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An efficient method for the site-specific generation of 2-deoxyribonolactone oxidative DNA damage lesions from a “photocaged” nucleoside
analogue was developed. A nucleoside phosphoramidite bearing a C-1' nitrobenzyl cyanohydrin was prepared and incorporated into DNA
oligonucleotides using automated DNA synthesis. The caged analogue, which was stable in aqueous solution, was converted to the
2-deoxyribonolactone lesion by UV irradiation. DNA containing the caged analogue and the deoxyribonolactone site were characterized by
electrospray mass spectrometry (ES-MS).

DNA damage by toxic agents compromises the coding pathwaysproduces 2-deoxyribonolactone, or Cekidized
potential and strand integrity of the genetic matetial. abasic site, lesion®) within DNA. Recent studies from the
Oxidative DNA damage, mediated by free radicals and laboratories of Sigmah,Greenberd, and Chatgilialogltf
reactive oxygen species (ROS), represents a major contributohave enumerated diverse chemical mechanisms that produce
to cellular DNA damagé.Oxidation of DNA may occur at
the nucleobaser sugat moieties of DNA nucleotides. The
. . - : 1235-1248.

resulting lesions may labilize the otherwise stable DNA " (7) a) Harkin, L. A.; Burcham, P. Giochem. Biophys. Res. Commun.
backbone and/or induce mutations during cellular nucleic %2997%237" 171599(;3)13612'(;2, %-8?.; Butler, L. M.; Burcham, P. @hem.
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biological effects of genomic lesions. 2778. he. C. Good . o oh o
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Scheme 1. Deoxyribonolactone Lesion Formation and

Scheme 2. Site-Specific Generation of DNA
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deoxyribonolactone lesions in DNA. Scheme 1 shows a
generalized pathway for the formation of and subsequent
DNA strand scission at deoxyribonolactone sites. The C-1
oxidative damage reaction is initiated by hydrogen abstrac-
tion at a deoxyribonucleotide in DNAL( Scheme 1) to
produce a C-1sugar radical. Once formed, the radical species
may undergo one of several possible oxygenation pathways,
which ultimately results in the extrusion of the nucleobase
and the production of the oxidized abasic sieBy virtue

of its lactone characte2 may undergos-elimination to
produce then,-unsaturated lactone DNA stran8l, and a
5'-phosphorylated DNA produc#). The ene-lactone3 may
decompose further to produce ‘aghosphorylated cleavage
product (5) and methylene furanone (6).

Because of the lability of the deoxyribonolactone lesion,
methods for the controlled introduction of oxidized abasic
site lesions into DNA are required. Furthermore, such
methods would provide direct experimental insight into the
chemical properties and biological effects of this oxidative
damage lesion. Existing approaches to deoxyribonolactone
lesions within DNA have relied on pathways analogous to
the natural C-1'oxidative damage reaction. In particular,
photolysis of C-1'tert-butyl keton&© or nitroindolé!
nucleoside analogues produces 'Gd&oxyribose radicals,
which are efficiently oxygenated to provide oxidized abasic
sites within DNA. These approaches have provided the first
methods for specific deoxyribonolactone generation and have
offered significant insights into the properties of these DNA
damage lesion¥:11c

We now report an efficient method for the site-specific
introduction of 2-deoxyribonolactone lesions in DNA oli-
gonucleotides that is independent of the 'Cdamage
reaction. Our approach, which is outlined in Scheme 2,
involves the generation of lactone sites within DNA from a
stable, photochemically “caged” form of the lesion. The'C-1
cyanohydrin 2-nitrobenzyl ether7Y was selected as a

photolabile lactone precursor based upon (1) its predicted
compatibility with DNA synthesis and deprotection condi-
tions!? (2) the expected stability of the caged analogue
under aqueous conditioAand (3) the known photochem-
istry of o-nitrobenzyl ether$! Thus, incorporation of ana-
logue 7 during solid-phase DNA synthesis would produce
the caged-lactone DNABJ. Theo-nitrobenzyl ether 08 then
would be cleaved by UV irradiation to produce the lactone
cyanohydrin,9, which would be expected to decompose to
the lactone lesion within DNA (2). Herein we describe the
synthesis of caged phosphoramiditgts incorporation into
DNA (8), and the efficient photochemical generation and
characterization of 2-deoxyribonolactone lesiocdsScheme

2) within DNA.

