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Abstract: The Rose Bengal-induced photofragmentation of pamino alcohols has been previously reported to proceed 
through a mechanism involving singlet oxygen sensitization, followed by attack of singlet oxygen and superoxide on 
the pamina alcohol. An alternative mechanism involving electron transfer from ihe an&e to the e.rcited state Rose 
Bengal is supported by new evidence. 

Whitten’” has recently reported several interesting examples illustrating the wide applicability of the 
phorosensitizcd electron transfer-induced fragmentation of p-amino alcohols discovered by Davidson.” 
However, Rose Bengal was believed to induce fragmentation by an anomalous type of mechanism6-the 

initial formation of singlet oxygen, which with superoxide subsequently caused fragmentation of the amino 
alcohol. We were surprised at this report for several reasons. First, the solid Rose Bengal utilized in Whitten’s 

work has been characterized by Neckers as extremely inefficient in its generation of singlet oxygen.7 Further, 
there is considerable evidence that excited state Rose Bengal efficiently accepts an electron from easily 
oxidizable species such as amines, ‘3’ Consequently, we re-examined the evidence that led to the suggestion of _ 

a singlet oxygen mechanism and report new data which suggests that Rose Bengal induces photofragmentation 

by an electron transfer mechanism. 
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In Whitten’s previous study6 evidence was presented to support a singlet oxygen mechanism for the 
Rose Bengal-induced photofragmentation of morpholino derivative 1, One of the major pieces of evidence 

presented was the quenching of the photofragmentation in the presence of diphenylisobenzofuran, a singlet 

oxygen scavenger. The mechanism proposed is summarized in Scheme 1. 

Our reservations led us to scrutinize the evidence supporting Scheme 1. We performed Rose Bengal- 
sensitized irradiations of erythrn 1 using visible light and a variety of conditions; some conditions closely 

matched Whitten’s (powdered Rose Bengal in moist benzene), but other solvents and derivatives of Rose 
Bengal were also examined. Irradiation of 10-2 to 10-X M solutions of erythl-o 1 using 6 x lo-4 M of sensitizer 

led IO several significant observations (Table 1). These support electron transfer reaction of Rose Bengal. 
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Scheme 1. 
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(1) The efficiency and products of photoreaction of 1 sensitized by solid Rose Bengal suspended in 
bcnzcnc with 1 were not much different under argon and in aerated solutions (entry #I and 3). Similarly, the 
reactions sensitized by other Rose Bengal sensitizers [polymer-bound Rose Bengal (entry #.5 and 6), “benzene- 
soluble” Rose Bengal (Rose Bengal benzyl ester, triethylammonium salt; entry #7 and 8), “ordinary” Rose 
Rengal solution (disodium salt in water; entry 10 and 1 I), and Rose Bengal methyl ester methyl ether (entry 

#12 and 131 all led to the reaction of 1 under both argon and oxygen. 
(2) Polymer-bound Rose Bengal (“Sensitox”) which is at least 2.5 times more efficient7 in its efficiency 

of singlet oxygen generation than Rose Bengal powder did not cause a proportionate increase in the efficiency 
of photofragmentation (entry #3 vs. 6). 

Table 1. Photosensitized Fragmentation of 1 by Rose Bengal 

Entry Number Sensitizer Atmosphere Additive Efficiency of Reaction 

1 KB powder+ Argon 

2 RB powclerl Argon 2,S-dimethylfuran 

3 RB powder+ Oxygen 

4 RR powder+ Oxygen 2.5dimcthylfuran 

5 RB polyrner~ Argon 

6 RR polymer& Oxygen - 

7 RR soluble: Argon 

x RB soluble; Oxygen 

9 RR soluble: Oxygen 2,Sdimethylfuran 

IO KB s0l11tion~~ Argon 

11 KB solutions Oxygen __ 

12 RB soluble cthcr* Argon 

I3 RB soluble ether* Oxygen - 

+Rose Bengal disodium salt suspended in benzene. 
~Szi~sitox’M suspended in benxene. 
ORose Bengal ethyl ester triethylammonium salt” in benzene. 
1 Kose Rengal disodium salt in water. 
*Rose Bengal methyl ester tnethyl ether’? in benzene. 
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(3) Soluble Rose Bengal derivatives led to the most efficient photofraginentat~on of 1, both under 
oxygen and argon, though their efficiency of singlet oxygen generation is not significantly better than that of 
Sensitox. Further, they caused photofragmentation under both argon and oxygen. In all cases the reaction even 
under argon was much more efficient than when using Rose BengaI powder suspended in aerated benzene, 

