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Abetract-Photoreactions of porphyrin (TPP) with phenol and/or quinonc in non-polar benzene solution 
were studied m+ly by tk CIDNP technique. In the photoraectiqn of TPP with Cmethoxyphcnol (l), 
CIDNP effcct&uc loTP%+< and 1+ were obaorv& while the gcara(ion of dMdrm&~unta of free 
Cmcthoxyph~oxy! radical was indicatal by ESR and CIDNP in the thmeunnponent system involving 
TPP, 1, and petnzoquinone (Q). Ba.ged on thee results, two new photoreactions leading lo permanent 
products were developed : (I) photosensitized dimerization of 1 and (2) photo-induced cross coupling of 
Q lo porphyrins covakntly linked with phenol group. The unique role of phenol in the photo-induced 
electron transfer reaction of TPP and Q in a non-polar solvent was discussai in terms of its dual function 
as bbth the proton and electron d&or. 

Since Grossweiner and co-workers reported the flash 
photolysis +3tu$y on the photosensiiized cei+.ion of 
e&in with bhcnol in 1959,’ tihenol compounds have 
been widely used as reductants in the photoslnsitiz,ed 
reaction ‘of triplet dyes.2 However, in most cases, 
oxygen has been used as the oxidant and there have 
usually been no observed chemical changes under de- 
aerate+ donditions. A va+y of techniques such as 
rime-resolved 0p;tical 9 ’ 
resonanti (ESR),’ an $” 

troscopy,ty electron spin 
‘chcmicany induced ‘dynamic 

nuclear polarization (CIDNP),*.’ have b&i exfen: 
sively Bpphed to disclose the detailed mechanism of 
the j>hotosensitizcd r&ctioti of dyis with phenols by 
&tue of $e lack of permanent chemical changes 
lmdcr deaerated conditions. Among these studies, the 
pboto-CIDNP technique has been applied in the 
photoreaction of reversible hydrogtlr! atom abstrac- 
tion from phenol by triplet xanthene @es, tri- 
pheaylmethane dyes and nitroaromatic compounds.& 
Photo-CIDNP effects due to reversible photoreacdon 
of f!avins with amino acid residues such as tyrosine, 
hi+Iine, tid etophane have been successfully 
u+ for the study on the three-dimensional structure 
of proteins in s~lutioa.~ Hdwever, it is rather sur- 
prising that porphyrin compounds, a class of tKe rep- 
restntatiye dyes: have tiot”.been em$oyed in’ pho- 
toreactions with phenols with the ex 

3 
tion of the 

oxygenation reaction by sitlglet oxyged. 
On the other hand, considerable attqtion has 

recently been focused on thti photo-induced reaction 
of porphyrins and/or chlorophylls with quinones 
under a variety of conditions as simple models for 
photosynthesis in natural plants6 As generally 
accepted, the primary electron transfer reaction of 
photosynthesis in natural*p&nts takes place in the 
non-polar media such as the lipid membrane. 
However, most of the light energy absorbed by por- 
phyrins and/or chlorophylls is consumed by rapid 
reverse electron transfa in the geminate radical ion 
pair in non-polar media in vitro. Consequently, 
irradiation of porphyrins aad quinones in non-polar 

media such as benzene under deaerated conditions 
does not give any permanent products likewise with 
the porphyriwphenol system. 

In the course of our photo-CIDNP studies on the 
porphyrin sensitized reactions,’ we have found that 
irradiation of threecomponent system of phenol-por- 
phyrinquinone in benzene results in two novel pho- 
tochemical reactions : (1) oxidative dimerization of 
phenol and (2) cross coupling of quinoncs to por- 
phyrins covalently linked with ptioi group. We wish 
to emphasize that’ new pbtoche+cal reactions 
described in this paper have ban found and developed 
on the basis of photo-CIDNP results. 

