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Abstract: Benzoyloxyl radicals react with thymidine, in a mechanism reminiscent of hydroxyl radical mediated
thymidine damage. This mode of reactivity may explain the observed DNA cleavage induced by photoirradiation
of N-arayloxy-2-thiopyridones. © 1998 Elsevier Science Ltd. All rights reserved.

Over the past twenty years, N-hydroxy-2-thiopyridone (1) and its O-acy! derivatives have been
extensively used as a convenient photochemical source of carbon-, nitrogen- and oxygen-centered radicals.!
Generation of such radicals has been proven to occur via an initial photoexcitation of the thiocarbonyl group (A
= 350 nm), resulting ultimately in homolytic cleavage of the N-O bond (Figure 1).2 The synthetic efficiency of
this process has been clearly demonstrated by the subsequent trapping of the radicals in a variety of ways,
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Figure 1. Photoinduced generation of radicals with N-acyloxy-(2) and N-aroyloxy-2-thiopyridones (7).

Based on the above data, we envisioned that N-hydroxy-2-thiopyridone (1) and its carboxylate esters
(such as 2 and 7, Figure 1) could be used as novel photoactivated nucleic acid-cleaving reagents.* Our reported
studies indicate that, indeed, the N-aroyloxy-2-thiopyridones (such as 7) cleave supercoiled circular and linear
duplex DNA.36 However, the identity of the reactive radical species during this event remained unknown.
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resent evidence that implicates aroyloxyl radicals (8) in the observed nucleic acid
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In our initial explorations we compared the DNA-cleaving properties of several acyloxyl and aroyloxyl
Iariuntiene ~F 1 Mhaocr narmematnds ssrana sahatalermad fom tha veuncnens ~AF wla A AV1ITA TMNT A ....A At nl
UCLIvalivid Ol 1. 11IEST LUl 1puuuua Cic pllUI.UlyLCU 111 LI lJleCllLC (&) § lJl 111ia lPAl /4 LJINA UNaer lUCllllLdl

conditions, as shown in Figure 2.7 In all experiments performed, only the aroyloxyl derivatives (such as 7)
were shown to cleave the plasmid, while the acyloxyl adducts (such as 2) did not produce any measurable
strand cleavage.
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Figure 2. Photocleavage of DNA using 2 and 7.7

The irradiation (all samples except those in lanes 2 and
7) was performed for one hour at 4°C with twa lamps

L0 AANSAN  bwn ol b b Y mimn Sumoan Bl o osvmae b

{QGE, SUVUYY), piateu dat about 20 cm from the bdlllpws

Lane 1: éX174 DNA (control); lane 2: DNA and 1.0 mM
of 7 (no hv); lanes 3-6: DNA and 7 at concentrations of
7: 0.1, 0.3, 0.6 and 1.0 mM respectively. Lane 7:
DNA and 1.0 mM of 2 (no hv); Lanes 8-11: DNA and 2
at concentrations of 2. 0.1, 0.3, 06 and 1.0 mM
respectively; lane 12: ¢X174 DNA (control).
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Figure 3. Photocleavage of DNA using 7 and 1.7

The irradiation (all samples except those in lanes 2 and
7) was performed for one hour at 4°C with two lamps
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(GE, 300W), placed at about 20 cm from the sampies.

Lane 1: $X174 DNA (control); lane 2: DNA and 1.0 mM
of 7 {no hv); lanes 3-6: DNA and 7 at concentrations of
7: 0.5, 1.0, 1.5 and 2.0 mM respectively. Lane 7:
DNA and 1.0 mM of 1 (no hv); Lanes 8-11: DNA and 1
at concentrations of 1. 05, 1.0, 15 and 20 mM
respectively; lane 12: $X174 DNA (control).
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Comparison of 7 with the free N-hydroxy-2-thiopyridor
results showed an increased efficiency of DNA~c1eavage using 7, thus indicating that the generation of reactive
radical species happens prior to any saponification (that could afford 1 from 7). The combination of the above
experiments eliminated the involvement of the thiopyridyl radical 3 in the DNA-cleaving reaction and provided
indirect evidence that aroyloxyl radicals (such as 8) may account for the observed strand scission.

