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strand breaks within a certain period of time is higher than that
of brown (or green) Co'''~BLM used in previous reports.>® Details
of the DNA cleavage reaction will appear elsewhere.
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Electron transfer from various donors (D) to different acceptors
(A) occurs upon the specific irradiation of the charge-transfer
band (hvcr) of the EDA precursor complex, i.e.l?

K hver ok
D+ A=1[D, A] —_ [D**, A*7] ~— products (1)
2

Although such a direct process for photoinduced electron transfer
does not depend on diffusional quenching that complicates the
kinetics analysis of the more conventional sensitization methods *
its exploitation is often frustrated by an efficient back electron
transfer (k,).>® This limitation can be addressed with labile
acceptor moieties (A*~) such as that from tetranitromethane’ and
donor cations (D**) derived from strained hydrocarbons,® which

(1) (a) Ward, R. L. J. Chem. Phys. 1963, 39, 852. (b) Iiten, D. F.; Calvin,
M. J. Chem. Phys. 1965, 42, 3760. (c) Weiss, K.; Pilette, Y. P. J. Chem.
1971, 75, 3805. (d) Masuhara, H.; Shimada, M.; Tsujino, N.; Mataga, N.
Bull. Chem. Soc. Jpn. 1971, 44, 3310.

(2) For reviews, see: (a) Ottolenghi, M. Acc. Chem. Res. 1973, 6, 153.
(b) Mataga, N. Pure Appl. Chem. 1984, 56, 1255. (c) Kosower, E. M. Prog.
Phys. Org. Chem. 1961, 3, 81.

(3) (a) Kavarnos, G. J.; Turro, N. J. Chem. Rev. 1986, 86, 401. (b)
Hoshino, M.; Shizuka, H. In Photoinduced Electron Transfer, Part C, Fox,
M. A., Chanon, M., Eds.; Elsevier: Amsterdam, 1988; p 313ff.

(4) The photoefficiency of CT photochemistry can be expressed as dep =
ky(k; + k)7'. See: Jones, G., II. In ref 3b, Part A, p 245ff. For other minor
pathways, see also: Nagakura, S. In Excited States; Lim, E. C., Ed.; Aca-
demic: New York, 1975; Vol. 2. Mataga, N. In ref 2b. The wavelength
dependence and solvent effect of the CT photochemistry will be examined
separately.

(5) Hilinski, E. F.; Masnovi, J. M.; Kochi, J. K.; Rentzepis, P. M. J. Am.
Chem. Soc. 1984, 106, 8071, Takahashi, Y.; Sankararaman, S.; Kochi, J. K.
J. Am. Chem. Soc. 1989, 11/, 2954.

(6) Fox, M. A. Adv. Photochem. 1986, 13, 237.

(7) (a) Masnovi, J. M.; Hilinski, E. F.; Rentzepis, P. M.; Kochi, J. K. J.
Am. Chem. Soc. 1986, 108, 1126. (b) Masnovi, J. M.; Kochi, J. K. J. Am.
Chem. Soc. 1988, 107, 7880. (c) Sankararaman, S.; Haney, W. A.; Kochi,
J. K. J. Am. Chem. Soc. 1987, 109, 5235, 7824,

(8) (a) Quadricyclene: Jones, G., 11, Becker, W. G. Chem. Phys. Lett.
1982, 85, 271. (b) Hexamethyl (Dewar benzene): Jones, G., II; Becker, W.
G. J. Am. Chem. Soc. 1983, 105, 1276. Peacock, N. J.; Schuster, C. B. J.
Am. Chem. Soc. 1983, 105, 3632. (c¢) Dianthracene: Masnovi, J. M.; Kochi,
J. K. J. Am. Chem. Soc. 1985, 107, 678]. (d) Methylenecyclopropane:
Miyashi, T.; Kamata, M.; Mukai, T. J. Am. Chem. Soc. 1987, 109, 2755,
2780. (e) Diphenylbenzocyclobutene: Takahashi, Y.; Kochi, J. K. Chem. Ber.
1988, /21, 253.
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Figure 1, Absorption spectra of 2.0 X 10 M CA alone (---) and with
0.4 M MT (—) in dichloromethane.

undergo unimolecular decomposition with rate constants com-
parable to k,. Indeed the latter underscores the need for a related
series of highly labile donor cations to enhance the efficiency of
charge-transfer photochemistry. Accordingly, we report the use
of arene donors derived from p-methoxytoluene (MT) in which
the presence of the common chromophore also allows the direct
comparison of charge-transfer and sensitized photochemistry as
described by Jones, Farid, and co-workers.>!°

The absorption spectrum in Figure | shows the simultaneous
appearance of two resolved bands—one arising from the local
excitation of the chloranil acceptor (CA) and the other from the
CT excitation of the 1:1 EDA complex, i.e.