CIDNP study on photoreaction between porphyrin and 
phenol 

At first, the photoreaction of 5.10,15,2@tetra- 
phenylporphyrin VP) with phenol in -e-d6 
was investigated by the CIDNP technique. men a 
benzened, solution of TPP was irradiated in the pres- 
ence of Cmethoxyphenol(1) with light of wavelength 
longer than 490 nm under an argon atnrro-, the 
strong absorption CIDNP signal was observed in pyr- 
relic /?-bydrogens of TPP at ambient tempeiature 
(Fig. I). The intensity of this CIDNP s-1 increased 
in proportion to the phenol concentration in the range 
of IO-?OO mM. Ai such high concentrations of 1. it 
was very difilcult to observe the CIDNP signals due 
to 1. At low concentration of 1 (cu 5 m&f), both 
o- and m-hydrogens of 1 were polarized in, similar 
mag#udes as weak but distinct ,emissiqn signals 
along wie the weak pohtion or TPP (Fig. 2). 
The CIDNP pattern ob&rved for p6&oI 1 is quite 
different fray those @i the reversible hydrogen 
abstraction reactioris af phenol with dyes, nitro- 
aromatics and ‘ketoneslti In the Ia& reactions, O- 
and m-hydrogtns of phenol are polarized in opposite 
dinxtioos to each other and the magaitudes of polar- 
ization of o-hydrogens zuz usunUy b than those 
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Fig. 5. Dependence of quantum yield (@a) for formation of 
photoinduced coupling dimcr 5 upon oonantration of 4- 

methoxyphenol 1. 

of 1 increased, while 0,, reached maximum at [QJ = 
5 mM and then decreased markedly as the con- 
centration of Q increased. The profile of 0d depen- 
dence upon the concentration of Q in Fig. 6 coincides 
well with that of the porphyrin triplet yield calculated 
using porphyrin fluorescence quenching data,? clearly 
indicating that phenol coupling takes place via the 
porphyrin triplet state. A variety of benzoquinone 
derivatives other than Q were employed as oxidants 
in this photo-induced dimerization of 1. As shown in 
Fig. 7,0* was greatly dependent upon the reduction 
potentials of quinones. Larger 0d values were 
observed with halogenoquinones having lower 
reduction potentials, while the dimerization did not 
occur in the case of alkylsubstituted benzoquinones.$ 

Possible mechanisms for the dimerization can be 
depicted as shown in Scheme 3. Oxidative quenching 
of ‘TPP* by Q may lead to the radical ion pair, 
TPPtQ: which seems to decay by reverse electron 
transfer to regenerate the starting materials in the 

t T was estimated to be I50 from the fluoresom~ %n quenc . ,g experiment. 
$ when octaethylporphyrin .kWi 4ued in pliace of TPP, 

dimer 5 wns obtained even with alkyl-substituted knxo- 
quinones. The effects of porphyrin structure in this dimer- 
i&on reaction will be discussed fully elsewhere. 

~Preliminary gash photolysis measurements have shown 
that the quenching rate constant for the reaction of 1 with 
‘TPP* is co 1 x Iti M-’ s-‘. As the rate constant for the 
rcactionofQwithTPP,weueadthevalucof2.1xl09M-’ 
s-’ (in toluen~).‘~ 
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Fig 6. Dependence of quantum yield (0d) for formation of 
photo-induced coupling dimer 5 upon benxoquinone con- 

centration. 

absence of 1. However, in the presence of 1, the radical 
ion pair will react with 1 to give the Cmethoxy- 
phenoxyl radical and the semiquinone radical HQ. 
The former radical decays by recombination to give 
5; while the latter decays mainly by dispro- 
portionation: An alternative mechanism involving 
reductive quenching of ‘TpP+ by 1 followed by elec- 
tron transfer from TPP: to Q may be conceivable. 
However, under our conditions with [l] = 100 mM 
and [Q] = IO mM, about 95% of *P* is estimated 
to be quenched by Q on the basis of their quenching 
rates of ‘TPP*.Q Therefore, it may be safely considered 
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Fig. 7. Depcndena of @d on the reduction potential of 
quinones. Quinonca MUI nre : l-chloranil (-0.01) ; 245 
dichloroquinone (0.18); 3-2,6dichloroquinonc (0.18); 
rlchlorobenx.oquinone (0.34) ; 5-pbenxoquinone (0.51) ; 
64oluquinone (0.58) ; 7-~5dimethylben.xcquinone 
(0.67); 8-i$dhnc&ylbenxcquinonc (0.68); 9-trimethyl- 
benxoquinone (0.75); lO-duroquinone (0.84). In puen- 
thesar are indicated the reduction potentials vs SCE from 

Ref. 31. 



CIDNP study on porphyrin-photosemitixed reactions with phenol and quinone 6153 

that the oxidative mechanism is responsibk for the 
majorroactioncourse. 

