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The activation of calicheamicin ;' for DNA cleavage is a
complex process involving at least four steps (Scheme I). One
of two kinetically significant events has been identified in the
electrocyclization (Bergman rearrangement') of dihydrothiophene
4 to the critical 1,4-diyl 5.2 In comparison, formation of the
dihydrothiophene (3 — 4) and reaction of the 1,4-diyl with DNA
(5 — 6) are much faster. However, it is the formation of allylic
thiolate 3that is the rate-determining stepin the overall activation
of the drug.? While the potential role of DNA itself to enhance
the drug-induced cleavage process has been raised in another
context,? recent observations in model reactions carried out in
organic solvents have been taken to support the view that amino
sugars present in calicheamicin (CLM v/, 1) and the neocarzi-
nostatin chromophore (NCS, 7) may function as intramolecular
bases in the DNA-bound forms of these drugs to deprotonate
thiols and increase rates of drug activation.** To specifically
address this issue, the reactions of CLM were examined under
more physiologically-relevant conditions where the drug was
largely bound to DNA.
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If the proposed role of the amino sugars as intramolecular
bases is correct, then 1 should demonstrate faster rates of reaction
with thiols than analogues lacking the amino sugar. The first
experiments monitored the reactions of CLM «,! (1), N-acetyl
CLMv,!(8),and CLM a3 (9) inthe presence of aminoethanethiol
by continuous UV assay.” The reaction of each of these
compounds under pseudo-first-order conditions was found to be
responsive to thiol concentration in keeping with the rate-
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determining role of this reaction in the overall activation process
and, by varying thiol concentration, allowed their second-order
rate constants to be accurately determined. Thedifferences were
slight and fell largely within the error limits of the method.?

To test experimentally whether DNA alters the reactivity of
the allylic trisulfide of 1 to nucleophilic attack, solution kinetic
analyses have been carried out using aminoethanethiol (AET)
and glutathione (GSH) in the presence and absence of calf thymus
DNA under pseudo-first-order conditions essentially as previously
described?® (70% TrisHCI, NaCl/30% methanol, pH 7.50, 25.0
°C).2 When 1 (10 uM) was treated with excess AET (1-10
mM), two sequential pseudo-first-order reactions were observed.
Computer fitting of the data at each thiol concentration resolved
the sulfur chemistry into the relatively fast formation of the
anticipated mixed disulfide 2,° followed by its slower decompo-
sition to 3 (correlation coefficients >0.997). Monitoring the
decrease in UV absorption at 315 nm could be used to measure
both the formation of the disulfide 2, owing to the unexpectedly
lower extinction coefficient of the diynene at this wavelength,
and the destruction of this chromophore on conversion to CLM
¢ (6). The rapid formation of the mixed disulfide was readily
correlated by HPLC analysis. Replotting the observed pseudo-
first-order rate constants as a function of thiol concentration
gave second-order rate constants for reactions both in the presence
and in the absence of DNA (Table I). These experiments were
repeated with 1 (2060 M) and glutathione (7.5-40 mM). Higher
concentrations of drug and thiol were used to compensate for
slower reaction compared to the experiments above with AET
(pK. 8.3%!%) owing, at least in part, to the lower acidity of
glutathione (pK, 8.5%). Reactions of 1 to disulfide 2 and its
subsequent conversion to CLM ¢ (6) were slightly slower in the
presence of DNA for both thiols. This marginal decrease in rate
owes, presumably, to steric retardation and possibly repulsion of
thiolate approach by the polyanionic DNA helix harboring the
bound drug.

While the DNA binding constants of 8 and 9, compounds
lacking a free amine, are not known* and, therefore, the >95%
bound conditions may not be met, control experiments with AET
showed no rate enhancements in the presence of DNA and at
minimum demonstrate that the rate constant determinations are
not adversely affected by the presence of DNA.

The pK, of monosaccharide 10!! has been determined to be 8.2
+ 0.1 by NMR methods.!? The amino sugar of CLM (1),
therefore, is >85% protonated at physiological pH and, it may
be argued, is more fully protonated in proximity to the negatively
charged backbone of DNA. We have shown that binding to

(8) While CLM «,! can be solubilized by added DNA, it is comparatively
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Table I. Bimolecular Rate Constants Determined for Reaction of
CLM v,! (1) with AET and GSH Measuring Its Reaction to Mixed
Disulfide 2 and Conversion of the Latter to CLM ¢ (6)

k(s'mM-1) x 103 k (s-'mM-1) x 104

- DNA +DNA -DNA +DNA
1 =2 1 -2 2—-6 2-—6
AET 831£023 529£044 491%0.16 2.55%0.14
112 (min) 1.4 22 23 45
GSH 6.90£0.71 207+027 1.04£006 0.290.03

1172 (min)4 1.7 5.6 111 390

4 Half-lives were determined in minutes assuming 1mM thiol. # Errors
are standard deviations from the slope upon a linear fit of the data.

DNA imposes no kinetic advantage on the amine with regard to
thiolate activation of thedrug. Onthecontrary, reactionisslightly
slower in the presence of DNA, and the amino sugar is not a
general-base catalyst.>! While rate differences have been
reported in organic solvents,*¢ the amino sugars of CLM and, by
inference, NCS play little role in drug activation in aqueous
solution and simply enhance the affinity of each for DNA by
establishing an energetically important ionic interaction with the

(13) Any possibilily that the drug is not fully dissolved in the absence of
DNA would only serve to increase the relative rate of solution reaction.
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sugar/phosphates of the duplex.!* In support of this view, it is
known that 100-1000-fold greater concentrations of 9 are needed
to achieve the equivalent extent of DNA cutting shown by 1.4
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