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Four fixed-distance porphyrin-quinone molecules, I-syn, l-anti, Zsyn, and 2-a@ were synthesized. These 

molecules possess a zinc Sphenyl- 10.15,20-tripentylporphyrin electron donor attached to a naphthoquinone via a rigid 

pentiptycene spacer. The central benzene ring of the spacer is unsubstituted in 1 and possesses p-dimethoxy substituents 

in 2. The naphthoquinone is oriented either’syn or anti to the porphyrin ‘across the spacer. These molecules provide 

information concerning the orientation dependence of electron transfer between the porphyrin and the quinone, and 

the dependence of this transfer on low-lying ionic states of the spacer. The rate constants for the oxidation of the 

porphyrin lowest excited singlet state by the naphthoquinone are I-syz 8.2 x IO9 s-l; l-anti: 1.7 x lOlo s-l; 2-sym 8.5 

x log s-J; 2-a& 1.9 x lOlo s-l. The corresponding rate constants for the porphyrin cation - naphthoquinone anion 

recombinationreactionare I-sym 1.4x 101os-l; I-antiz2.5~ 1010s-1;2-sym5.0x 1010s-1;2-antk8.2x 101os’l.The 

rate constants for the syn isomers are uniformly a factor of about 2 slower than those of the anti isomers. The charge 

separation reaction rates for 1 and 2 are similar, while the ion pair recombination reactions are about 3-4 x faster in 

2 than in 1. The conformational effect is attributed to better overlap of the spacer wave functions in the anti yg the 

syn conformation, while the increase in recombination rate for 2 over 1 is attributed to a superexchange interaction 

involving an electronic configuration of the spacer in which the dimethoxybenxene cation contributes. 

INTRODUCTION 

The chlorophyll and quinone electron donors and acceptors in photosynthetic reaction. centers are positioned at 

precise distances and orientationa to promote efficient charge. separation and to. impede charge recombination.1 

Moreover, the nature of the medium that lies between the donor and mtor is thought to have a iarge influence on 

the observed rates of electron transfer.2’4 Covalentfy-linkedporphyrin-quinone molecules have been studiedextensively 

as models for the light-initiated charge separation in photosyntltesis.5 Studies performed to date have been concerned 

primarily with the dependence of the electron transfer reactions on free energy, distance, and solvent.6-g In general, 

our approach to this problem is to synthesize molecules in which both the porphyrin-quinone distance and mutual 

orientation are restricted. This entails the use of rigid hydrocarbon spacer molecules as part of the overall molecular 

structure. 

The role of the intervening medium that lies between a donor and an acceptor is beginning to be studied both 

theoretically and experimentally. In the bacterial photosynthetic reaction center a bacteriochlorophyll molecule lies 

between the dimeric bacteriochlorophyll donor and the bacteriopheophytin acceptor. It is thought that mixing low- 

lying ionic states of the intermediate bacteriochlorophyll with those of the donor and acceptor lead to a greatly increased 

rate of electron transfer.10-12 This concept, known as superexchange. has its origins in the work of McConnell, which 

treats electron transfer between aromatic molecules across a hydrocarbon spacer. ’ 3 This idea has been elaborated in a 
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number of papers regarding the dependence of electron transfer on the energies and spatial characteristics of both 

hydrocarbon14-17 and protein spacer orbitals.2*3*18-20 in general, molecules possessing low-lying x molecular orbitals 

can contribute strongly to a superexchange mechanism for electron transfer. It is possible that aromatic amino acids, 

such as tyrosine, phenylalanine, and tryptopban, which lie between an electron donor and an acceptor in proteins, can 

facilitate electron transfer reactions. However, there are few experimental tests of superexchange in donor-acceptor 

molecules, especially those involving excited state electron transfers. srJs The problem lies in producing a series of rigid 

donor-acceptor molecules in which the effects of changing the orbital energies of the intervening spacer molecule are 

not convolved with changes in conformation. Molecules l-ryn, l-anti, 2-syn, and 2-anti, described in this paper, are 

designed to address this problem. These molecules utilize a polycyclic hydrocarbon spacer to maintain a fixed distance 

and restricted orientation between the porphyrin donor and the quinone acceptor. This spacer belongs to a general class 

of hydrocarbons that have been named “iptycenes” by Hart’s In particular, the hydrocarbon spacer used in 1 and 2 is 

a “pentiptycene” because it contains 5 aromatic rings. There are several advantages to using this ring system as a spacer. 

1-rqti: R - H and 2-anti: R - OCHs 

1-syn: R = H and 2-syn: R = OCHs 

First, it is closely related to triptycene. a spacer that we have studied extensively.’ Second, the presence of two 

positional isomers, in which the porphyrin turd quinons are either syn or anti reiative to one another, affords us the 

opportunity to study the orientation dependence of. photoinduced electron transfer reactions at a fixed distAnce. Third, 

the presence of a central benxene ring, rigidly fixed between the two biptycene moieties, allows us to use substituents 

on the remaining free.positions of this ring,to alter the energy of the HOMO,and LUMO of this intervening spacer 
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fragment. This alters the ml&m contribution. of ionic states of the Bgaeer to a supemxchange dwcriPtio?l of electron 

tsansfer. 

Iaadditiontepentiptycenecontai&gmo~, land2,,we~~prs#rsdttPecorrsspandiagtriptrcsaecoatrinSng 

reference compound. 3, and the appropriate porphyrin reference compound ~phsnytlO,l5,20-tripentylporphyrin, 4. 

3 

The free-e of compound 3, was grepamd by the DiebAlder addition of 1.4~naphthoqninone to S-(23anthmcenyl)- 

~0.1~,20-tr@atty4~4@yrin~ follow&by igg&~oxidation of tlte adduct to the desired triptycene-quinone. The 

antWeenyf gmphytin was pm~~& fram 2-arMu&lehy~~ I-hexanal; an& pyrroie by Lindsey% equilibrium 

metbod.ss Thofreebase of compound 4 was gmgarud from benxaldehyde, I-htuan& and pyrrole using Lindsey’s 

method..do@ounds 3 and 4 were arepared from their cormspon&g free bases by gentle warming ofthefreebase 

porphyrins with Zn(oAc)s. 

The synthesis of 1-syn and l-anti proceeds as follows: Triptycene. 526, is a@48ted with phthahc anhydride using 

AEli in 1,2-diahloroethane to yield the corresponding keto-acid 6 in quantitative yield. Ring closure of the keto acid 
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to yield enthraquinone 7 is complicated by the preeence of the additional ~benxene rings of the trigtycene, which are 

activated toward electropbiles, and by the lack of solubility of the keto acid in media typically used for such closures, 

e.g. polyphosphoric acid. Closura in hot H&l, fails because facile sulfonation of the activated benzene rings occurs 

at the temperatures required to effect ring closure. We found that respectable yields of anthraquin~U 7’could be 

obtained with gc+d reproducibility by treetin keto acid 6 with AlCls in hot nitrobenxene. This treatment afforded a 

35% conversion of 6 to anthraquinone 7. 

Anthraquinone 7 was reduced to the correspondhrg anthracene, 8. in 69% yield using Zn dust in a mixture of n- 

butylamirmand ammonia. In this cese the presence of the n-butylamine serves to dikolve the relatively insoluble 

quinone, 7. Hydrocarbon 8 has been prepared previously by several methods. An 8-atep route, which uses the additien 

of the 2.3~benxyne intermediate of 9.10~anthraquinone to anthmcene, nsultk~ in .G 1% yield of 8.” Hart describes 3 

different routes possessing 5.5, and 4 rtepa, which give 25.30. and 69% overall yields, respectively of gss Our route 

involves 4 steps with an overall yield of 20% from antbracene and makes use of relatively inexpensive materials.’ 

We find that hydrocarbon 8 is somewhat lass reactive than anthracene toward Die&Alder reactions with quinones. 

Naphthoquinone pentiptycene derivative 9 was prepared by a combined Diels-Alder addition, oxidation route. Heating 

8 at 140’ with excess naphthoquinone in nitrobenxene overnight gives 9 in 74% yield. 