The disappammcc of CIDNF’ due to TPP in Fig. 4 
couJd be explained by the radical pair substitution 
mechanism, t?tat is. initially forming a short-lived rad- 
ical ion pair, TPP+Q’, immediately turning into a 
CIDNPcontributing tripkt neutral radical pair, 4 
methoxyphenoxyl radical and a HQ pair. The emis- 
sion signal due to Q could be derived by the incage 
dispropottionati0n.t 

Photosensitized cross coupling of quinone to ‘phenolic 
porphyrin” 

In place of TPP, “phenolic porphyrins” which con- 
tam phenoxyl group in their own were subjected 
to the photo-induced reaction with quinone in non- 
polar benzene solution. First, 5(4hydroxyphenyl> 
10,15,20-tris(p-tolyl)porphyrin (s) as a “phenolic por- 
phyrin” (2 mM) was irradiated in the presence of Q 
(10 mM) with light of wavelength longer than 590 nm 
under an argon atmosphere. Surprisingly, a single 
porphyrin product 9 was produced with concurrent 
formation of hydroquinone. No other products, 
except the unreacted starting materials 8 and Q were 
detected by TLC or 400 MHz ‘H-NMR analysis. 
Benzoquinone ends in 9 appear at 6 6.87 (d, J = 10.3 
Hz), 6.79 (dd, J = 10.3 and 2.2 Hz), 6.22 (d, J = 2.2 
Hz) in its 400 MHz ‘H-NMR spectrum (CDCl,). The 
benxoquinone adduct (9) was quantitatively reduced 
to hydroquinone adduct 18 (Na&O,, 10 min at 25”). 
Hydroquinone ends in 10 appear at 6 6.87 (d, J = 8.9 
Hz), 6.63 (d, J = 2.8 Hz), 6.43 (dd, J = 8.9 and 2.8 
Hz). When the hydroquinone adduct was irradiated 
in the presence of Q in deaerated benzene solution, 10 
was found to convert immediately into the benzo- 
quinone adduct 9 with concurrent formation of H2Q. 
This result strongly suggests that hydroquinone 
adduct 10 was the primary coupling product, which 
was readily oxidized to quinone adduct 9 by further 
irradiation in the presence of excess Q. although the 
formation of 10 was not detected even at low con- 
versions of 9. 

The quantum yield (a,)$ for the formation of the 
cross coupling adduct was dependent upon the con- 
centration of Q. Increasing the concentration of Q 
markedly decreased Cp,, indicating that these photo- 
coupling reactions take plaa via the porphyrin triplet 
state, likewise with the photo-induced dimerixation 
ofl. 

Next, we have examined the photoreaction of the 
tyrosine-linked porphyrin (11) with Q. Under similar 
conditions, irradiation of 11 and Q resulted in the 
predominant formation of the coupling product 12 

t Because both arc phcnoxyl type radicals in ocutd 
radical pair, 4 is presume My smxll. ln fact, we have 
observed the muhiplet e&et (E/A) with methyl-Ha when 
2,5dimethyl&nxoquinone wxs subjected to this photo- 
reaction in plaa of Q. 

:ac was atimntal to be 0.01. 
gFor the o-hydrogen of the phcnoxyl group. 4 > 0, 

a,~O.t~O.~,~O,r&~Rof.10~Thuqin~erecom- 
bination of the etc radical pair will lead to the for- 
mation of 12. The polarized absorption due to the o-ltydro- 
gcnofthcp&nolgroupin118mdtbcpolari&cmi8konfar 
the hydrogen of Q appar to be daivui from outafage 
pnxrsks. 

and H2Q. It should be stressed here that this photo- 
coupling reaction is very useful for the synthesis of 
quinonolinked porphyrin compounds?’ since it needs 
no quinone protection and involves a simple one-pot 
photochemical procedure. The guoresunce property 
of 9 was characteristic of quinone-linked porphyrins 
in that the relative ftuorescence quantum yield of 9 
was much less (< 0.02) than that of TPP (0. 13).U 

To clarify the mechanistic details, we have inves- 
tigated the CTDNP sigaals of these photo-coupling 
reactions. When a benzene-d6 solution of 8 (0.5 mM) 
was irradiated in the presence of Q (5 mM), the 
CIDNPsigaaJ due to Q was observed as a weak emis- 
sion signal: More distinct CIDNP signals were ob- 
served in the photo-coupling reactions of 11 with Q 
(Pig. 8). Polarized signals due to the coupling product 
12 as well as the starting materials 11 and Q, whose 
assignments are indicated by arrows, were observed 
in this case. CIDNP effects due to the coupling 
product 12 clearly indicate that the photo-induced 
coupling of quinone to “phenolic porphyrin” takes 
place via the triplet neutral radical pair.8 Quench- 
ing of the porphyrin triplet by Q probably results in 
the triplet radical ion pair, where the phenol group 
works as the proton and electron donor giving rise to 
the phenoxyl radical and the semiquinone radical. 

