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polarity; a chmge-transfer bard was not observed. 

AQ m0ietiee (-1.4 A a&e-to-edge) ccmpemates for the otherwise mrginal energetics inaamxl 
with Marcue theory. 
dielectric continuua 

kwever, calculatkme of the reorganiz+menergy,besedmatw0-sphere 
emdal, endestimates of the solvent -d&emhmt reaction energetics, using 

the Weller equatim, do not yield a meauingful correlation with the flu0resoeme date meakred 
in 19 solvents and binary solvent mixtures. Electron t@sfer in this intimately linhed 
donor-acceptor molecule may involve en inner-q&exe and/or ad$ab&ic mechanism. 

There has been a great deal of recekt reeear0h 0n,the properties of p0rphyrin-o0ntaining 
nx&xzularassamblieeinanatte4nptt0mimic ~$%arylight+-drivenstepibnatqal photosyn- 
thetic reactirm centerr~.~ Fkny currant PnvesGgations are OoncemKd with~fkklently linked 
porpbyrin-quinone (-1 mokoules iir &der to understand 'factaiit au&& the effe0ta of dia- 
tan0e, orientation, energetQza..shd the role of the medim * the rates of intramolecular 
electron transfer. ‘&enat&‘pf thelinhing bridge ia alaoa subje0t of&h interestsirxze 
light-induced intremole&ar 'ekctron transfer 

I 
ET) in aeny linked donor-eoceplor (DA) role- 

0ules is dominated by thr0ugh-bondinteracticns. 

Moat studies have concentrated on FTQ system with relatively long covalent links p0asess- 
ing various geaiietriea ami degreea of rigidity.l-7 In come m0leoules, an Sportant factor 
affecting the rates of both forward IIT and subseq~tchafge recaolbinatian appears to be the 
ability of the donor and acceptor moieties to assuee one or bare optigaaa configuratiane.1~4~5 
'lhekiiatributipais of rate constants that arise fran this flexibility have e&e it difficult to 
unravel the ,r&ative czontributions of the various fa0torl6 ti0ned ab0ve. 
nead for a vsriety of DA syatens containing rigid linkagea. d- 

Thereisth~a 
Itshtidbeknne inmind,how- 

ever, that vibrational degrees of freedom within the link, no matter how wall constructed, can 
give rise t0 distributions of Bf rates, 7 and therefore cc@ex spe0troecopic profiles on the 
pe time scale may be unavoidable. 

Penaanent addressee: aDepartpen t of Cheekstry, Metropolitan State College, Denver, Colorado 
80204; bRed Rocks Comrmnity College, Golden, Oolorado 80401. 
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lherehaabeen~one~ousreportsmapo~~-quinonerol~einvhiahconfor- . patiomlfreedomwl%aminimieedbyatteahinpbenzoquvme (BQ) directly at a m3ixqmsition of 
theporphyrinring. Very rapid (<6 ps)decayof the porphyrinexoitedsingletstate (91) was 
oteerved. Ibe trawientaborptionprofileauere attributed to foIIPationofthechaHe+epar- 
ated radical-ion-pair state (RIP) by both singlet and tripletmachfmimm; reverseETfrima 
vibrationally uwebced tr.ipletW was also postulate& saae of this calplex b0havicm lmy 
have been due to the relatively large (GO.45 eV) driving force for forward jBT; @bid, 
theenergyof theRIPetate veryclose to that of thelocalizedporphyrintripletatate. 

Aa Sergkamp et al.8b sugge&ed,stulies ofananalogousmolaculeccm~adifferent 
winme (e.g., wththoquinme, NQsg) mi&tyield~inf~xg+~mfm the;Ia&ig imp&am? of such 
faotorsasvibratiomlcmplingenddiffereme . Inauchaaystem 
the detailed photqhy8ical behavior might be simpler as ~CETnce the drivirU force 105 