Formylation of 9 results in selective reaction at the benzene rings that are distal to the naphtboquinone. The benzene 

rings adjacent to the naphthoquinone in pentiptycene 9 are deactivated toward electrophilic substitution by a 

transannular effect of the naphthoquinone. Formylation of 9 was carried out with a,a-dichloromethyl methyl ether 

using AlCls as the catalyst to give a 1:l mixture of aldehydes lo-syn and lo-anti in 36% yield. The isomers were not 

separated, but were used in the next step. 

Compounds l-ryn and l-anti were prepared from a statistical mixture of aldehydes lo-ryn and lo-anti. I-hexanal. 

and pyrrole using the Lindsey equilibrium method. The yield of free base 1-syn and l-anti was 2.9%. Insertion of zinc 

occured readily in these compounds. The syn and anti isomers were separated by preparative TLC, and their structures 

were assigned by ‘H nmr spectroscopy. 

In order to synthesize compounds Z-syn and 2-anti we chose to prepare a triptycenyl anthracene derivative which 
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lo-syn: R = CHO, R’ I H; lo-anti: R = I-I, R’- CHO 
I 

contains two mstboxy groups. Diels-Alder reaction of anthracene with p-benxoquinone gave the well-known adduct 

11 in 83% yie1d.m This adduct was then hydrogenated quantitatively using Hs ,011 Pd/C catalyst’ to yield the 

wrrespondiag diketena, I2?* This diketone contains a useful fused cyclohexane- I&dione moiety, which can 

undergo’s variety of condensatW se&ions. Reactlon’of dlketone 12 With o-phthaldldehyde in the presence of OH- 

test&a in a high yield of the double &Men&ion, ring nnnelation ptodudt, which readily undergoes air oxidation to 

give an 82% yield of atriptycene in which,one of its b&a&e rings has been converted to a 1,4-anthraquinone, 13. This 

abthmquinone W he reduced with H, using a Pd/C catalyst in an aprotic solvent such as DMP to give’ the 

corresponding hydrciquinone, which is not lsohtted. Instead. air is rigorously excluded and the hydroqninone dianion 
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is formed using lithium 2.6-di-tert-butyl-4-mathoxyphenolate, a moderately strong, non-nucleophilic base. 

Nucleophilic reaction of the dianion with excess dimethyl sulfate results in a 75% yield of 1.4~dimethoxyanthracene 

derivative, 14. 

R 

,: 
15: R I R’ I H; 16-ryn: R - CHO, R’ I H; 16-anti: R = H, R’ = CHO 

‘ . 
/ 

The remaining synthetic pathway to produce 2-syn and 2-anti follows by analogy&at used to produce ~-WI and 

l-anti. Dimethoxyanthracene derivative 14 was subjected to a’one-pot Dieis-Alder%eacthm foilowed by m 

oxidation using excess 1,4-mtphthoquinone in hot nitrobensene to give naphthoquinone ..derivative 18 in 77% yield. 

Formylation of 15 was carriql-out& a manner analogous to that used to prepare’aldehyde 10, hxaept that TiCI, was 

used as the catalyst. The formylation procedure gave aldehydes36-ryn and l&anti ~l:l:in~32% yield.. 

Preparation of the free base porphyrins of 2-syn and 2-anti was achieved by reactiug a statistical mixture .of 16. 

hexanal, and pyrroleusing.Lindsey~s procedure. The yield of the.free base isomers was 4,896. Zinc insertion into the 

free base porphyrins occured quantitatively to give 2-syn and 2-anti. These isomers were readily separated using 

preparative TLC on silica gel plates. The structures were assigned using ‘H nmr spectroscopy. 

ABSORPTION AND FLUORESCENCE DATA 

The ground state optical absorption spectrum of 1-and is shown in Figure 1. The spectrum is identical to that of 

porphyrin 4, which indicates that the attachment of both the spacer and the naphthoquinone to the porphyrin do not 

strongly perturb its electronic structure. Figure 2 shows the fluorescence emission spectra of l-anti and 4. The emission 

spectra of the two molecules are similar. The biggest difference between the emission spectra of l-anti and 4 are their 

relative intensities. The fluorescence spectra of 1-3 all possess lineshapes and maxima similar to those of 4, but display 

varying intensities. The fluorescence quantum yields of compounds l-3 are all strongly quenched relative to that of 4, 

Table 1. The data in Table 1 also show that the fluorescence lifetimes of l-3 decrease in parallel with their respective 

fluorescence quantum yields. This suggests that the radiative rate constants for the zinc porphyrins in compounds l- 

4 remain fairly constant across thii series of molecules. Thii further implies that the fluorescence quenching in 1-3 is 

due to a fast nonradiative process that depletes the lowest excited singlet state population of the porphyrin in compounds 

l-3. It is interesting to note that.the fluorescence lifetimes of 1 and 2 exhibit a dependence on the orientation of the 

donor relative to the acceptor, i.e. syn or anti. Moreover, the fluorescence lifetimes of 1-syn and l-anti are similar to 
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those of 2-sya and 2-anti, respectively. and therefore, are not influenced by the addition of the methoxy groups in 2. 

Figure 1. Ground state absorption spectrum of l-anti in 
P&N. 

- i-anti x 10 .____. 4 

560 620 660 700 746 760, 

WAVELWGTH mn 

Figure 2. Fluorescence spectra of l-anti and 4 in PrCN, 
ex&ation ptS60 mn. 

‘. 

TABLE 1. Fluorescence data in PrCN. 

CornpoundS +,\ rF (ps) 
1 : 

l-anti + o.ooy .5lf2 

1 -sya 0.0026 115*2 

2-anti 0.0014 52 f 2 

2-syn 0.0034 111 f 2 

3 i>,, .0.00013 < 10 : 
: 4 .0.036 .lSSOk 15% 
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ENBBGETICS : 

An energy level diagram for molecules 1 and 2 is shown in Figure 3. The excited singlet state energy was obtained 

from the maximum of the (0.0) band in the fluorescence emission spectra of 1 and 2. This maximum was the same for 

1 and 2. The triplet state energy shown is that reported earlier for 4.” The approximate energy of P+ - S - Q- was 

obtained by summing the half-wave potentials for one-electron oxidation of the xinc porphyrin donor and one-electron 

reduction of the naphthoquinone acceptor in 1 and 2. The redox potentials of these molecules were measured in 

butyronitrile containing O.lM tetra-n-butylammonium perchlorate electrolyte and are the same for 1 and 2. The redox 

potentials for the tetra-alkylbenxene central rings in the pentiptycene spacers were estimated from the literature values 

for the analogous benxenes’a and p-diiethoxybenxeness derivatives. The energetics for 3 are the same as those for 

1 and 2 excluding the availability of the ionic spacer states. 

> 4 ev 

-L P-s; ,--0 
eV 

‘P-s, ,-Q 

Figure 3. Energy level diagram for 1 and 2. P - porphyrin; Su - spacer in 1; 
So - spacer in 1; Q - quinode. 

Figure 3 shows that the driving force for oxidation of the porphyrin excited singlet state by the quinone is 

approximately -0.8 eV. Our earlier work on the dependence of charge separation rates in porphyrin-quinone molecules 

on free energy suggests that the energetics of 1-3 should resultinmear maximum rates for both charge separation and 

and recombination in these molecu1es.e States involving anions of the spacers will lie > 4 eV above the ground state, 

while States involving cations of the spacers lie at 2.4 eV for the benzene spacer and 1.8 eV for the p-dimethoxybenxene 

spacer. Moreover, the state P - So+ - Q- is 0.6 eV lower in energythan P - Su’ - Q-. Thus, P - So+ - Q- may contribute 

more significantly than P - Sn+ - Q- to a superexchange mechanism for ion pair recombination. 

TRANSIENT ABSORPTION DATA 

Figure 4 shows the transient absorption spectra obtained for l-anti at 10 ps and 60 ps following excitation. The 

transient absorption spectra for 1-ryn, 2-syn, and t-anti are similar to those in Figure 4. The spectra for compound 
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3~~-r(milnr~thooainF~ro4,exospt~t~theanalognuespectnfor.3occtuatlps~datSpr,nspeCtively. 

