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During the past few years, both oxidative damage of DNA
and stereoselective oxo transfer to olefinic substrates by the iron
chelates of the antitumor antibiotic bleomycin (BLM)'? have
drawn special attention since the Fe—BLMs comprise the first
examples of mononuclear non-heme iron complexes with
significant capacity of O, activation.® Information regarding
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the roles of the different donor groups of the metal binding
domain of BLM in the processes of O, binding and subsequent
reactions at the iron centers in Fe—BLM:s is therefore crucial
for understanding the phenomenon of O, activation at non-heme
iron centers. The key intermediate that has been identified
spectroscopically in the process of O, activation by the Fe—
BLM:s is the so-called “activated bleomycin”. Oxygenation
followed by one-electron reduction of the Fe(II) chelate of BLM
results in the formation of this low-spin {hydroperoxo}Fe(III)
species* with a characteristic EPR spectrum (g = 2.26, 2.17,
1.94) In the course of our research with the iron complexes
of a designed ligand PMAH that resembles the JB-amino-
alaninamide—pyrimidine—j-hydroxyhistidine (3-AA—Pm—p-
HH) portion of BLM (boxed area), we have recently discovered
that reaction of [Fel(PMA)]* with dioxygen affords the low-
spin intermediate [(PMA)Fel"-=O—OH]", which exhibits an
EPR spectrum (Figure 1) identical to that of activated bleomycin
and promotes facile DNA cleavage as well as stereoselective
oxo transfer to olefinic substrates.*? In this Communication,
we report the roles of the different donor groups of the 5-AA—
Pm—p3-HH portion of BLM in O, activation at the non-heme
iron site in Fe(Il)~BLM.
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Figure 1. X-band EPR spectra of the oxygenated species derived from
(a) [Fe™(PMA)]*, (b) [Fe'(PMC)]*, (c) [Fe"'(PMD)]*, and (d) [Fe"-
(PME)]* in methanol glass (100 K). The x-axis of the top panel is
different from the x-axis of the bottom panel. Selected g values are
shown. Spectrometer settings: microwave frequency, 9.43 GHz;
microwave power, 13 mW; modulation frequency, 100 kHz; modulation
amplitude, 2 G.

The ligand set in the present study consists of PMAH,*
PMCH, PMDH,” and PMEH’ (H is the dissociable amide H
in all cases. All the donor groups of the metal-binding locus
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of BLM have been assembled in these pentadentate ligands in
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different orders. Ligation of the boxed portion of these ligands
(in deprotonated forms) to Fe(II) is characterized by (a) a strong
blue band (LMCT, € ~ 1800 M~! cm™!) around 670 nm (Figure
S1) and (b) a shift of the v, from 1670 (in free ligands) to
1590 ecm™! (in complexes).***® Coordination of the amine
groups to iron is indicated by the N—H stretching frequencies,
the appearance of the EPR spectrum typical of low-spin Fe(III)
species,” and the red shift of the absorption maximum from
~600 to ~670 nm (Figure S2). These spectral features allowed
unambiguous assignment of the structures of the species that
we subjected to the O, activation test.

In [Fe'(PMA)]* and [Fe!'PMC)]™, the iron center is coor-
dinated to five nitrogens that belong to the amino groups,
pyrimidine and imidazole rings, and the deprotonated amide
moiety (structure a).*»6 Consequently, like Fe(I)-BLM, both
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of these complexes (a) bind CO and NO at the sixth site, (b)
react with O, to give the rhombic activated BLM-like EPR
spectrum (g = 2.28, 2.18 and 1.93, signal I hereafter), and (c)
induce oxidative DNA damage and stereoselective oxo transfer
to olefins. In structure a, the trans disposition of the pyrimidine
and imidazole groups (aromatic and strong-field N donors) in
the basal plane of Fe(II) is essential for effective ligand binding
at the sixth site and also for O, activation. This is confirmed
by [Fe'(PMD)]*. Although the absorption spectrum of this
complex is identical to that of [Fell(PMA)]* (Fe(I)~Ns
chromophore, structure b, Figure S2), it does not bind CO and
NO. Furthermore, the reaction between [Fe''(PMD)]* and O,
does not afford signal I (Figure 1).!° Also, [Fe''PMD)]* does
not exhibit DNA cleavage or oxo transfer capability.

Coordination of the primary NH, group of the 8-AA portion
is also essential for providing a strong crystal field and for
formation of the low-spin Fe(III)~hydroperoxo intermediate.!!
Thus, [Fe'(PME)]*, in which the NMe; group is not coordinated
(structure ¢, Amax 600 nm),'2 does not (a) bind CO, (b) give rise
to signal I, or (c) promote DNA cleavage. Also, addition of
Et;N‘HC] to methanolic solution of [Fe'(PMA)]* or [Fel-
(PMC)] " causes protonation of the axial amine group (Amax shifts
from 670 and 600 nm, Figure S2). Under such a condition,
both [Fel(PMA)]* and [Fe'(PMC)]* fail to produce signal I
upon oxygenation, and no DNA cleavage is observed.

The spectral and reactivity parameters of the iron complexes
of the four designed ligands in this work clearly demonstrate
that ligation of the five nitrogens located in the primary and
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secondary amines, pyrimidine and imidazole rings, and the
deprotonated amide moiety is required for the Fe(Il) center to
bind O, and give rise to the low-spin [(ligand)Fe(Ill)~O—OH]™*
intermediate, the species responsible for oxidative DNA damage
and oxo transfer capabilities. The S5-AA—~Pm—pS-HH portion
of BLM provides this combination around iron in Fe(Il)—
BLM."* Thus, much like the iron—porphyrin complexes,' the
Fe(II) centers of these non-heme systems also require a set of
strong-field ligands with extended 7 systems in the basal plane
and one axial donor in order to bind and activate O,. It also
appears that the e-accepting capacity of the & system in the
basal plane dictates the integrity of the O—O bond. In case of
the porphyrin complexes, greater extent of e-transfer from the
Fe—O—O unit to the & system of porphyrin results in the
scission of the O—O bond and formation of the ferryl (or
perferryl) species.!” In the case of the present analogues (and
Fe(II)-BLM), the extent of 7-bonding appears to be just enough
for the Fe(Ill)—hydroperoxo intermediate to form, but not
enough to cause any O—O bond scission. More experiments,
designed to support this hypothesis, are in progress in this
laboratory.
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Supplementary Material Available: Absorption spectra of [Fe'-
(PMA)]*, [Fe'(PMC)]*, and [Fe'(PMD)]* in methanol (Figure S1);
absorption spectra of [Fe'(PMA)]*, [Fe'lPME)]*, and [Fe'(PMA)]*
+ 1 equiv of EtsN-HC]1 in methanol (Figure S2) (3 pages). This material
is contained in many libraries on microfiche, immediately follows this
article in the microfilm version of the journal, can be ordered from the
ACS, and can be downloaded from the Internet; see any current
masthead page for ordering information and Internet access instructions.
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