ioe for El' and 

” PEA0 
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PABWaa~~bY&i@iap tbeg~~aethodofpo~ins~isSnt~byLind- 
sey snd co-workers,20 ss discussed in de&40 tzlai. lhis method involves an acid-catsl~ 
reaction inmoderatelydilutsrr&hylenechloride solution to establish an equilibriuabetkeen 
p,wroleewitheapProgwiateal~ rea0tsntsandthe'porgh@nogenpbxiwt.. IRepor$@yrino- 
gein is Wbequbntly oxidized irreversibly to thedesi:ied~pbr#&yrin. 'ISesellifld reaction con- 
ditions k&e been ckaonktrkted to Pr0vidb porphsrin mod& ajreteae cleanly snd caavdniently 
withavarietyof sensitive functional groups. 
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ardpyrro~eacoordingtothe.~prcpe- 
* dure.. -cTbYmmw ana~ia of, .che or&!3 poq&Tin pl?o$mt, isolahd in.ti3q &dd, iaica- 

ted~~exkWcmp&ixpzpc;tcptdistr~bu&ior~ 

Ina+litias;'to'tetrk4Zy~~& (TTP) sndPAq‘as the mm+ q&&Is cIq&&&&c3 * 
pcments, ,8&3tmtia$-.,m~q+ta of at 'i&t ,tm 0th~ iw ,JN&& po&m&w:~.;& 
+aerved"* ZheIst;terare,ssarpredto,betberswalt.bf,~~~~of~'~'icnse~~ 
quincols misty, Wtno &rkhe~ 43ham&qis@&m esg atB,aqqptgli WF~.WmM%!q+VktW of 
the oqpcmentq@ t;his,woplex r&&i- mi,xtu=Qarld be realizedwith c&q m 
on almins or' silica 'm% 
obtainec.by 

kklg1$&ml.asmpM3 of p&4 wems most mmyenienllfr egd.&f$#&iy 
preparative, silica-gel Tu: of the isolated mixture of porpbyriq&#u~#~~ ,, * 

plea of PAQ needed for flumescence- lifetime nmas urementswere obtained framRplf:se&mration; 
PAR thu%oww was, dmPn&mted to be 399.9% &re b&h Cz&cmm+lJ nplld, tqwa 
,icalLy, ; ‘,> .G 

i ., ,) 

egieotrlm of PA& ithe M+#hiq shielded N-H &Wok ;rppqrar d&k'"Gl'~&&iie 
the highly wielded protons on the P-positions of the pyrrole rw appear at ca. 6 8.8. 
l%e tolyl rirufprotms are readily apparent as en AA'-BB' system at 8 7.51-6.14, while the 
methyl m are clearly represented at d 2.70. me spsctnm JpExmq.kMd,'bor;;~;~tiY 
plets oentered at S 7.86, 8.40 and 8.70 end a brosd sin&t at 6 9.i4, which ax% sasignsd to 
the arcamtic protons of the anthraquinone substituent. ?hese spectroscopic prop&& 

gether with qmsideratim of: the ape&mm ofIAQ-2T.., 
I, ' . 

%~,aanps$.i& t.h%$fLopsctm~$ ~PAQandAB_2i;flO,~itis partti~~y:&&&&&&&e 
simifioen$,pertWatimsG $q,thq&f&&l shifts'of ger$aip ammt$o proton&, ,1sFiiwrsJI* assigns 
e&to,@WMaqtG~.prgtons that- WI tbrt,rinl directly atta&ed to *e.pmWmM llrucleu$ 
are shiftedcomiderablydomfieldrelative to the,same protons inA+21Mo. ~‘I’h~,~weticm 
is in accord with the perturbations seen in the W-visible absorption spsctrm of PM, to 
whichW?nowturn. 
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nj, electrcmic absorption spectrm of PKI @is. 1) dihplays * c5h=teritisi porphyrin 

relat&e to thh m& bend in the SpectM of the e&m-l&d FM& mslogm.ls 
the &etta& of PAQis distimtly 

Id #ditiql, 
bi@&medto~redandtoaleaser~t~*~ 

sxe as well. 
vent (exoept fore refraotive indem 

spectra of PAQ f& on.& slight&. 

on the emission qectNn of PA&j $8 aLso tbbcebai tp refr&qt$ve indeoc. 
tric0onstant(ss)ofthe solventils,imrsasedfrom~2 to+ theflmresm&m inteqaities and 
(single-ccqmemt) lifetippb w gr&usllp (JWle 1). ,R+sver, in M ao&raM$ Polar 
region 6 < cs 6 gt(i.e., chlor&ma&e or ethyl #et&e to meth&me cblori&), the values of 
bothpalametersdecmase dh3atically. To exam+ this effect furtbsr~,i& mtmurs6 both the 
intensities and lifetimss of PM fluow in'&mralbinarymMures of ohloro& and 
me~lenechloride,withthe~~ts~ieed~lPable1. lbe fluoresceme quenching is 
seen *dependmarkedlym~s,wbichs~lP~ thatsnBTmchsnismisinvo&ed. 

