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A major aspect of the proposed research has been the design,
synthes1s and study of a series of carotenoid-chlorophyll-quinone
tr1ad molecules which mimic some of the basic photochemistry and
photopbysics of natural photosynthesis. The first members of
this series;have now been prepared, and have been found to mimic
pﬁotosyntheric charge separation, carotenoid antenna function,
and caroten01d photoprotectlon from singlet oxygen damage. The
results have recently appeared in press (J. Am. Chem. Soc. 1986
lgg, 5350 apd Nature 1986 133, 570, see enclosed reprints).

' Althoudgh the triad molecuies mimic the general principle of
mdltistep electron transfer which is found in natural
photos&othesis, the details of photosYnthetic electron transfer
differ in some respects from those of the model systems. For
example, in:the triads, the first electron transfer step involves
electron donatlon from the excited state donor, followed by
reduction of the resultlng donor radical cation by the
caroten01d.; In photosynthe51s, the electron is moved through
several acceptors before the chlorophyll radical cation is
reduced. Therefore, our recent work has concentrated on the
design:and syntheszs of new model systems which better mimic
certaio aspects of natural photosynthesis.

As menﬁdoned in this year;s grant proposal, a potentially
more exact ﬁimic of photosynthetic electron transfer might be a
P- Q Q’ system wherein the porphyrin donor is linked covalently to
a qulnone acceptor Q, which in turn is attached to a second

acceptor qulpone Q' which is more easily reduced:
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p-g-Q —-2¥__ > tp-g-Q ——--—- > P* Q7 =0 =eommm> P og-Q7



Sakata}.Mataga and coworkers (J. Am. Chem. Soc. 1983 105, 7771)

have prepared and studied a system of this type. The synthetic
approach was quite elegant, but the photophysical studies
revealed that no significant enhancement of the lifetime of the
charge_separated state had been achieved. Examination of the
structpre'of this molecule suggests that the reason for the
failure is,éuite likely the utilization of flexible polymethylene
bridges bet;een the various moieties'involved. These bridges
allow the last quinone moiety (Q’) to fold back across the
porphyrin. iThis in turn would result in rapid charge
recombinatien, and possibly in elimination of the first electron
transfer step as well (i.e. direct photodriven electron transfer
frhm P.to Q;)

V We are -NOw engaged in a new attempt to mimic this aspect of
photosynthetic electron transfer by preparing and studying 1 and
2.; Triad 1: features a pyropheophorbide linked through an amide
bond to a rigld moiety which bears two quinones. The one closest
td theutetrapyrrole is a naphthoquinone, whereas the second is a

benzoqdinone analog. The second quinone is a much better




electron ac%eptor than the naphthoquinone, and this should ensure
tHat the twe—step electron transfer outlined above will occur.
The rigid linkage will prevent the qulnones from fold1ng back
under the tetrapyrrole. Tetrad 2 features the same quinone
system, but;lncludes a carotenoid moiety. This strueture would

in theory pérmit the following electron transfer sequence:

? C~P-Q-Q ——-<=--> c-1lp-g9-0

© c-lpogQ ———-—=> C-P*e-Qme-Q

% C-P*+-Q +-Q ————=-> C—P*+—Q-Q=-
% C-P++—Q-Q~ ¢+ —————n > ct.--P-0Q-Q~-

The linkageé chosen for the quinone portion of the molecule
sheuld a}loé.the first two electron transfer steps to occur
qu%cklf. Tﬁe resulting state ehould then have a long lifetime,
ana thisvshéhld ensure that the carotenoid will have plenty of
time to reduce the pyropheophorblde radical cation in spite of
its rather long linkage. '

The maln synthetic challenge in the preparation of 1 and 2



:

hés provenl?o be.tﬁe preparation of the rigid quinone moiety.
Héwevér, aé'oflnecémber, 1986, the synthesis of this structure is
néariy"coméﬁete. The route employed is shown in Figure 1.
andeﬂsétié; of'2,S-dimethoxybenzaldéhyde 3 with dimethyl
mélonafe yi%lded 4; which was catalytically hydrogenated to 5.
Treatment o% 5 with sodium hydride and ethyl bromoacetate
followed byjsaponification yieided triacid 6, which was
débarbbxyla}ed and'dehydratgd by heaéing with acetic anhydride.
Tﬁe re;ultihg anhydride‘7 was cyclized with polyphosphoric acid
to yieid 8 %s a pair of enantiomers. Reduction of the keto group
gd&e 9, whoée methyl ester was oxidized to the protected
naphthoqhinéne 11. Treatment with ceric ammonium nitrate yielded
qdﬁnoné 12 thch underwent the Diels-Alder reaction with
ciélopentadiene to yield 13. Methylation of 13 followed by a
se?ondiDiel%—Alder'reaction gave 15 as a mixture of
diéstereome%s, which copld be deacetylated and then oxidized to
16 witﬁ manganese dioxide. Molecule 16 rearranged smoothly with
alﬁmina to field 17 as a pair of enantiomers. The final step in
the syﬁthesié, treatment of 17 with trimethylsilyl iodide to
yigld diquiﬁ?ne 18, has not as yet been carried out, but this
shéuld'be aébomplished within the next few weeks. After 18 is
préparéd, ié'will be coupled to pyropheophorbides or
carotenopyr&pheophdrbides to yield 1, 2 and/or related triads and
tetrads. i | ‘

As‘with;the compounds which we have previously studied, 1y
NMR Qili be'§sed to determine the solution conformations of the
ne& triads abd tetrads. The main photophysical tools for the

stﬁdy of these molecules will be nanosecond laser flash



photolysiséénd ﬁanosecond or picosecénd fluorescence lifetime
measutemenﬁﬁ. Picosecond absorptidngstudies may well be
hecessary,gand if this is the case, eollaborative arrangemeﬂts to
Carry them;?ut‘will be made. .

We exﬁ?ct that the synthesis of;at least some of these new
priads andEtetrads will be completed before the expiration of the
grant periqﬁ. Funds for the continuation of this work are

currently bking sought from other sources.
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