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Abstract: In order to investigate the effect of the molecular symmetry on the light induced electron
transfer in chlorin-quinone dyades we aimed at the synthesis of chlorin-quinone models 18a and 18b in
which the quinone is situated at ring D adjacent to the reduced pyrrole ring A and thus orientated along
the y-axis. © 1997 Elsevier Science Ltd. All rights reserved.

Covalently linked porphyrin-quinone dyades have been extensively investigated as model systems to
understand the light induced electron transfer reaction of photosynthesis." The investigations show that the
efficiency of the light induced charge separation in these model systems depends on the geometry, with well-
defined donor-acceptor distance. In contrast to these model systems, which make use of porphyrins, the natural
photosynthetic systems contain chlorophylls which contain the chlorin chromophore with slightly different
photophysical properties compared to the porphin system. Another point which has not been considered yet and
can not be investigated with donor-acceptor systems based on the highly symmetric porphyrin chromophore is
the symmetry of the arrangement of the donor and the quinone acceptor.” Due to the reduced symmetry of the
chlorin chromophore in chlorine-quinone dyades there are two distinct orientations of the donor and acceptor.
The quinone can either be orientated along the x-axis where the chlorin is intersected at the reduced A ring and
the opposite C ring (chlorin I, 2) or along the y-axis which intersects the chlorin along the B and D rings (chlorin
1L, 3).
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To obtain chlorin based dyades and in order to investigate the influence of symmetry on the light induced
electron transfer we have aimed at the synthesis of appropriate chlorins.
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Here we report on the synthesis of a novel chlorin-quinone model in which the quinone is arranged at ring
D adjacent to the reduced pyrrole ring A and thus orientated along the y-axis. The target chlorin 18 can be
obtained according to an approach which was developed in our laboratory for the synthesis of chlorins and
corrins.** A key intermediate in the previous synthesis is the nickel tricycle 13 which can also be used for the
construction of the desired chlorin described here.?
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Scheme 1: a) 4, CH,Cl,, -78 °C, 2.3 eq. PhSCI/CH,Cl; — -50 °C, 4 h — room temp., 1 h, chromatogr. (93 %). b) 5, CH,Cl,, 0 °C,
2.5 eq. MCPBA (50 %)/CH,Cl,, 1 h — room temp., 1 h, chromatogr. (99 %). c) 1. 6, 2 eq. Na,S,04, 0.8 eq. Adogen 464®, CH,Cl,,
H;O, 15 min; 2. poor NaOH (10 eq.), 15 min, room temp.; 3. 10eq. CHsl, 4 h, room temp., chromatogr. (53 %). d) 9, CH,Cl,,
1.8 eq. DBU, 1 h — room temp., 1 N HCI, chromatogr. (87 %), €) 3 eq. KO-tBw/THF, 3 eq. isocyanoacetic acid ethylester, 8, room
temp., 1.5 h, chromatogr. (85 %). f) DMF, 6 eq. POCl,, 5 °C, 15 min; 7/CICH,CH,C}, rfl., 2 h, chromatogr. (71 %). g) 10, 3.5eq.
LiOH x H,0, H;0, rfl., 1.5 h — room temp., 1 NHCI. h) 11, 4 eq. NaHCO,, H,0, 70 °C, 10 min; 1.05 eq L, 3.5eq KI, 70 °C,
20 min, chromatogr. (60 %).

A new pathway had to be developed for the ring D building block bearing the quinone moiety of the
chlorin (Scheme 1). Naphthoquinone was therefore treated in a Diels-Alder reaction with cyclopentadiene to
yield the known hydroquinoide adduct 4,> which on treatment with PhSCI reacted at the olefinic double bond
and was reoxidized to the quinone 5. Oxidation of the sulfide to the sulfone 6 followed by reductive methylation
afforded the hydroquinone ether 9.° The protection of the quinone structure as its hydroquinone ether was
necessary to avoid side reactions at the quinone moiety during the pyrrole formation. The pyrrole 7 was formed
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by treatment of the o,B-unsaturated sulfone 8 with isocyanoacetic acid ethylester in the presence of base
according to a method which was recently developed in our laboratory.” The o,B-unsaturated sulfone 8 can be
derived easily from the chloro sulfone 9 by base-induced elimination reaction with DBU. The pyrrole aldehyde
10 was obtained by Vilsmeier formylation at the a-position of the pyrrole. Hydrolysis of the ester in 10 yielded

the free carboxylic acid 11 which led to the desired ring D building block 12 on treatment with iodine through
decarboxylation.
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Scheme 2: i) 13, 5 N KOH, THF, 70 °C, 45 min. j) 14, 1.5 eq. 12, 13 eq. 0.4 N p-TsOH, CHCl, rfl., 15 min. k) 16, 5 eq. Zn(OAc),,
5 eq. NaOAc, MeOH, room temp., 20 min, chromatogr. (80 %). 1) 15, 180 eq. DBU, sulfolane, 80 °C, 2 h, chromatogr. (44 %). m)