When the li@Amas beac& very short'((200 ps), the deoay profiles often canqot be fit 
satisfmt&:kJr 'even tith mltiple (up to four) exponential campcmnts. lhis my be due to 
distributions of EFrata c+s~ts that; inturn; reflood d$~mnctfm~~~tics 
due to solqntdynmdcs a#/or h-red r#ation&J oscil&&ium isf the IrQn~ietj+~af:the site 
of attachment. Asnotedpreviously, solventdielectric relaxationmayalsoplayarole. 

Theelectrocheaical~~(Tahle2)coupledwi~~fluoreaoence 
e firstapproximstion, the presmedRIP state (fim) is roughly i 

speotraiadicatethat, to 
soemrgetic with the por- 

phyrin 51 level in bensonitrile and prestiy in more polar solvents as well. Ihis assess- 
ment does not account for the Coulcmbio tern (-e2/+*~), odrich, at this centelr-to-cfmter 
distance (-8.7 ~),wouldlomrtheRIPenergybyasmuohas--O.7 eV inalamLiels&ricnediun 
(e.g., benzene or tolusne) relative to nitrile solvents. It is likely that the sun of the 
redox poteqtials of the P~and AQ group8,*- 
~'~faM&le‘sol~tion of t&h ionic, &e&isia 

w+# ~i?%.T"lventpFJarjtJr54 due.* 
%¶I us, cJyaJ1tebtiy4lyat 1erist;there a&+‘two 

&tmtem&ling infl+ces‘~~ff:~&vtei~.Wk '&el&t.& c&t.&t .as noted @o&p b i&l- 
ler.aT R&ever, as discu&&beIow, this a&$& d&z~ I& yiicla a ,~isfact,oxy +emt$at$+e 
corrf&eti0n of' the~ob&&ved t&&i of the fitid &e&dn$ list.& in,T&le 1. .' 

Correlations of ti rates for a given DA molecule with solvent properties have rarely 
yielded satisfactory results.1 The major resson is that, as in the present case, it is not 
always possible to mske accurate detenuinations of the trus energetics. Tbef3emi-classicsl 
Marcus theory16 of electron transfer predicts that the rate of an outer-sphere reaction is a 
quadratic faction of the Gibbs free-em my (A@'): 

k = 
et 

lhus, the rate should increase with reaction eucergonicity to a mximm that is characteristic 
oftbetotalaystem (imlulingsolvent), andthendecreasewithfurtherincreases 

lbe latter condition defines the Waram *inverted~ region.16 
in exergm- 

icity. 

TheelectroniccouplirUttenaY,depndsstronplyonthecenter-to-canterdigtaMe~be- 
tweenDturLA, wheress the reorgsnisstion energy& shoulddepemi cnlywesklp on q~.l !l'bus, 
Xpe shouldhs the&or factorinthe dapandenceofketondistrurce. Sims this tenninvolves 
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a. 

b. 

C. 

d. 

e. 
f. 
g. 
h. 
1. 

801WJnta b l S 

ClBiX 
ClBs-Hsclg, 8:lh 
cxBs-Mec12, 4:l 
GlBa$lsc12, 2:l 
clBs-M#& 1:l 
ClB5MsQ2r .1:2 
ClJSHlscl2~ 1:4 
Ml2 

pyridine 
acetone-Mscl2, 1:l 
*PIcN 
act+Yne 

2.27 
,2.38 
4.20 
6.02 
5.62 

4.2 
--6.6 
-7.1 
-7.7 
~8.1 
-8.5 
8.93 
10.37 : 
12.91 

-13.6 
20.3 
20.56 
25.2 

-36 

(1.001 
0.96 
0.98 
0.72 

x:: 
0.20 
-0.076 
0.03g 
0,024 
O.Q20 
0.014 
0.024 
0.015 
0.023 
0.040 
o.a31 
0.020 
<0.04 

