47, 5123.
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Selective metalation at the â-substituted ring may be
due to its possible nonplanar conformation. Takeda
reported16 that the nonplanar porphyrin dodecaphenyl
porphyrin [H2(tpp)] reacted with Cu(II) 6 × 105 faster
than the planar porphyrin H2(tpp) due to the lower
entropy of activation. A recent structure of â-monosub-
stituted porphyrin has revealed the nonplanar gometry
and is supportive of this geometric influence in accelerat-
ing metalation.7b

The position, the shape, and the width of the Soret
bands in diporphyrins have been used as probes for
estimating the size of coupling interaction between the
two chromophores.17 The visible absorption spectra of
the diporphyrins displayed two well-resolved peaks at
416, 426 (7a); 420, 426 (7b); 419, 427 (7c); 421, 428 (7d);
420, 427 (7e); and 417, 427 (8) nm whereas H2(tpp) and
[H2(tpp)(Ph)]11a exhibited only a sharp single Soret band
at 419 nm. The splittings of Soret bands also depend on
the spatial arrangement of the two porphyrin rings.18 The
difference of red shift of 7a (8 nm) and 8 (9 nm) is just 1
nm; it is likely the difference of porphyrin interaction
between 7a and 8 is small. The visible absorption spectra
of zinc-cobalt complex 11c showed no split Soret bands,
but only a broad peak compared with that of H2(tpp). The
broadened Soret band is likely due to the expansion of
porphyrin ring π-system through excitonic interaction.
Excitation and Emission Spectroscopy. The early

study19 of light-induced energy transfer between the
chlorophylls of antenna pigments and electron transfer
between the (bacterio-)chlorophylls of photosynthetic
reaction centers are crucial initial steps in understanding
natural photosynthesis. Porphyrin dimers1,7,8 appear to
be useful models for understanding the photophysical
characteristics of such natural hydroporphyrin as-
sembles. In order to gain further insight into the
understanding the electron transfer of porphyrin chro-
mophores, excitation and emission studies were carried
out for the free base diporphyrin and their metal com-
plexes.
The emission spectra of 7a, 11b, and 11c in CHCl3 at

room temperature were shown in Figure 1. The Zn2
diporphyrin 11b exhibited an unsymmetrical emission
band and showed little fluorescence quenching compared
with that of diporphyrin 7a. Zn-Co diporphyrin 11c
however showed strong quenching compared with that
of diporphyrin 7a and 11b.

The strong quenching may be attributed to intramo-
lecular electron transfer. The difference in emission
quenching between 7a, 11b, and 11cmay be rationalized
by the redox potentials of metalloporphyrins. Co(tpp)
possesses the least negative reduction potential (i.e. the
easiest to be reduced (-0.82 V vs SCE) compared with
those of H2(tpp) (-1.05 V vs SCE) and Zn(tpp) (-1.35 V
vs SCE).20 Therefore, Co(TPP) accepts an electron from
the excited zinc porphyrin easier than Zn(tpp) and H2-
(TPP). Consequently, the intramolecular (or intermo-
lecular) electron-transfer pathway contributes signifi-
cantly to the emission quenching.

Conclusion

meso-Aryl, â-linked diporphyrins have been prepared
by two complementary routes using key Suzuki cross-
coupling reaction and Adler condensation. Homo- and
hetero-metal complexes of the diporphyrins have also
been prepared. Selective mono-metalation of Zn has been
found to occur at the â-substituted porphyrin core for
diporphyrin 7a. The Co-Zn diporphyrin complex 11c
shows strong emission quenching compared to the free
base likely due to the intrmolecular (intermolecular)
electron transfer.

