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Abstract: The quinobenzoxazines are a group of topoisomerase Il catalytic inhibitors that have demonstrated promising
anticancer activity in mice. They have been proposed to form an unprecedented 2:Mdpiigself-assembly
complex on DNA. We have exploited the photochemical decomposition of the quinobenzoxazines to gain further
support and insights into the nature of 2:2 quinobenzoxazifg?" dimers and the 2:2 drugMg?" complex on

duplex DNA. The quinobenzoxazine A-62176 undergoes photodecomposition to highly fluorescent products. Methyl
viologen (MV2") accelerates this photoreaction almost 500-fold. The formation of 2:2-digd" dimers in solution

is deduced from the Md-dependent difference in the MV-facilitated photoreaction rates of racemic and scalemic
A-62176. However, both racemic and scalemic A-62176 have identica™Matilitated photoreaction rates in the
presence of Mg and the achiral fluoroquinolone norfloxacin, due to heterochemical norfloxacin/A-62176 dimer
complex formation. DNA also accelerates the photochemical decomposition of A-62176 up to 80-fold. This DNA-
acceleration requires Mg, duplex DNA, molecular oxygen, and intercalation of the drug into the DNA duplex. In

the proposed model for draedDNA complexation, only one drug molecule of each 2:2 drivtg?* dimer intercalates

into the DNA duplex, the other molecule binds externally to the DNA. Norfloxacin, which can only play the external
binding role, was able to modulate the photochemical reaction of the quinobenzoxazines on DNA. Furthermore, it
appears that the precise positioning of the intercalated molecule, which is modulated by the structure and
stereochemistry of the externally bound molecule, plays an important role in determining the rate of photoreaction
on DNA. The implications of the observed photochemical reaction of the quinobenzoxazines are described for
human phototoxicity, photodynamic therapy, mechanism of action studies, and improved drug design for both
topoisomerase and gyrase inhibitors.

Introduction isomerase Il activity by a different mechanism. DNA binding

studies reveal that the parent antibacterial quinolones do not

The synthetic quinobenzoxazines are a new class of antineo-ping duplex DNA but bind single-stranded DNA or the DNA
plastic agents that are structural analogs of the antibacterialgyrase complex in the presence of Md~15 In contrast, the
fluoroquinolones.? Recent studies have shown that some g inobenzoxazines bind duplex DNA through intercalation in
qumobenzoxaznje derivatives are actllve .agalnst. a panel ofihe presence of Mg, which bridges the phosphate backbone
human and murine tumor cell lines bait vitro andin vivo of the DNA and thep-ketoacid unit of the intercalated
and have curative activity against solid tumors, murine tumors, quinobenzoxazin& Furthermore, a drug self-assembly model
and human tumor xenograph3. While the antibacterial fluo-  has heen proposed for the quinobenzoxazines in which a 2:2
roguinolones inhibit bacterial DNA topoisomerase I (gyrase) drug—Mg2*+ dimer binds DNA with one drug molecule inter-
or IV7#activity by the formation of a “cleavable complex”, the  ¢gjating between DNA base pairs and the other drug molecule
quinobenzoxazines inhibit bactefiand mammalia# topo- externally bound through interactions with the DNA groove.

* Address correspondence to this author. Telephone: (512)-471-5074.
Fax: (512)-471-8664. e-mail: kerwin@erythrose.phr.utexas.edu.

Norfloxacin, an antibacterial fluoroquinolone which does not
intercalate into duplex DNA, shows synergistic effects on the
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Here we describe studies in which we have taken advantageof the photoreaction was monitored by directly measuring the fluores-
of the photoreaction of quinobenzoxazines to provide additional cence intensity at 420 nm for the photoproduct in the cuvettes after
insights into the 2:2 drugMg?" DNA complex. We have each period of irradiation. Three or more determinations were used to
found that A-62176 is photoreactive in visible light. The get an average value and standard deviation for the relative rates. For

photoreactivity of A-62176 is increased dramatically in the slower photoreactions, the measuregd, usually had a larger error
presence of the electron transfer mediator methyl viologen because its change was small. For irradiations performed in the F-2000