The transient absorption tpectnrm of porphyr& 4 is shown~in Figure 5. !$&ce porphyrin4 has no elactron acceptor 

attached to it, the spectrum in Figure 5 is the difference between the ground state spectrum and that of the lowest 

excited singlet state of the porphyrin. This spectrum serves as a reference for the spectra in Figure 4. The spectra in 

Figure 4 am a sumrposition of the spectra of both P+ - S - Q- and ‘OP. The spectra in Figures 4 and 5 were obtained 

at similar concentrations and excitation intensities. A comparison of Figures 4 and 5 shows that the absorption feature 

near 460 nm of l-anti is due to both ‘*P and P+ - S - Q-. while the absorbance in the near-infrared is dominated by 

P+ - S - Q-.” Although the spectra of l-mti show that the mechanism of excited singlet state quenching is electron 

transfer from the porphyrin to the quinone, even 60 ps after excitation the spectrum of l-anti contains significant 

contributions from the transient absorption of ‘OP. This is supported by the presence of absorption troughs near 650 

&in both Figures 4 and 5 that are due to stimulated emission from ” P. These spectra strongly suggest that the rate 

of charge separation is on same order of magnitude as that of the ion pair recombination. 

-0.2 1, , 
too 

I 
500 500 700 800 900 

WAVELENGTH nm 

Figure 4. Transient absorption spectra of 1-autl inPrCN 
at 10 ps - and 60 ps --- following a 1 ps laser flash at 610 nm. 

The rate constants for charge separation, k,. and ion pair recombination, k,. are obtained from the following 

analysis. Constants k, in l-3 are obtained from their respective fluorescence lifetimes given in Table 1. Assuming that 

the enhanced nonradiative decay route observed in l-3 is due entirely to the charge separation procass, 

k, = l/rr - l/r4 

.: 
u&ere r&s the flu~res+me lifetime’of the porphyrin-quinone and riis tqqfluorescence lifetime of reference porphyrin 
4: The fe&ve’&&bu~ons o);‘*P _ S _ Q.and p+ 

i . 
- S - Q- to the transient absorption spectra of l-3 as a function of 

t&e are bbta&d by cd&& t& trar$ent absorption spectra of‘l-3, e.g. Figure 4, with’that of 4, Figure 5. using 

these two ‘pieces of&for&ion an! assuming a series A -> B -> C mechanism, where A is “P ,- S ‘-. Q, B is P+ - S - 

Q’; and C is P - S - Q. the’kinetics for ‘the decay of the transient absorption features for l-3 can be fit to determine 
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k,. ‘Data iobtained at 460 nm and at 700 mtt -for 1-anti are show&r Rgure& 6 and 7, resp&tSely, t&rig with. the 

corresponding fitsi The valttea~ ltu and k& obtained in this fashionare listed in Table 2. 

-O*‘446b0 
WAVELENGTH nm 

Figure 5. Transient absorption spectrum of 4 in PrCN at 60 ps following a 1 ps laser flash at 610 nm. 

Figure 
l-anti 

o.t- 

0.2 - 

o.o- 4M 

-0.2, , I , , 
-50 

, , , 
0 

, , 
50 lm so 100 2s 303 350 100 

TINE ps 

)c 

6. Transitit ab&ption kinetics at 460 MI for 
in PrCN following a 1 ps, 610 mu laser fIash. 

TIME ps 1 

Figure 7. Transient absorption kinetics ‘at 700 n&for ’ 
l-anti in PrCN following a 1 ps, 610 nm laser flash. 

The rate constants for the ion-pair recombination reactions are all somewhat faster t_han those, of the charge 
, 1 .,S i I . 

sebaradon reactions. RI addition, ion &r recombmation occurs a’bout a factor of 2 faster in the anti iso,mers thanthe / i; (.” 
syn isomers. This & &.ii5h& &J the dbie&d ‘difference between the rates of charge se&atiop for these isomers. The I, j ..( ( 
recombiliation’ rates’ for the dimethoxy substituted compounds 2 are about ‘3-4 i faster than, are &se of the ~, I :x . . Id , 
unsubstituted comt)ouhds, l.This substituent effect is observed for both’&‘& arrd anti homers. Roth‘the charge 

.I _/ i I-, ! 
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~apyatiou and recernbismtion rates f6r 3 are very font as predicted by oureariier works The rate constants for 3 are 

aberstenorderot’maguWdeS~tbantboseof 1 and2. 

TADLD 2. ~Electron Transfer Rate Constants for 1-3. 

Compound k, (s-‘1 Ir, (s-l) 

l&anti 1.7 x 10’0 2.5 x 10’0 

1-syu 8.2 x 10s 1.4 x 10’0 

2-anti : 1.9 x iore 8.2 x iom 

2-syn 8.5 x 10s 50x 101s 

3 1.0 x 10B 3:o x 10” 

Introduction of the pentiptycene spacer between the porphyrin and quinone in 1 and 2 result3 in a decrease&’ the 

rate constants for both charge separation, k,, and charge recombination, k,. by about a factor of l0 ‘relative te ,those 

for 3. This diminution in rate is approximately the same as we observed earlier in comparing a porphyrin - triptycene - 

quinone molecule to a porphyrin - m- 1,2-diphenylcyclopentaoe - quinone molecule.’ The triptycene spacer possesses 

one saturated carbon atom between the r systems of the donor and acceptor, whereas the cyclopentane spacer possesses 

two saturated carbon atoms between them. At that tinm we determined that the difference in rate for .these, twc 

molecules reflected the difference in edge-to-edge donor-acceptor distance. The rate diminished by a factor of 10 when 

the donor-acceptor edge-to-edge distance was increased from 2.4 A using the triptycene spacer to 3.7 A using the 

cyciopentane spacer.’ The pentiptycene spacer in 1 and 2 possesses a central belizene ring along with two saturated 

carbon atoms between the donor and acceptor. The edge-to-edge distance between the u system of the porphyriitplienyl 

group and the naphthoquinone in 1 and 2 is 6 A, and is similar for the syn and anti isomers, whereas the respective 

porphyrin-quinone distance in 3 is only 2.4 A.= Even though tire donor-acceptor distance has increased by 3.6 A in 

going from 3 to 1 and 2, the presence of the benaene ring in the pentiptycene spacer does not appreciably slow the rates 

of electron transfer in 1 and 2 more than the factor of about 10 that is expected for a change from a spacer with one 

saturated carbon atom to one possessing two such atoms. 

The data in Table 2 show that both k, an& kc,, for 1 and 2 are slower for the syn isomer than for the anti isomer. 

The difference in rate constant between the two isomers is about a factor of 2. It is well-established that rate constants 

of electron transfer reactions most often decrease exponentially with distance.c Thecenter-to-center distances between 

the porphyrin donor and quinone acceptor in 1 and 2 are isomer’dependent: 11 A for the syn isomers and 16 A for tire 

anti isomers. Even though the center-to-center porphyrin-quinone distance in the syn Isomer is about 5.A shorter than 

that of the anti isomer. k, and k& are actually faster for the anti isomers. This strongly suggests that the principal 

pathway for the electron transfer from the porphyrin to the quinone is through the bonds of the hydrocarbon spacer. 

Oliver et al.ss recently observed similar behavior in molecuies possessing 1,4-dimethoxynaphthalene donors attached 

via rigid hydrocarbon spacers to l,l-dieyanoethylene acceptors. Their hydrocarbon Spacers have either an all-m 

arrangement of single bonds or a single s-q& kink in the chain. In each case the all-m isomer gives the faster rate. 
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The”faot that.Lr, and k, for the rati ,&OIIMY of 1 and 2 are faster.thanthose.for the ryn isomers is,consiamnt with 

considerations of maximum orbital interactions in hydrocarbons w&h have a aig-xag or all &ggg configuration relative 

to those which have cisoid segments in the chain. I’ Ohta et al.” recently calculated the matrix.element for electron 

transfer between two methylens groups across a cyclohexane ring asa function of 6tereochemistry. They found that the 

equatorial-equatorial conformation of the ring, in which an all agog arrangement of the C-C bonds occurs, results in 

the larger matrix element, and therefore. the faster electron transfer rate. Examination of the structures of 1 and 2 show 

that the anti isomer maintains an effective alli- arrangement of the C-C bopd6. This phenomenon has also been 

demonstrated for electron transfer in radical anions of 1,4-diarylcyclohexanes.” 