Experimental Section
1H NMR spectra were recorded at 250 or 500 MHz, respec-

tively. Chemical shifts were internally referenced to the
residual proton resonance in CDCl3 (δ 7.24), or with tetram-
ethylsilane as an internal standard. Coupling constants (J)
were reported in hertz (Hz). Mass spectra were obtained on
electron ionization or in FAB mode. Elemental analyses were
carried out at the MEDAC Ltd., Department of Chemistry,
Brunnel University, Uxbridge, Middlesex UB8 3PH, U.K.
UV-vis spectra were recorded on a Hitachi UV-3000 spectro-
photometer. Toluene and THF were freshly distilled from
sodium-benzophenone ketyl and sodium under nitrogen and
degassed by the freeze-thaw-pump method (-196 to 25 °C,
three cycles). Column chromatography was carried out in air
using silica gel (70-230 mesh or 230-400 mesh). All reaction
were monitored by thin-layer chromatography. All materials
were obtained from commercial suppliers and used without
further purification.
2-Tolylboronic acid (3a),21 3-tolylboronic acid (3b),22 4-tolyl-

boronic acid (3c),22 2-formylphenylboronic acid (4a),23 3-formyl-
benzeneboronic acid (4a),24 4-formylphenylboronic acid (4c),24
and H2(tpp)(Br) (2)11a,25 were prepared according to the
literature method.

(16) Takeda, J.; Ohya, T.; Sato, M. Inorg. Chem. 1992, 31, 2877.
(17) Bilsel, O.; Rodriguez, J.; Milam, S. N.; Gorlin, P. A.; Girolami,

G. S.; Suslick, K. S.; Holten, D. J. Am. Chem. Soc. 1992, 114, 6528.
(18) Osuka, A.; Maruyama, K. J. Am. Chem. Soc. 1988, 110, 4454.
(19) Boxer, S. G. Biochim. Biophys. Acta 1983, 726, 265.

(20) (a) Felton, R. H. In The Porphyrins, Vol. 5; Dolphin, D., Ed.;
Academic Press: New York, 1978; p 53. (b) Takeda, J.; Sato, M. Chem.
Lett. 1995, 939.

Scheme 3. Structures of Metallodiporphyrins

Figure 1. Room-temperature excitation and emission spectra
of molecules 7a, 11b,c. Fluorescence excitation was monitored
at 651 nm; λex(emission) ) 420 nm; CHCl3 solvent.
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Preparation of Protected p-Formylphenyl Boronate
(5c). 4c (1.0 g, 6.67 mmol) and propane-1,3-diol (0.51 g, 6.67
mmol) were added to toluene (20 mL). The solution was
refluxed for 2 h and then cooled to rt. A precipitate formed
and was washed with cold toluene three times (3 × 10 mL) to
give a white filter of p-formylphenyl boronate (5c) (320 mg,
23% yield): 1H NMR (CDCl3, 250 MHz) δ 2.06 (m, 2 H), 4.16
(t, 4 H, J ) 5.3 Hz), 7.79-7.91 (m, 4 H), 10.00 (s, 1 H); MS
m/e 190 (M+). Anal. Calcd for C10H11BO3: C, 63.21; H, 5.83.
Found: 62.68; H, 5.73.
5 (4′-Boronate-),10,15,20-tetraphenylporphyrin 6. Pyr-

role (120.8 mg, 1.80 mmol), benzaldehyde (143.3 mg, 1.35
mmol), and 5c (85.5 mg, 0.45 mmol) were added to CHCl3 (150
mL, distilled from CaCl2). The solution mixture was purged
with nitrogen for 5 min. BF3‚Et2O (0.2 mL, 1.60 mmol) was
added, and the mixture was stirred at rt for 1.5 h. Chloranil
(435 mg, 1.80 mmol) was added, and stirring was maintained
for 30 min. The solvent was evaporated off. The crude product
was chromatographed with CHCl3 as the eluent to give
porphyrin 6 (48 mg, 33% yield): Rf ) 0.11 (CHCl3); 1H NMR
(250 MHz, CDCl3) δ -2.81 (s, 2 H), 2.17-2.22 (m, 2 H), 4.31
(t, 4 H, J ) 5.0 Hz), 7.70-7.80 (m, 9 H), 8.15-8.24 (m, 10 H),
8.82 (s, 8 H). Anal. Calcd for C47H35N4BO2‚H2O: C, 78.77;
H, 5.20; N, 7.82. Found: C, 78.80; H, 4.99; N, 7.62. FABMS
m/e: 698 (M+). UV-vis λmax (CH2Cl2, nm, log ε): 417 (5.63),
514 (4.45), 549 (4.12), 590 (3.95), 646 (3.91).
4′-, 3′-, or 2′-Formylphenyl Porphyrin 9a, 9b, and 9c.