Can aroyloxyl radicals cleave DNA? An alternative proposal could attribute this damage to the presence of
aryl radicals (9), arising through slow decarboxylation of 8 (Figure 1). Literature data indicate that the rate

constant for this decarboxylative process is approximately 106 s-1 at 25 °C, while the decarboxylation of

aliphatic derivatives (such as 4) under the same conditions is at least 1000 times faster (109 s-1).82 Although
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relatively slow, such a process could hence generate aryl radicals (9) that are known to damage DNA.?

In an atiempi to "shine light" on the above question, we examined the reaction of the thymidine derivative
10 with the N-benzoyloxy-2-thiopyridone (7) (Scheme 1). Thus, 5.0 equivalents of 7 were introduced
portionwise at O °C to a solution of 10 under constant irradiation with two lamps (tungsten, 300 W). At the end
of the reaction we were able to isolate the thymidine adduct 1110 in 26% yield, easily separated from the
unreacted starting material 10 (recovered in 68% yield). The somewhat surprising formation of 11 can be
explained if we consider an addition of the N-benzoyloxy-2-thiopyridone (7) across the C5-C6 double bond of
the nucleobase. Our proposed mechanism involves initial attack of the benzoyloxyl radical (8) on the CS carbon
of the thymine, which could produce the C6 radical 13 (Scheme 1). Subsequent trapping of 13 with the

thiocarbony! entity of unreacted 7 is expected to form adduct 14, thus propagating the radical chain reaction.3

Hydrolysis of the unstable thicaminal of 14, during isolation, could then lead to 11. Additional characterization
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to detect either the addition of phenyl radicals on the thymidine, or the formation of benzene (GCMS analysis of
the crude mixture). Furthermore, no reaction occurred between 2 (5-10 equivalents) and 10 upon irradiation;
the starting thymidine (10) and the 1-cyclohexyl-2-thiopyridine (Cy-SPy) were recovered in quantitative yield.
Radical 13 is reminiscent of thymidinyl radical 15, the major intermediate formed upon exposure of
thymidine to hydroxyl radicals.!!:12 This resemblance between 11 and 15 provides strong evidence that both

benzoyloxyl and hydroxyl radicals have comparable electrophilic character and react similarly with nucleic acids.



Interestingly, the rate of addition of hydroxyl radicals on the nucieobases is ca 10° M-1les-1.11 A simiiar
addition rate can be expected for the benzoyloxy! radicals, which under standard conditions is much faster than
the unimolecular decarboxylation event (ca 105 s-! at 25°C).
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Hydroxyl radicals are known to cleave DNA in a variety of ways including: direct hydrogen atom
abstraction from the backbone and nucleobase modifications.!! When such modifications occur within the
duplex, they result in weakening the Watson-Crick hydrogen bonds and produce alkali-labile sites on the DNA
backbone. Our data indicate that benzoyloxyl radicals (8) behave comparably to hydroxyl radicals and could

cleave DNA by similar pathways, including induction of frank strand cleavage and formation of alkali-labile

sites. For example, the observed oxidative damage of thymidine by 8 (Scheme 1) could lead to DNA cleavage
a5 th PRy S | S R IS M) b 12 T L noic sc Hitls £ PR il S
vid L ULl UL dIBdll-1dDC SIICS. = 11 I

The above results do not imply that thymidine (or any other base) modification is the only mechanism
accounting for the observed DNA cleavage. In fact, in the duplex DNA the bases are somewhat protected in the
interior of the double strand and hydrogen atom abstraction from the phosphodiester backbone should play a
major role for the cleavage. However they do show that aroyloxyl radicals are able to react with DNA in a mode
of action reminiscent of the hydroxyl radical-mediated damage. The previously mentioned kinetic data are also

in favor of this mode of action.

Formation of the thymidine adduct 11 deserves an additional comment. This type of base modification
within genomic DNA may lead to enzymatic misreading giving rise to sid tations. Since benzoyl peroxide
is known to be mutagenic,!3 our approach may be used n the chem ns of the reported

mutagenesis. Further studies along these lines are now in progress in our laboratory.
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