o iff in the oh ) f - 4 fluorescence spectrophotometer, 0.5 mL of atldquinobenzoxazine
(MVv2"). Differences in the photoreaction rates of racemic an solution were placed in a semimicro fluorescence cuvette (Uvonic, 4

scalemic A-62176 in the presence of K\provide support for x 10 x 35 mm, 10 mm excitation light path) sealed with a septum.
the formation of homochiral and heterochiral 2:2 drigg?* Air or argon was bubbled through the reaction mixture by means of a
dimers in solution. Double-stranded DNA also serves to short length of Teflon tubing that was threaded through the septum,
accelerate the photoreaction of A-62176. Furthermore, our with the end of the tubing positioned ca-$0 mm above the excitation
studies of this photoreactivity of the quinobenzoxazines in the light path. A needle through the septum was used as an outlet. In
presence of the antibacterial fluoroquinolone norfloxacin provide this way, the bubbling of air or argon through the cell ensured thorough
further support and additional insights into our previously mixing and, in the case of argon, anaerobic conditions. Anaerobic

; ; . 2+ A conditions were achieved by bubbling argon through the sample for
\F/)vrl?f?(I)DSNez quinobenzoxazine 2:2 dridg" dimer complex 15 min before any measurements. The fluorescence intensity at 420

nm was recorded as a function of time during irradiation of the sample
) ] with the excitation beam (38& 10 nm). The initial reaction rate was
Experimental Section calculated from the slope of the initial linear region of the plot. The
experiments with added norfloxacin were done exclusively with 380
£ 10 nm light, where norfloxacin was not excited. We found that
norfloxacin is also photoreactive with exciting light350 nm (data
not shown).

Molecular Modeling. Dimeric complexes of A-62176 with Mg
(2:2) were modeled in which the A-67176 molecules were either both
of the same chirality (homochiral dimer) or each of a different chirality
(heterochiral dimer). A slightly distorted octahedral coordination
geometry about magnesium was assumed, in which each A-62176
molecule coordinates a different magnesium through its ketoacid moiety.
The aminopyrrolidine amino group of each A-62176 molecule coor-
dinates the magnesium atom that is coordinated by the ketoacid group
of the other A-62176 molecule. This provides each of the two
magnesium atoms a partial elongated octahedral coordination sphere
consisting of two equatorial ligands (the ketoacid groups) and one axial
ligand (the amino groups). The remaining three ligand sites around
each metal atom were filled with water molecules. The bond lengths

Materials and Instruments. The previous synthesiz&# quino-
benzoxazine A-62176, [1-(3-aminopyrrolidin-1-yl)-2-fluoro-4-oxd-4
quino[2,3,4t,][1,4]-benzoxazine-5-carboxylic acid], was kindly pro-
vided by Abbott Laboratories, Abbott Park, IL. A-62176 was provided
as both theS and R enantiomers as well as racemic material. As
guinobenzoxazines are more soluble in acidic than neutral aqueous
solution, stock solutions of A-62176 (6-3..0 mM) were prepared in
50 mM pH 2 sodium phosphate buffer. Concentrations of A-62176
solutions were determined spectrophotometrically using an extinction
coefficient of 4.8x 10* M~1 cm™ at 323 nm. Stock solutions of all
other compounds were prepared by dissolving carefully weighed
portions of drug into the appropriate solvent or buffer. Norfloxacin,
ethidium bromide, and calf thymus DNA were purchased from Sigma
and used without further purification. Methyl viologen chloride was
purchased from Aldrich and used without further purification. All
solvents were spectral grade. The calf thymus DNA concentration was

determined by its absorbance at 260 nm with an extinction coefficient and angles involving coordination atoms were constrained using average
of 13200 per mol of base paits. Other DNA oligomers were 9 9 9 9

synthesized by standard phosphoramidite chemistry on an automated; rystal structural data for Mg. Bond lengths: Mg-O (carbonyl), 2.10

synthesizer. Chromatography grade argon (Air Liquide) was deoxy- A; Mg -0 (carboxylate), 2.0 A; MgN, 2.10 A; Mg-O (water), 2.08

) - . A; with constants of 20 kcal/Amol. Angles: All angles between
enated by bubbling through a freshly prepared Fieser’s solution (20g° " . = ;
gf sodium);hiosulfa?es g of%nthraquirilo%e ploo g of KOH in 100 m(L 9 coordination atoms were defined as’¥xcept for the angle between

of water) followed by a saturated lead acetate solution. the carbonyl and carboxylate oxygen, which was.8%he angle for