A 50 mL Teflon-stoppered flask was charged with H2(tpp)(Br)
2 (1 equiv), formylphenyl boronic acid (4a, 4b, or 4c) (4 equiv),
Pd(Ph3P)4 (10 mol %), anhydrous toluene (25-30 mL), and
anhydrous potassium carbonate (8 equiv). The purple suspen-
sion was degassed by the freeze-pump-thaw method (three
cycles) and was then heated between 90 and 100 °C under N2

for 48 h. The reaction mixture was worked up by adding an
equal volume of CH2Cl2 and washed with Na2CO3 (saturated
40 mL), water (2 × 40 mL), and brine (40 mL). The organic
layer was dried (MgSO4) and rotary evaporated to dryness.
The crude product was purified by column chromatography
on silica gel using a solvent mixture of CH2Cl2/hexane (2:1)
as the eluent. The purple band was collected and evaporated
to dryness to give a purple solid which was recrystallized from
CH2Cl2-methanol.
2-(2′-Formylphenyl)-5,10,15,20-tetraphenylporphy-

rin (9a) (75% yield): Rf ) 0.15 (CH2Cl2:hexane ) 2:1); 1H NMR
(CDCl3, 250 MHz) δ -2.65 (s, 2 H), 7.22-7.30 (m, 2 H), 7.40-
7.45 (m, 2 H), 7.69-7.76 (m, 13 H), 8.21 (bs, 6 H), 8.62 (d, 1
H, J ) 5.0 Hz), 8.61-8.86 (ms, 7 H), 9.88 (s, 1 H). Anal. Calcd
for C51H34N4O‚2H2O: C, 81.15; H, 5.05; N, 7.43. Found: C,
80.84; H, 4.59; N, 7.35. FABMS m/e: 718 (M+). UV-vis λmax
(CH2Cl2, nm, log ε): 422 (5.59), 518 (4.15), 551 (4.11), 594 (4.08),
650 (4.03).
2-(3′-Formylphenyl)-5,10,15,20-tetraphenylporphy-

rin (9b) (86% yield): Rf ) 0.20 (CH2Cl2:hexane ) 2:1); 1H
NMR (CDCl3, 250 MHz) δ -2.64 (s, 2 H), 7.20-7.23 (m, 3 H),
7.71-7.76 (m, 13 H), 7.89 (s, 2 H), 8.19-8.23 (m, 6 H), 8.75-
8.84 (ms, 7 H), 9.90 (s, 1 H). Anal. Calcd for C51H34-
N4O‚2.5H2O: C, 80.19; H, 5.15; N, 7.33. Found: C, 80.24; H,
4.56; N, 7.29. FABMS m/e: 718 (M+). UV-vis λmax (CH2Cl2,
nm, log ε): 421 (5.65), 518 (4.55), 5.94 (4.28), 650 (4.23).
2-(4′-Formylphenyl)-5,10,15,20-tetraphenylporphy-

rin (9c) (62% yield): Rf ) 0.21 (CH2Cl2:hexane ) 2:1); 1H NMR
(CDCl3, 250 MHz) δ -2.63 (s, 2 H), 7.22 (m, 2 H), 7.48 (d, 2 H,
J ) 8.1 Hz), 7.73-7.77 (m, 12 H), 7.91 (d, 2 H, J ) 8.1 Hz),
8.18-8.23 (m, 6 H), 8.73-8.84 (ms, 7 H), 9.98 (s, 1 H). Anal.
Calcd for C51H34N4O‚2H2O: C, 81.15; H, 5.05; N, 7.43.
Found: C, 80.87; H, 4.59; N, 7.37. FABMS m/e: 718 (M+).
UV-vis λmax (CH2Cl2, nm, log ε): 421 (5.71), 518 (4.51), 554
(4.22), 594 (4.15), 651 (4.06).