A versatile synthetic route to the caged nucleoside
analogue7 was developed (Scheme 3). The approach
centered on the construction of a ribosyl donor, cyanobro-
mide 12, which was prepared from the kno¥ri-chloro-
3,5-di-p-chlorobenzoyb-ribofuranose (10). Conversion of
10into C-1 cyanide 11) was accomplished by reaction with
diethylaluminum cyanidé® Free-radical bromination df1
with NBS produced the anomeric mixture of C-1 bromo-
cyanides12 in 80% yield. The nitrobenzyl group was
installed using silver triflate-promoted glycosylatitnto
producel3in 70% vyield as a mixture of C-Iisomers.

To convertl3 into a form suitable for automated DNA
synthesis, the'3and 5-O-p-chlorobenzoyl protecting groups
were removed with methanolic ammotido produce an
inseparable mixture of the anomeric nucleositiésTrans-
formation of 14 to the corresponding mono-methoxytrityl

(12) Ordoukhanian, P.; Taylor, J.-8.Am. Chem. So&995 117, 9570~
9571.
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S0c.1998,120, 11810—-11811. (b) Kotera, M.; Bourdat, A.-G.; Defrancq, (16) lyer, R.; Phillips, L.; Egan, WSynth. Commuril991,20, 2053—
E.; Jourdan, M.; Garcia, J.; Coulombeau, C.; LhommeNucleosides 2063.

Nucleotidesl999,18, 1323—1324. (c) Jourdan, M.; Garcia, J.; Defrancq,
E.; Kotera, M.; Lhomme, Biochemistryl999 38, 3985-3995. (d) Kotera,
M.; Roupioz, Y.; Defranq, E.; Bourdat, A.-G.; Garcia, J.; Coulombeau, C.;
Lhomme, J.Chem. Eur. J2000,6, 4163—4169.
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Scheme 3. Synthesis of Phosphoramidi#@
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a(a) ELAICN, THF, 4°C to rt, 4 h, 75%; (b) NBS, benzoyl
peroxide, CC, 85 °C, 2 h, 80%; (c) 2-nitrobenzyl alcohol, 2,6-
lutidine, AgOTf, CHCly, 3 h, 70%; (d) 4.5 M NH/MeOH, THF,
40 °C, 3 h, 76%; (e) MMTCI, DMAP, pyridine, 18 h, 80%; (f)
[(i-Pr)zN]2POC|‘kCH2CN, (i-Pr)zNHZOCHN4, CH2C|2, 2.5 h, 83%.

(MMT) ethers (5a, 15b) was accomplished in 80% yield
by reaction ofl4 with MMTCI in pyridine. Addition of the
hydrophobic MMT group facilitated the chromatographic
separation of the two C-isomersl5aand15b.° The MMT
derivatives {5aand15b) were converted independently into
the corresponding phosphoramidite derivativéa ¢r 7b)
using the method of Caruthets.

Caged phosphoramidite analogu&$ \vere incorporated
with high efficiency into DNA oligonucleotides with minor
modifications of standard automated DNA synthesis meth-
ods?! Caged oxidized abasic sites were inserted indepen-
dently into several oligonucleotide sequencks, 18, and
19, shown in Figure 1. After DNA synthesis, DNA strands

A

. B.
5" TGTGCC-8-AACTTACCGT 3 16

5" ACCTGC-8-GCGATGGACA 3718
l hv =350 nm

5" GACGGA-8-TCCCTACGCA 3" 19
5" TGTGCC-2-AACTTACCGT 3° {7

Figure 1. Caged and lactone-containing DNA sequences.

containing8 were deprotected at room temperature for-14
16 h with 1.5 M NH in methanol. These mild conditions

(19) The stereochemistry of the two cyanohydrin anonfésaand15b,
was assigned by conversion to the correspondi®gand 13b analogues.
X-ray structural analysis revealed tHeb possessef-stereochemistry at
the C-1'position. See Supporting Information.