Since it is likely that electron transfer between the porphyrin and the quinone occurs through the bonds in 1 and 2, 

it is appropriate to ask whether the rate of electron,transfer is dependent on the energies of the orbitals comprising the 

spacer. Placing substituents on the r syystem of the central benzene ring of the pentiptycene spacer provides a direct 

avenue for modifying the energy of the HOMO and LUMO of the spacer. These energies will determine the degree to 

which the states P* - S- - Q and P - S+ - Q’ will mix with the states ‘*P - S - Q and P+ - S - Q-, respectively, to 

enhance the electronic coupling matrix element for charge separation and ion pair recombination, rsspective2y. 

The electronic matrix element, V6 for the superexchange interaction between states A, B, and C. where B js the 

virtual state ir, given byss 

where V, and Vao are the respective electronic coupling term6 between state0 A and 8, and B and C* and.aFm is the 

energy difference, between states A and B. For the charge separation reaction in 1 and 2 A - ‘*P - S -, Q+ B = P+ - S- 

-Q,andC-P+~S-Q~,~whilefortbeionpairrecombinationinland2A,tP’-S-Q~,Br,~-,S+-,Q-,~C- 

P - S - Q. Since the rate of the electron transfer reaction depends on. Va’, the reaction rate will be a function of 

(1/6E.&s. Since the structures of 1 and 2 are esssentially the same, the terms V, and Vnc 6hould.remain6imihufor 

compounds 1 and 2. 

Benzene and dknethoxybenxene can be reduced electrochemically at about -3.4 V and -3.6 Y vs SC& respectively. 

Since the zinc porphyrin in 1 and 2 oxidixes at 0.61 V vs SCE. we estimate that the energy of P’ i Sn- - Q is about 4.0 

eV, whereas that of P” - So- - Q is about 4:2 eV. Since participation of the state P+ - S - Q in n.superexchange 

mechanism for charge separation depends on the square of the energy difference between that state and 6.P - S - Q. 

we can estimate the, ratio af the ,charge separation rate constants (k,),/(k,), This ratio should be 

[(l/aE~~>‘l,/[<l/sE,)*l~ or W~2.WVW~2.2Pl = 1.2 . This estimate predicts that k, for both 1 and 2 sbould be 

similar. This prediction is borne out by the data .for k, in Table 2. We find that substitution of two methoxy 

substituents on the benxene ring of the spacer does not signifjoantly change k_. 

There are two ways in which ion pair recombination in 1 and 2 can involve ionic states of the spaoer. One way is 

via states such ,as P+ 7 S - Q. powever, these states are sufficiently high in energy relative to Pt - S b Q- a6 to mix 

only weakly, A secondrouteback to ground state is via states such as P - S+ - Q-. Figure 3 ,shows that P - Su,‘: - Q- 

is relatively low-lying for 1 ami P - So+ - Q- is especially so for 2. This suggests two things. Fir& a superexchange 

mechanism for ion pair reoqmbination involving low-lying cationicspacer states should enhance k&u,both 1 and 2. 

Second, since the energy of P - So’ - Q- in 2 is 0.6 eV lower than that of P - Sn’ - Q- in 1, if superexchange is 
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impoarnt,.ion-pair recombination abonkl be faster in 2 than in 1. Th. data in Table 2 show that k, is fastar then k, 
for.each &nor of 1 and 2. Howaver, it ia difficult to attribute this result sol&y to anperexclmnge because the free 

egmgy bf.tbe &~QU aegm&on and ion pair recchnbination reactions are not the s~m(l. In~addith, -the total 
. teorgrarzrtion enagim fw thsas two reactiona are probably not equal either.~ Nevertheless,~a much clearer case for 

SU~UMC~ srpndedl wbm one comparer k_ for 1 and 2. In this case the free energies of @be ion pair recombination 

reactions in 1 and*3 wa QQud,,tmd mcetliily the reupcctive total reorganisntion energies for the ion pair recombination 

reactions in 1 and 2 are also vary similar. We observe that k, is indeed 3-4 x faster for 2-syo and 2-anti than for l- 

syn and l-anti, respectivelyi Uainp @I definition&en above for statas A and B in the,ion pair recombination reaction, 

the data in Figure 3 show that SEj, is lb2 aV for 1 and only 0.6 eV for 2. Thus, if the superexchange mechanism is 

dominant for ion pair recombination in 1 and 2. the relative rates of ion pair recombination should be 

[(l/sE~>lli/[(l/~~)~]a, or [l/(L2)sy[l/(O,6)“] - 4. Since, our data show that the ion pair recombination rate for 2 

is 3-4 x faster than that for 1, it is likely that the superexchange mechanism is responsible for the.faster recombination 

rate in 2 relative to 1. 

CONCLUSIONS 

Excitedstate electron transfer reactions and ion pair recombination reactions in porphyrin-quinone molecules both 

show significant orientation dependencies. The nature of these dependencies strongly suggests that electron transfer 

occurs through the bonds of rigid hydrocarbon spacer molecules. Modulating the orbital energies of the .spacer 

molecules, while maintaining conformational integrity, allows one to test the superexchange mechanism of electron 

transfer. The availability of a low-lying ionic spacer state that mixes with the ion pair state results in enhancad rates 

of electron transfer through the spacer. Since this effect occurs for simple substituted benzene spacer fragments, it is 

likely that similar enhancements of electron transfer reaction rates can occur when aromatic amino acids are positioned 

in strategic orientations between electron donors and acceptors within proteins. 

,EKPERIMENTAL 

Physical Measurements 

Solvents for all spectroscopic experiments were dried and stored over Linde 3 A molecular sieves. HPLC grade 

toluene was distilled from LiAlH, (LAH). Butyronitrile (PrCN) was refluxed over KMnO, and Na,CO,, then twice 

distilled retaining the middle portion each time. 

Proton NMR spectra were obtained on either a Nicolet Instruments 200 MHz or a Bruker 300 MHz spectrometer. 

All IR spectra were obtained on a Beckman Acculab 4 spectrometer using KBr discs. Only absorbances revealing 

particular structural information or very, intense absorbances are reported. UV-visible absorption spectra were t&en 

on a Shimadxu W-160. The fluorescence spectra were obtained using a Perkin-Elmer MPF-2A flucrimeter interfaced 

to a PDP 11134 computer. All samples for fluorescence were purified by prep-TLC on Merck silica gel plates. Samples 

for fluorescence measurements were IO-’ M in 1 cm cuvettes. The emission was measured 90p to the excitation beam. 

Fluorescrnce quantum yields were determined by integrating the digitized emission spectra from 580 to 780 nm and 

referencing the integral to that for Xn I9e8Q-tetraphenylporphyrin in benxene.s’ 

The transient ab!?OmtiOn spectra were obtained using a RhdG dye laser synchronously-pumped by a mode-locked, 

frequency-doubled CW Nd-VAG laser. The 1.0 psec pulses of 610 nm light were amplified by a 4-stage dye amplifier 
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(Rh-640) pumped ‘by the, fr&~uency-doubled output of a Nd-YAG laser possessing 5 ,lO Hx repetition rate. Saturable 
absorber dye jets between stages 2 and 3, and between stages 3 and,4 of the ampISii’ch&in~ pairiiinizsd ths aiu@ifi&l 
rtimulrttsd mhsion &mewed iit the amplifhw. The amplifiition”produced a 1.5 mf/p\lisr;ot ~~164U6$wtitioe mm. 
Thispulrswcu~n~zh~~a-6o/4obspap5plittsr. Thesmallerportionwaafocuseddonhao.n2mmdiumetersad 

used aS the exoitation pulse. The larger portion was tiglttly focused into a 2 cm path &ngth cell cont&&g ‘either 2/l 

CCl&HCls or l/l HsO~DsQ. This generated a white-light continuutn probe pulse. whioh wus us&l* the probe light. 

