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Abstract To clarify the primary process of photosynthesis, a series of 
model compounds, in which an octaethylporphyrin and a benzoquinone ring 
are connected with different lengths of a polymethylene chain, were 
synthesized and their photophysical properties were investigated. 

It is well known that in the early stage of the bacterial or green plant 

photosynthesis an electron is transferred from a photoexcited chlorophyll during 

the lifetime of its singlet state to a near located benzoquinone compound, i.e., 

ubiquinone or plastoquinone. The stable charge separation is attained after the 

electron transfer from the excited state in vivo, but never in artificial 

systems. 1) The difference between them is thought to be mainly due to the 

special arrangement of the donor(chlorophyl1) and the acceptor(quinone) in vivo. 

Although some model compounds containing the two chromophores were prepared 

to examine the electron transfer, 2) systematic study about the relative orienta- 

tion of both chromophores has scarcely been carried out. Here we chose octa- 

ethyporphyrin(OEP) as a suitable donor porphyrin because the ring is substituted 

only with alkyl groups affecting little the electronic state. 
3) In this conununi 

cation, we report on the synthesis and properties of compounds la-c and Za-c 

bearing an OEP and a benzoquinone moieties whose relative orientations are more 

or less restricted by different lengths of a polymethylene chain. 

1: M=H2 

2: M=Zn 

a: n=2 
b: n=4 
c: n=6 

2099 



2100 

OEP(Ni)-(CH=CH)$_,-CHO 

3a-c 

c 

OEP(Ni)-(CH=CHr@ :i,yi 
2 

6a-c Ok? 

OEP(H&(CH=CH)& 
2 

7a-c OH 

HO 
H2/Pd 

* 
DDQ 

- 1 a-c 

3b+ Ph3P=CHCH;$ - 3c ; 

4 
9 Me0 

Starting compounds 3a 4) and 3b5) were prepared according to the references. 

Unknown aldehyde 3c was prepared by treatment of 3b with 4, derived from 1,3- 

dioxan-2-ylmethyltriphenylphosphonium bromide 6) and lithium methoxide [3c 7) : 88% 

yield, deep green prisms from benzene-hexane, mp 230.0-230.5"Cl. The Wittig 

reaction of 3a-c with triphenylphosphoran 5, prepared from the corresponding 

phosphonium salt and BuLi in THF, was carried out at room temperature to give 6 

[6a7) : 84%, dark red purple plates from benzene-methanol, mp 204-205'C; 6b7) :95%, 

fine dark purple prisms from chloroform-methanol, mp 177.5-179.O'C; 6c 7) : 82%, 

dark brown prisms from chloroform-methanol, mp 111.5-113.0°Cl. Hydrogenation of 

6a and 6b was failed due to steric hindrance around the double bonds. On the 

other hand, compounds 7 obtained by treatment with BBr3 inCH2C12at -20°C were 

smoothly hydrogenated with 10% Pd-C in benzene to afford 8. Oxidation of 8 with 

DDQ in benzene gave the desired compounds 1. In the case of 6c, dihydro compound 

9 obtained by partial reduction with Pd-C was similarly worked up as described 

for 6a,b to give lc [la 7) :21% yield from 6a, dark violet crystals from benzene- 

methanol, dec>198“C, MS m/e 668(M+), IR(KBr disk) 1659 cm-'; lb7): 20% from 6b, 

dark violet crystals from benzene-methanol, dec) 180°C, MS m/e 696(M+), IR(KBr 

disk) 1661 cm 
-1 ; lc7) : 36% from 6c, dark violet prisms from benzene-hexane, 

dec>166.5'C, MS m/e 724i~+), IR(KBr disk) 1659 cm -3 . Treatment of 1 with 

Zn(OAc)2. 2H20 in CHC13 under reflux for ca. 10 min yielded zinc complexes 2 [2a 7) : 

violet prisms from benzene-hexane, mp 211-212"C, MS m/e 73O(M+), IR(KBr disk) 

1651, 1659 cm-l; 2b7) : violet prisms from benzene-hexane, mp 214-216OC, MS m/e 

758(M+), IR(KBr disk) 1659 cm 
-1 ; 2c7) : violet prisms from benzene-hexane, mp 202- 
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204OC, MS m/e 786(M+), IR(KBr disk) 1661 cm-']. Zinc complex of nonaethylporphy- 

rin8) (NEP), a spectral reference, was also prepared in a similar manner [Zn-NEP 7) : 

reddish purple crystals from benzene-hexane, mp 270-272'C, MS m/e 624(M+)]. 

Chemical shifts of quinone protons in 1 and 2 are summarized together with 

those of toluquinone in Table 1. Upfield shifts were observed for all protons 

of the present polymethylene-bridged compounds as compared with the corresponding 

protons of toluquinone, showing clearly Table 1. Chemical Shifts(G, ppm, CUCl,) 
of Quinone Protons of 1 and 2. 

