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In 1989, Patel and co-workers showed that the antitumor
antibiotic chromomycin A; (CRA;, 2) binds to DNA as an
octahedral 2:1 drug-Mg2+ complex.! In the complex the drug
acts as an acetylacetonate (acac) ligand (Scheme 1, 1), coor-
dinating Mg?* through an ionized phenolate (Os) and the
neighboring ketone oxygen (O,). Interestingly, the closest
analogies to CRA; among simple acac ligands prefer to form 1:1
octahedral complexes with Mg2+, apparently because their 2:1
octahedral complexes are extremely hindered (2:1 = Mg(acac),-
(solvent),; 1:1 = [Mg(acac)(solvent)s]*).2 This fact led us to
wonder whether DNA binding stabilizes the 2:1 CRA;-Mg2+
complex? or whether there is something unusual about CRA,
that overrides the effects of steric hindrance. Accordingly, we
studied the Mg2* complexes formed by CRA; and its aglycone
in methanol in the absence of DNA. We found that the
chromomycin aglycone formsa 1:1 complex with Mg2* as expected
for a hindered acac ligand; however, the more hindered parent
drug 2 forms a 2:1 complex.* Further work indicated that the
CDE trisaccharide side chain of CRA; stabilizes the 2:1 complex
in some way.* We have now designed a minimalist acac ligand
based on CRA; in which the algycone has been radically simplified
and the CDE trisaccharide has been replaced by a triethylene
glycol chain.é¢ This TEG-linked ligand forms a stable 2:1 complex
with Mg?* even though the parent compound 7 forms a 1:1
complex. The ability of 3 to form a 2:1 complex like CRA; thus
provides insight into how the CDE trisaccharide in CRA; stabilizes
the 2:1 CRA;-Mg?* complex.

The TEG-linked ligand 3 and the parent compound 7 were
synthesized as shown in Scheme 2. § was synthesized in four
steps from the commercially available anthralin 4. The racemic
tricyclic a-hydroxy ketone § was resolved by enzymatic acylation
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Scheme 1. Minimalist Approach to the Design of a Ligand

HiC\ ~ CHa

OH ©

acetoacetone (acac,1)

Son

chromomyecin Az (CRA3, 2)

e

OH oH o/T

R AANAN

TEG-chromophore conjugate (3)

Scheme 2. Synthesis of the TEG-Chromophore Conjugate
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¢ Conditions: (a) Hy, 50 psi, Raney Ni, 4% aqueous NaOH, 83%; (b)
TMSOTIS (5 equiv), NEt; (10 equiv), CH,Cly, 25 °C; (c) mCPBA (1.2
equiv), anhydrous NaHCO;, CH,Cl,, -78 °C to -20 °C; (d) MeOH,
reflux (50% in three steps); (¢) PFL, vinyl acetate, 25 °C, 5 h; (f) PFL,
0.1 M phosphate buffer, pH 7.0, 25 °C, 5 h; (g) 7 (1 equiv), 8 (3 equiv),
Tf,0 (1.5 equiv), CH,Cl;, -78 °C, 5 min, 30%.

with Pseudomonas fluorescens lipase in vinyl acetate (>95%
ee).”® This is the first example of an enzymatic resolution of an
a-hydroxy ketone.? Subsequent enzymatic hydrolysis of the (25)-
a-acetoxy ketone 6b in aqueous buffer provided the desired (25)-
a-hydroxy ketone 7 (>95% ee).
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Initial attempts to attach the TEG side chain to the hydroxyl
group of 7 using standard methods!? proved unsuccessful because
the molecule racemizes rapidly in base. However, we have shown
that anomeric sulfoxides activated with triflic anhydride gly-
cosylate unreactive alcohols under mild conditions.!! We therefore
concluded that it might be possible to alkylate the sensitive alcohol
in 7 using an activated a-alkoxy sulfoxide. In fact, the desired
product 3 was isolated in 30% yield from the reaction of activated
TEG sulfoxide 8 and the a-hydroxy ketone 7.121* Chiral HPLC
analysis indicated that there was no detectable epimerization of
the sensitive asymmetric center.

