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The photosynthetic reaction center contains a special pair of 
chlorophylls, which are separated at a distance of ca. 3.2 A in a 
nearly parallel orientation with partial overlap of 7r-orbitals, i.e., 
a slipped cofacial orientation.1 Such a specific arrangement of 
functional groups in space is crucial for the efficient operation 
not only of the photosynthetic system but also of many other 
biological catalysts as well. Therefore, a number of porphyrin 
dimers and oligomers have recently been synthesized for scru­
tinizing factors influencing intramolecular energy and/or electron-
transfer reactions. In order to fix chromophores in a certain 
stereochemical environment, porphyrins have been connected by 
rigid aromatic spacers to avoid the ambiguity arising from 
conformational mobilities.2 Here we report another approach 
for the construction of a rigid model based on self-organization 
via ligand-to-metal coordination.3 The resulting supramolecule 
exhibited a large splitting of its Soret band through interactions 
between two porphyrins oriented in a slipped cofacial arrangement. 

We introduced two /V-methylimidazolyl substituents into the 
facing meso positions of tetraethyltetramethylporphyrin 1 (Figure 
1), so that the metal porphyrin 2 is self-organized into a dimer 
by coordination from the imidazolyl ligand.4 

Table 1 lists the absorption and fluorescence spectral data of 
1 and 2 along with those of octaethylporphyrin, OEP, and its Zn 
complex, Zn(OEP), as the reference compounds with or without 
the axial coordination from N-methylimidazole, MeIm. Free 
base 1 gave a slightly red-shifted Soret and four Q bands with 
similar half-band widths relative to OEP. In contrast, the 
spectrum of Zn complex 2 showed a big difference from that of 
Zn(OEP); i.e., the Soret band was split by 18 nm, and the Q 
bands were shifted by more than 20 nm, with a significantly 
decreased ta:tg ratio. The split Soret bands strongly suggest the 
chromophoric interaction which can be brought about by the 
coordination of /V-methylimidazole in one porphyrin to Zn in the 
other. The decreased ta\t$ ratio is also compatible with N-
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Figure 1. Structure of compounds 1 and 2 along with the stacking model 
3. Numerical values in 3 show the assignment of the 1H NMR chemical 
shifts. 

methylimidazole coordination. However, the coordination of 
N-methylimidazole itself to Zn(OEP) was weak and required as 
much as 0.1 M MeIm for obtaining saturation. In contrast, the 
self-organizing coordination of the imidazolyl unit in one porphyrin 
to the other occurred at a highly dilute concentration as low as 
1O-* M and was maintained down at the detection limit of the 
absorption (1O-7 M) or fluorescence (10-9 M) spectrum. The 
concentration factor for the MeIm coordination is therefore as 
high as at least 108, which must be a result of the presence of the 
porphyrin ir-system next to the imidazolyl unit. Furthermore, 
an attempt at mixed dimer formation from 1 and 2 was 
unsuccessful even in the presence of a 9-fold excess of 1, implying 
that cooperativity in the mutual imidazolyl-Zn coordination with 
ir-stacking is too strong to be competed with appreciably by simple 
coordination of imidazolylporphyrin to Zn. 

The splitting or shift of absorption bands of covalently linked 
porphyrin dimer or oligomer models2 has been explained by exciton 
interactions.5 When the theory is applied, the degenerated Soret 
transitions, B| and Bx, in the monomeric unit are red- and blue-
shifted depending on the head-to-tail and face-to-face orientations 
of the transition dipoles my and m i ,

( respectively, in a slipped 
cofacial arrangement. The splitting energy AE, being a function 
of distance and relative orientation of chromophores, corresponds 
to 1035 cm4, the largest class of splitting.2a-c A further unique 
feature of the present system is a significant red shift of Q bands 
suggesting a considerable perturbation even in their Si states.7 

In line with this observation, the fluorescence maxima of 2 are 
shifted to longer wavelengths compared to the monomeric 
reference, Zn(OEP)(MeIm). 