1 I 
the location of quinone rings in the 

upfield shift region of the porphyrin 

ring. Electronic spectra of la-c and 

2a-c are shown together with that of 

M-NEP in Figs. 1 and 2. All the spectra 

are very similar with that of M-NEP, 

indicating no appreciable interaction 

between the two chromophores in the 

ground state. 

Toluquinone 

la 

lb 

lc 

2a 

2b 

2c 

Ha Hb,Hc 

6.63 6.72-6.75 

6.37 6.62-6.64 

6.29 6.54 

6.39 6.62-6.64 

5.74 6.34-6.37 

5.96 6.30-6.37 

6.21 6.33-6.51 

Relative fluorescence intensities of 1, 2, and M-NEP in three solvents with 

different polarity are summarized in Table 2. It is pointed out as the most 

characteristic respect that fluorescence intensities of all the quinone-linked 

compounds much decrease as compared with that of H2- or Zn-NEP. To estimate the 

efficiency of such an intramolecular quenching, relative quenching efficiencies 
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Fig. 1. Electronic spectra of 1 in THF. Fig. 2. Electronic spectra of 2 in THF 
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Table 2. Relative Fluorescence Intensities of and M-NEP. 1, 2, 

CH* THF PrCN CH* THF PrCN 

H2-NEP 385 397 336 Zn-NEP 541 , 487 351 

la 171 2 1' 2a' 12 3 2 

lb 21 5 4 2b 9 2 1 

lc 46 30 24 2c 23 11 8 
* cyclohexane M-NEP 

were calculated by applying to the present intramolecular systems the values of 

quenching constant(kfrf), which were evaluated by the Stern-Volmer plot for 

fluorescence intensities of H2- or Zn-NEP and toluquinone mixtures [relative 

quenching efficiency, la: 1.0~10~; lb: 3.9x103; lc: 6.7~10~; 2a: 3.9x104; 2b: 

5.2~10~; 2c: 1.0x104]. These data clearly show that the electron transfer occurs 

very efficiently in the intramolecular systems where both chromophores are 

closely situated and that the coordinated metal as well as the shortening of 

polymethylene chain make the quenching efficiency larger. Picosecond laser 

photolysis 9) of la-c demonstrated the first example of model compounds for the 

singlet state ion pair generated from inter- and intra-molecular porphyrin- 

quinone systems in solution. The detail will be reported elsewhere. 

References and Notes 
D. Holten, M. Gouterman, W. W. Parson, M. W. Windsor, and M. G. Rockley, 
Photochem. PhotobioZ., 23, 415 (1976); P. M. Rentzepis and G. Tollin, Biochim. 
Biophys. Acta, 440, 356 (1976); G. Tollin, J. Phys. Chem., 80, 2274 (1976); 
G. Tollin, F. Castelli, G. Cheddar, and F. Rizzuto, Photochem. PhotobioZ., 29, 
147 (1979); F. Castelli, G. Cheddar, and G. Tollin, ibid., 29, 153 (1979). 
a) I. Tabushi, N. Koga, and M. Yanagita, Tetrahedron Lett., 257 (1979); b) J. 
Dalton and L. R. Milgrom, J. Chem. Sot., Chem. Commun., 609 (1979); c) J. L. 
Y. Kong and P. A. Loach, J. Heterocycl. Chem., 17, 737 (1980); d) T.-F. HO, 
A. R. McIntosh, and J. R. Bolton, Nature, 286, 254 (1980); K. N. Ganesh and 
J. K. M. Sanders, J. Chem. Sot., Chem. Commun., 1129 (1980). 
J. H. Fuhrhop, K. Kadish, and D. G. Davis. J. Am. Chem. Sot.. 95. 5140 (1973); 
J. W. Buchler, "Porphyrins and Metalloporphyrins", Ed. K. M.-Smith, Elsevier 
(19751, p.219. 
D. P. Arnold, A. W. Johnson, and M. Winter, J. Chem. Sot., Perkin 1,1643(1977) 
D. P. Arnold, R. Gaete-Holmes, A. W. Johnson, A. R. P. Smith, and G. A. 
Williams, J. Chem. Sot., Perkin I, 1660 (1978). 
H. Bredereck, R. Gompper, R. Bangert, and H. Herlinger, Chem. Ber., 97, 827 
(1964); T. M. Cresp, H. V. Sargent, and P. Vogel, J. Chem. Sot., Perkin I, 
37 (1974). 
Satisfactory elemental analysis was obtained. 
D. P. Arnold, A. W. Johnson, and M. Mahendran, J. Chem. Sot., Perkin I, 336 
(1978). 
M. Migita, T. Okada, N. Mataga, S. Nishitani, Y. Sakata, and S. Misumi, 
Symposium on Photochemistry, Tsu, October 1980, Abstr, p. 226. 

(Received in Japan 19 February 1981) 