. Mg—O—H of the coordinated water molecules was %,0®r Mg—
Absorbance and Emission Spectra. Absprbance spectra were  \Zh and Mg-N—C of the amino group was 100and 115,
recorded on a Hewlett F_’ac_kard HP 84_52A diode array spectrophotom- respectively. All constants for angles were 0.1 kcalkftegy.
eter. Fluorescence emission and excitation spectra were recorded on All unique configurational families were modeled for each dimer

a Hitachi F-2000 fluorescence spectrophotometer. The excitation and(10 families for the homochiral dimer and 12 families for the

emission monqchromatprs were set at a V\_"dth. of 10 nm. Since the heterochiral dimer). These configurational families were generated by
qulnobgfzoxazmes are light sensitve, es_pet_nally'ln the presence of DNA systematically varying the nature of overlay between the chromophores
or MV*, a shutter between the_ gqutatl_on I!ght and the sample (wing-on-wing or overlapped, see later), the torsional angle about the
compartment was er_npk_)yed to minimize irradiation of the samples. C—N(aminopyrrolidine) bond~0 or 180), and the puckering of the
gpectrophottq r’r|1|etr|c t(ljtratlo_rtl)s gfs r}antlc;metfri];t—(or (R)'A'ngg _wlere aminopyrrolidine rings (amino group pseudoequatorial or pseudoaxial).
ong e;sen 1ally as described belore for . € raceml_c m ) nal. With the exception of the coordination geometry about magnesium,
Kinetics and Rates for the Photochemical Reaction.Since the which was constrained as discussed above, the starting configurations
fluorescence emission maxima at 442 nm for the photoproduct of \yere minimized using the Tripos force field without charges. The
A-62176 is well separated from the emission maxima of the starting |5\est energy members from each configurational family for each dimer

material quinobenzoxazine, ca. 58520 nm, the intensity of the  (homochiral or heterochiral) were then minimized without any con-
fluorescence emission at 420 nm was used to monitor the photoproductgyzints in PCModel (Serena Software, Bloomington, IN) using the

formation. The buffers used in these studies were 20 mM phosphate, \vix2 force field, in which explicit coordination about magnesium
pH 7.5 with or without 2 mM MgCJ. In the absence of added MgglI was defined.

0.1 mM EDTA was added to chelate possible divalent cations. The

light sources were either an 85 W Xe lamp (George W. Gates, Inc.) or Regylts

the monochromatic excitation light beam from the F-2000 fluorescence

spectrophotometer. The Xe lamp was placed 10 cm below a Pyrex lonic States, Absorption, and Emission Spectra of A-62176.
glass plate with a stream of cool air blowing on the bottom of the A-62176 has an amino and a carboxyl group that are ionizable
glass to maintain the temperature. Samples (1 mL total volume) of jn aqueous solutions. TheKp values for these groups have
quinobenzoxazine (1@M) with varying concentrations of DNA in ot heen determined, but those for the analogous quinolones
stoppered 10« 10 x 35 mm quartz cuvettes were placed horizontally are known. Generally, thelqa for the carboxyl group ranges

on top of the glass for desired irradiation time periods. The progress from 5.5-6.31° The primary amino group on the pyrrolidine

(17) Mahler, H. R.; Kline, B.; Mehrotra, B. DJ. Mol. Biol. 1964 9, ring should have alf, in the range of 9-10. Therefore,
801-811. A-62176 should be primarily cationic in solutions of pH 5 and
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Figure 1. Normalized emission (right) and absorption (left) spectra MV2* (iM)
of (R9-A-62176 (solid line) and its photoproduct (dotted line). Figure 2. The photoreaction rate 0RQ-A-62176 expressed as the
increase in the fluorescence intensity at 420 nm after 10 min of
lower and primarily zwitterionic in solutions of pH-78.5. At irradiation F42010 min) versus the concentration of added methyl

pH 7.5, R9-A-62176 displays two absorption bands at 314 Viologen (MVZ%). Continuously aerated solutions &§-A-62176 (10
and 385 nm. These two bands undergo bathochromic shifts to#M) in sodium phosphate buffer (20 mM, pH 7.5) containing 2 mM
323 and 360 nm especiively,when he pH isawere 10 4. AL HOCL 4 rus concentatons o ey wolger, wete st
pH 75 SOI#UO}TS OﬂRS_A._BZl?G dISp(I)ay a brcr)ﬁd ﬂu?rescence beam (380t 10 nm) as the light source, with continuous monitoring
emlshS|on t I?t ?IS a maximum at 5kl tnrgz\g’ e at. owzr PH, 3 of the fluorescence intensity of the reaction mixture.

