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Esters of carcinogenic N-arylhydroxamic acids, such as 1a—d
and 2a—c, react with DNA predominantly at the guanosine
base.! The major product of this reaction is a C-8 adduct.! A
similar reaction (eq 1) occurs with guanosine or 2’-deoxygua-
nosine (d-G) to generate 3 and 4 in low yield in mixed organic/
aqueous solvents.!> The mechanism of this reaction has never
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been investigated, but it is widely assumed to involve a
nitrenium ion.>* Although 1a and 2a—c generate nitrenium ions
in H,0, previous studies have concentrated on the lability of
the ions in H>O, not on their reactions with biologically relevant
nucleophiles.*s These ions are attacked by most nucleophiles
at the aromatic ring, not at N.*> Some reactions of similar
compounds have been shown to be Sy2 in nature,® and C-8 of
guanosine is not normally nucleophilic to electrophiles.” For
these reasons, it was not clear how this reaction occurred. We
report herein the first evidence that this reaction occurs in
homogeneous aqueous solution by a Dy + Ay (Sn1) mechanism
involving a remarkably selective trapping of a nitrenium ion
generated by rate-limiting N—O bond heterolysis.

In 5% CH;CN—H:O (4 = 0.5 (NaClOy), pH 7.5 (0.02 M
NaH,P04/Na;HPO,), T = 20 °C), the rate constant, kg, for
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Table 1. Rate Constants for the Decomposition of 1a and 2¢ in
the Presence of d-G*

10%,, st
[d-G], mM 1a? 2¢¢
0 40+05 20+03
2.5 24+£0.1
4.0 41+02
5.0 20+£0.1
10.0 46 +0.2

“ Determined by UV (at [d-G] = 0 mM) or HPLC methods at pH
7.5 NaH;PO4/Na;HPO,), 4 = 0.5 (NaClOy), and T = 20 °C. ® Initial
concentration of 1a, 1.0 x 107* M. ¢ Initial concentration of 2¢, 4.0 x
1075 M.
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Figure 1. Plots of 1/f;, the inverse of the fraction of products obtained
from trapping of the solvent, vs [d-G] for 7 (A) and 8 (B). The lines

are calculated from a weighted least-squares fit. (A) 1a, 1.0 x 1074
M. (B)2a, 2.0 x 1075 M.

disappearance of 1a is independent of [d-G] up to 10 mM (Table
1), at which about 75% of 1a is converted into 3.228 A plot of
the inverse of the fraction of products obtained from trapping
by solvent (5 and 6),* 1/f;, vs [d-G] is linear, with an intercept
of 1.0 (Figure 1A). This shows that solvent and d-G compete
for a common intermediate.® The slope, 290 £ 10 M~L, is
kq.c/ks, the ratio of the second-order rate constant for trapping
of 7 by d-G, kqg, and the pseudo-first-order rate constant for
trapping by solvent, & (eq 2). At [d-G] = 3.4 mM, 50% of 7
is trapped by d-G. Under identical conditions, except for buffer

(8) In both cases, one adduct was detected by HPLC. Low yields (<2%)
of other adducts could have escaped detection. 3 was identified by
comparison with an authentic sample (ref 2a); 4 was identified from
published NMR data (ref 2b.d.e).
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concentrations of 0.005 M, ko for 2¢10 is independent of [d-G]
up to 5 mM (Table 1), at which the yield of 4 is greater than
95%.258 At this pH, the product of solvent trapping is 9. A
plot of 1/f; vs [d-G] (Figure 1B), determined for 2a, provides
kq.c/ks for 8 of 8000 = 600 M~1. At [d-G] = 0.13 mM, 8 is
trapped to the extent of 50% to form 4.

The magnitude of k4. can be determined for 7 and 8 since
ks is known for both ions under these conditions from LFP
measurements.!! The calculated values of k4. for 7 and 8 are
1.7 x 10° and 6.2 x 108 M~! 571, respectively. These rate
constants are within an order of magnitude of the diffusion-
controlled limit, and they show that 7 and 8 can react selectively
with d-G in vivo. The reaction with guanosine in DNA may
be facilitated by electrostatic attraction between the cation and
the anionic phosphate backbone of DNA.

Since kq.g/ks for 7 is pH independent from pH 3.5 to 7.5, the
reactive form of d-G in this pH range must be the neutral form
d-GH (eq 3).1? The anion d-G~ may also be reactive but could
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only contribute ca. 5% to the trapping reaction at pH 7.5, even
if the rate constant for the reaction with d-G~ was diffusion
limited at ca. 5 x 10° M™! s~1, We cannot rule out the
possibility that this reaction occurs by initial attack of N-7 on
the ortho carbon of 7 or 8 followed by a Cope-type rearrange-
ment, or by attack of N-7 on N of 7 or 8 followed by
deprotonation of C-8 and a Stevens-type rearrangement,!?
instead of by direct nucleophilic attack of C-8. No intermediates
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were detected, however, and 3 and 4 are generated in a clean
first-order fashion. Carbocations react preferentially with N-2
rather than N-7,7 but no evidence of an N-2 adduct was found
in either reaction mixture.

The selective reaction of 7 and 8 with d-G could not occur
if trapping by H,O was not relatively slow. Hard nucleophiles,
including H,0, attack nitrenium ions at the aromatic ring.** This
process is accompanied by loss of aromaticity that contributes
to the barrier to the reaction. It has been suggested that the
remarkably long lifetime of nitrenium ions in H;O compared
to similar carbenium ions is due to this barrier.!l:'# This long
lifetime is the critical factor which allows 7 and 8 to react
selectively with the relatively weakly nucleophilic d-G.

Low yields reported for the reaction of eq 1 are not caused
by low efficiency of trapping of the nitrenium ion by d-G or its
derivatives. Acetic acid esters such as 1a are known to undergo
ester hydrolysis in preference to N—O bond cleavage.’®1® Some
of these esters acetylate nucleosides rather than forming adducts
such as 3 or 4.1° Since most of the reactants are only slightly
water soluble, these reactions have often been performed under
nonhomogeneous conditions in mixed solvents.? These condi-
tions suppress N—O bond heterolysis and lead to side reactions,
including acyl transfer. The hydrolytic instability of the sulfuric
acid esters 1a and 2a is also not appreciated. These compounds
undergo extensive decomposition if they are not handled under
dry conditions. Good yields of 3 and 4 can be obtained in
homogeneous aqueous solution if the proper procedure is
followed.!”

The carcinogenic potential of 1a and 2a appears to be related
to the very high selectivity of 7 and 8 in aqueous solution for
C-8 of d-G. We are continuing this investigation to determine
the detailed mechanism of the trapping reaction and whether
this is a general phenomenon for nitrenium ions derived from
other esters of N-arylhydroxamic acids and N-arylhydroxyl-
amines.
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