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Abetra& &WS- and &r- cyclohexylene linked porphyrin ubiquinones(O1 have been 
synthesized and characterized by NMR and optical spectroscopy. ENDOR spectra of 
the corresponding porphyrin semiquinone radical anions are discussed. 

The donor and acceptor pigments of the photosynthetic reaction centers are fixed in 
precise distances and relative orientations by the protein matrix. For studies of 
photoinduced electron transfer El? reactions between these primary reactants, 
porphyrin quinones (P-Q) have been widely used as biomimetic model compounds.’ 
Rigidly finked derivatives are particularly suited, since they allow detailed insight into 
the dependence of the ET properties on structural and electronic parametem. By 
time-resohred fluorescence spectroscopy,2 we have previously shown that model 
compounds with a porphyrin donor and a quinone acceptor linked via a cyclo- 
hexylene bridge, exhibit at ambient temperature fast singlet ET on the picosecond 
scale. On cooling, singlet triplet intersystem crossing becomes ‘competitive and triplet 
ET (from the excited porphyrin to the quinone moiety) can be observed by time- 
resolved EPR spectroscopy allowing unambiguous detection of the charge separated 
biradical intermediate in triplet 3 state. Since one of the factors which governs 
effective ET in these systems is the redox potential of donor and acceptor (and 
thereby the driving force AG), we have synthesized similar model compounds with 
methoxy and methyl substituents at the quinone fragment. In the present paper, we 
describe the synthetic route to these compounds and in addition some preliminary 
static optical and EPR results. 

Qn&eses: Radical alkylation of 1 (see Scheme) was performed by oxidative 

decarboxyiation of a mixture of 2a and 2b4 with @lH),S,O, and AgNO, as the 

cat- yielding 3a and 3b in a ratii of 23 Cchromatography WI&, CH,Cl,: ether = 

2CM1, total yield 35%1. Reduction of the mixture of .3a and 3b with DIBAHs in 

diethyiether yielded 4a and 4b in a ratio of 12 [chromatography (SiO, CH,CI,: 

acetone = 1CM; total yield 62%1. Oxidation of this mixture using pyridinium chloro- 

chromate QCC17 yielded the desired aldehydes 5a and 5b in a ratio of M2 

[chromatography (SiO, CH,Cl,: ether = 201; total yield 75%1. Condensation of the 

mixture of !5a and 5b with 4-methylbenzaldehyde and pyrrole in a ratio of 12~4 in 

CH,Cl,* using trifluoroacetic acid as a catalyst, followed by repetitive chromatography 

5951 



5952 

[CH,CI,: 2propand = 99A~yiekledthetargetcompounds 
(total yield 32%). separation of the diastereoisomers 
&deosii So, CH,CI,H,O = 992~0.91.~ 

6aand6binaratioof3A 
was achieved by HPLC 

Q scQwo 
H 

b 
TFA TCA 

VdEamneby . For an understanding of ET properties of these systems 
knowledge of the energetics, i. e. energy diierences between ground and excited 
states of the porphyrin moiety and those of the charge separated states is of 
greatest importance. In this respect, valuable information can be obtained by cyclic 
voltammetry which yields the redox potentials of one-electron transitions,1o e. g. those 
of P-Q/P-+-Q and P-GYP-Q-. We have determined the redox potentials at a Pt 
electrode vs. 9CE of 6a (E,,=’ = 965 mV; E,,,- q -692 mv) and 6b (E,_+ = 957 
mV; E,,,-= -696 mVl in CH,CI, using tetrabutylammonium perchlorate as the 
supporting electrolyte and for comparison, suitable fragments such as Scyclohexyl- 
10,1520=triphenylporphyrin (E,,=+ = 1020 mv), and cyciohexyMXO1 (E,_- = ~784 mv). 
tt turned out that the potentials of the donor and quinone moieties of the P-Q’s 
cannot be regarded as localiied fragments. This finding is of importance for 
theoretiial interpretations of ET processes of these systems. 
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. 
spectrometer mpecmly , in CH,Cl, konceWa- 
ticns for fbmceme rmasurements 45fod mI. 
whereastheWOtpkUlSp9Ct~Oftbporphy- 

rinS are sligw psrt- by the m 
quinone,thefluoreecencespectraconespondto 

tgPjE, szrt: 

po@3yrinandthequinonemdety,thefiwres- 
cence intemities (the qua&m yiekis of the. P- 
Q’s) are sign&u@ reduced as ccmpared with 
thatofTPP.Assuningthequenchingtobesolely 
caused by ET and taking the flucresc mce life- 
time of lPP (7, = 78 ns, unpublished) as 
standard, the rate constants can be estimated to 
be 2.8W see-’ and 2.2400 set-’ for 6a and 6b, 

respectMy. 

EFWRWOR expe&m~ In a recent ENDOFI 
study of semiquinones, we have observed differ- 
ent confomlations of CycMexyl substituted ubi- 

quinones:’ which may a!so occur in the P-Us. 

Therefore, and in order to determine the spin 
density distributions of the rackal state of the 
quinone moietk, we have studied the radical 
ani&s of 6a and 6b @propanol, reductant 
benzoin, base benzylt~M~$hyiammiuin hydrox- 
ide, argon protection) by ENDCR Figure 1 ~shows 
the.EPF& ENDoF& and ENm-induced EPR 
(ElEI* spectra of the zinc ccmplex of the &- 
semiquincne 6k. The EIE exparimeMs clearly 
revealed two different pakmagnetic species with 
different hyperfine coupling. constants to be pres- 
ent in the smple under study. Similar results 
were obtained for mm. It may be assumed 
that these different conformations are cam+ by 
Merent stetbdy hindered gecmetrkal arrange- 
ments of the cyclohexylene bridge. 
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Figure 1. EPR (center), ENIOR 

(bottom), and EIE (top) spectra of 

the radial anion of Zn-6b (Bruker 

ERPOOD, Bruker cavity ERiOOENB, 

laboratory-built NMR facilities 

decribed elsewhere’2). I and II in 

the ENDOR spectrum denote the rf 

pumping frequencies for the EIE 

spectra I and I:. 

Tim+-resolved optical and EPR masurements of the new P-Q’s’ in isotropic and in 
liquid-crystalline sdution are in progress. 
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