(20) Caruthers, M. H.; Barone, A. D.; Beaucage, S. L.; Dodds, D. R.;
Fisher, E. F.; McBride, L. J.; Matteucci, M.; Stabinsky, Z.; Tang, J. Y.
Methods Enzymoll987,154, 287—313.
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completely deprotected the oligonucleotides with minimal
modification of the caged analogue. Reverse-phase HPLC
(RP-HPLC) purification was used to provide oligonucleotides
containing8 in high synthetic yield and purity.
Oligonucleotides containing the caged analogue were
characterized by electrospray mass spectrometry (ES-MS)
and base composition analysis. Oligonucleotit® was
subjected to ES-MS analysis. As illustrated in Figure 2A
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Figure 2. ES-MS and RP-HPLC characterization of DNA oligo-
nucleotides containing the caged analogié) (and the oxidized
abasic site (17). (A) ES-MS analysis of RP-HPLC purifigé,
containing the caged lactone analog8g (B) RP-HPLC trace of
a crude photolysis reaction of caged-DNI& (tr 31.26 min) to
form lactone-containing DNAL7 (tr 29.03 min). (C) ES-MS
analysis of oligonucleotid&7 containing the 2-deoxyribonolactone
lesion (2).

the observedn/zfor 16 was 5188.0, which corresponded
well with the calculated value of 5188.33. In addition,
enzymatic digestion of6 to its component nucleosides and
guantitative RP-HPLC revealed th&6 contained deoxy-
nucleosides and analoguk4 in the expected ratio.
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Oligonucleotided 8 and19 also gave the expectedz values efficiency in double-stranded DNA. For example, photolysis
by ES-MS. Thus, solid-phase DNA synthesis using phos- of 16in the presence of a complementary strand with dA or
phoramidite7 provides an effective route to oligonucleotides dC paired opposit@ produced lesior2 in ~90% vyield in
containing the masked lactone analogue 40 min. Thus, photolytic decaging of lactone analogue
Oligonucleotides containing the caged oxidized abasic site offers a clean route to DNA containing the deoxyribonolac-
precursor8 were converted efficiently by photolysis to tone lesion2.
deoxyribonolactone-modified DNA. Irradiation of sequence  The synthetic route outlined in Scheme 3 provides a
16in buffered aqueous solution provided the oxidized abasic versatile approach for the construction of other DNA
site 2 within sequencd7 (Figure 1). The time course of the  deoxyribonolactone lesion synthons. For example, a series
decaging reaction was analyzed by gel electrophoresis:of caged lactones with tunable photochemical properties such
photolysis of16 demonstrated the time-dependent formation as faster deprotection rates or altered absorption maxima
of an alkali labile site over 40 min of irradiation (Supporting could be synthesized from2. Other nonphotochemical
Information). The efficiency of the decaging process is caging strategies also could be employed. In addition,
demonstrated in Figure 2B, which shows a RP-HPLC trace photolabile alkoxycyanohydrins may offer a new protection
for the crude reaction mixture resulting from photolysis of strategy for lactones and other carbonyl functional groups.

16for 40 min at 350 nm. Oligonucleotidis (retention time
31.26 min) was converted i1+90% yield to a single new

SeveralO-protected ester cyanohydrin derivatives have been
reportec?® However, to our knowledge, this report represents

product that displayed a shorter retention time (29.03 min). the first demonstration of photolabile 2,2-dialkoxyalkane-
This faster moving material was isolated and subjected to nitriles as masked lactones.

ES-MS analysis (Figure 2C), which confirmed the identity
of the product as sequend& containing the deoxribono-
lactone lesion? (calcdm/z= 5026.2; found 5026.4). The
high photolytic efficiency for conversion of the masked
analogueB to an oxidized abasic sit®) was independent
of the anomeric identity of the starting phosphoramidite (
or 7b).

We have outlined an efficient independent synthesis of
the 2-deoxyribonolactone lesion in DNA oligonucleotides,
which is independent of the C-Yadical DNA damage
pathway. This general strategy will facilitate the further
investigation of the chemical biology of DNA oxidized abasic
site lesions.
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