11.7f 
Sl.Sf 
12k6f 
10.11 
5.9f 
1.9 
1.1 
0.6 
0.2 
-- 
-- 
0.1 [0.033 
0.3 
0.3 
-- 
0.8 t-O.091 

::: fO.153 
-0.2 10.061 

q/“ge 

11.9 
12.1 

:I*: 
10:8 
-- 
-- 
-- 
-_ 
-- / 

9.0 
-_ 
VW 
I_ 

12.1 
-- 

11.4 
12.0 

Abbreviations: !IW3 = t-~ylrebhslethsr;~=athyl~~~;Clae'= 
chlorabeneame; MI2 =mstbyk3ne ohlol?ide; .lxz az ~;2&kW&xWethaae: 
*m = Rbutjronitrile;*m = benxanitrils'; MSN = &cetonitrile. Mes- 
surepentsndeonaeratcd~~olutione~untesa~~rise. 
At 250 C fmm ref. 31; values for binary solvent mixtures are estinmtzd 
franrPole fractions. Cc@parisons'with msas ureme+~ of l s of other binary 
Solvent mixturesl4a show that this is‘s gaxl mtion. 
Integrated intensities relative to PAQ in bensene corrected for contriku- 
tions fran long-lived impur8t.y (p?bably @ITPI using the ns lifet* data. 
Major canpkent.: m&i+- ts nsule with either ns ok [ps] excitation, as 
i@icatAd. 

.’ 

A@J&Q in qenated solutions.11 
DfkMygexx%t&L 
solvent propertie& are those of diethyl ether. 
Volune ratio, ClBz:FkC12. 
Contains toluew (--l-f% vol). 

. 

lbble 2. l3lecal p&ent@sa_of P~~relatedmo$xa+ea' 

PAQ TrP Aw-(mflb 
-- 

oxidatiqn +1.020 +1.005 +0.950 --- 
&dla+tion -0.920 -0.875 --- -0.990 . 

‘a;‘. Volt$ vk:Ag/Apcl, ins&n+ in,&nsan.i$.rile 
'b. 2-( hydrox&ksthyl)akhraquinon~ 
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integration over electron&o ws~-~fmatigaS,~ &I2 is. usml&y aaM to d&k&me exponentially 
wit.hrDA 

%(rDA) = Mpci(rokPC-BkDA - ro)/21 !. '(2) 

of Yin the exponent aouma%Mfor the fact 
that eq. 1 is expmmed inteirsof . I:‘b 6iqxnds oa bpt.h the absolute er$ relative ener- 

"Hence, in a series of DAmolecuEe&witb the same 
valuesof~'andXbutdiffering~, th~.rateconstants should followthe mhyon (eq. 3)1 

.I , 
k&(r& = k&lq)kd[P(I‘DA ‘- ro)] (3) 

In practice, it is founl,that the referehce distanc6 r, correspkds.to ,%het&+ of the van 
der Wsals r&ii of D and A .,, ,For a typic@ h&ke with X = 1, eV, than Xpe(r@ *',,b,O25 eV; this 
"lye represents an approxirmte dividingliLixi3 between ediiibatic aM'non*~~$p~ prooess- 
es. It is generally considered that EF r&&ions becape *tic aa ITbp'Lsz(oc 

InEq. 1, the reorganization energyXin ccmpomdoftwoparts: 

X = Xin t Lout (4) 
', 1 

The "inner" tern, Xin, is due to structkal changes betmwm the reactant a& product states 
andisimkpezxhtofthedLmmm3hgmsdium. 
porphyrins), kin 

For 1-e molecules (e.&~,2~~rophylls and 
is caloulatkd to be relatively mall, viz., -0.1-0.3 eV. 

