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Figure 1. (a) Troger’s base porphyrin by Crossley’s group [19]. (b) meso-meso-linked diporphyrin

by Osuka’s group [20].
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Figure 2. The polar coordinates (R, ©, ® ) and Euler an-
gles ( ¢, 8, v ) that define the mutual configuration of two
porphyrins.
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Figure 3. Plots of log S vs (a) R- ©, (b) R- , and (c)
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Figure 4. The UV-vis. and CD spectra of Trdger’s base

pophyrin dimer (Solid lines: experimental spectra mea-
sured in CHCI3. Dotted lines: calculated spectra).

Figure 5. Comparison of the X-ray crystal structure (CSD
code: YUKFEP) with the calculated structure giving the
lowest log S. RMSD for the MN, core was 0.21 A.
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Table 1. List of Excitation Energy (E), Dipole Strength
(D), Rotatory Strength (R), and Half-Width (Ao) for
Trdger’s Base Porphyrin.

Band E D R Ao
(cm™) (D?) (DBM?) (cm™)
1 24080.4 81.9 49 1300
2 23522.0 110.3 16.9 900
3 23109.9 18.9 -16.6 1700
4 22551.6 47.3 -4.6 1050

@ Debye-Bohr magneton

Table 2. List of Excitation Energy (E), Dipole Strength
(D), Rotatory Strength (R), and Half-Width (Ao) for
meso-meso Linked Bisporphyrin

Band E D R Ao
(cm')  (D*) (DBM?®) (cm™)
1 26504.6 8.9 -1.8 2500
2 24879.2 972 26.4 2000
3 23894.8 433 -25.4 650
4 22269.4 1315 1.5 1650

@ Debye-Bohr magneton
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Figure 6. The UV-vis. and CD spectra of meso-
meso linked bisporphyrin (Solid lines: experimen-
tal spectra measured in CH,Cl,. Dotted lines: cal-
culated spectra).
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Figure 7. Comparison of the X-ray crystal struc-
ture (CSD code: HUQHAC) with the calculated
structure giving the lowest log S. RMSD for the
MN, core was 0.95 A.
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Development of a Program to Estimate Dye-Configurations in
Chirogenic Porphyrin Ensembles from UV-Vis. and CD Spectra

Takaharu MORI and Takeshi YAMAMURA*

Department of Chemistry, Faculty of Science, Tokyo University of Science
Kagurazaka Shinjuku-ku, Tokyo 162-8601, Japan
*e-mail: tyamamur @ch.kagu.tus.ac.jp

We developed a new program to estimate dye configurations in porphyrin arrays from their UV-vis. ab-
sorption and circular dichroism (CD) spectra. This program calculates 1) unit vectors of transition dipole
moments from given molecular coordinates, 2) energies and wave functions for the array based on simple
exciton theory, and 3) the UV-vis. and CD spectra from the obtained dipolar and optical rotatory strengths;
then, 4) optimizes the porphyrin configuration so as to achieve least-squares fit between the observed and cal-
culated spectra. The program generates a set of porphyrins in random configuration and minimizes the square
sum (S) of the difference between observed and calculated spectra based on the quasi-Newton method.

The applicability of the exciton subroutine was evaluated by using two chirogenic porphyrin compounds:
Troger’s base porphyrin dimer (Crossley et al.) and meso-meso linked bisporphyrin (Osuka et al.). These
porphyrins are the only two examples reported with UV-vis., CD spectra, and X-ray crystallographic data.
Calculated dye-configuration of the former was in good agreement with crystal structure (RMSD = 0.21 A for
planar ZnS, center), whereas that of the latter was chemically meaningless. That is to say, the van der Waals
surfaces of the two porphyrins partially collided with each other in the molecule, although the estimated
structure was similar to the X-ray data (RMSD = 0.95 A for planar ZnS, center). Consequently, our program
is applicable to noncovalently-linked porhyrins, because the absorption spectra of directly-linked compounds

are affected by charge transfer.

Keywords: Porphyrin, Exciton theory, Estimation of dye-configurations, UV-vis. absorption, Circular

dichroism spectra
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