This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:19

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl18

Fragmentation of Amino Ketones by

Photoinduced Electron Transfer

William R. Bergmark * & David G. Whitten ?

# Department of Chemistry, University of Rochester, Rochester, New
York, 14627, U.S.A.

Version of record first published: 04 Oct 2006.

To cite this article: William R. Bergmark & David G. Whitten (1991): Fragmentation of Amino Ketones
by Photoinduced Electron Transfer, Molecular Crystals and Liquid Crystals, 194:1, 239-245

To link to this article: http://dx.doi.org/10.1080/00268949108041170

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl18
http://dx.doi.org/10.1080/00268949108041170
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:19 19 February 2013

Mol. Cryst. Lig. Cryst., 1991, vol. 194, pp. 239-245
Reprints available directly from the publisher
Photocopying permitted by license only

© 1991 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

FRAGMENTATION OF AMINO KETONES BY
PHOTOINDUCED ELECTRON TRANSFER

William R. Bergmark and David G. Whitten
Department of Chemistry, University of Rochester, Rochester,
New York, 14627 U.S.A.

Abstract, Irradiation of electron acceptors such as 9,10-
dicyanoanthracene (DCA) in the presence of the amino ketone 3-
methyl-3-(4-morpholinyl)-2-butanone and water in nonpolar
solvents leads to an oxidative cleavage of the amino ketone to
form ultimately 4-acetylmorpholine and acetone together with
9,10-dihydro-9,10-dicyanoanthracene. A mechanism can be
developed whereby single-electron transfer quenching of the
excited DCA is followed by a nucleophilic attack on the acyl
carbon of the cation radical; an intermediate acyl-DCA adduct
has been detected and its thermal decomposition to the final
products observed. The net result is an unprecedented ketone to
amide interconversion in which a strong carbon-carbon bond in
the donor is selectively cleaved. Related reactions are observed
with other acceptors (thioindigo) and other amino ketones.

Keywords: Fragmentation, electron transfer, 9,10-dicyanoanthracene, anion-radical, cation-
radical

Herein we report a novel reaction in which scission of a strong
carbon-carbon bond in a unexcited donor can be brought about via
quenching of an excited acceptor. In this case the acceptor anion-radical
seems to function as a nucleophile in a displacement within the contact
ion pair; the net reaction involves a chemically clean and yet
unprecedented ketone to amide interconversion. This kind of reactivity
fits well into an emerging pattern of contact ion pair reactivity.

Irradiation (with a high pressure mercury lamp filtered to pass
light from 400nm to 440nm) of 9,10-dicyanoanthracene (DCA) in the
presence of amino ketone 1in deuterated benzene (freeze-pump-thaw
vacuum degassed solution) with a trace of water (0.011%) leads to a
bleaching of the long wavelength absorption of DCA together with
formation of photoproducts which are indicated by nmr and GC-MS
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analysis to be acetone, morpholine and an acylated form of DCA

(equation 1). On a subsequent dark reaction over several hours 2 and

morpholine undergo further dark reaction to produce 4-

acetylmorpholine and 9,10-dihydro-9,10-dicyanoanthracene, DCAHg

(equation 2). The overall result of the reaction is a net two electron
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(cis and trans)
reduction of DCA concurrent with an oxidative conversion of the

amino ketone to an amide and a ketone. The reaction occurs relatively
cleanly with the indicated stoichiometry and overall 90% chemical

yield and a modest quantum efficiency (®=0.038) under conditions

where quenching of the fluorescence of DCA is nearly complete. The
initial photolysis produces a singlet at 1.69 ppm in the nmr spectrum,
consistent with either structure 2a or 2b:
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A reasonable mechanism for the overall conversion described
in equation 1 is given below:
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The initially formed amino radical has a low oxidation potential and
would be expected to undergo a second electron transfer.4s

While an unassisted cleavage of 1 ® could be proposed to yield
the same products, thermochemical cycle estimation of the carbon-
carbon bond energy in 1% * of ca. 30 kcal/mole suggests that the aar-

assisted path is more probable.!

In contrast to the amino alcohol cleavage processes mediated by
photoinduced electron transfer which occur in a wide range of
solvents, the present reaction has been found to occur cleanly in
benzene but in more polar solvents such as acetonitrile and methanol
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both the quantum yield and the chemical yield are decreased. Thus, in
the present case, the reaction is evidently governed both by the
generation of reactive partners as a contact ion pair or exciplex and
also by the absence of appreciable solvent stabilization of the potential
nucleophile and substrate. Other products, as yet unidentified, are
produced in the much more complex reactions occurring under
comparable photolysis in the absence of water or in more polar
solvents; these products could result from “radical-like” reactivity of

the partners such as has been observed in photoinduced electron

transfer reactions of cyanoaromatics with donors such as
triethylamine in studies by Ohashi?, Arnold® and others*.

Related reactions have been observed with other donor-acceptor
combinations suggesting that this reaction path may be fairly general
for photogenerated contact ion pairs in nonpolar solvents. Irradiation
of thioindigo with the presence of 1in degassed benzene solution leads
cleanly to a metastable adduct whose nmr and visible spectra are
consistent with the structure 8 which could by formed by a comparable
aar-induced cleavage of 1+*. Irradiation of DCA in the presence of
amino ketones 4 and 5 also leads to amide and carbonyl products; in
both cases the corresponding 4-benzoylmorpholine, benzaldehyde,
benzoin and deoxybenzoin products are formed.
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The accompanying scheme illustrates the product distribution
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for the reaction with 5. The more complex reaction can be attributed to
two factors: the presence of an a-hydrogen and the possibility of

deprotonation and subsequent electron transfer to produce 6, and,
secondly, the lower bond dissociation energy of the radical cation of 5
and consequent ease of fragmentation. The only product unaccounted
for by these considerations is the substituted deoxybenzoin. This
product might arise from sensitized Type II process involving
zwitterion 7. These processes are depicted below.
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* Bond dissociation energy for the radical cation was taken to be equal to the ionization
potential of the radical (5.7 eV, Wayner, D. D. M.; McPhee, D. J.; Griller, D. J, Am. Chem,
Soc, 1988, 110, 132) minus the ionization potential of the neutral (7.9 eV) plus the bond
dissociation energy of the neutral (81 kcal/mol).
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