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Quinone-substituted porphyrins were synthesized by the self-photosensitized reaction of porphyrins including 
phenol groups; intramolecular fluorescence quenching was inefficient in the conformationally restricted systems. 

Despite the extensive studies on photoinduced electron 
transfer reactions between porphyrins and quinones,l there 
have been few reported irreversible reactions of synthetic 
interest so far. We now report a highly efficient synthesis of 
quinone-linked porphyrins based on self-photosensitization of 
porphyrin. Quinone-substituted porphyrins have received 
increasing attention recently as models of the primary electron 
transfer in photosynthesis.2 Model compounds with well 
defined geometries are especially interesting.3 

Typically, irradiation ( h  > 590 nm) of a chloroform solution 
of 5-( 2- hydroxypheny1)- 10,15,20- tris (4-toly1)porphyrin (2) 
(0.5 mM) in the presence of 2,3-dichloro-l,4-naphthoquinone 
(3c) (5 mM) under argon for 10 h followed by flash column 

chromatography (silica gel, CHC13-C6H6, 50 : 50) gave the 
quinone-substituted porphyrin (5c)t in 32% yield, along with 
recovered (2) (66%). Photoinduced coupling of quinones to 
the porphyrins (1) and (2) proceeded cleanly and the yields of 
quinone-substituted porphyrin based on the amounts of the 
starting porphyrin consumed are generally >90% at low 
conversions (<3O%) (Table 1). The present photochemical 
synthesis of quinone-substituted porphyrins has several 
advantages: (i) quinone protection is unnecessary, (ii) a 
variety of quinones having a wide range of electrochemical 

t All new compounds gave satisfactory spectral data consistent with 
the assigned structure. 
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Table 1. Photochemical synthesis of quinone-linked porphyrins. Table 2. One-electron redox potentialsa of (4) and (5). 

Conv. Photo- Yielda 
Porphyrin Quinone R1 R2 (YO) product ("/o) 

- - 16 (4a) 94 
H C1 28 (4b) 93 
C1 C1 41 (4c) 90 
Br Br 18 (4) 91 
Me Br 20 (4e) 90 
- - 6 (5a) 91 
H C1 21 (5b) 94 

Br Br 6 (5d) 90 
Me Br 7 (5e) 90 

c1 c1 34 (5c) 93 

a Isolated yield of quinone-linked porphyrin based on the starting 
porphyrin consumed. 

and stereochemical properties can be employed, providing a 
series of compounds, and (iii) the reaction can be carried out 
in a one-pot photochemical procedure. 

The relative fluorescence quantum yields of quinone- 
substituted porphyrins and the one-electron redox potentials 
for (4) and (5) are listed in Tables 2 and 3. The difference (EL2 
- EG2) between the redox potentials for oxidation of the 
donor and reduction of the acceptor, A E ,  which can be 

Eitn 4 7 2  A E  EC2 E m  AE 
(4a) 0.51 -0.95 1.46 (5a) 0.47 -0.94 1.41 
(4b) 0.54 -1.18 1.72 (5b) 0.52 -1.17 1.69 
(4c) 0.48 -0.98 1.46 ( 5 ~ )  0.48 -1.02 1.48 

a Redox potentials (V vs. ferrocene/ferrocenium) were measured by 
cyclic voltammetry at a Pt electrode, in dichloromethane containing 
10-3 M Bun4NC104 at 20 "C. 

regarded as a good estimate of the radical ion pair energy 
level, is similar in each pair of (4) and (5). The positions of the 
absorption and fluorescence bands of the porphyrins are not 
perturbed by the presence of the appended quinones and are 
almost identical with those of 5,10,15,2O-tetraphenyl- 
porphyrin (TPP). However, the fluorescence of the porphyrin 
was greatly quenched by the appended quinone in (4) and (5) 
(Table 3). More efficient fluorescence quenching in (5a) than 
(4a) is in accordance with the shorter donor-acceptor centre- 
to-centre separation in (5a) than in (4a). Similarly, the relative 
fluorescence yield of (5b) is less than that of (4b). In marked 
contrast, fluorescence quenching in (Sc-e)  which have 
3-substituted 2-naphthoquinone end units is less efficient than 
that in (4c--e), regardless of much shorter donor-acceptor 
separation in (Sc-e). 
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Table 3. Relative fluorescence quantum yields from (4) and (5).a 

Compound Z/Io Compound Z/Zo (4)/(5)b 
0.0026 5.4 
0.0098 2.6 
0.0165 0.42 
0.032 0.18 
0.022 0.86 

( 4 4  0.014 ( 5 4  
0.025 (5b) 

(54 
0.0058 ( 5 4  
0.019 ( 5 4  

(a) 
(44 

(4b) 0.0070 

a The measured values are relative to the absolute value (0.11) of TPP 
taken from ref. 4. All samples were ~ O - ' M  in dichloromethane in a 
1-cm path-length cell under aerobic conditions. Excitation 
wavelength: 515 nm. b Ratios of fluorescence yields of (4) to (5). 

Corey-Pauling-Koltum (C. P.K.) molecular models show 
that the orthogonal conformation shown in Figure l(a) is only 
permitted for (5c-e) because of the severe steric hindrance 
due to the 3-substituents in the 2-naphthoquinonyl groups. 
The restricted orthogonal conformations of (5c-e) are also 
illustrated by their 400 MHz 1H n.m.r. spectra; typically, the 
3-chloro-2-naphthoquinone end unit in (5c) is weakly shielded 
by the porphyrin ring current and appears at 6 7.75 (d), 8.08 
(d), 8.17 (dd), and 8.19 (dd), while the 2-naphthoquinone end 
unit in (5b) is much more greatly shielded and appears at 6 

5.94 (s), 6.52 (d), 6.94 (d), 6.51 (dd), and 6.72 (dd). In the 
restricted orthogonal conformation of (5c-e), the dihedral 
angle between the porphyrin and quinone rings is nearly 90". 
This situation presumably minimizes the n-n electronic 
interaction between the porphyrin and the quinone end. In 
contrast, the quinone end in (5b) can rotate freely around the 
C-0 bond and accordingly can adopt a nearly coplanar 
orientation, Figure l(b), where the intramolecular fluores- 
cence quenching of the porphyrin by the quinone end unit may 
take place very rapidly.$ 

Another advantage of the present synthesis consists partic- 
ularly of the synthesis of conformationally restricted quin- 
one-linked porphyrins, which should be useful for studies on 
intramolecular electron-transfer reactions. 
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$ Preliminary measurements of the fluorescence lifetimes of (5b) 
using the picosecond time-correlated single photon counting tech- 
nique revealed a very short-lived decaying component (110 ps), while 
a slightly longer-lived (200 ps) component was found for (Sc). The 
short-lived components for (4b) and (4c) had lifetimes of 1.24 ns and 
200 ps, respectively. 