CHa 0 CHs 0

. ci ci o« ci ci

= (

ci ci ci cl 2
OCHg 0 OCHg 0

The spectrophotometric determination of the formation constant
in eq 2 according to the Benesi—-Hildebrand procedure!! indicated
K = 0.3 M1 in dichloromethane.’? In such weak EDA complexes,
the previous photophysical and photochemical studies by time-
resolved spectroscopy!? as well as Mulliken theory'® point to
[MT"* CA*"] as the pertinent ion-radical pair in eq I. In order
to promote the CT photochemistry in eq 1, we utilize the meth-
oxytoluene chromophore in various dimeric structures DMT that

are known to yield highly unstable cation radicals,’7'% i.e.
fast .
An(::—t’.::An+' — Anéi + AnCi (3)
3

(9) Jones, G., II; Chiang, S. H.; Becker, W. G.; Welch, J. A. J. Phys.
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Soc. 1988, 110, 1922,
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sevier: Amsterdam, 1988; p 245 ff. (b) Wallis, J. M.; Kochi, J. K. J. Am.
Chem. Soc. 1988, 110, 8207, (c) See also ref 5.
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Person, W. B. Molecular Complexes; Wiley: New York, 1969,
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(16) (a) Reichel, L. W.; Griffin, G. W.; Muller, A.; Das, P. K.; Ege, S.
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W.; Griffin, G. W. J. Am. Chem. Soc. 1984, 106, 6968. (c) Albini, A.; Mella,
M. Tetrahedron 1986, 42, 6219.
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Table I. Charge-Transfer and Sensitized Photochemistry of
Methoxytoluene Donors with Chloranil®

hver,* 7,
DMT donor® eV Per? P 1070 products/
[An,COH], 258 027 098 0.66 An,CO, H,CA
[AnCMeOT], 2.56 0.12  0.77 1.8 AnCOMe, T,CA
[AnCHOH], 258 003 0.84 7.9 AnCHO, H,CA
[AnCHOT], 2.56 0.01 0.77 24 AnCHO, T,CA
[AnCMe,),  2.51 <0001 025 >200  AnC(Me)—CH,,

H,CA

[AnCH,], 249 0 0.01 (AnCH),, H,CA

9In dichloromethane containing 0.04 M anisyl donor and 0.02 M
chloranil. *T = (CH,)3Si. ‘MT, 2.46 eV. YAt A 505 £ 5 nm. “At A
405 = 5 nm. /High yields (>90%) based on stoichiometry in eq 4.

where An = p-MeOC4H,. It is important to emphasize that the
donor property of every DMT listed in Table I is essentially the
same as that of the parent (MT), as quantitatively judged by the
invariant positions of the CT bands (see column 2).12

Electron-transfer photochemistry resulting from the selective
irradiation of only the charge-transfer band!? is strongly dependent
on the side-chain substitution pattern on the DMT donor. Thus
the pinacols are quantitatively cleaved in the presence of 1 equiv
of chloranil according to the stoichiometry

T i
An(|3—(|3An + cA 2 sanc—R + HO—@-OH (4
R R Cle

where R = An, Me, and H. Moreover, the bis(trimethylsilyl)
ethers of the pinacols are similarly cleaved to 2 mol of dianisyl
ketone, anisyl methyl ketone, or anisaldehyde and 1 mol of the
bis(trimethylsilyl) ether of tetrachlorohydroquinone,? as listed
in Table [. In strong contrast, the bibenzyl derivatives [AnCH,],
and [AnC(Me),], remain singularly unchanged, even upon pro-
longed irradiation (2 days) of the CT absorption band.