The solvent-dependent :'oMer" tem,.Xd, arises fran reor&i&ization'uf tHe surroumling 
medium became of diffex%nc?es bet- the okientaticps and po9atrlsaticm.o~-sol\ient molecules 
arourd the neutral mshctsmt stkte (W) ,aid ionia product state @AF).. 'If' the medim is 
treatedas adielectric continm&,16 this teincsnbeexpressed.as: ,I 

hit (5) 
whem e is the’ efmtmic ‘&?+rge# q ad rA t&3 the di ok the .dimir and Wm?&or +leCuh?s, ms’pectiv&, d qA has’ kit?& defined previously; Ed is the optical ,&iel&ric constant 
(given by the sqmre of the refractive index) and es is the s$tic (i.e,';:,m), dielectric 
constant* For PLQ systems with IDA % lo-15 A, Lout csn'be negligible in non-pola$~solvents or 
as high as -1.5 eV in organic media that y sufficiently polar to +qbilisq t+e ,pr+iuct RIP 
.tate.1,14,28,29 

.' 

The lowest excited singlet state of the porphyrin m&&y Can relriv by fluor&cence, inter- 
nal conversion, intersystem cross* to the triplet state, or electron transfer to the attach- 
edquinone. The first three factors are properties of the porphyrin moiety snd generally do 
not change significantly when a quinqne i~.attqkd.30 If the shorter flu91_ersccsx?e lifetime 
of a linked ne' m?&&l~ CrGZativCto a'ref'erenci porph "'in 'kh 'as lTP) is hue entirely to 

13r electron transfer, the rate constant kt is given by: 9 

ket 2' l/i1 - l/T2 

where ~1 and ~2 are the measur'ed fluoresce+lifetirpes r@efi.nqh &a th& reciprocals of the 
sms of the rate c&&ants) of PlQ and the Feference po*in, ,mpectively. The ratio of 
these lifetimes (q/72) gives the +tent, of f&uo~ quer+jng~~~,#c+d,be in quantita- 
tive agreement with the measured relative qwqitum yields,, pkjvided t@at all '@emhim is dy- 
namic snd not static.l~ll 

We have used eq. 6 to derive values of &t taking the values of 71 obtained with both 118 
and, where applicable, ps excitation (see Table 1). AC+’ was estimatedusingdata availablea 
for us and the simplified form of the Weller equation:17 

6nf'= -0.09 t 1.89/c, (ev) (7) 



Idrere..thermetrrntan~e~~~~frmn~~~~tbecrrcitsd-s~~Stste(P~~, 
-.*.S%:eV, d tb,be;C~ iadepllndentofa0lvmt),thesrd ofthe oacidat~mrradre- 
&,&im ptm~als.:El~~P ad3 A&;x?eqesutiwly (rl.94 ev in baEl%mi+xilei lM3le 2), and crten- 
si~estirseedf~rrleEAtlarlm&snim~a&zulati0ns. 32~Aws8a&xJlalx!dusingeqs~4*5, 
with Xin = 0.2 eV. 

sU~itut~:~~osl~ed~~~~withthevalusaaS~ extrw&&froathe fluor- 
esoetuB 1ifetiaBs observpd;~for,&ach s01vant into ,eq& i.s?Uds x!&K@ of thatrsngefrm 
-0.4 eV (in ethyl acetate~ai&&&x0 benzene) to -&7eV (inmthylene me fact 
that this approach fails toprwidevalues of that are (0.026 eV and semiply mt 
of s0lventdenmnstrates thatm in this ml e does not ocour via a non-adiabatic, outer- 
sphere .msm.15t16 

i 
~valve~.calculat.edf~r~t (eq. 5), A@-feq..7) srld, therefore, )bs are very sensi- 

tive to the ahoiceef the.palecuJap: radii, For exs&e, incrms iugthelRl%mpo&Qrinand-AQ 
radii to -8.4 &,a& ~2.9 A, rse&nxtiVely (i.e., them radii within thelPlanes of the ~two 
rings), givaa~vaYues of Xps & O&$5 -eV .for all solvent sgstaoe.eXmpt 2:l aM!l:l ChZ&- 
sene-m~~thylenexhl0ride rrnd neat:msthylene chloride. It <ia d0ubtful, -m, thatthese~di- 
mensi0ns are realistic. 