The arrival atthe sample of the probe pulse ww dedayed r&the ‘to the exoitation pulse by’ttn op@cal ‘delay. The 
probe pulse wus divided intorefereneeand sampling pulses by a Jo/So h&m split@ R&k probepuls$s#iasedthrongh 

the semple; Thoreference Pulse Passed throagh mi area thit x4& nbt iulDningW~ b;y’m e&a&w*; v+lme athe 

samplii.pullre passedthrough the same portion of the sample’through which the excitation pulse p&se&’ Rothpulses 

were then focused onto the slit of a monochromator. The monochromator ~dispersedthe pulses onto the face? of an 

intensified SIT detector, which it part of an optical multichatmsl’analyaer (PAR GMA II). SoIutlona &l+with an 
absorbance of about 0.6 at 610 nm (2 mm pathlength celIs) were used. 

Fluorescence lifetime measurements used 1.0 psec, 1 mm dieter, 100 p pulses from the same source as described 

for the transient absorbance experiments. The samples of l-4 were placed in 1 cm cells (optical dedtica. b.lat’610 

nm) and emission 9(E” to the excitation was collected and focused onto the slit of a $H amamatsu CQ79 streak I’&i&era. 
The e dispersed image was mcorded by the intensified SIT vidicon of the PAR GMA II. Thegeometry of the 

experimental set up results in a 10 ps instrumunt response function. .’ 

Meastuemunts ‘of one-electrou redox potentials vs SCE were carried out at a Pt disc electrode En ,butyroriitrile 

containing 0.1 M tetrad-butylammonium perchi~mW using ACvoltammetry as~described previously?e 

Silica gel used in chromatographic separations is Merck silica gel 60. The term “evaporate the solvent” implieS the 

use of a rotary evaporator unless otherwise noted. AU solvents were reagent grade. Solvents were generally dried by 

overnight treatment with Linde 3A molecular sieves. Petroleum ether with a boiling range of ~3(1&‘~ ti u&l 

exclusively. 

Preparation of 3 
In a 5L round bottom flask is placed distilled pyrrole (1.66 g, 24.7 mmole), hexanal (3.86 g. 18’6, mmole), and 2- 

anthraldehyde (l.27 g. 6.16 mmol) in CH&ls (2.48 L). Ns is bubbled through the solution ffir’~l5~minute.s. 

Trifluoroacetic a&(2.83 g, 24.8 mmole) is added and the solutidn Is stirred for 2 hours at room tempurature under Ns. 

Chloranil(4.60 g, lg.7 emol) is added and the solution is refluxed for 1 hour. After cooling to rbbm temperature the 

CHsCls is evaporated to a volume of about 300 mL, anhydrous K&Q, (50,g) is added and themixture stirred overnight. 

The solution is then filtered and the solvent is evaporated. The solid is dissolved in CHCls and ch&mut&&heU on 

silica gel, elution with 7C3 v/v CH,Cl@.Cl,. The fractions containiug the crude 5-(2-antb~~)~l);10,15,20- 

tripentylporphyrin are combined and the solvent is evaporated to yield 1.21 g, 7.0% of product: ‘Fhe’porphyrir’is 
dissolved in xylene (60 ml), 1.4~naphthoquinone (5.48 g. 34.6 mmole) is added and the solution is refluxed fbr 19’hours. 

The reaction mixture is cooled and the xylene is evaporated. The resulting solid is chromatogtirphed on silica gel , 
elution. with 4/l v/v CCl,/CH& The yield of the free base of 3 is 241 mg, 4.6% based om the starting pyrrole: The 
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xinc pnrt~byrin, 3. is ,~quentitatively from the free base by warming the fme base ia 3/.1 vlv-~C~(3H 

wi+ zinc eqatm.*iihy8nte (25 mg). After.a few minutes the reaction ia judged cemplete~by TLC. The reaction mixture 

is cueled, pwusd&utowuter. and extracted withCHCla, The extrecC is weahed twice with water; dried over nnbydrous 

K&Oa, end rk mlvmt is rmpormd. Proton NMR (CDCQ.6 mqahyrin /3 hydro(lsos: 8.76Q (d, 1,I-L 4.3 Hx), 8.781 (d, 

lH, 4.3 Hx), 9.390 (4 lHb4.6 Mu), 9.397 (d, Hg. 4.6 Hz); 9.569 (s; 4H): qninnne hydrogenn6.203 @, 135, bMgebe&), 

6.34s (8, lH, bridgehead). 7.21(nrt 2@l). 7.62(m, lH), 7.74(m, 3H), 7.&I3.(ABquarte& 2H,7.Q-&3x),-8,15 (m, lH)822 

(m, lH), 8.274(s, 1H); panty1 chainin4.96 (m, 9H), 1.52 (m,6H), l-.79 (m. 6H), 2.56 (8,6H), ,495 (III, 6H). 

Preparation of 4 

In a 5L round bottom flask is &tced distilled pyrrole (2.01 g, 30 nunole), hexanal (2.25 gr 223 mmole), and 

benseldehyde (0.796 g, 75 mmol) in CHsCls (3.00 L). Ns is bubbled through the selution for 15 minutes. T’riflucroacetic 

acid (3.42 g, 30 mmole) is added and the solution is stirred for 3 hours at rcMt temperature under Ns. ChkuanQ (5.52 

g, 22.5 mmol) is added and the solution is refluxed for 1 hour. After cooliig to room temperature the CHsCl, is 

evaporated to a volume of about 400 mL, anhydrous KsCOs (50 g) is added and the mixture stirred overnight. The 

solution is then filtered and the solvent is evuporated. The solid is dissolved in CHCls and chromatographed on silica 

gel, elutien~ with CH$& AR high Rr material is collected, combined, and the solvent removed. The deei& product 

is separated fmm the other pentylphenylporphyrin isomers by silica gel chrimratograpby,‘elutiOn With 19/l v/v 

petroleum etber/THF. The yield of the free base of 4 is 175 mg, 3.9%. The zinc porphyrin, 4, is prepared quantimtively 

from tbe,free base by warming the free base in 3/l v/v CHCl&HstXl with xitrc acetate dibydrate (25 mg). After a 

few minutes the reaction is judged completeby TLC. The reaction mixture is cooled, poured into water, and extracted 

with CHCl,. The extract is washed twice with water, dried over anhydrous K&O,, and the solvent is evaporated. 

Proton NMR (CDCls) 6 porphyrin fi hydrogens: 8.839 (d. 2H, 4.6 Hz), 8.948 (AB quartet, 4H, 4.6 Hz), 9.315 <(a, 2H, 

4.6 He); phenyl hydmgenn 8.20 (m, ZH), 7.78 (m. 3H); pentyl chains: 4.577 (t, 4H;7.8 Hz), 4.310 (t, 2H, 7.8 Hx), 2.40 

(m, 4H), 2.24 (m, W), 1.76 (m. 6H), 1,51 (m, 6H), 0.998 (m, 9H). 

Preparation of 6 

Triptycene (10.0 g, 39.3 mmole) and phthalic anhydride (6.5 g, 43.9 mmole) are suspended in 1,2-dichioroethane (30s 

ml) at 0’ with stir&~ N* Aluminum chloride (15.8 g, 0.118,mole) is added in small portions over 30 minutes. 

Tbe reaction mixture becomes homogeneous and stirring is continued at 0’ for 2.5 hours. The reaction mixture is 

poured into water (SOQ ml), the organic. layer is separated; CHCls (100 mL) is added, and the resulting organic solution 

is washed with water 000 mL). The cloudy or& layer is evaporated, the solii is resuspended in toluenb (200 ml) and 

refluxed with a Dean-Stark trap for 6 hrs, The slurry is ccoled and filtered on a course frit, the aobd is wasbed 3’ times 

with petroleum ether, andufried w to $ive 6 in quantitative yield. Proton NMR (CDCg) 6.8.02 (d, LH, 6.8 Hx), 

7.831 (s, lH), 7.56 (m. 2H), 7.384 (d of d, 4H, 3.2 and 5.2 Hz), 7.35 (m. 1H) 718 (m, 2H), 7.004 (d of d, 4H, 3.2 and 

5.2 Hz), 5.461 (s, 255, bridgehead). 

IR (KBr disc) : 3400, 1725, 1686, 1660, 1292, 1270, 746 cm-‘. 