Photoexcitation of TPP in the presence of either 1 
or Q alone in non-polar benzene solution results in 
the formation of ion radical pair, l?PP- or 
TPP+Q:, respectively. Both of these intermediates 
seem to decay by the rapid reverse electron transfer 
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Fig. 8. 4OO’MEIx photo-CIDNP M in the tymsil- 
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reaction and do not lead to the permanent photo- 
products aa described above. However, irradiation 
of TPP in the presence of both 1 and Q led to the 
generation of a sufficient concentration of the 4- 
methoxypbenoxyl radical enough for its dimerization. 
In the reaction ,of “phenolic porphyrin”, it has also 
been shown that the coupling product is formed via 
an in-cage recombination process of the neutral rad- 
ical pair. Therefore, it seems likely that conversion of ~ ~ 
ion radical pair such as l?TPP: or TPP+Q: into 
neutral radical Pairs is critical for the accumulation 
of Permanent products. In this regard the role of 
phenol in the photo-induced electron transfer reaction 
of TPP and Q is very interesting in the sense that it 
apparently acts as the proton donor to Q: as well as 
theelectrondonortoTPP~,tlnalIygivingtisetothe 
formation of the neutral radical pair composed of the 
phenoxyl radical, the semiquinone radical and TPP in 
the ground state. 

In summary, photoreaction of porphyrin (TPP) 
with phenols and/or quinones in benxene have been 
studied mainIy by the CIDNP technique. In the pho- 
toreaction of TPP with 1. CIDNP effects due to 
TPP: and lt were observed, while the addition of Q 
to the reaction mixture led to the disappearance of 
CIDNP signals due to TPP and the substantial broad- 
ening of 1. In the latter conditions, free phenoxyl 
radical was detected by ESR Based on these results, 
we have developed two new photoreactions by using 
the three-component system involving sensitizer 
(TPP), electron donor (phenol), and electron acceptor 
(quinone): (i) photosensitized dim&ration of 4- 
methoxypbenol and (ii) photo-induced cross coupling 
of qulnone to “phenolic porphyrin”. The unique role 
of phenol in the photo=induced electron transfer reac- 
tion of TPP and Q was discussed in terms of its dual 
function as both the proton and electron donor. 

EXPERIMRNTAL 

‘H-NMR~ctra_~err.cordt~~~ta& 
JEOLGX 
and chemical shif?s are reported in d-values. Fluorescence 
spectra were taken on a Shimadzu _ofluorometer RF- 
502A. An Ushio tungsten-halogen lamp (500 W) was used 
asasourctofrcd(>590nm)oryellowLight(>490nm)in 
combination with Toshiba W-59 or VO-49 alass color 
tihrs, respectively. ESR measurements were undertaken on 
a JEGL-JES-FElXG sccctrometer. 

100 MHz ‘H-CIDN? spectra were measured by using a 
JEOL-P!?-100 spectrometer equipped with a modified NMR 
probe for the photo-irradiation. The detailed device used 
for CIDNP measurements during irradiation is described 
elsewher~.~ 400 MHx ‘H-CIDNP spectra were taken by 
using a JEOLGX-400 spectrometer equipped with a modi- 
fied NMR probe for the photo-irradiation. 514.5 nm of laser 
light (1 W, NEC Argon Laser GLG 3300) was guided directly 
through a suprasil quartz rod to the sample. A computer- 
controlled mechanical shutter was interposed in front of the 
laser apparatus. 

Flash column chromatography was performed by Kiesexel 
60H (Merck). GLC analysis-w-as carried out u&g JEi)L 
JGC-1100 (silicon DCC 550 column). 