We think that.~@otr0n trmsfer in PA@ oocurs 
sphere meohsnis&15a in which; 

bysninmr-8phereratherthan~an0uter- 
mss calculatiuns of& ming the two-s*re dielectrio.mn- 

tinum model and A@ frm the Weller equation are not mea~xingful.~~ Alternatively, since the 
oenter-t0+enterdietenceis fair~lmg ("8.7k)i outer-@ereBp~indeedhe tiappr0p- 
riate model, but eq. 1 vlould not.apply if,the reaotim were,adiabstic.15*16 

Whatever the detailed explqnation, for this solvent w, PAQappesrstobcahi&ly 
sensitive &'of the local. diJlec$ric:envirorrpan t. FM=ther:eti&ieiB-&U%+ CMTently in pr0- 
gress to inM&igate'the ds5Cs) 'of flu0res&hce m&b,in thi& Ilralljrmf'e, includin8 
tes@eratureand‘vi9t+i~y&perid&qe,andthe r0le 0Q s0lventdielectric relaxatim.+IMnsier& 
a~~~ondettild~~pt~~~edwonstrate~~pwusly~t~~infaetoocur. 
Thus, mother imp?b%tant aspect'ib ttie solvent deperiaencei"of the lifetw of the wt RIP. 
Ihe energy of this stit+ sh&ldtie &ufficientlyhi%h abwe the w&ate that- recm- 
binatim is in the Marcus Mverted &gim,16 ss is themse fbrvirtrrillyeVerylink@dPBsys- 
tmstudiedtodirte.~ " 

1, 

~urresul~'shd~,further~t,al~~~~isapoor'tera~inalaoceptor, it ti0uldbean 
excellent brid$e 'to f&lit&e electron transfer M a;- acoeptor ,attached to it, We 
shall report'on the synthesis a& characterization of su0h a systdm in's future -ication. 

.’ 

We thank Dr. Job A;"Tu.&ier; Sol&r Energy R&&arch In@%& (S@), for assistance with 
the e&trochemical'mez&~, b ts' 'br.' C. J. Curtis,and Mr. Alex Miedaper, SBRI, for help with 
them set+; B"d.p. Alma +?&rcsuk, The UpiGersity of Western Clntar*o, for mBgs- 
urepents of ps ,K&tiw, 1ifeYiines. kq gratefu& aclm&wgdg& t+ AfTsoeiated western 
Dniversit+3 for & $ab&tical i&p &ant.. ThiS:'~rk ,m supported,by the V.S. Departpent of 
Energy, Office of Dasic Biergy"Sci&, Divigion of C&&mica1 Sciences. 

mALsI&ICN ” 

Jnstnasnt&m: Absorption ,spectra were recorded on a H&&ett-wkai'd 845Oh DV/v'isitie 
rapid-e &ectropho&ter with -16s in l.dO-an'c$,2~OO-~n pathlath cuvettes. A Spew 
Flu0roIog I was us&‘to '&quire'flrio&cenqe ti excitation spgctra with eithek'front-face or 
right-angle d&ec&&,,& aPpr0priate. Pl&qq&r+ lifetim& were neasuFed by the technigw 
of t~-conoia~'$ii4ti~-~o~--t~ using aS%c$&hemi~al Fk~,Ass~~iates Mods1 3000 
lifeqime flubrini&er 4th nS~;urCitatiOn (A2 circ l&j, usug+y at 365 nm. The. optical SyStkm 
w&s configured for'o$Gtal de&&n in th&'red‘region df the ~pectqwn,~4 and &cay profiles 
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,were fit,by;ccmq&er deconvnlution +a~ either single- o# da&l e-qxnEntis.l deoay model8,i'as 
rec&dredby thedata~. some lifetire-datawere&tained at lhe University o%,Wemtern~C#xt&io 
with ps lsserex~itati*~~~ at 570 xxq these decsay profiles wefe fit tb alultipllx~(yp to four) 
e%ponent.i@ vtis as needed to meet the usual atatiattcal criteria (X2; rsrxIom residuals, 
autocorrelation profile). 