much weaker fluorescence peak a nm is observed.

Add't'pn Of. excess calf thymu; DNA and Mgg:_i;hl_fts _the . Methyl Viologen Facilitates the Photoreaction of RS)-A-
emission slightly to the blue and increases the emission intensity 4 7¢- By facilitating electron transfer from the excited state
more than three-fo_I(_i (data nqt shown). i of substrate molecules, viologens can enhance the overall rate
Photodecomposition of QuinobenzoxazinesA-62176 de- 4 hhotochemical process that occur via electron trarfféf.
composes slowly in neutral aqueous solutions when exposed|, the presence of M¥, the changes in the fluorescence spectra
to room light. This is evidenced by changes in the fluorescence ¢ (rq.A-62176 upon irradiation are identical to those observed
emission spectra. Freshly prepared solutions of A-62176 (10 upon irradiation of solutions ofR9-A-62176 in the absence
#M, 20 mM phosphate buffer, pH 7.5) display a weak emission 4 ny/2+ (data not shown); however, the rate of change of the
maxima at 510 nm. After standing for a few hours under g,5rescence spectra as a function of irradiation time is much
ambient light, these same solutions display a new, intensetagier in the presence of MV. The fluorescence emission
emission maximum at 442_nm. Solutions of A-6_2176 kept in intensity at 420 nmFRaz0) was used to monitor the formation
the dgrk show no change in ﬂuorescencg emission. Aque.ousof photoproduct as solutions oR§-A-62176 were subjected
solutions of A-62176 at pH 2, and solutions of A-62176 in (5 jradiation by the excitation beam (389 10 mm) of the
methanol, appear to be more stable to irradiation, as no changegygrescence spectrophotometer. In this way, the fluorescence
in quorgscer_lce emission are observed upon prolonged eXPOSUr§ntensity at 420 nm could be monitored continuously during
to ambient light (data not shown). _ irradiation. Ample mixing and, when necessary, deoxygenation
_ The photochemical reaction dR§-A-62176 was studied by ot the samples were accomplished by sparging the solutions
irradiating a solution of the drug in pH 7.5 phosphate buffer it air or deoxygenated argon. The photoreaction rates at
using a 85 W Xe lamp light source filtered through Pyrex glass. yarious M\2*+ concentrations were estimated from the fluores-
Fluorescence emission spectra were recorded after various.gnce intensity at 420 nm after 10 min of irradiatidh£/10
irradiation times. The fluorescence emission of the drug solution min)25 The rate of the photoreaction d9-A-62176 increases
displays the same changes as noted above, namely a hypsoss the concentration of M is increased from 0 to 60M. At
chromic shift in the emission band accompanied by an increasecqpcentrations of MY greater than 6QM, there does not
in emission intensity [Figure 1]. After a total of 10 h of  55hearto be a corresponding increase in the photoreaction rate
irradiation under these conditions, the fluorescence intensity Figure 2]. At MV2* concentrations of 6@M and higher, the
increases almost 20-fold, and no further changes are observed)natoreaction rate 0R9-A-62176 is 280 times faster than in
in the fluorescence spectrum upon further irradiation. Along the apsence of M%.
with the changing emission spectrum, the absorption spectrum
also shows significant changes [Figure 1] after irradiation. The F)h(ZO)CErun,lgAé Mé;GH7u1bci>9’7i3 M.; Rodgers, M. A. J.; Wade, W. Bi.
two absorpthn .ban.ds. with r_naX|ma at3la anq 385 nmﬁt@-( {251) D%Tglas,zP.; \Y/Vaechter,.G.; Mills, RhotochemPhotobiol 199Q
A-62176 diminish in intensity as a result of irradiation, and a 55 "473-479.
new absorption band with a maximum at 375 nm and a shoulder (22) Dunn, D. A.; Lin, V. H.; Kochevar, |. EBiochemistry1992 31,
at 355 nm appears. These large spectral changes are indicativé1620-11625. . _
of the formation of one or more photoproducts as a result of Acggsiggzsglggsz.éﬂzz%t%n|, H.; Kase, Y.; Aral, T.; Hamadalribrg. Chim
irradiation of A-62176 with visible light. Using the fluorescence (24) Szulbinski, WInorg. Chim Acta 1995 228 243-250.
intensity at 420 nm, where the unreacted A-62176 displays only (25) Plots offF 420 versus irradiati_on_time for these ph(_)toreactions in the
very weak emission, and where the photoproduct(s) display presence of M¥" demonstrate an initial lag period varying between 0 and

