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RADIATION CHEMISTRY OF DNA COMPONENTS.
FORMATION OF THE 8,5'-CYCLO-2',5'-DIDEOXYGUANOSINE BY GAMMA IRRADIATION
OF DEAERATED AQUEOUS SOLUTIONS OF 2'-DEOXYGUANOSINE
AND ITS 5'-MONOPHOSPHATE ESTER

M. BERGER and J. CADET*
Laboratoires de Chimie, Département de Recherche Fondamentale,
Centre d'Etudes Nucléaires de Grenoble
85 X, F.38041 GRENOBLE CEDEX, France

8,5'-cyclo~-2',5'~-dideoxyguanosine was shown to be produced by gamma irradiation of deaerated
aqueous solutions of 2'-~-deoxyguanosine and 2'-deoxyguanosine-5'-monophosphate, subsequent to
initial hydrogen fbstraqﬁfon at the osidic carbon C(4'). Structure assignment was made on
the basis of UV, "H and C NMR, mass spectrometry analyses, and confirmed by an independent
synthesis.

Hydrogen abstraction from the deoxyribose ring of DNA chains is a common reaction initiated
by hydroxyl radicals 1 and various radiomimetic agents 2. Secondary reactions of the resulting
sugar radicals lead in most cases to the rupture of the phosphodiester bond and/or to the

3,4

cleavage of the N-glycosidic bond as shown by extensive studies involving DNA and related

1a,lb,5' One major exception to these latter two processes 6 is the formation of

model compounds,
8,5'-cyclic derivative of 2'-deoxyadenosine 7 and 5'-AMP 8 through intramolecular aromatic
substitution at C(8) by sugar radical produced at the C(5') position 9.

This paper reports a new radiation-induced reaction within the osidic moiety of
2'-deoxyguanosine (la) and of its 5'-monophosphate ester (lb) which gives rise in both cases to
8,5'-cyclo-2',5'-dideoxyguanosine (3) in deoxygenated aqueous solutions 10. The anhydronucleo-
side (3) was isolated and purified from a complex mixture of degradation products by
reversed-phase high performance liquid chromatography (RPHPLC) 11. Elemental analysis of the
3'-O-acetylated derivative of 3 deduced from exact mass measurement 12 (theoretical 291,0967 ;
found 291,0972) was consistent with the empirical formula ClZH13N504 which indicates the loss of
the elements of HZO from la. The base peak in the high resolution EI mass spectrum (m/e 251,
8-methylguanine +) which results from the fragmentation of the deoxyribose ring at C(1) and C(4)
is diagnostic 13 of covalent bond formation between imidazole C(8) and osidic C(5). As expected
the 250 MHz lH NMR spectrum of 3 in DZO 14 showed the lack of H(8) signal. The pronounced
upfield shift of the H(5') and H(5") resonance signals .and the marked increase in the magnitude
of the geminal JS',S" coupling constant of 3 with respect to those of la indicate the absence of an
hydroxyl substituent within the 5'-methylene group. Evidence for a rigid constrained structure
was given by the low magnitude of the trans coupling constant Jl',Z' and J3,,4, (< 1 Hz).
Inspection of a Dreiding model shows that the corresponding H(1'),H(2') and H(3'),H(4') dihedral

angles approach 90° with the furanoid ring in the unusual C(1')-endo O(4')-exo (éT) conformation
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15 and that the orientation of the base is in the high anti range 16. Confirmation of the structure
of 3 was provided by its independent radiation-induced synthesis using 9-(5-bromo-2,5-dideoxy-8
-D-erythro-pentofuranosyl) guanine as the starting nucleoside

Hydroxyl radicals were shown to be the reactive water radiolysis species involved in the
initial radical reaction leading to 3 18. Information on the nature of the resulting osidic radical
was provided by experiments involving the radiation-induced formation of 3 from selectively
prepared (4'—2H)-2'—deoxyguanosine (2) 19. The lH NMR spectrum of the corresponding
cyclonucleoside (3) in DZO showed a complete recovery of the H(4') signal due to the quantitative
loss of the isotopic labelling. This result would strongly suggest that the radical arising from

hydrogen abstraction at C(4') is the reactive intermediate.
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We consider it reasonable to propose a mechanism involving the transient formation of a radical
5b,20 consecutive to OH or phosphate ester anion elimination from the initial nucleoside or

21 and

subsequent disproportionation reaction with other radicals ('RH) would lead to the

cation
nucleotide C(4') radical. Intramolecular cyclization with the rather nucleophilic carbon C(8)

anhydronucleoside (3) 22 (fig. 1). It is interesting to note that the radical at carbon C(4')
derived from la is also involved in other competitive reactions giving rise to 9-(2-deoxy-a-
D-erythro-pentofuranosyl) guanine 23 and 9-(2-deoxy-B-L-threo-pentofuranosyl)guanine respect-
ively through rearrangement of the osidic moiety 6 and epimerization of C(4') .

It has to be emphasized that the formation of 5,8'-cyclo-2',5'-dideoxyguanosine (3) by
exposure of 5'-dGMP (lb) to y-rays in aqueous deaerated solutions constitutes to our best
knowledge the first example of a DNA base damage initiated by an osidic radical attack with

concomitant release of the phosphoric ester group.
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