Preparation of 7 

Ketoacid 6 (9.06 g, 22.5 mmol) is suspended in nitrobenxene (150 mL). Aluminum chloride (10.5 g, 78.7 mmol) is 
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added end the mixture is stirred under Nx. The mix* turua 8 dark browsand the&lid’disso&&. The mixture &them 
heatedat 150’ for,6 hzs: After cooling the nit.rob+uixene ia mntoved byjevapomtion,o#i a row%bvap&@or pun& 

by.a’meebanic$l vacuum pump. The dark, oily residue ‘is refh&d with CHCl&OO n@f@Vhr. The CHClx &ilutfon 
is cooled, suction fatered on a coume frit and the rolutio~ is 0Mpbrrtsd to 25 mL. The cblomrm 801utio11 ii th& 
diluted .+tb #trolewb ‘&ther to yield a black solid. The &lid is obrLuuatographed on tilic& gel; elutioti with ~13/7 vyv 
CH&l&et~&um ether. The fractions con- the product are eombimd. thd solvent evrr#o&& md,tbe solid is 
redissolved in the ni.lnimUtt amount of CH&Q. Additkm of p&rolenmether ti in a pale YOU&# pr&itste, which 

is centrifuged, and dried in a vacuum dessicator to give anthraquinone 7: 3.0 g, 35%. Proton NMR @DC&) 6 
anthrxquinone protons: 8.273 (s, 2H. protons between bridgehead and carbonyl group), 8.243 (d of d, H, 3+2:and 5.6 

Hx), 7.738 (d of d, 2H, 3.6 and. 5.8 Hz); tripty-cene protons 7.455 (d of d, 4H, 32 and 5.2 HE), XU5g*(ds of d; 4H. 3.0 

and 5.2 Hs). 5.663 (s, 2H, tidgehead). 
IR (IL& diec)‘1666. 1590, 1458, 1350.;1322, 1295.954,742.713 cm;‘. 

Preparation of 8 I/ 

Anthraquinone 7 (1.9 11.4.9 mm&i) is auepended in n-butylamine (1OOmL) and cont. aqueous crPamo+ (40 mL). 
Ziuc dust (SO 8,0x1165 mole) end anhydtoue CuEi, (10 mg) are added, The mixture. which develops r deep red color, 

is vigorot&y&rmd and heat&to reflux. After 6 houra of heating the mixture is slate grey and ex&ibitv a bright blue- 

white fluomqcence under a uvligh& After cooling t@ room temperature. the mixture is filtered thi#ugb r plugof glass 
wool into water gnd extmcted with~CH& The CH&lx layer ir wnehed twice with wuter, once with 0% PiCI, once 
again with water, dried over~anhydrous Na&Ox, and tbe~solvet~ts ar8 evaporated. The solid is dimolved litl chloroform 
andchronmtogmphed on silica gel, elution with CH,Cl,. A small fraction of anthraceneis folldwed by blue flu&scent 

8: 1.20 8. 69%. ,,’ 

Proton N’MR (CD&) b: 5.504 (s,2H, bridgehead); 7.050 (d of d, 4H. 3.1 Hx and 5.3 Hz); 7.392 (d or d; 2H, 3.3 HE and 

6.6 Hz); 7.459 (d of d, 4H, 3.1 Hx and 5.2 Hz); 7.885 (s,W); 7.920 (d of ‘& 2H. 3.2 Hz and 6.5 Hz& 8.238 (@Xi). 

IR (KBr disk) 1462, 1440, 1165,906, 743,632 cm“. 

Preparation of 9 >, “, ” 

Hydrocarbon 8 (1.00 g, 2.82 nunoh) and l.,4-naphthoquinone (4.5 g, 2S.5 mmole, frselily chronmtogiephea on rilica 
gel, elution with CH&J) are heated for 68 hours in nitroberasne (20 mL) at 14O’C under nitro~ W&II stirring. The 
solution is then cooled, and the nitrobenxene removed on a rotary evaporator pumped by a mecha&ab~uutU pump. 
The purple-blaok solid is ~dissoived in chioroform nnd column chmmatographed on silica gel. elution :tith l/l v/v 
CH&l#C&. The fractions containing the product are combined nnd the‘solvent evaporated. The a0ulting~solid is 
dissolved up in a minimum of CHCle and precipitated by addition of excess CHxOH., The bslgbts yellows mlid’is 

centrifuged and dried in a vacilum ddaiccator to yield quinone 9; 1.06 g, 73.6%. 
Proton NMR (CDCl,) b: 5.34 (s, 2H, bridgehead); 5.89 (s, 2H, bridgehead); 6.96 (m,6H); 7.31 (m&I);7.38 (in,2H),‘7.51 

(s,2H); 7.64 (m,2H); 8.01 (d of d, 2H, 3.6 Hz and 6.4 Hz). 
IR (KBr disk): 1656. 1454, 1296,908. 703 cm-’ 
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Preparation of 10 
. _ am#apmm 9 (2;l g, 4.1 mmoJe) is dissoivedJr# dry 1.2~dichlm (65 tr&) mrd cooled with 

sti&g~&trogu# ce WC. AlumJaumcWosJde(J .6S g. 12.4 mum@) is added to the&iiutibaL thrmsqunl amuats 

over a few rr&Kes. Wrigg+ -o*(i is coBtimd-foF, 0.5 how. a,u-Diw-~ methyl a)hst (6.47 g. 0.37 mL, 4.4 

mmoJQ) Js @derJ eJJ,~t~omxe sod the solution stirred for 2.5 hours at ropm temperature. The meetion niixtnre is then 

pouradintoJ~H~(IL)lrad~(L00mt)h,sdd(d.Ths.o~clrysrisoslrCfirted~~~onawith~~r, 

dried over anhydrous Na&Os, and the solvent is evaporated. The resulting oil is dissolved in CHCls (10 mL) and 

chromatographed on silica gel, elution with CHsCl,. Two, xones are coJJecte& star&@ malarial and quinone akiehyde 

10. The fractions with 10 are combined, the solvent evaporated, the resulting solid dissolved in CHCls and precipitated 

by the addition of excess petroleum ether. The solid is centrifuged and dried in a vacuum desiccator to yield pure 16: 

0.794 g 36%. 

Proton N&JR (CDCls) b: 5.430 (closely apaoed doublet. 2H. bridgeheadh 5.903 (s. ZH, bridge-k 6.97 (m,4H); 7.37 

(m,4H); 7.471 (s,lH); 7.537 (broad s,W); 7.63 (m,2H); 7.8:13 (s,lH): 8.00 (m,2H); 9.835 (closely spaced doublet; lH, 3.8 

Hz). 

IR (KBr disk) 2820.2735, 1686, 1652, 1608,. 15.90. 1289, 1215,750, 711 cm-‘. 8 

Preparation of 1-syn and l-autJ 

In a IL round bottom fJask is placed diitilhd pyrrole (0.416 g. 6.2 mmole). hexanal (0.465 g. 4.6 mmole), and &none 

aldehyde 10 (0.77 g, 1.5 mmole) in dry CHsC1, (620 mL). Ns is bubbled through the solution for 20 minutes. 

Trifluorqp~etic acid (0.786 g, 6.19.mmoJe) Js added amj the solution is stirmkar room temperature for 3 hours under 

Ns, Chloranil(1.14 g, 4.6 mmole) is added (104 tpe solution L ref@xed !for 1 hour. After cooling to room temperature, 

the CHsCIs is evaporated, the solid is dissolved Jp.QiCJs; andcbromatographedon silica gel, elution with CHsCI,.. The 

fractions containing the product are combiiW, evaporated, OadrediWved in Ccl,: Evaporation of the Ccl, yiekls a 

mixture of the free bases of l-syn and 1-utk 45 mg, 2.9%. The xino porphyrins 1-ryn and I-autJ are synthesized 

quantitatively from the mixture of free bases by warming it in a 3/l v/vCHCIs/CHsCH to which zinc acetate dihydrate 

(25 mg) is added. After a few minutes the reaction is complete as judged by TLC. The solution is cooled and poured 

into water. The CHCls layer is washed twice with water, dried,over anhydrous Na&Os, and the solvent is evaporated. 