1-[2-(5,10,15,20-Tetraphenylporphyl)]-4-(5,10,15,20-tet-
raphenylporphyl)benzene (7a). A 50 mL Teflon-stoppered
flask was charged with H2(tpp)(Br) (24.1 mg, 0.035 mmol),
porphyrin boronate 6 (80 mg, 0.121 mmol), Pd(Ph3P)4 (10
mol%), toluene (25-30 mL), and anhydrous potassium carbon-
ate (41.8 mg, 0.30 mmol). The purple suspension was degassed
by the freeze-pump-thaw method (three cycles), and the
mixture was then heated between 90 and 100 °C under N2 for
48 h. The reaction mixture was worked up by adding an equal
volume of CH2Cl2 and washed with Na2CO3 (saturated, 40 mL),
water (2 × 40 mL), and brine (40 mL). The organic layer was
dried (MgSO4). The solvent was evaporated, and the crude
product was purified by column chromatography on silica gel
using a solvent mixture of CH2Cl2/hexane (1:1) as the eluent.
The purple red band was collected and evaporated to dryness
to give a purple red solid which was further recrystallized from
CH2Cl2-methanol (88% yield): Rf ) 0.18 (CHCl3); 1H NMR
(CDCl3, 250 MHz) δ -2.74 (s, 2 H), -2.49 (s, 2 H), 7.24 (dd, 2
H, J ) 7.4, 7.7 Hz), 7.61-7.83 (m, 21 H), 8.00 (d, 2 H, J ) 9.0
Hz), 8.24-8.29 (m, 14 H), 8.81-9.06 (m, 15 H). Anal. Calcd
for C88H58N8‚H2O: C, 84.85; H, 4.85; N, 9.00. Found: C, 85.00;
H, 4.80; N, 8.85. UV-vis λmax (CH2Cl2, nm, log ε): 418 (5.38),
426 (5.39), 592 (3.76), 648 (3.70). FABMS m/e: 1227 (M+ -
1).
Adler’s Procedure for Preparation of Diporphyrins

7a-e and 8. An aryl aldehyde (9.74 mmol) was added to
propionic acid (110 mL) in a 250 mL round bottom flask. As
soon as the solution started refluxing, formylphenyl porphyrin
9b or 9c (0.25 g, 0.35 mmol) was added and stirred for several
minutes with the color of the solution changing from green to
red. Then pyrrole (0.67 g, 10.07 mmol) was added im-
mediately. The mixture was refluxed for 18 h. The crude
mixture was rotary evaporated off the solvent with an added
equal volume toluene in an azeotropic manner and the
procedure was repeated three times until the solvent was
evaporated thoroughly. The crude dry product was chromato-
graphed on silica gel using a mixture of CH2Cl2/hexane (2:1)
as the eluent.
1-(5,10,15,20-Tetraphenylporphyl)-4-[2-(5-phenyl,10,-