. L .7 4 min, during which time thd=450 increases relatively slowly with time
intense fluorescence emission, the progress of the photoreactiofrigure 3]. Following this lag period, the plots & versus time are

could easily be monitored. nearly linear up to 30 min of irradiation, the longest irradiation time
examined. Similar results to those in Figure 2 are obtained when the rate
(18) Holloway, C. E.; Melnik, MJ. OrganometChem 1994 465, 1-63. during the initial linear region (610 min) is plotted vs the M%"

(19) Ross, D. L.; Riley, C. Mint. J. Pharm 199Q 63, 237-250. concentration (data not shown).
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Table 1. Relative Photoreaction Rates of A-62176 Accelerated by
MV2+ a

+ 80uM MV 2+
+80uM MV 2t + 80uM MV 2* 2 mM MgCl,
0.1 mMEDTA 2mM MgCl, 100xM norfloxacin
(R)-A-62176 50 480t 60 450
(9-A-62176 80 490t 60 440
(R9-A-62176 70 280t 40 450

aThe photoreaction rates were relative to the photoreaction rate of
A-62176 (10uM) in pH 7.5 sodium phosphate buffer bubbled with air
in the absence of M%.

ever, addition of 100uM norfloxacin inhibits slightly the
photoreaction of the pufg@ andS-enantiomers of A-62176 (5
10%), but enhances the photoreaction rate of the racemic mixture
by approximately 60% [Table 1]. As a result, the photoreaction

and RS-A-62176 (circles, diamonds, and squares, respectively) in the 'ates of racemicR)-, and §-A-62176 in the presence of excess

presence (filled symbols) or absence (open symbols) of 2 mM MgCl
Aerated solutions of racemic or scalemic A-62176 4M0) in sodium
phosphate buffer (20 mM, pH 7.5) containing BM MV 2+ with or
without added MgGl (2 mM) were subject to irradiation in a
fluorescence spectrophotometer using the excitation beam+380

norfloxacin are indistinguishable.

Molecular Modeling of A-62176 Homo- and Heterochiral
Dimers. In order to gain insights into the differences between
homochiral (e.g.R-RandS-S) and heterochiralR-S) A-62176-
Mg?*+ 2:2 dimers that might give rise to the observed differences

nm) as the light source. The amount of photoproduct formed was iy photochemical rates, the ground state conformations of the

determined directly from the intensity of the 420 nm fluorescence as a

function of the time of irradiation.

Effect of Optical Purity on the Photoreaction Rate of
A-62176. Solutions of racemicR-, and Senantiomers of
A-62176 in the presence of 8M MV 2+ and 2 mM MgC} in

homochiral and heterochiral dimers were investigated using
molecular mechanics calculations. We examined many con-
formations for each monomer. Each of these different monomer
conformations can be assembled into homochiral or heterochiral
2:2 quinobenzoxazineMg?* dimers in which the chromophores

phosphate buffer, pH 7.5, were irradiated in the fluorescence Of the monomers are either overlapped or staggered (‘wing-
spectrophotometer, as described above. The photochemicaPn-wing”), and the resulting dimers subjected to molecular
reaction rates for both pue- and S-enantiomers of A-62176  dynamics and minimization. Conformers having lowest PC-
are the same, within experimental error, but the rate of Model energies for each dimer type are shown in Figure 4.
photoreaction of R9-A-62176 is nearly one-half the rate for ~Comparing the energies for all dimers (see supporting informa-
the scalemic material [Figure 3]. The relative rates for the tion), the lowest energy conformation of the heterochiral dimer
racemic mixture, R-, and Senantiomers of A-62176 are IS 0.411t0 0.64 kcal/mol lower than the lowest energy conformer