Renzene (Wake Tokyo, Japan) was distilled under N2 and 
stored with sodium. Renzcned~ (CFA-France) was purified 
by passing through a column of active ahuninum oxide 
(Wake) immediately before preparing the sample soln, if 
necessary. pRenroquinone (Q), 2,5- and 2,6dichloro- 
benzoquinonc. and cbloranil (Tokyo Kasci, Tokyo, Japan) 
were purified by vacuum subtimation after passing through 

a column of sillca gel (Wake) with benxene. Toluquinosm 
and 2,3,5-trimethylbenzoquinoae were sptbmimd by onida- 
tion of the corruponding h&u&one with F&J,. 2,5- 
Dimethylbenroquinone and 2.6dimethylbenroquinoaa were 
synthesized by oxidation of the wrrmpooding phenols with 
Fremy’s salt.‘* Duroquinoae was synthesized from durenc.” 
All the quinona were put&d by vacuum sublimation before 
use. 4-Methoxy-2.3.6trimcthylphenol (2) was synthesimd 
from the correspoodmg hydroquinonewith dimetbyl sulfate. 
4-Methoxyphenol (I) and other phenols nsuJ wete eommer- 
dally available (Tokyo Kasei) and were q twice 
from benzene. Tetraphenylporphyrin (TPP) was synthesimd 
aceordiog to the method of Adkr er CJ.” (5 - (4 - Hydroxy- 
phenyl) - 10.15,20 - tris@ - tolyl)porphyrin (8) was prepamd 
by the similar method of Anton and w-workers.” Tyrosino 
linked porphyrin 11 wassynthcsizedinama~erasdesetibed 
below. 

CIDNP w&msuremenfS 
Generalprom.hves. A sample soln containing a porphyrin 

and a phenol (and/or quinone) was &oxygenated in the 
NMR &mpk tube by bubbling the soIn -with argon gas 
(99.99%) for 3 titin immcdiatelr before irradiation. Then. 
the sam& MS placed in the NMR probe and was irradi: 
atai by the tungsten-halogen I-imp 01 Argo her. CIDNP 
spa%a were raxwdcd before, dtmng nod ~licr irradiatiott. 
The steady state photolyxis time was 15 s fer 100 MHz 
‘H-CiDNP measumments. Two-pulse sequlmce, light 
(1: irradiation time)-r-n/4, was emptoyed with the me& 
anicaJ shutter interfaced with the computer for 400 MHz ‘H- 
CIDNF’. 

Phorbsmsirized din&sat&m o/l 
A mixture of TPP (3.1 mg, 0.5mM), 1 (124mg, 1oOmM) 

and Q (10.8 mg;lO mM) dissolved in benzene (10 ml) was 
bubbkd with argon for I5 min and was irmdiated with the 
tunptcn-balogen lamp through the glass Elter (W-59) and 
water for cooling. After 30 min, the solvent was evaporated 
and the residue was subjected to Bash &olmm chro- 
matography with benzene as cluent. giving dimer 5 (I 2 mg 
49% yield based on Q) and hydroquinone. ‘H-NMR (400 
h!Hz.CDCl,)J6.98(2H,d,J = 9.2 Hz).6.93(lH.d.J = 8.8 
Hz1.6.88t2H.d.J =9.2Hz),6.53(lH.dd,J =2.8and8.8Hr), 
5.28 (IH, br). 3.80 (3H. s), 3.67 (3H, s)?m/e 246(M+loO). 

Phorosensiked cross coupling between ” phendic porphyrin” 
Coupling reacrion of 5-(4-hydroxyphenyI)- IO, 15,20-tris@ 

rolyl)porpyrb~ (8) wirh Q. Compound 8 (I 3 mg 2 mM) anti 
Q (10.8 mg, 10 mM) were dissolved to IO ml of benzene- 
acetonitrik (50: 1). and were u-radiated as described in the 
dimeriration of 1. 

After 3 h irradiation, the mixture was chromatognrpbed 
(CHCl,-CH,OH), yielding 9 (9 mg, 60%). ‘H-NMR (400 
MHz, CDCl,) 6 8.90 (2H, d, J = 5.1 Hz), 8.85 (4H. d, J = 5.1 
Hz), 8.77 (2H, d, J = 5.1 Hz), 8.29 (2H, d, J = 8.1 Hz), 8.09 
(6H. dd, J = 2.6 and 7.9 Hz), 7.55 (6H, dd, J = 2.6 and 7.9 
Hz). 7.49 (2H, d, J = 8.55,Hz), 7.19 (2H, d, J = 8.55 Hz), 
6.92 (lH, d, J = 10.3 Hz), 6.84 (IH, dd. J = 2.2 
and 10.3 Hz), 6.23 (IH, d, J = 2.2 Hz), 2.70 (9H. s), -2.78 
(2H, 8). 