15,20-tritolylporphyl)benzene (7b) (22% yield): Rf ) 0.12
(CH2Cl2:hexane ) 1:1); 1H NMR (CDCl3, 250 MHz) δ -2.73
(s, 2 H), -2.50 (s, 2 H), 2.70 (s, 3 H), 2.73 (s, 6 H), 7.61 (m, 7
H), 7.73-7.82 (m, 13 H), 8.15 (d, 2 H, J ) 8.1 Hz), 8.16-8.27
(m, 14 H), 8.80-9.06 (m, 15 H); 13C NMR (62.9 Hz, CDCl3) δ
22.14, 120.79, 121.15, 122.03, 127.15, 127.41, 128.09, 128.39,
129.32, 131.75, 134.38, 135.22, 135.29, 137.18, 137.99, 140.14,
140.61, 142.62, 143.06, 147.48, 152.56, 157.17. Anal. Calcd
for C91H64N8‚1.5H2O: C, 84.30; H, 5.21; N, 8.64. Found: C,
84.24; H, 5.12; N, 8.54. L-SIMS m/e: 1269.45 (M+). UV-vis
λmax (CH2Cl2, nm, log ε): 420 (5.83), 426 (5.87), 518 (4.84), 553
(4.64), 592 (4.53), 648 (4.48).
1-(5,10,15,20-Tetraphenylporphyl)-4-[2-[5-phenyl-10,-

15,20-tris(4′-(r,r,r-trifloromethyl)phenyl)porphyl]]-
benzene (7c) (23% yield): Rf ) 0.39 (CH2Cl2:hexane ) 2:1);
1H NMR (CDCl3, 250 MHz) δ -2.77 (s, 2 H), -2.49 (s, 2 H),
7.58 (dd, 2 H, J ) 7.5, 7.5 Hz), 7.72-7.84 (m, 12 H), 7.95 (d,
2 H, J ) 7.9 Hz), 7.93-8.09 (m, 6 H), 8.23-8.26 (m, 6 H), 8.37-
8.40 (m, 8 H), 8.81-9.05 (m, 15 H). Anal. Calcd for C91H55N8F9‚
1.5C2H5OH: C, 75.24; H, 4.30; N, 7.47. Found: C, 75.65; H,
4.54; N, 6.89. L-SIMS (matrix: NBA)m/e: 1431.5 (M+). UV-
vis λmax (CH2Cl2, nm, log ε): 419 (5.92), 427 (5.96), 517 (4.92),
551 (4.64), 592 (4.53), 648 (4.42).
1-(5,10,15,20-Tetraphenylporphyl)-4-[2-[5-phenyl-10,-

15,20-tris(4′-tert-butylyphenyl)porphyl]]benzene (7d) (20%
yield): Rf ) 0.71 (CH2Cl2:hexane ) 2:1); 1H NMR (CDCl3, 250
MHz) δ -2.69 (s, 2 H), -2.48 (s, 2 H), 1.54-1.64 (m, 27 H),
7.58 (dd, 2 H, J ) 7.5, 7.6 Hz), 7.71-7.84 (m, 18 H), 7.97 (d,
2 H, J ) 7.9 Hz), 8.18-8.28 (m, 14 H), 8.82-9.06 (ms, 15 H);
13C NMR (62.9 Hz, CDCl3) δ 32.37, 35.58, 120.55, 120.85,
124.25, 127.41, 128.40, 129.29, 131.74, 132.42, 134.46, 135.16,
137.15, 137.99, 140.03, 140.61, 142.18, 143.05, 143.38, 151.23.
L-SIMS m/e: 1395.7 (M+). HRMS calcd for C100H82N8‚H+

1395.6741, found 1395.6963. UV-vis λmax (CH2Cl2, nm, log
ε): 420.0 (5.71), 427.0 (5.75), 518.1 (4.71), 554.2 (4.53), 593.0
(4.38), 649.0 (4.36).

(21) Seeman, W.; Johnson, J. R. J. Am. Chem. Soc. 1931, 53, 711.
(22) Matsubara, H.; Seto, K.; Tahara, T.; Takahashi, S. Bull. Chem.

Soc. Jpn. 1989, 62, 3896.
(23) Synder, H. R.; Reedy, A. J.; Lennarz, W. J. J. Am. Chem. Soc.