All solventswetreof~e~tgradeoasnercially avail&&e (uaml~Burdid~ardhdcson) 
andWareUed"as,rec&vmdf~freshlyopenedcontainers;' 'lbeex0eptiom.~~:msUiylem chlor- 
ide~whichwas storec:over&lydIws 
free-tiporphyrinsi ,’ 

K2CQ tupreolide~rotonationofpyrroleni~ ih,the 
‘I 1. 

', L, 
Oxidation and reduction potentials of PAQ, FKAQ and their non-linked _tit_ts wu‘e 

meaaumd by differential pulse polarofraphp (PAR 174A) using a glassy earbcn electrode, 
Ag/AgClreferenoeelectrodeand~Ptco~~~ter-elaotrcde. The of&cm el~~wssptslishod with 
0.03jlmal~ a&the Pt~eleqlode~~flluB3-clesnedpri~ toeacll~~~~ms&~~'~~ 
peaautpllventa were,- on ++lO' .M selutions in fresh bensaxitrile ( 
taining 0.1 M ~tetrabutylsnnoni ~hexafluorophosphate (Bouthwest AbalytioalKleo~) as 
supporting eleotrolyte.. mank IMB were made ontheso1vent '@us suppo~%ngeleotrolyte 
beforeeschmeasurement. Thesempleswere scannsd at 10 mV/a with 10 mV.prlses. 

~1H~~apectrawereobtainedonaJBZPX90Qspsctrom&er at M vting .fnxpmncy of 
89.56I6Iz.~Chemiu&shiftaarsexpressed in~relative to intennl tet~thylshlsne. 

IfF%cseparationswkreJpe!rfo~on aBfl&lmn systemcmpossdofaMaial'H9Ddual solvent. 
delivery system ard'a Mo&31 ,163 variable wavelength de-r. .Optimml :sepaFat.ians were 
achieved on a noxmal phase silica column with methylene chloride snd hexane (4:l by volune). 

plothraauimaahz (ALE2=Ul& A lK.O-g (0.15 ml) portion of 
trioxide was &led toa vigowly stirred solution.of 25.0 g (0.30 mol) ofanb&ous 
in 350 mL of methylerie +&ride. After the bnrtundy_colqedsolutionhadbGen.,stirrsdatamt- 
bient temperature for 15,min,, a 
quinone (Aldrich 22,652-l) 

suspension of 5.0 g (0,021 I&) of 2a(~thyl),anthra- 
in.156 mL of methylene chloride was s@ed at o&e. 

deposit foqead&sa&ajx3ly, qrid stirring was continusd for sn additional15 min. 
&taqry,~ black 
7bedgrk.p 

lutionwss decanted, and the tarrydepositwas wafb+tith two 5oO-mL volm of ether., The 
canbined organic solutions were washed successively with three 5OO-mL portions of, N,aq NaCKI, 
three500_RLporticnreof5%aqHC1,two5001PLportioneof5XaqNaHC03andoneSOOarLportian 
OfsaturatedaqWsix Afterdryingwitha&drous Ka2fq4, the solventwas w-on arotary 
evaporator to yield 4.0 g (81X)'of a pale yellow powder. This mterial rJaa,,t&xei to be pure 
by TIC analysis (silica gel, methylene chloritij. Kecrystallizati~ from ,&qsene-hePtane 
afforded pale yellow needles, mp 186-1880 (litB3 zip 185-187'; lit. 7 mp 167-l&); lI3 Haz 
(CDCl3) 6 '7.78-7.93 (m, 2H), 8.21-8.50 (m, 4H), 8.77 (8, lH), 10.23 (8, lH, CIiO). 

5,10,1Crri(~~~l)-~(2~1~~~~ (PlrqZ The following -tlon'was par- 
formed ina 2-L, three-necked, round-bottomed flask, whiGwa8 equippedwith* stirqx, reflw 
conden8er tad n@. 