Coupling reaction of ryrosbw-linked porphyrin 11 with Q. 
Compound 11 was synthesized from 13’ and r&vosine 
ethylester hydrochloride. The acid chloride of 11 was pm- 
pared by dissolving 13 (100 mg, 0.14 mmol) in a mixture of 
benzene (10 ml) and oxalykhloride (0.8 ml). TIE soln was 
stirred at room temp for 3 hand the solvent was then removed 
under reduced pressure. To remove excess oxalykbJoride, 
acid chloride was resolved in 10 ml of benzene and the volatile 
fraction was removed under reduced pressure. To a CH& 
soln of r.-tyrosine ethylester hydrochloride (65 mg, 0.26 
mmol) and Bt,N (0. I ml), acid chloride dissolved was added 
dropwise. After stirring for 2.h at room tcrtlp, the solvent 
was evaporatedand the residue was chromatographed with 
CHCl,-CH,OH. Compound 11 was obtained as purpk erys- 
tals (43 mg, 32%). ‘H-NMR (400 MHz, CDCI~) d 8.88 (ZH, 
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d, J = 5.1 Hz), 8.87 (4H, s), 8.78 (2H, d, J = 5.1 Hz), 8.29 
(z)I.d,J=7.7Hz),~13(2H,QJ=8.OHt),%~~,d, 
J = 7.3 Hz), 7.54 (2H. d, J = 8.1 Hz& 7.53 (4ii. d, J = 7.7 
Hz), 7.13(2H,d, J = 8.1 liz&6.97 (lH,d, J = 7.7Hz),6.78 
(2%X, d, J = 8.1 Hz), 5.62 (IFi, lx)). 5.23 (IH. bd, 3 = 12.8 
md 9.2 Hz), 429 (XI, q, J = 7.3 Hz), 3.36 (l?t, dd, J - 6.0 
and 14.5 Hz). 3.27.(-lH.dd, 1 = 6.0 md 14.5 %), 1.34 (3H. 
1, J = 7.3 Hz), -2.75 (23% km). 

Compound 11 (18 ny. 2 IEM) IUS &miMy pbote 
irradiatedwithQaadesr&xdintbe~tiooof1.Afbx 
evaporation and c&lInn WY, quinone-linked 
12 WBS obtained as purple ctysmls (12 w 60%). ‘H-NMR 
(400 MHq CDCl,) 6 8.87 (2H, d, J = 4.7 Hz). 8.85 (4H, s), 
8.76(2H,d, J =4.7Hz),8.30(2H.d,J = 8.1 H&8.13 (2H. 
d, J = 8.1 Hz), 8.08 (6H. d, J = 6.8 Hz). 7.54 (6H, d, J = 7.7 
Hz), 7.38 (2H, d, J = 8.5 Hz), 7.10 (ZH, d, J = 8.5 Hz), 6.78 
(lH, d, J = 9.8 H&6.69 (IH. dd J = 2.1 and 10.3 Hz), 5.24 
(IH, dd, J = 12.8 and 7.3 Hz), 4.29 (2H. q. J = 7.3 Hz), 3.48 
(1H.dd.J = 5.9am.i 14.5Hz),3.37(lH,dd,J = 5.9and 14.5 
Hz). 1.34 (3H. f J = 7.3 Hz), -2.80 (2H, 6). 

Thrmcal dime&at&m of 1 with DBPO.=A cUn&wmc 
soln (50 ml) of l(6.2 8.50 mmd) was heated to 100” under 
aR~ofN,.DBPOCIMmg,5mmol)wcls~~dtbe 
tempraisedto14O”.Themixturewasthensti.txdandbeated 
at this temp for 20 h. After distiRation ofeohxnt, tlx residue 
was chromatographed on a silica gel cohlaM using cHcly- 
cdr, as cluents, giving a cok&ss oil of 5 (0.46 & 76%). 

Quanrum yield nwaswemen~s. Quantum yields wcn meas- 
uradinabcnzaKsolnofaknownamountofQorland0.1 
mM of TPP by using an argon laser. Flux of 514.5 nm light 
wasestimatedtobe430x10-‘Einstebs S-‘fhLlt.hCpOWCr 

meter value (0.1 W-). A sample soln (4 ml) was bubbted with 
argon for 10 min and was irradiated in a quartz all (1 an 
tight pathlength) with stirring for 5 min. The amounts of 
dimer (5) were determined by GLC using m-terphenyl as 
internal standard. 

flrcorescence quenching. A buume sob of TPP or 8 
(lo-6 _ lo-’ M) with a known amount of Q or 1 was excited 
0t515nmandt.he emissionspectmwexereundedat651nm. 
Intherangeofl0_500mhd,thequarhiagedfectductol 
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