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Abstractz The synthesis of novel rigid covalently linked bis-porphyrin systems, 3 - 5, and the 
monoporphyrin model, 6, is described. The synthetic strategy entails formation of o- 
phenylenediamine units, 11, and their reaction with the dioxotetraphenylchlorin, 12. 

Considerable progress has been made recently in understanding the factors that govern long range 

electron and energy transfer processes. l This has been made possible largely through the construction of 

rigid, covalently linked polychromophoric, Donor-( bridge)-Acceptor systems in which the chromophores 

are fixed at well defmed separations and orientations, thereby enabling the determination of the distance and 

orientation dependence of ET to be made with the minimum of ambiguity.213 In this respect, systems such 

as Urn,@, because of the symmetry and rigidity of the polynorbomyl bridge, have provided much valuable 

insight.3 It would he desirable to synthesize a variety of rigidly linked b&porphyrin molecules, 2, built 

around the polynorbornyl bridge, whose length and configuration can be systematically varied, since they 

would be useful models for investigating electron and energy transfer processes that are associated with the 

“special pair’ in the bacterial photosynthetic reaction centre.4 

We report the synthesis of the rigid bis-porphyrins, 3 - 5. Crystal structure studies on related 

system@~ suggest that, in 3 and 4. the angle between the planes of the porphyrin units is ca 1000, and the 

edge-tdge separation between the two chromophorcs is cu 5.2 A (for 3) and 7.6 A (for 4). For 5, the 

rings are cu 6 A apart and are canted towards each other by ca 23 0. The synthesis of the monoporphyrin 

model compound, 6. is also reported. Although other bis-porphyrin systems have been synthesized and 

~tudied,~~ molecules 3 - 5 are unique in terms of their combined symmetry and total rigidity, and by the 

fact that they are connected to each other by a saturated bridge, rather than a conjugated bridge. 

t Dewwd January 24.1993. A tragic loss of a fine young chemist and friend. 
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Reagents: (i) Cu(NO&, AcpO, 0’ C; 3-5 h; (ii) Zn, AcOH/Ac,O (1 O:l), reflux, 17 h; 

(iii) AcOH/AqO (l:l), HN03, 0’ C, 1 h; (iv) NH2NH2.H20, reflux, 17 h; 

(v) NH2NH2.H20/EtOH (1 :lO), 10% Pd/C, reflux, 30 - 90 min. 
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The strategy is shown in the Scheme and is based on Crossley’s synthesis of conjugatively bridged 

bis-porphyrin systems through reaction of dioxochlorln, 12,5* with benzene-I,2,4,5_tetramine?b The 

starting point is the appropriate dibenzo system. 3a - 5a; these compounds are readiiy obtained from the 

corresponding dienes employing known annelatlon techniques.6 Nitration of the dibenzo compound 

(Cu(NO3h. AczO)7 gave a ca 5050 mixture of two diastereomerlc dinitro compounds, 7 in which each 

aromatic ring was mononitmted (co 83% yield). This mixture was not separated since both diastereomers 

eventually give the desired symmetrical tetra-amines. 11. 

Reductive acylation of the mixture of dinitro compounds, 7. (Zn/AcOH). followed by nitration gave 

the mixture of bis-o-nitroamides, 9 (cu 63% yield). The bis-aminonitro compounds, 10. were obtained by 

treatment of 9 with hydrazinc hydrate (ca 66% yield). Reduction of 10 to the tetra-amine, 11. was achieved 

using hydmzine hydrate and 10% Pd/C (ca 64% yield). The 1H nmr spectra of these amines indicated 

restoration of Cgv molecular symmetry. For example, the four aromatic protons in each tetra-amine occur 

as a sharp singlet, at 6 (CDC13) 6.54, and 6.50 ppm for the precursors of 3 and 4, respectively, and at 6.30 

ppm for the precursor of 5. Treatment of tetra-amine 11 with dione 125.7 gave the respective bis- 

porphyrin, 3 - 5 in C(I 12% overall yield from the dibenzo systems, 3a - 5a.a In a similar fashion, the 

monoporphyrin system, 6, was synthesized from the dimethanoanthracene, 6a.8 

The JH nmr spectra of 3 - 6 reveal that the quinoxoline protons and the three sets of pytrole protons in 

5 are shielded. by about 0.3 ppm, compared to the corresponding protons in the monoporphyrin system, 6, 

and in the b&porphyrin molecules, 3 and 4. This observation suggests that the near cofacial arrangement 

of the porphyrin rings in 5 results in shielding of the protons of one ring by the ring current of the other. The 

N-H protons in 5 are likewise shielded, by 0.4 ppm with respect to the N-H protons in 3 and 4, and by 1.3 

ppm, with respect to those in 6. As expected, 6b the methylene CH2 protons of the central norbornyl bridge 

in 5 occur at high field (6 -1.53), which is due to the combined ring current effects of both rings. The 

chemical shift of the corresponding methylene proton that points towards the porphyrin ring in the 

monoporphyrin system, 6 is less pronounced of course (8 -0.70). 

The electronic interactions in 3 - 5, and their metalated derivatives, is under active investigation and 

the photophysics of these interesting systems will be reported shortly. 
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