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Synthesis of a Conformationally Restricted Quinone-linked Porphyrin

*
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A porphyrin-quinone model compound connected by spiro-indane
spacer was synthesized. The fluorescence of the model exhibited
a singly decaying component with a lifetime of 1.89 ns, from
which the rate of intramolecular photo-induced electron transfer

was estimated to be 4.3 x 108 s‘1.

Recent crystallographic studies of the reaction center proteins from two
photosynthetic bacteria have shown that the photo-active pigments are held in

carefully controlled arrangements that optimize the efficiency of photon or

1,2)

electron transfers. Characterization of these natural system has been aided

by the synthesis of many different covalently linked porphyrin dimers and

3) a useful way to study photo-induced electron

quinone-linked porphyrins.
transfer reactions and the dependence of their rates on distance, orientation,
and free energy is to synthesize model systems with known distances and

orientations between the donors and acceptors.4)

CeHi3

5)

As a part of our program aimed at the construction of porphyrin molecular
system capable of being active as photosensitizer for charge separation, we have
synthesized a novel quinone-linked porphyrin 1, in which the quinone moiety is

connected to the porphyrin through the spiro-indane spacer. The rigid spiro-
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indane bridge insures that the guinone part is separated by 14-15 A (center to
center) from the porphyrin macrocycle with the dihedral angle of ca. 20-40° .
Interestingly this geometry well duplicates the natural situation of
bacteriopheophytin and ubiquinone in photosynthetic reaction center of

Rhodobactor sphaeroides R-26.2)

The synthesis of 1 is outlined in Scheme 1. Intramolecular Friedel Crafts
acylation of dicarboxylic acid 2°) with freshly prepared polyphosphoric acid
afforded spiro-diketone 3 in 90% yield, which was reduced with ZnI2—NaCNBH37) to
4 in 87% yield. The spiro-hydrocarbon 4 was regio-selectively acetylated to

give 5in 91% yield, which was transformed into aldehyde 68) in a usual reaction
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Scheme 1. Synthetic scheme. (a) PPA, 100 °C. (b) ZnIz, NaCNBH3,

ClCHZCHZCl, 80 °cC. (c) CH3COC1, AlCl3, 25 °cC. (a) Br2, NaOH, 5 °C.
(e) CH,N,, 25 °C. (f) LialH,, -78 °C. (g) PCC, CH,Cl,, 25 °C.
(h) HBr, MeOH, reflux.
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sequence involving haloform reaction, methylation with diazomethane, reduction
with LiAlH,, and oxidation with pyridinium chlorochromate in overall 35% yield.
Acid-catalyzed condensation of 1,19-dideoxy-ac-biladiene 79) with 6 (HBr/MeOH,
24 h, reflux) furnished dimethoxynaphthalene-linked porphyrin 8 in 48% yield.10)
Treating 8 with an excess of BBrj in dry CH,Cl, gave 9, which was immediately
oxidized to 1 in CH,Cl, with PbO,. Chromatographic purification (silica gel,
CH,Cl,) and recrystallization from CH2C12/methanol gave 1 in 95% yield.ll)
The absorption and fluorescence spectra of 1 are not perturbed by the
linked quinone. However, the fluorescence guantum yield of 1 in CH,Cl, is
reduced to 0.19 as compared with that of 5-phenyl-substituted porphyrin 10 as a
reference porphyrin, while the fluorescence intensity of 8 is the same as that
of 10. The fluorescence lifetimes (T) of 1, 8, and 10 were determined in
CH,Cl, at 298 K by picosecond time-correlated single photon counting
technique712)1.89 ns (100%) for 1, 10.33 ns (100%) for 8, and 10.52 ns (100%)
for 10. Notably, the fluorescence of 1 exhibited a singly decaying component
and the ratio (0.18) of 1(1)/ T(10) was in good agreement with the ratio of the
fluorescence quantum yields of 1 to 10. These results indicate that the singlet

excited state of the porphyrin in 1 is quenched by the linked quinone through a

single conformation.

C6kh3

&) 10
C6H]3

The observed decrease in the fluorescence quantum yield and lifetime in 1
can be directly related to an electron-transfer rate constant by assuming that
the sole additional deactivation pathway relative to 8 and 10 is electron
transfer.13) Taking the lifetime of 8 or 10 to define the natural fluorescence
lifetime of the porphyrin, we can estimate the rate of electron transfer in 1 to

be 4.3 x 108 s~1.

The authors thank Professor S. Hirayama of Kyoto Institute of Technology
for measurement of pico second fluorescence lifetimes. This work was supported
by the Grand-in-Aid for Scientific Research No. 62113003 from the Ministry of

Education, Science and Culture.



1208 Chemistry Letters, 1988

References

1) J. Deisenhofer, O. Epp, K. Miki, R. Huber, and H. Michel, J. Mol. Biol.,
180, 385 (1984); J. Deisenhofer, O. Epp, K. Miki, R. Huber, and H. Michel,
Nature, 318, 618 (1985).