respectively 280-, 480-, 490-fold faster in the presence of 80 Of the homochiral dimer. The overlapped conformation of both

uM MV 2t than the photoreaction rate oR9-A-62176 in
phosphate buffer, 2 mM MgglpH 7.5, without added M%,

the homochiral and heterochiral dimers is calculated to be more
favorable than the wing-on-wing conformation. However, in

as shown in Table 1. When racemic or scalemic A-62176 is the case of the homochiral dimer, the energy difference

irradiated in the presence of 8 MV 2%, but in the absence
of added MgC], the photoreaction rate is much slower [Figure

separating the lowest energy overlapped conformer from the
lowest energy wing-on-wing conformer{ kcal/mol) is greater

3]. This rate decrease is not due to added EDTA (0.1 mM to than the energy separating the lowest energy heterochiral
chelate any adventitious divalent ion present); irradiation of these 0verlapped conformation from the lowest energy wing-on-wing

same solutions after the addition of 3 mM MgQesults in

conformation 0.2 kcal/mol).

photoreaction rates very close to those observed in the presence DNA Accelerates the Photoreaction of Quinobenzoxazines.

of 2 mM MgCl,. Strikingly, in the absence of added Mg(Cl
there is very little rate difference between racenie, and
S-enantiomers of A-62176 [Figure 3, Table 1].

COOH

A-62176

Norfloxacin

Photoreaction of A-62176 in the Presence of Norfloxacin.
The effect of added norfloxacin on the irradiation of racemic
or scalemic A-62176 in the presence of both Mgahd MVZ*

The effect of added calf thymus DNA on the photochemical
reaction of RS-A-62176 was studied by irradiating solutions
of the drug in pH 7.5 phosphate buffer containing varying
concentrations of DNA. An 85 W Xe lamp was employed as
light source, and the relative amount of photoproduct formed
after 5 min of irradiation was measured by determining the
fluorescence intensity of the reaction solution at 420 Fip,.2®
Initially, as the concentration of DNA is increased, the photo-
reaction rate increases; however, at higher concentrations of
DNA, corresponding to a ratio of DNARS-A-62176 of about
five, a maximal photoreaction rate is reached [Figure 5]. At
these higher DNA concentrations, the photochemical rate is
approximately 60 times faster than the rate in the absence of
DNA.

Factors affecting the DNA-accelerated photoreaction rate of
(R9-A-62176 were determined [Table 2]. The addition of

under the conditions described above was studied. Addition MgCl; in the absence of added DNA has little effect on the

of 10 uM norfloxacin to a solution containing 14M A-62176
in the presence of 82M MV 2" and 2 mM MgC} has very
little effect on the photoreaction rate of either the pure

photoreaction rate 0R9-A-62176. In the presence of 40M

(26) MonitoringF420 every minute for the fastest reactions indicated that
the increase irFaz0 was linear with irradiation time for up to 30 min of

enantiomers or the racemic A-62176 (data not shown). How- irradiation, the longest irradiation time examined.
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Heterochiral Dimers

Wing-on-wing E = 77.72 kcal/mol Overlapped E = 76.74 kcal/mol

Figure 4. Structures and PCModel calculated energies for the lowest energy homochiral and heterochiral 2:2 A-621d@trig. Both the
lowest energy overlapped and wing-on-wing dimers are shown for the homodRReb(id heterochiralRS dimers.

250 4M DNA results in a photoreaction rate which is only five times
o) b (+) Mg2* faster than the background rate, indicating the effect of added
MgCl, on the DNA-accelerated photoreaction is not simply due
to changes in the ionic strength of the medium.