(4) Presence of an equal concentration (I x 10-3 M) of the singlet oxygen scavenger 2,5-dimethylfuran 
had a very small effect on the photofragmentation of 1. Its rate of reaction with singlet oxygen is only a power 
of ten lower than diffusictn-soIttrolled (4.# x 108 L M- * s- >, 1 lo which is IO&fold faster than the quenching of 

singlet oxygen by a p-amino alcohol (6.5 x 106 L M- 1 s-I),6 Thus, a lOO-fold reduction in the efficiency of 
photosensitized fragmentation of 1 should be apparent when the scavenger and 1 are at equimolar 

concentrations. To see a negligible effect is compelling evidence against the singlet oxygen mechanism. 
Consideration of our observations leads us to suggest an alternative mechanism for Rose Bcng~l-induced 

photofragmentation of 1, involving electron transfer as the key step (Scheme 2). 

Scheme 2. 
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Whitten’s observation of a quenching effect of diphenylisobenzofuran clearly differs from our obser- 

vation of a nlini;i~~l effect of ~,S-dil~lethylfur~n. fcrhaps the diphenylisobcnzofuran stops the reaction by a 
different mechanism than reaction with singlet oxygen. Quenching of an exciplex (the precursor to the charge- 
separutcd species) or being involved in electron transfer reactions of its own are two possibilities. 

Our measured quantum yields for Rose Bengal-sensitized fragmentation of I under argon are close to 
the quantum yields reported by Whitten s for rhe sensitization of 1 using a variety of other p~iotosensi~iz~rs 

uhich were effective via rlectron transfer mechanisms. Whitten reported quantum yields ranging from 6.6 x 
10-j to 4.4 x IO-2 with different electron acceptors. Our value using 6 x ILIe M aqueous Rose Bengal, under 

~OII. with 1.0 x 1O-3 M 1 at 30” was @ = 1.7 x 1W2. Thus, Rose Bengal more closely rescmblcs the hesr 

electron transfer sensitizers than the ~YXV. 
‘UK rcnction sensitizrd by the various Rose Bengal species was generally a little more efficient under 

oxygen. so it is tempting to suggest that an ~ddi~ioii~l lIi~c]lanis~l~ can occur with oxygen. llowever, the poor 
correlation of reactivity and singlet oxygen generation efficiency of the sensitizers and the inability of 

dimethylfuran to quench the reactions mukc the involvcrncnt of singlet oxygen. as more than a minor pathway 
of reaction. ~l~~estio~i~~bl~, Several ~~ltern~~tive cxpl~~~~~~tio~~s seem more pl~us~bI~. The involv~ln~nt of oxygen in 

the key electron transfer reaction between the excited sensitizer and the amine (perhaps involving a ternary 

hv 
D + RR - C 0, + RB 
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exciplex) is a possibility. There is considerable precedent for efficient interaction of oxygen with exciplexes. 
Sharma’3 found oxygen’s “quenching” of the pyrene/perylene exciplex to be much more efficient than the 
quenching of either excited species. Levin14 reported that the oxygen-induced quenching of the triplet exciplex 
between quinone and aromatic amines proceeds via oxygen-enhanced charge transfer. Oxygen-enhanced 
reactivity of photochemically produced exciplexes seems well-documented. Foote,15 Lewis,‘6m18 and Hamity’9 

reported oxygen-enhanced exciplex-induced isomerization of truns- to cis-stilbene and a variety of electron 
acceptors. The purported reason for this increased reactivity is that oxygen enhances intersystem crossing of 
the singlet exciplex, or that electron transfer from the acceptor ion to ground state oxygen gives superoxide, a 
process leading to enhanced reactivity. This latter explanation is directly analogous to our suggestion above. 