"% 
en inlet. 'fhe vessel was charged with a solution c4llpqaliKy of,,472 mg 

(2.0 zlnol, 2.5 x 10' M) of A&2-0@, 720 mg (6.0 mmol, 7.5 x l'(Y3 M) -of:'j+%l&dehy+, and 
536 ng (8.0 -1, 1.0 x lo-2 M) of pyrrole (freshly distilled fti cal&~.h#ride\"in 806 mL 
of~methylens chloride (s&edover snhydrous potsssiuo carbonate). Ihe atz&p&& &s'pinlyed 
with a stream of nitrogen, andD.32 I& of a 2.5 M solution of boron triflu&&'~etherrite 'n 
methylene chloride (0;8 amol, 1.U x lb_3 M) was added. The reaction vessel'w&&appe'wi h t 
foil and stirring was continued at roan temperature for 1 h. Cbloranil (1.476 g, 6.0 ssml) 
was then added at once to the resulting redresction mixture. The color changsd iqaediately 
to nurnle, snd the reaction mixture was refluxed with stirring for an a&lition&f ha The 
soGti& was concentrated to about 50 II& on, a rotary evaporator, and 15.g of Florid1 (So-100 
mesh, Baker) were.addql. The remainingsolvent was removed to afford a da&@$le'p+&, 
which was poured onto the-tbp of a chromatography colw (2.5-&n I.D.) ,qeed d6 60 ig of 
Florisil; .The Colqnn was eluted with 800 plr; pf &t.hylene chloride'to ixmtove wl ats of 
uncha&&erize;d yellow, green &l blue pigments. Washing witt ‘tirea&‘a~$&ts bf diethyl 
ether'in methylene chloride (10-338; l.S'L total) eluted maroon f&+ns oont&+t$the por- 
phyrin products; Little frectionat+n,of these products occur@+ Kv++.%ticin of'* nmroon 
solutions yielded 0.83 g (53x, assuning only PAQ) of a dark puple solid. 
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Analysis by TV (si,lica gel, pt4WW..ohlOride a ~OWbW~, 1: 1) inaioatsd the 

pmeaxe of at 'least five corpcnaats comprising the expected ccwplex prodxx% distribution of 
ww p-$@w, m, pm,. *o* hhdw aubstitutad anw+orp)rlpine* 
rJaiidr wpre..r+~~~ripred. psrtid. ~an~of~thpoX@@J% aapa#s;t;lr.couldbe 
fhie&d~c~l~n ~~,@&&rm o~~silicagal, rrstlUrleu, ~Uw&h)~ hut aw&ti=l 
mlei3 0fPAQ~reareconvenientlyiaolated~~tive~ (silioaSe1 witfiaut fluores- 
0eat hdk~3*,~.*lm~*~)ri&)j wiw of,ccwwchl, pw.war4tin, QG.&a* c*nrte;krinp a 
flu0resoen'indi#rtor (~r#nl~,&nwa&h&e)~ resulted in fo+iaalof,~~*~le swats of 
zinc-centered porphy&.~ Sa&m of;P& for f&w?ww=ww&ifetiw.v* em.- 
by extraction of snalyticai 121: plates (silica gel, mkhylene chloride) Or by HAI: separation 
(silica, methylene chloride-hexane, 4:l). 

Pa was feud to,&+ quite +uble in solvents,of lw:to wderate.diel&ri,o cans-t 
(Ed 6 10) but less so in ace-s,@ -t&i*; it is vimly insoluble in shple.alco- 
hols and acetonitrile. Crystallisation of PAQ tugether with trace amounts of a long-lived 
flvt imprrity.(probably TIP) res#ly e fmm sohtiws in toluene-acetonitrile 
mixtures. 

‘Ilm following hah,were fotad, kor Pm: W& (wl-2) iS4, 418, 518, 666, 692& 648 nm; lH 
kU@Z (CDC13): d .t2.7$ (br s, 2H, N,H),, 2.70 ts, 98, Qi3), 7:.55 aed 8bslO (AA'-BB,d of d, J = 
8 Hz, 12H, tolyl ring protans), 7.81 (m, 2H, snthw&mms ring protons), 8.38 (la, W, ant&n+ 
c&none ring protons), 8.68-8.92 (III with s at 8.87, XX-I, an- sndp-p~rrrole ringpro- 
tons), 9.15 (br 8, 1H,~sntk4w&none!rinP proton),. Anal ,..Calcd for C55H3@3402: &89.94; H, 
4.87; N, 7.12; 0, 4.97. FaLad: C, 8#,O9; H,. 5.18; N1 6.64;. 0, 4.O9~(oorrected for-3.32x inert 
material). 
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