To further explore the M dependence of the relative
photoreaction rate of A-62176 in the presence of DNRY¢
A-62176 (10uM) and calf thymus DNA (4Q:M) in phosphate
buffer containing 0.1 mM EDTA were irradiated following the
addition of varying amounts of Mggl Under these conditions,
addition of MgCh} increases the photoreaction rate, up to a
concentration of 0.5 mM MgG] thereafter further addition of
MgCl; has no further effect on the photoreaction rate (data not
shown). Therefore, the 2 mM Mgg&present in the preceding
0 3 ) A and following photochemical reactions of A-62176 is more than

[DNAY[drug] sufficient for achieving maximum photoreaction rate accelera-

Figure 5. Rate of photoproduct formation fromR§-A-62176, tion.

expressed as the intensity of the fluorescence at 420 nm after 5 min of The photoreaction rate acceleration of A-62176 is greatest
iradiation F42¢S min), as a function of added calf thymus DNA  with double-stranded DNA. Irradiation oR§-A-62176 in the
concentration, expressed as the ratio of the concentration of DNA basepresence of the double-stranded oligomer [d(CGCGAAT-

pairs to the initial concentration 0fR3-A-62176 ([DNAJ/drug]). TCGCG))] affords a relative reaction rate that is nearly the same
Reaction solutions containing the indicated concentration of DNA and

10 uM (RS-A-62176 (filled symbols) or 1M (RS-A-62176 and 2 as that observed for irradiations performed in the presence of

mM MgCl, (open symbols) were subjected to irradiation with an 85-w  Calf _th_Y_mUS DNA_ (data no_t shown).. This eIimin_ates the
xenon lamp filtered with Pyrex glass. possibility that a minor protein contaminant present in the calf

thymus DNA is responsible for the photoreaction rate accelera-
tion. In contrast, addition of a single-stranded DNA oligomer

200+

150

420 /5 min

=" 100

50

O Mmg?*

=]

Table 2. Relative Photoreaction Rate of A-62%76

Mg?*, 2 mM -+ - - + + + d[GAAGAAAAG] (40 uM) to the photoreaction solution results
CTDNA, 40uM - -  +  + + - + in a relative rate that is only 2-fold faster than the rate observed
rel rates 1 1 51 5% 50+10 Z 13+ 3

in the absence of DNA, indicating that the rate acceleration due
2 All photoreactions were carried out in 20 mM sodium phosphate to double-stranded DNA is not merely a function of its

buffer (pH 7.5). The solutions of 1 mL A-62176 (M) in a 3 mL iNi

guartz cuvette were irradiated with an 85-W xenon lamp at a distance polyanionic nature. . .

of 10 cm through a Pyrex glass filter. Relative rates were determined ~ The DNA-accelerated photoreaction rate RE-A-62176 is

by the fluorescence intensity of the photoproduct at 420 nm after 5 or also oxygen facilitated. A reaction solution containing.20

10 min of irradiation ? Addition of 4 mM KCI. ¢ Using single-stranded i i
oligomer d[GAAGAAAAG]. ¢ Degassed by argon sparging for 15 min quinobenzoxazine, 2 mM Mggland 40uM calf thymus DNA

prior to irradiation. in.20 mM. pho.sp.hate buffer at pH 7.5 was bubbl_ed with argon
prior to irradiation. The resulting photoreaction rate was
DNA and 2 mM MgC}, the relative photoreaction rate &@9- approximately one-fourth the rate obtained when no attempt was

A-62176 is 50-times faster than in the absence of DNA and made to exclude oxygen [Table 2]. When the irradiation of
MgCl,. Elimination of MgC} or replacement of MgGlwith 4 A-62176 in the presence of DNA was carried out in the
mM KCl in reaction solutions containindRQ-A-62176 and 40 fluorescence spectrometer with continuous argon sparging, the
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Figure 7. DNA-accelerated photoreaction progress, expressed as
intensity of photoproduct fluorescence at 420 rffaf) as a function
of irradiation time, for R)-, (S-, and R9-A-62176 (triangles, squares,
and circles, respectively) alone (filled symbols), in the presence of
. . T . 0 norfloxacin (open symbols) or ethidium bromide (dotted line). Solu-
0 2 4 6 8 tions of A-62176 (1QuM) in sodium phosphate buffer (20 mM, pH
[DNAV{drug] 7.5) containing 20uM calf thymus DNA and 2 mM MgGl and
Figure 6. Effect of DNA concentration, expressed as the ratio of DNA  optionally containing either norfloxacin (M) or ethidium bromide
concentration in base pairs to initial drug concentration ([DNAJ/[drug]) (104M) were subject to irradiation in a fluorescence spectrophotometer
on the absorbance at 330 nm (A, top) and relative photoreaction rateusing the excitation beam (38& 10 nm) as light source. The
(B, bottom) for racemic (diamonds)R)- (circles), and §)-A-62176 photoreaction progress was followed by recording the intensity of the
(squares). Relative photoreaction rates RB{, (R)-, and §-A-62176 photoproduct emission at 420 nm as a function of irradiation time.
(10 M initial concentration) were determined as in Figure 5 and are