1-syu and l-anti are separated by preparative thin-layer chromatography with 713 v/v petroleum ebher/THP. The 

higher Rf isomer, l-au& gave the following daW,Proton NMR (CDCQ 6 porphyrii p hydrogens: 8.571 (d, lH, 4.6 

Hz), 8.756 (d, lH, 4.6 Hz), 9.176 (d, lH, 4.6 Ha), 9.346 (d, lH, 4.6 Ha), 9.442 (s, 4H); quinone hydrogenx 5.583 (s, IH, 

bridgehead), 5.669 (s, IH, bridgehead), 5.898 (s, IH, bridgebead), 5992 (s, lH,,bridgehead), 7.07 (m,s*IH), 7.53 (m, 4H), 

7.66 (8, lH), 7.70 (m, 3H). 7.72 (s, lH), 8.182 (s, 1H); pentyl chains: 1.01 (m, 9H), 1.53 (m, 6H). 1.73 (m. 6H). 2.49 (m, 

6H). 4.86 (m, 6H). 

The lower % isomer, 1-syu, .gave the foRoWing da@ Proton NMR (CDCQ 6 porphyrin @ hydrogenx 8.684 (d, 1H; 4.6 

Ha). 8,751 (d, lH, 4.6 Hz). 9.226 (4, 1H. 4.7 Rx). 9.331 (d, lH, 4.7 Hz), 9.434 (s, 4H); quinone hydrogem: 5.530 (s, IH, 

bridgehead), 5.677 (s. lH, bridgehead), 5984(s,, 1H. bridgehead), 6.031 (s. lH, bridgehead), 7.04 (m. 2H) 7.09 (m, ZH), 

7.44 (m, 3H), 7.55 (m, JR), 7.60 (m, 4H), 7.640 (a. IH), 7.729 (s, la), 8342 (m, 2H), 8.139 (s, IH); pentyl chains: 1.00 

(m. 9H), 1.54 (m. 6H). 1.73 (m, 6H), 2.47 (m,. 6H), 4.83 (m, 6H). 
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Preparation of 11 
Anthmcene@O,O &‘0.112 mola) 8nd p-bemoqpiarne ti’2.1.g Q.112 m&e) are Whumd tog&Win Moue Q2S mL) 

in a round .Wttoan: f&k fur 5. haiin w&b stir&g lrndar Np ‘1156 ho6 solubDbn is pour& into a -mE beaker, theround 

‘bottom flaskh rinsedwith~xylene, tid tbecombined xylene tiuticns ara cooled oVarnigkVat~Y. tTaa&lidU filtered 

‘and washed first w&b &d xyles& then. with petroleum ether+! and dried in a vacuum &@i@ator tb $ie?d.it: offiiftrhcte 
crystals, 26.7 g, g3W ,Promn NMR (CLXIJ b: 3.15 (s.2I-I); 4.89 (a,2M); 6,31 (s,ZN); 1.07 (xtQF@“T~~S (ti,4fI);’ 7.39 
(m,lH). : ’ 

IR (KBr disk): 3667, :14SS, 1277, 1130; 10%,867,.76S cm-’ 
t 

Preparationof ./,’ 

A suspension of 11 (2O.Og, 0.0698 mole) and 10% Pd on carbon (7.0 8) in THF (300 mL) is bubbled w&r Ni for 3 

minutes, The’resultit~$etUpe&i~ ishydr&enated~at 3.5 atm hydrogen in a Parr shaker for 210&&s <i# 6f, T’psi). 

,‘Tlte suspertsion is then bubbled %k% &k~With,Nr the catalyst is removed by &aztion filtration on~~‘mdiUiu $ti frit,, 

and the solvent is evaporated. Residual traces of solvent are removed in a vacuum desiccator overnight to yield 12: 20.9 

g. 99%. Proton NMR (CDCls) 6: 1.68 (m,2Hh 2.43 (m,2H); 3.06 ($,2H); 4.88 (s,ZH); ‘7.13‘(m,4m; 7:27 (&2HX 7.‘&~ 

(m,ZH) 
IR (KBr disk): 1710, 1461, 1153,768 cm-r 

Preparation uf 13 

A solution of methanolic KOH (lO.Og KOH in 200 mL CHsOH) is added dropwise at room :iysrhpbtiriure ov& a’period 

.of Ssminutes to a vigoroa&y stirred solution of diketone 12 (26.6 g. 6.0902’m~le) and o+MhalaIiiehy&‘(9~4 g; 6.0761 

mole) in THF (ZUDmL).. IMantly, the mixtuta tti a’deep bro~Oaler. Add&o& CIi;i~~lIcro mL) & ,t”hen add&, 
and the ‘mixture ia cooled in the fmexer (~ZSC) for 15’minutes. The cook&mixture ls then stitiridd ,vigerously at room 

tempemture again and bubbled with air for several minutes. After recoding &I Ute freezer the yetiow a&d ,fOrhIed is 

filtered on a coarse glass frit and washed Mrice.with cold CHaOH and twice+with petroleum ether toyiel(i~ouindrEc~13: 

17.8 g, 66%.. CHCI, is added to the filtrate and t&e CHtZ& solution is,washed several times with Hxio! ’ ‘l%8:~Cls 
solution is dried over Na#O,, filtered, nnd the rolveni is ‘evap@Med. Suspension of the Mid &msm aM MtiQn 
filtration yields an additional 4.4 @ama ,of tightly less pure&none. Total yield af 13! SPA% PVotOn- NMR (CDCli) 
S; 6.08 (s. 2H, bridgehead); 7.055 (d of,d, 4H, .3.0 Hz and 5.3,Hx); 7;499 (d of d. 4H. 3.1 Hr+Yand 5,,3 H& 7.582 (d of 

d, 2H, 3.4 Haand 6.2 Ha); 7.993;(d of d, 2H, 3.47-H and 6.1 He); 8.563 (s,2H). 

IR (KBr disk): 1657, 1613, 1458, 1295, 119t7’929, 738,699 cm-‘. 

Preparation of 14 

Ia a IL 3inecked round bottom flask equipped ‘with a gas ,addition ,frk, a rubber spectrum, and a condenser with 

a bubbler to monitor gasaddition is placed quinone 13 (8.9 g, 0.0208 mole) in dry DYvfP (2$0mL). Nitrogen is bubbled 

through tbesuspension’withvigolOus stirring for.5 minutestbpurge oxygen. 10% P&/C (2;O.g) isah&d a&U hydrogen 

gas is bubbled through tke solution with stirring :for I .hour. ~Nitrvgen is bubbled tMou@r the’solution again for 5 

minutes. additional 10% Pd/C (1.0 g) is added, and hydrogen is bubbled through tha ‘soiutiod ‘for3O’minutes. The 

solution is then flushed with Ns for 5 minutes. The color of the suspension is yellow-green. Lithium 2,6-di-tert-butyl- 
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4-methoxyphenylate, prepemd by the addition of n-batyllitium (52 mL of 1.6M hexmte solution) to 3.5~di-tert- 

butyl-4-hydroxyaniscle (19.7 g.O.Og33 mole) in dry DMF (IflO mL), is added drepwgie withvigcrcus stirring atrOOm 

temperature over a period of three minutes. The color of the solution changes to a deep red brown. Freshly distilled 

dimethyl sulfate (10.6 mL. 14.2g. 0.112 mole) is added and the mixture is stirred at room mmperatum cvernight with 

censtent bubbUlag.of PQ.ilrao;tae sulutiou. .The mixture is poured into Ci$Cls (100 mL) in a 3L Krlenme~r flesk. HsC5 

(~7OOmL)isadded.andthemixturuisrtirredforl hour. T’heH@laysrisdacatW off throughgless wool to remove 

the catalyst and extracted with CH&!lj(5OmL). The ccmbiuedCHsCls layers am filtered ZhWgb glass wool. wsshed 

twice with HscE(1506titL). dried over anbydrous Na&C& and thesolvent evapar&d. The resulting solid is slurried 

in hcxane (100 mL) at WC. The hexa& slurry is cooled to 3tPC end, suction filtered on a ccame .frit. The solid. is 

washed twice with 30 mL hexatte and dried tc yield 1B 6.5 g. 75.4# Proton NMK (CDClJ 6: 4.096 (s,6Ii); 5.966 (s, 

2H, bridgehead); 7873 (d of d, 4H, 3.1,Dx end 5A Hz); 7.431 (d of d, 2H, 3.4 Ha and 6.3 He); 7.495 @of d, 4H, 3.3 

Ha and 5.2 Hz); 7i9gO (d ef d, W, 3.3 Hx and 6.4~ Hz); 8.532 (s.2H) 

IK (KBr disk): 2835, 1463, 146t3, 1327, 1048,972,898,757 cm-‘. 