1958, 80, 835.
(24) Dewar, J. S.; Dougherty, R. C. J. Am. Chem. Soc. 1964, 86, 433.
(25) Callot, H. J. Tetrahedron Lett. 1973, 50, 4987.
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1-(5,10,15,20-Tetraphenylporphyl)-4-[2-[5-phenyl-10,-
15,20-tris(4′-methoxyphenyl)porphyl]]benzene (7e) (18%
yield): Rf ) 0.42 (CH2Cl2:hexane ) 30:1); 1H NMR (CDCl3,
250 MHz) δ -2.72 (s, 2 H), -2.50 (s, 2 H), 4.10 (s, 9 H), 7.24-
7.33 (m, 6 H), 7.61 (dd, 2 H, J ) 7.3, 8.2 Hz), 7.76 (m, 12 H),
7.97 (d, 2 H, J ) 7.2 Hz), 8.12-8.36 (m, 14 H), 8.80-9.05 (ms,
15 H). Anal. Calcd for C91H64N8O3‚2.5H2O: C, 80.21; H, 5.10;
N, 8.22. Found: C, 79.94; H, 4.92; N, 7.89. FABMS m/e:
1317.6 (M+). UV-vis λmax (CH2Cl2, nm, log ε): 421.0 (5.85),
428.0 (5.89), 518.0 (4.84), 554.0 (4.66), 593.0 (4.51), 650.0 (4.51).
1-(5,10,15,20-tetraphenylporphyl)-3-[2-(5,10,15,20-tet-

raphenylporphyl)]benzene (8) was obtained in 23% yield:
Rf ) 0.61 (CH2Cl2:hexane ) 2:1); 1H NMR (CDCl3, 250 MHz)
δ -2.71 (s, 2 H), -2.53 (s, 2 H), 7.47 (t, 2 H, J ) 7.4 Hz), 7.58
(d, 1 H), 7.69-7.93 (m, 21 H), 8.08 (d, 2 H, J ) 7.4 Hz), 8.26
(bs, 14 H), 8.54 (s, 1H), 8.77-9.13 (ms, 15 H); 13C NMR (CDCl3,
62.9 Hz) δ 120.84, 121.19, 121.96, 126.47, 127.38, 128.43,
131.01, 131.72, 132.39, 133.65, 134.63, 135.32, 136.93, 137.40,
137.84, 141.90, 142.22, 142.69, 143.13, 143.27, 146.03, 147.81.
Anal. Calcd for C88H58N8‚H2O: C, 84.85; H, 4.85; N, 9.00.
Found: C, 84.38; H, 4.67; N, 8.85. FABMS m/e: 1228 (M+).
UV-vis λmax (CH2Cl2, nm, log ε): 417 (5.66), 427 (5.65), 517
(4.76), 551 (4.60), 593 (4.57), 650 (4.58).
1-[2-(5,10,15,20-Tetraphenylzincioporphyl)]-4-(5,10,15,-

20-tetraphenylporphyl)benzene (11a). 7a (10 mg, 0.0082
mmol) was dissolved in CHCl3 (30 mL) in a 50-mL round-
bottomed flask equipped with a magnetic stirring bar. Zinc
acetate (1.8 mg, 82 µmmol) in methanol (5 mL) was added via
an additional funnel. The course of the reaction was monitored
by TLC (silica gel) after each addition (1 drop/5 min). TLC
analysis indicated the presence of two new spots. The faster
moving one (Rf ) 0.36, CHCl3:hexane ) 2:1) corresponded to
11a; the other was 11b (Rf ) 0.11, CHCl3:hexane ) 2:1). After
repeated chromatography and recrystallization with ethanol-
CH2Cl2, 11a was obtained (6.1 mg, 76% yield).
Suzuki Cross-Coupling Method. A 50-mL Teflon-stop-