17, 15 eq. 1 N BBry/CH,Cl;, CH,Cl;, room temp., 16 h. H;O, chromatogr. (67 %). n) 5 eq. Zn(OAc),, 5 eq. NaOAc, MeOH, room
temp., 20 min, chromatogr. (71 %).
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With the ring D building block at hand, the synthesis of the target chlorin could be achieved (Scheme 2).
Therefore, the nickel tricycle 13 was condensed with the iodopyrrole aldehyde 12, after hydrolysis to the free
carboxylic acid 14, accompanied by decarboxylation to yield the tetrapyrrole 16. To exercise a template effect in
the cyclisation step to the chlorin, tetrapyrrole 16 was transformed into the zinc complex 15. The cyclisation to
the chlorin 17° occurred after treatment with base which produced an enamine structure by HCN elimination at
ring A. The enamine then attacked the iodo imine structure in ring D thus forming the 20 methine bridge of the
chlorin. The synthesis of the target chlorin 18a® was completed by cleavage of the hydroquinone ether with BBrs
at room temperature which also removed the Zn(II) from the macrotetracycle. The resulting hydroquinone was
readily oxidized in the presence of air which was not excluded during the reaction. Recomplexation of 18a with
Zn(OAc), yielded the zinc chlorin 18b.}

Whereas the zinc chlorin 17 with the attached hydroquinone ether moiety shows a very strong
fluorescence, this could not be observed in the case of the chlorin 18a,b. The missing flourescence for 18a,b
indicates that light induced electron transfer occurs from the chlorin chromophore to the naphthoquinone.
Detailed photophysical investigations of chlorin 18a,b will be reported elsewhere.

Acknowledgements This work was supported by the Fonds der Chemischen Industric (Frankfurt) and the Deutsche
Forschungsgesellschaft. We thank Mr. J. Stelten, Mrs. 1. Erxleben and Dr. A. Schulze for spectroscopic investigations.

References And Notes

Dedicated to Prof. Gerhard Quinkert on the occasion of his 70™ birthday.

1. a) R. Huber, Angew. Chem. Int. Ed. Engl. 1989, 28, 848-870. b) J. Deisenhofer, Angew. Chem. Int. Ed. Engl. 1989, 28, 829-
848. ¢) D. Gust, T. A. Moore in J. Mattay (Ed.): Photoinduced Electron Transfer 1lI, Springer-Verlag, Berlin,

Heidelberg 1991, 105-151. d) M. R. Wasielewski, Chem. Rev. 1992, 92, 435-461. ¢) H. Kurreck, M. Huber, Angew. Chem.
Int. Ed. Engl. 1995, 34, 849-866. f) A. Sen, V. Krishnan, Tetrahedron Lett. 1996, 37, 8437-8438.

2. We are grateful to Dr. S. N. Smimow, Department of Chemistry, Dartmouth College, Hanover, New Hampshire, USA, who
suggested to us the possible influence of symmetry of the arrangement of the donor chlorin and the quinone acceptor on the
light induced electron transfer.

3. a) F.-P. Montforts, Angew. Chem. Int. Ed. Engl. 1981, 20, 778-779. b) F.-P. Montforts, U. M. Schwartz, Liebigs Ann. Chem.
1985, 1228-1253.

4. a) F.-P. Montforts, Angew. Chem. Int. Ed. Engl. 1982, 21, 214-215. b) F.-P. Montforts, J. W, Bats, Helv. Chim. Acta 1987,
70, 402-411.

5. D. Gust, T. A. Moore, A. L. Moore, G. Seely, P. Liddell, D. Barrett, L. O. Harding, X. C. Ma, S.-J. Lee, F. Gao, Tetrahedron,
1989, 15, 4867-4891.

6. U. Seitz, J. Daub, Synthesis 1986, 686-689.

7. G. Haake, D. Struve, F.-P. Montforts, Tetrahedron Lett. 1994, 35, 9703-9704.

8. All compounds show correct spectroscopic and analytic data. The represented formula pictures describe racemic mixtures.
Selected spectroscopic data of 17 and 18a: 17: "TH-NMR (360 MHz, CDCl,): § = 1.86, 2.05 (25 2 Me-C(2)); 3.17,3.27,3.32
(35,4 Me-C(7), C(8), C(12), C(13)); 3.30, 3.45 (2m, 2 H-C(29)); 4.03, 4.09 (25, 2 MeO); 4.46 (m, 2 H-C(3)); 5.70, 6.79 (2m,
2H-C(21), C(28)); 7.25 (m, 2 H-C(24), C(25)); 1.76 (m, 2 H-C(23), C(26)); 8.53 (s, H-C(5)); 8.59 (s, H-C(20)); 9.30, 9.59
(2s, 2 H-C(10), C(15)). UV/VIS (THF): Anu(lg €) = 284 (4.25), 401 (5.21), 504 (3.73), 577 (3.85), 594 (3.83), 621 (4.84).
18a: 'H-NMR (360 MHz, CDCly): -2.48, -2.30 (2br. 5, 2 NH); 1.99, 2.08 (25, 2 Me-C(2)); 3.34, 3.35, 3.39, 3.45 (4s, 4
Me-C(7), C(8), C(12), C(13); 3.63 (m, 2 H-C(29)); 4.47 (m, 2 H-C(3)); 5.56, 5.94 (2m, 2 H-C(21), C(28)); 7.56 (m, 2
H-C(24), C(25)); 7.99 (m, 2 H-C(23), C(26)); 8.79 (s, H-C(5)); 8.83 (s, H-C(20)); 9.48, 9.76 (2s, 2 H-C(10), C(15)). UV/VIS
(THF): Aua(lg £) = 256 (4.19), 281 (4.31), 387 (5.04), 490 (3.97), 601 (3.53), 653 (4.37).

(Received in Germany 17 December 1996; accepted 24 January 1997)