Though our efforts focused primarily on compound 1, varying the sensitizer and conditions, we 
investigated briefly other amino alcohols to confirm that our observations were general in nature. With the 

rliren-f-morpholino-1,2_diphenylethanol we similarly found Rose Bengal-induced photofragmentation under 
both argon and oxygen. The efficiencies using aqueous Rose Bengal (Na2) were: (33, argon; 82, oxygen). 
Similarly, N-methylephedrine reacted with efficiencies of: 358 (argon), and 456 (oxygen). Thus, both con- 
pounds reacted under argon, but showed a small enhancement of reaction efficiency in the presence of oxygen. 

In light of the new evidence provided herein, and the attractiveness of alternative roles for oxygen in the 
oxygen-accelerated processes, it seems doubtful that the sin&let oxygen pathway plays more than a minor role 

in the Rose Bengal-promoted photofragmentation of amino alcohols. 

Acknowledgement. We are grateful for financial support from the Department of Energy/Brookhaven 
National Laboratory (Contract #366368-S) and an American Cancer Society Institutional Grant (#IRG- 
IN152.C). 

References 

(1) Ci, X.; Whitten, D. G. J. Am. Chem. SW. 1987, IOY, 7215-7217. 

(2) Ci, X.; Lee, L. Y. C.; Whitten, D. G. J. Am. Chem. Snc. 1987, 109, 2536-2538. 

(3) Lee, L. Y. C.; Ci., X.; Giannotti, C.; Whitten, D. G. J. Am. Chun. Sue, 1986, 108, 175-177. 

(4) Ci, X.; Kellett, M. A.; Whitten, D. G. J. Am, Chum. Sec. 1991, 113, 3893-3904. 

(5) Davidson, R. S.; Orton, S. P. J.C.S. Chem. Comm. 1974,209.210. 
(6) Haugen, C. M.; Whitten, D. G. J. Am. C&m. Sot. 1989, 111, 7281-7217. 
(7) Schaap, A. P.: Thayer, A, L.; Blossey, E. C.: Neckers, D. C. J. Am. Chem. Sot. 1975, 97, 3741-5. 

(8) Zakrzewski, A.; Neckers, D. C. Tctrohedron 1987,43, 4507-12. 
(9) Mills, A.; Lawrence, C.; Douglas, P. J. Chcm. kc., Faraduy Trur1.s. 2 1986,817, 2291-2303. 
(IO) Gollnick, K.; Kuhn, H. J. in Sirrgkt O,ryg~~; II. H. Wasserman and R. W. Murray, Ed.; Academic 

Press: New York, 1979; pp 287-427. 

(11) Lamberts, J. J. M.; Neckers, D. C. Twuhcdrut~ 1985.41, 2183-W. 
(12) Xu, D.; Vanloon, A.; Linden, S. M.; Neckers, D. C. J. Photochem. 1987,3X, 357-63. 

(13) Sharma, A.; Wolfbeis, 0. S. Anal. Chim. Acta 1988,212, 261-5. 
(14) Lcvin, P. P.; Pluzhnikov, P. F.: Kuzmin, V. A. Chrm. Phys. Left. 1988, I.?>, 409-13. 
(15) Eriksen, J.: Foote, C. S. J. Am, Chem. Sot. 1980, 102, 6083-M. 

(lb) Hub. W.; Kliiter, U.; Schneider, S.; Ddrr, F.; Oxman, J. D.; Lewis, F. D. J. Phys. Chem. 19X4,58, 
2308-15. 

(17) Lewis, F. D.; Simpson, J. T. J. Phvs. Chcm. 1979,83, 2015-9. 

(1X) Lewis, F. D.; Petisce, J. R.; Oxman, J. D.; Nepras, M. 1. J. Am. Chem. Sot. 1985, 107, 203-7. 
(19) Homity, M.; Lenin, R. H. Carl. J. Chcm. 1991.69, 146-150. 

(Received in USA 16 September 1991) 