Prepmation of 15 . ,’ 

Dimethoxyanthracead derivative 14 (5.0 g, 0.0121 -mole) and l,Cn&hthoguinone (8.6 g,.O.g506 mole. freshly 

chromatographed on siUEa gel with CHsClJ are stirred aud heated under Ns f6r 67 hours at UPC in nitrcbenxene (30 

mL). The solution is then ceoled and the. nitrobeuxene removed on a retery evapomtcr pumped by a mechanical 

vacuum pump. The solid is .taken up ,in CHCls (10 mL) and precipitated by addition of excess CHsOH. The yellow sotid 

is centrifuged, washed .with more CH,OH and centrifuged again. The solid is then chromatographed on silica gel with 

CHsCl,. The fractions containing the product are combined, .the solvent evaporated, and the solid taken up in 

chloroform. Addition of excess CHsOH results in precipitationof the product, which is centrifuged, weshed with 

CHsOH, centrifuged agaimand dried in a vacuum de&cater to yield 15: 5.33 g. 77.4%. Proton NMK (CDCls) 6: 3.912 

(s, 6Hk %688g, 2H, bridgeGad); 6.249 (s, 2H, bridgehead); 6.95 (m,6H); 7.35 (m.4H); 7.41. (m.2.H); 7.637 (d of d, 2H, 

3.3 Hx and 5.7 HzX_ 8.012 (d of ct. 2H, 3.3 Hx”and 5.7 Hx). 

IK (KBr disk): 2945, 1657,.1478. 1460, 1295, 1260, 1052,910,761; 707 cm” 

Preparation of 16 

Pentiptycene-naphthoquinone 15 (2.5 g. 0.0044 mole) is dissolved under Ns with stirring at QC in dry 1,2- 

dichloroethane (100 ml;). TiCl, ($47 g, 2.01 mL, 0.0183 mote) B syringed into the s&tiou in 4 equal portkms at (PC. 

The color of the solution turns from yellow-orange to deep blue iummdlutely. AEter stirring 5 ~minutas Q,Q- 

dichloromethyl methyl ether (1.05 g. 0.83 mL, 0.00914 mole) is added; and a iiery fins precipitate forms. After stirriig 

for 21 hours at room temper&urd.‘thepipitate dissolved. The reaction mixture is pcured into riater (700 mL) and 

extracted twice witbCHsCls. Thecombined CXi&fs bayed are washed once with HsC and dried with anhydrous Na&Os 

and anhydrous Na$O,. The solvents are evaporated, the resulting solid is redissolved in CC&, and the CCl, is 

evaporated. This txccess is repeated one mere time and the resultbig solid is dissolved in CHCl,. Addition of excess 

pelroh~~ ether precipitatsJ the product, which is centrifuged, dried; and column Wcmetugtaphedon silicagel, efuticn 

with CHCI,, tc yield two major zonea starting material and 16: 0.83 g1 32%. Proton NMR(CDCl&& 3.932 (s,SHx 5.79 

(narrow doublet, 2H, bridgehead); 6.269 (s, 2H. bridgehead); 6.99 (m,4H); 7.42 (m,4H); 7.49 (s,ZH); 7.62 (m/H); 7.843 
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(s,lH); 7.99 (m.PH);;9.80~(narrow sdoublet, IH, 3.8 Hx). 

fR (KBr dii 2935,2825,.2720, k693,, 16LB. 1477, 1292, 1258, 1050,706 cm-’ 

Preparationof 2-agtt and 2-anti 

In a, IL round bottom flask is placed distilled pyrrola (0.371 g, 5.53 mmole), hexanab(O.~6~g~ d-15 mtttole), and 

quinone aldehyde 16 (0.828 g. 1.38 mmole) in dry CH#& (553,mL). Nz is bubbled through tbe~aabttiod for 2Q minutes. 

Trifluoroacetic acid (0.631 g, 553 mmole) ,L added .and the solution is stirred for 3 hours ~rocmtemperatum under 

N* Chloranil(l.02 8.4.19 mmole) is addedand the solution is refluxed for 1 hour. After cool&to ~room~tentperature, 

the CH,C& is evaporated, the solid is &solved in CHCl, and cbromato8raphed on siB6a gel, elutioa with CH&. The 

fractions contain& the product are combined. evaporated, redissolved in CC&, and the CCl; is evaporated to yield the 

free base$ of I-syn and’t-anti: 72.mg, 4.8%. The zinc ‘porphyrins, 2-aye and 2-rllti, are~syrttbeSi?#d quantitatiVely 

from the free base mixture by WarmhI it in 3/l v/v CHC&/CH$OH to which zinc acetate dibydrate (25 nl@ i.3 added. 

After a few minutes, the reaction is complete as judged by TLC. The solution’ $ cooled, poured into water. and the 

CHC1, layer is separated, washed twice with water, dried over anhydrous Na&Os, and the Jolvent evaporated to yield 

a mixture of 2-syn and 2-anti. These positional isomers are separated by preparative TLC on silicagel, ebItif#t with 

a 7/P v/v mixtureof petroleum ether and THF. The hi8her Rt kiomer, 2-anti; Save the following da& Proton NMR 

(CDCl~& porpltytin p hydro8ensz 8.761 (d,lH,CI Hz), 8.&48 (d,lH.4.7 Ha), 9.342 (z%B duartet~HS.1 Ha), 9.457 

(broad s.4HX q&tone hydrogens: 3.943 (s+3H,OCH&, ‘4.106 (s,3H,OCH$, 5,896 (s,lH,b&J@head), 6.028 

(s,lH,bridSehead); 6.354 (s,lH,br@ehead);6.415 (s,lH,bridgehead). 7.094 (tjLH,5.8 Ha and, 6.1 H@, 7.b55 (ti2fS3.5 

Ha), 7.485 (d,lH,6.1 Hz). 7.62 (m,5H), 7.705 (hlHi7.4 Ha), 7.788 (d.lH.7.4 Hz), 809. (m,2H),&l82 (s,lH)t pentyl 

chains. 0.98 (m,9H), 1.55 (m,6H),,l.80 (m&H), 2.5@(m,6H), 4.88 (m,6H). 

The lower Rr isomer, 2-&I, .gave the follow& data: .1 
Proton NMR (CDCQ 6: porphyrin /3 hydragtnsz 8.768 (d.lH,A.S Hz), 8.801 (d,lH,4,6,Hx), 9.3k2 (&!ilHb4r7 H& 9.382 

(d,lH,4.9 Hz), 9.538 (s,4H); quinone hydrogen% .3.991 (s,3H,-OCH,). 4.114 (s,3H,-CCH& 5903 (s.iH,brkQebead). 

6.031 (s,lH,bridgehead), 6.366(s,lH,bridgehead), 6.407 (s,lH;bridgehead), 7.06(m.ZH), 7.11 (m,2H). 7.49@,3H), 7.581 

(d,lH,7.0 Hz), 7.72 (m,4H), 8.11 (m,2H), 8.199 (s,lH); pentyl chain% .a.914 (quin.,6H,- 7:9 Hx),‘2.51~(m,6H): 1.80 

(m,6H), 1.57 (m,6H), 0.96 (m,9H). 
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