All of the information is accommodated well by the idea of the 
formation of dimer 3, since zinc metal allows only pentacoor-
dination in the porphyrin system.8 The NMR spectrum of 1 was 
simple and normal in all respects and assignable in a straight­
forward way.9 Once Zn metal was introduced, however, a 
dramatic change occurred as a result of the loss of the Ci symmetry 
element. All of the protons other than the meso ones appeared 
as a pair with equal intensities. In the COSY spectrum, among 
four sets of sextets at 3.627, 4.074, 4.206, and 4.334 ppm (2 H 
each) as AB pairs of C30-, C32-, C36-, and C38-H, the lowest 
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Table 1. Absorption and Fluorescence Spectral Data of the Free Base and the Zinc Complex of (A -̂Methylimidazolyljporphyrin and 
Octaethylporphyrin in Chloroform 

absorption 
porphyrin Soret band (nm) half-bandwidth (nm) Q band (nm) peak ratio (a:t^ fluorescence (nm) 

OEP 401 44 500,533,567,619 621,685 
1 405 41 507,541,577,627 628,692 
Zn(OEP) 403 15 533,569 1.56 573,623 
Zn(OEP)(MeIm)" 417 13 546,581 0.80 583,634 
2 408,426 ~39 556,591 0.98 594,647 
0 Zn(OEP) (1.67 X 10-« M) in the presence of 0.1 M iV-methylimidazole in chloroform. 

and the highest peaks were correlated to each other and further 
to the triplet centered at 1.446 ppm (6 H). The middle two sets 
were correlated to each other and to the triplet at 1.864 ppm (6 
H). Other correlations were observed between peaks at 1.801 
and 5.397 ppm and between those at 7.601 and 7.651 ppm (1 H 
each). 

Due to the intermediate molecular weight of the compound, 
the NOESY spectrum gave information only on proton pairs 
that interchange environments on the transformation of dimer 
structure through slippage, rotation, or other mechanisms. 
Therefore, protons at -0.342 and 2.631 ppm (6 H), 1.446 and 
1.864 ppm (6 H), 1.595 and 4.049 ppm (3 H), 3.627 and 4.206 
ppm (2 H), 4.074 and 4.334 ppm (2 H), 1.801 and 7.651 ppm 
(1 H), and 5.397 and 7.601 ppm (1 H) are such pairs located in 
different local magnetic fields. The relative peak ratio of these 
pairs at lower to higher fields should provide information on the 
supramolecular structure, since the ratio is given by 1 :(n - 1) for 
an ^-aggregate. Therefore, the equal intensity ratio observed 
proves the supramolecular structure as dimer 3. Furthermore, 
the molecular weight was determined by vapor pressure osmom­
etry to be 1340 ± 120 (calcd for dimer, 1400) in CHCl3. 
Consideration of all of the above data and the shielding effect of 
the porphyrin ring leads to an unequivocal assignment of 1H 
NMR chemical shift data as described in the structural model 
3 in Figure 1. The chemical shift difference between 2 and 1 
elucidates that all protons of the left half except C30-Hb shifted 
to higher fields and those of the right half to lower fields, in 
complete agreement with the geometry of JV-methylimidazole 
coordinated slipped cofacial porphyrin.9 

These assignments were supported further by the PROESY 
spectrum shown in Figure 2. The NOE correlation is shown in 
the inset which depicts only correlated pairs arising from spacial 
proximity, pairs correlated through two or three direct chemical 
bonds were eliminated for the sake of simplicity. The correlation 
was observable between C29-H and only one of the methylene 
protons C30-Ha, while C34-H correlated to both C32-Ha and 
-Hb protons. This is explained in terms of conformational fixation 
of the C 31 -methyl group at the lower side to avoid steric interaction 
with the stacking porphyrin. This drives the C30-Hb away from 
C29-H and leads to a downfield shift as described above. On the 
right half, no such conformational restriction is present and 
proximal positioning of both C32-Ha and -Hb to C34-H is allowed. 
The conformational fixation of the C30-C3 bond eliminates also 
the correlation between C30-Ha and C5-Hmeso protons, while both 

/ 

Figure 2. A phase sensitive ROESY spectrum of 2, recorded at 500 
MHz, 313 K, with a mixing time of 250 ms on a JEOL Alpha 500 
spectrometer. The inset structure extracts correlation peaks arising from 
through-space interaction. 

C32-Ha and -Hb protons are correlated with C5-Hmrao. All of the 
NMR data now establish firmly the stereochemical pictures of 
the slipped cofacial dimer 3. 

In conclusion, coordination of N-methylimidazole-Zn-por-
phyrin to another ./V-methylimidazole-Zn-porphyrin gave rise to 
dimer formation in a slipped cofacial orientation. Strong exciton 
coupling induced a remarkable split of the Soret band, a significant 
red shift of Q bands, and fluorescence maxima as well. Such a 
self-organization method may serve as an important tool to 
organize molecular systems with minimum synthetic effort and 
will open possibilities for designing more sophisticated molecular 
devices and other specialty materials. 
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