The quantum yields ¢y for charge-transfer photochemistry
as listed in column 32! lead to the lifetimes (7) of the cation radicals
in column 5 when the measured rate constant k, = 4.1 X 10"
s7! is used to evaluate the back electron transfer.2 Thus the
lifetime of 66 ps for [An,COH],** is sufficient to ensure its
unimolecular fragmentation within the caged ion pair (see eq 1)}
followed by intracage proton transfer to yield the products in eq
4,1e2

66 .
{[An,COH]y' *, CA*} ——» [An,C*OH, An,COH, CA""}

The lifetime of [AnCHOH]," ¥, which is an order of magnitude
longer than that of [An,COH],"*, accords with the expected
difference in driving force for secondary/tertiary benzylic scis-
sions.!”>18 Furthermore, the absence of CT photochemistry from
the bibenzyl analogues indicates that the fragmentation rates of

(18) Hammerich, O.; Parker, V. D. Adv. Phys. Org. Chem. 1984, 20, 55.

(19) By the use of either a sharp-cutoff filter (Corning CS-3-70) with A
> 500 nm or a narrow-band-pass interference filter with A = 505 £ 5 nm (see
figure 1).

(20) Kricheldorf, H. R.; Koziel, H. J. Macromol. Sci. 1986, 423, 1337.
Neumann, C.; Neumann, W, P. J. Organomet. Chem. 1972, 42, 277.

(21) Based on Reineckate actinometry for the disappearance of CA as well
as gas chromatographic analysis of the anisoyl products and silylated H,CA.

(22) (a) The time-resolved picosecond spectrum obtained from the laser
flash photolysis of a solution of 0.02 M CA and 0.4 M MT in dichloromethane
with a 30-ps pulse at 532 nm consisted of a partially resolved absorption (Apax
= 460 and 440 nm) of CA*~ and MT* ¥, respectively.”*** Both bands dis-
appeared simultaneously to the base line with a first-order rate constant of
(4.1 £0.7) X 10'°s7! that is readily assigned to k, since no CT photochemistry
occurred. (b) The same value of k, can be used for all the DMTs owing to
their common donor properties (see Table I, column 2).

(23) Andre, J. J.; Weill, G, Mol. Phys. 1968, 15, 97.

(24) Although the fragmentation in eq 3 may be reversible (for k_;, see
ref 16 a,b), it is kinetically unimportant for &t since the subsequent proton
transfer (k,) from An,COH™* is very fast.?’ Oxidation of An,COH by HCA"*
is also probably fast.

(25) For the rates of proton transfers to and from oxygen centers, see:
Eigen, M. Angew. Chem., Int. Ed. Engl. 1964, 3, 1.
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their cation radicals are too slow to effectively compete with back
electron transfer,!6®!7

The clean spectral separation of the chloranil absorption (A«
375 nm) from the CT absorption in Figure | also allows the
separate evaluation of the efficacy of pinacolic cleavage via the
diffusional quenching of the locally excited acceptor, i.e.26

hva D k1
CA —— CA* — [D'*, CA* ] — products (6)

The latter (hv,) is achieved with a narrow-band-pass interference
filter (A 405 £+ 5 nm) for the specific excitation of only chloranil.??
The results in column 4 show consistently high efficiencies (®g)
for the sensitized photochemistry of the pinacols and their silyl
derivatives. Importantly, complete product analysis established
the stoichiometry to be identical with that obtained by CT pho-
tochemistry. Moreover, the bibenzyl analogues [AnCMe,], and
[AnCH,], undergo photofragmentation and elimination according
to the following stoichiometries:

hy
[AnCMe,], + CA —> 2AnC(CH;)=CH, + H,CA (7)

hy,
[AnCH,], + CA —> AnCH=CHAn + H,CA  (8)

In both cases, the products of the sensitized photochemistry accord
with prior electron transfer followed by the known fragmentation
(eq 7) or proton transfer (eq 8) of the cation radical
(DMT' +).17,18,28

The significantly enhanced values of &, for sensitized pho-
tofragmentation compared to ®c1 for CT activation are un-
doubtedly related to the longer lifetimes of the donor cation radical
(DMT**). Part of the difference in their lifetimes can be at-
tributed to the change in spin multiplicity required for back
electron transfer from the triplet ion radical pair [DMT"*,
CA*"].2%%  However, there are other complicating factors in-
troduced by diffusional quenching, especially the ambiguity in
the distance dependence of electron transfer®? to generate sol-
vent-separated and contact ion pairs.* As such, we believe that
the series of labile DMT* * with variable lifetimes evaluated by
the CT process will prove to be invaluable aids as “chemical
clocks”3 to unravel the complex photochemical kinetics stemming
from different types of ion pairs.
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