We examined the behavior of 7 and the corresponding TEG-
chromophore conjugate 3 in the presence of Mg?* in methanol
using UV-vis spectroscopy. Addition of Mg2?* to both 3 and 7
produces a hyperchromic effect around 400 nm, indicating
complex formation. A Job plot derived for the chromophore 7
shows a plateau from xj;g.nq (mole fraction of drug) = 0.70t0 0.50
(Figure 1), indicating that 7 forms a mixture of 2:1 and 1:1
complexes as Mg2+ is added.!4 Conversion to the 1:1 complex
is complete upon the addition of 1 mol equiv of Mg2*. This
behavior is also seen for the chromomycin aglycone and is typical
for a congested acac ligand. In contrast to that of 7, the Job plot
generated for the TEG—chromophore conjugate 3 shows a
maximum at Xjgssa = 0.68 £ 0.02 (Figure 1), indicating the
formation of a stable 2:1 ligand-metal complex (K;= (1.1 £0.2)
X 10° M-2).15 We have evidence that this 2:1 complex is
octahedral.!6 Therefore, like CRA;, 3 forms a very stable,
octahedral 2:1 ligand—-Mg2?* complex in methanol even though
it is more sterically hindered near the metal center than the
corresponding chromophore 7.

Further information about the structure of the 2:1 3-Mg?2+
complex was obtained from 'H NMR spectroscopy. The most
interesting features of the 'H NMR spectrum are several upfield
chemical shift changes in the TEG side chain upon complex
formation.!” Unusual upfield shifts are also observed in several
protons in the CDE trisaccharide in the 2:1 CRA;-Mg?*
complex.*5 We have previously proposed that an interaction
between the CDE trisaccharide in one CRA; molecule and the
aromatic chromophore in the other CRA; molecule stabilizes the
2:1 CRA;-Mg?* complex. We now find that a simple TEG
moiety can mimic that interaction and stabilize the 2:1 complex
of a hindered acac ligand that resembles the chromomycin
aglycone.

The TEG side chain and the CDE trisaccharide have little in
common except for the presence of alternating polar oxygens and
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Figure 1, (a) Job titration for the 7-Mg2* system in methanol (25 °C,
440 nm). (b) Job titration for the 3-Mg2*+ system in methanol (25 °C,
440 nm).

nonpolar hydrocarbon units. A reasonable hypothesis to explain
the 2:1 stoichiometry of the hindered acac complexes formed by
3 and CRA; is that lipophilic portions of the TEG side chain (in
3) and the CDE trisaccharide (in CRA;) interact with the
lipophilic chromophore while some of the polar functionality is
solvent-exposed. These non-specific intermolecular interactions
must override the nonbonded steric interactions that favor the
1:1 complex. It is potentially very useful that the structures of
certain types of acac metal complexes can be controlled by simple
modifications.

Studies of the chromomycin-Mg2* complex have revealed that
it is possible to form very stable octahedral 2:1 metal complexes
from hindered acac ligands. We have abstracted from chromo-
mycin the minimal structural elements required for dimer
formation. In so doing, we have provided insight into one of the

- roles that the sugars play in the natural system. We have also

provided a starting point for the design of a new family of metal
complexes with the potential to bind to DNA.18
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the preparation of 6a, 6b, and 7, and HPLC traces to establish
the enantioselectivity of the resolution; CD data showing how the
absolute configurations were assigned and UV data on the 2:1
3:Co?* complex used to determine the coordination geometry (12
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immediately follows this article in the microfilm version of the
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(18) Preliminary studies show that 3interacts with DNA. Weare pursuing
studies to establish the mode and stoichiometry of binding of 3 and related
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