pered flask was charged with Zn(tpp)(Br) (20 mg, 0.027 mmol),
porphyrin boronate 6 (65 mg, 0.093 mmol), Pd(Ph3P)4 (10
mmol%), toluene (25-30 mL), and anhydrous potassium
carbonate (32.1 mg, 0.23 mmol). The purple suspension was
degassed by the freeze-pump-thaw method (three cycles),
and the mixture was then heated between 90 and 100 °C under
N2 for 48 h. The reaction mixture was worked up by adding
an equal volume of CH2Cl2 and washed with Na2CO3 (satu-
rated, 40 mL), water (2 × 40 mL), and brine (40 mL). The
organic layer was dried (MgSO4), and the solvent was evapo-

rated. The crude product was purified by column chromatog-
raphy on silica gel using a solvent mixture of CHCl3/hexane
(2:1) as the eluent. The purple red band was collected and
evaporated to dryness to give a purple red solid which was
further recrystallized from CH2Cl2-methanol to obtain dipor-
phyrin 11a (18 mg, 52% yield): 1H NMR (CDCl3, 250 MHz) δ
-2.74 (s, 2 H), 7.24 (dd, 2 H, J ) 7.4, 7.7 Hz), 7.59-7.81 (m,
21 H), 8.00 (d, 2 H, J ) 9.0 Hz), 8.21-8.36 (m, 14 H), 8.86-
9.16 (m, 15 H). Anal. Calcd for ZnC88H56N8‚2C2H5OH: C,
79.90; H, 4.96; N, 8.10. Found: C, 79.58; H, 4.99; N, 7.67.
FABMSm/e: 1289 (M+ - 1). HRMS (matrix, NBA): calcd for
C88H56N8Zn‚H+ 1289.3997, found 1289.3462. UV-vis λmax
(CH2Cl2, nm, log ε): 416 (4.73), 426 (5.79), 514 (4.34), 550
(4.52), 588 (3.96), 646 (3.67).
Diporphyrin Complex 11b. Diporphyrin 7a (16 µmol)

solution in CHCl3 (15 mL) was added with 5 equiv of zinc
acetate solution in methanol (5 mL). The solution was stirred
for about 4-5 h at rt. After rotary evaporation, the crude
product was chromatographed on silica gel with CH2Cl2 as the
eluent, Rf ) 0.90 (CHCl3), and was further recrystallized from
CH2Cl2-ethanol to give 11b as a red solid in 95% yield: 1H
NMR (CDCl3, 250 MHz) δ 7.24 (dd, 2 H, J ) 7.4, 7.7 Hz), 7.61-
7.83 (m, 21 H), 8.00 (d, 2 H, J ) 9.0 Hz), 8.22-8.37 (m, 14 H),
8.93-9.19 (ms, 15 H). Anal. Calcd for C88H54N8Zn2‚2.5C2H5-
OH: C, 76.79; H, 4.46; N, 7.87. Found: C, 77.02; H, 4.94; N,
7.26. FABMS m/e: 1354 (M+). HRMS (matrix, NBA): calcd
for C88H54N8Zn2‚H+ 1351.3132, found 1351.3010. UV-vis λmax
(CH2Cl2, nm, log ε): 415.0 (5.27), 429.0 (5.77), 550.0 (4.64),
654.0 (2.89).
Complex 11c. A solution 11a in CHCl3 (15 mL) was added

with 5 equiv of a cobalt acetate solution in methanol (5 mL).
The solution was stirred for about 4-5 h at rt. After rotary
evaporation, the crude product was chromatographed on silica
gel with CH2Cl2 as the eluent, Rf ) 0.92 (CHCl3), and was
further recrystallized from CH2Cl2-methanol to give 11c as
a red solid in 89% yield. FABMSm/e: 1347 (M+). Anal. Calcd
for C88H54N8CoZn‚2.5CH3OH: C, 76.15; H, 4.50; N, 7.85.
Found: C, 75.75; H, 4.85; N, 7.35. UV-vis λmax (CH2Cl2, nm,
log ε): 423.0 (5.20), 550.0 (4.67).
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