2) J. P. Allen, G. Feher, T. O. Yeates, H. Komiya, and D. C. Rees, Proc. Natl.
Acad. Sci. U.S.A., 84, 5730 (1987).

3) S. G. Boxer, Biochim. Biophys. Acta, 726, 265 (1983), and references cited
therein. Y. Sakata, S. Nishitani, N. Nishimidzu, S. Misumi, A. R. McIntosh,
J. R. Bolton, Y. Kanda, A. Karen, T. Okada, and N. Mataga, Tetrahedron
Lett., 26, 5207, (1985); M. R. Wasielewski, W. A. Svec, and B. T. Cope, J.
Am. Chem. Soc., 100, 1961 (1978); R. R. Bucks and S. G. Boxer, J. Am. Chenmn.
Soc., J. Am. Chem. Soc., 104, 340 (1982).

4) J. L. Sessler and M. R. Johnson, Angew. Chem., Int. Ed. Engl., 26, 678
(1987); D. Heiler, G. McLendon, and P. Rogalskyj, J. Am. Chem. Soc., 109,
604 (1987); D. Gust, T. A. Moore, A. L. Moore, D. Barrett, L. O. Harding,
L. R. Makings, P. A. Liddell, F. C. De Schryver, M. Van der Auweraer, R. V.
Bensasson, and M. Rougee, J. Am. Chem. Soc., 110, 321 (1988).

5) A. Osuka and K. Maruyama, J. Chem. Res. (S), 1987, 286; (M), 1987, 2401;

A. Osuka and K. Maruyama, Chem. Lett., 1987, 825.

6) The dicarboxylic acid 2 was prepared in 4 steps from 1,4-dimethoxy-2-
chloromethylnaphthalene, ethyl 2-bromomethylbenzoate, and diethyl malonate
in overall 75% yield. E.Dynesen, Acta Chem. Scand., 26, 850 (1972).

7) C. K. Lau, C. Dufresne, P. C. Belanger, S. Pietre, and J. Scheigetz, J. Org.
Chem., 51, 3038 (1986).

8) The aldehyde 6: mp 171-173 °C; IR (CCly) 1695 cm'1; TH-NMR (CDC1l3) 9.97(s,
1H), 8.08(dd, J=3 and 7Hz, 2H), 7.71(s, 1H), 7.69(d, J=8 Hz, 1H), 7.46(d44d,
J=3 and 7 Hz, 2H), 7.34(d, J=8 Hz, 1H), 3.90(s, 6H), 3.16(s, 4H), 3.07(s,
2H), 3.06(s, 2H).

9) The synthesis of this compound was analogous to the reported method for the
fully methylated 1,19-dideoxy-ac-biladiene. A. W. Johnson and I. T. Kay, J.
Chem. Soc., 1965, 1620.

10) D. Harris, A. W. Johnson, and R. Gaete-Holmes, Bioorg. Chem., 9, 63 (1980).

11) The quinone-linked porphyrin 1: mp 259-261 °C; UV(A .. (log €) in CH2C12, 405
(5.33), 505(4.24), 535(3.86), 571(3.86), and 624(3.38) nm); Fluorescence, A
max in CH,Cl,, 627.5 and 694 nm; 'H-NMR (CDCly)  10.14(s, 2H, meso),
9.92(s, 1H, meso), 8.14(dd, J=3 and 5.5 Hz, 2H), 7.83(d, J=7.2 Hz, 1H),
7.78(s, 1H), 7.74(dd, J=3 and 5.5 Hz, 2H), 7.51(d, J=7.2 Hz, 1H), 4.01(t,
4H), 3.62(s, 6H), 3.53(s, 6H), 3.33(s, 2H), 3.21(d, J=17 Hz, 2H), 3.12(s,
2H), 3.10(d, J=17 Hz, 2H), 2.48(s, 6H), 2.28(m, 4H), 1.74(m, 4H), 1.50(m,
4H), 1.38(m, 4H), 0.90(t, 6H), -3.18(NH, 1H), and -3.32(NH, 1H); Mass
spectrum (FAB, in m-nitrobenzyl alcohol matrix, 3 kev), 862 (M +1).

12) S. Hirayama and Y. Shimono, J. Chem. Soc., Faraday Trans. 2, 80, 317
(1984).

13) This assumption is generally valid for porphyrin-quinone model compounds
with center-to-center distances shorter than ca. 15 3. B. A. Leland, A.
D. Joran, P. M. Felker, J. J. Hopfield, A. H. Zewail, and P. B. Dervan, J.
Phys. Chem., 89, 5571 (1985); M. R. Wasielewski, M. P. Niemczyk, W. A,
Svec, and E. B. Pewitt, J. Am. Chem. Soc., 107, 5562 (1985).

(Received April 28, 1988)



