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Abstract—Anthraquinone-O-9-(4-cyanobenzoyl)oxime (13) with binding constant of 4.49×104 M−1 exhibited single-strand scission
of DNA at the concentration of 10 �M and double-strand scission at 50 �M upon UV irradiation. © 2003 Published by Elsevier
Science Ltd.

Organic molecules with DNA-cleaving ability are of
great potential in the development of biotechnology
and gene therapy.1 Most of the newly developed agents
in this category nick one strand of double-helical
DNA.2 It is our plan to obtain double-strand scission
by a molecule upon activation by UV light. Herein we
report our findings that the new compound p-
cyanobenzoyl oxime of anthraquinone (13) reached this
goal.

We incorporated the oxime ester functionality onto
DNA intercalators, including anthraquinone,3 fluoren-
9-one,4 and thioxanthen-9-one 10,10-dioxide by oxima-

tion with hydroxylamine followed by benzoylation with
p-substituted benzoyl chlorides (Scheme 1).

The resultant oxime esters 1–15 were irradiated with
UV light (312 nm, 16 W) at the concentration of 500
�M in a sodium phosphate buffer (pH 5.0, 6.0, 7.0, or
8.0) containing the supercoiled circular �X174 RFI
DNA (form I; 50 �M/base pair) at room temperature
for 2.0 h.5 Results from gel electrophoresis on 1%
agarose with ethidium bromide staining showed that
agents 1–5 and 10–15 possessed significant DNA-cleav-
ing activity and gave the relaxed circular (i.e. form II)

Scheme 1. Synthesis of oxime esters 1–15 as DNA cleaving
agents.
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DNA. Oxime esters 13–15 were found to nick DNA
efficiently even at the concentration as low as 10, 16, and
30 �m, individually. Their apparent equilibrium binding
constants were measured as 4.49, 3.64, and 3.31×104 M−1

for 13–15, respectively.6 More importantly, oxime ester
13 exhibited a unique character by cleaving �X174 RFI
DNA in a phosphate buffer (pH 6.0) to give the linear
(i.e. form III) DNA at the concentration of 50 �M or
higher (Fig. 1).

In control experiments, we removed molecular oxygen
from the buffer solution of 13 by bubbling argon gas or
removed singlet oxygen by adding sodium azide.7 The
cleaving potency of 13 remained the same. Thus oxime
esters were able to cleave DNA under anaerobic condi-
tions and the nicking process did not involve singlet
oxygen. Furthermore, we found that DNA cleavage did
not occur in the dark, as shown in lane 1 of Figure 1.
Thus the UV light functioned as a ‘trigger’ to initiate the
DNA scission process.8–10

To understand the mechanism of cleavage, we tried to
detect the intermediates generated in the photolysis of
oxime esters. In the first step, we irradiated with UV light
a phosphate buffer solution (pH 6.0, 0.10 M) containing
oxime ester 13 or 14 in the presence of 5,5-dimethyl-1-
pyrroline N-oxide (DMPO). Both experiments gave a set
of EPR signal with intensities 1:2:2:1, in which the g value
was 2.0061 and hyperfine splitting constants aN=aH=
14.50 G. We believe that the radicals detected came from
DMPO and p-substituted benzoyloxy adducts (Fig. 2).

Figure 2. The ESR spectra of radicals obtained by (a) photol-
ysis of oxime ester 13 (10 mM) in a phosphate buffer (pH 6.0),
and (b) computer simulation. These two spectra are very
superimposable.

In the second step, we planned to trap the radical
intermediates with 1,4-cyclohexadiene11 and then iden-
tified the final products. Accordingly, a benzene solution
containing oxime ester 13 and 1,4-cyclohexadiene was
irradiated with UV light at room temperature for 12 h
(Scheme 2). The product mixtures were separated by
column chromatography packed with wet silica gel.
Anthraquinone (16) and benzonitrile (17) were isolated
in 78 and 80% yields, respectively.

Photolysis of O-benzoyl oxime can produce iminyl and
benzoyloxy radicals through homolytic fission.12–14 In
1996, Theodorakis and Wilcoxen15 reported a way to
generate benzoyloxy radicals by illuminating N-benzoyl-
oxy-2-thiopyridones with visible light. Their data indi-
cate for the first time that aroyloxy radicals can induce
significant DNA cleavage. Benzoyloxy radical [PhCOO�]
can also undergo rapid decarboxylation to yield phenyl
radical (Ph�).16 It is unclear which of these two species
is more responsible for DNA damaging though there is
considerable evidence to support that the latter species
plays a significant role on DNA-strand breakage.17 Our
results shown in Scheme 2 indicate that three types of
radicals were generated in the media of photochemical
reactions: anthraquinone iminyl radical, p-cyanobenzoyl-
oxy radical, and p-cyanophenyl radical. These radicals
are responsible for DNA scissions.

Among oxime esters 13–15, 13 was the only molecule that
performed double-strand scission. In comparison with
single-strand cleavers 14 and 15, stronger potency for
compound 13 could be due to the great reactivity
associated with the resultant p-cyanobenzoyloxy and
p-cyanophenyl radicals upon its photo-dissociation. In
1988, Ingold et al.18 reported the kinetic characteristics
of various substituted aroyloxy radicals. Their data
indicate that reactivity is greater for p-NC�C6H4COO�
than p-F�C6H4COO�. The latter radical species was
generated from 14. Therefore we believe that highly

Figure 1. (a) Dose measurement of compound 13 for its DNA
cleaving ability in a sodium phosphate buffer (pH 6.0) upon
irradiation with UV light (312 nm, 16 W) for 2.0 h at 25°C;
Lane 1, DNA with 13 (500 �M) in the dark; Lanes 2–6, 10, 50,
100, 250, 500 �M, individually. (b) Comparison of DNA
cleaving ability of compounds 13–15 in a sodium phosphate
buffer (pH 6.0) upon irradiation with UV light (312 nm, 16 W)
for 2.0 h at 25°C; Lane 1, DNA with 13 (500 �M) in the dark;
Lanes 2–7, 13 (50 �M), 13 (100 �M), 14 (50 �M), 14 (100 �M),
15 (50 �M), 15 (100 �M).
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Scheme 2. Irradiation with UV light of a benzene solution an oxime ester 13 and 1,4-cyclohexadiene.

reactive p-cyano radical species contribute significantly
to the ability of 13 for its double-strand scission.
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