expressed as the intensity of photoproduct fluorescence after 3 min ofconcfentrations' Also reflected in Figure 6B is_ the bi-
irradiation Fs2¢/3 min). phasic nature of the DNA-accelerated photoreaction of the

R-enantiomer; the initial slope of tHexo vs [DNA]/[drug] ratio
photoreaction rate is 5-fold lower than when the photoreaction curve for theR-enantiomer is somewhat less than the slope at
solution is bubbled with air (data not shown). [DNA)/[drug] ratios of 1—4. The photoreaction rate of the

Differences in DNA Binding and Photoreaction of A-62176 racemic mixture in the presence of DNA is intermediate between
Enantiomers. The binding of R)- and §)-A-62176 to DNA that observed for thdx- and Senantiomers. The maximal
was studied using UV titration. A-62176 displays two UV photoreaction rate for both the racemic and scalemic A-62176
absorption bands at 314 and 385 nm. Upon addition of calf levels off at a [DNA]/[drug] ratio of about 5, which coincides
thymus DNA, the 314 nm band gradually disappears with the with the [DNA]/[drug] ratio that produces the maximal absorb-
appearance of a band at 330 nm for both enantiomers. Theance change at 330 nm for the titration [Figure 6A]. This
385 nm band shifts to about 400 nm for both enantiomers and correlation between the DNA binding and the DNA-accelerated
becomes broader (see supporting information). Although neither photoreaction of these enantiomers indicate that the photo-
enantiomer gives rise to titration curves with perfectly clear reaction rate acceleration is related to DNA binding.
isobestic points, th&enantiomer produces a titration curve in DNA-Accelerated Photoreaction of A-62176 in the Pres-
which the isobestic points are more well-defined. ence of Norfloxacin. We have previously shown that addition

The data for the UV titration curves foR)- and §)-A-62176 of norfloxacin enhances the DNA binding ability of A-621%6.
are summarized in Figure 6A, which focuses on the changes inThe addition of 1QuM norfloxacin to the reaction solution of
the 330 nm absorbance of the drugs upon addition of DNA. 10 uM A-62176 in the presence of 20M calf thymus DNA
The absorbance at 330 nm for both fReand S-enantiomers and 2 mM MgC} also affects the photoreaction rate of scalemic
increases as the [DNA]/[drug] ratio increases and levels off at and racemic A-62176. The photochemical reactions were
a [DNA]/[drug] ratio of 4-6 [Figure 6A]. Careful examination  conducted by using the monochromatic light from the excitation
of the Aszo vs [DNA]/[drug] plot for theR-enantiomer [Figure beam of the fluorescence spectrometer (380 nm) with
6A] reveals that there may be two distinct binding modes at aeration of the samples. Figure 7 shows a plot oRbgversus
different ratios of [DNA]/[drug]: at [DNA]/[drug] ratios irradiation time of the photoreaction of A-62176. As shown,
between 0 and 1 only relatively small changes in the absorption the S-enantiomer has the fastest photoreaction rate, followed
spectrum of thd&k-enantiomer of A-62176 are observed, whereas by the racemic mixture, and tieenantiomer. Addition of 10
at [DNA]/[drug] ratios above 1, there is a more pronounced uM norfloxacin accelerates the photoreaction of Renan-
absorbance increase, culminating in saturation at [DNA]/[drug] tiomer and the racemic mixture by 35 and 20%, respectively,
ratios above 45. In contrast, for th&-enantiomer of A-62176, but decreases the photoreaction of Sienantiomer by 35%.
the changes in absorbance upon addition of DNA appear to beln fact, in the presence of norfloxacin, the racemic and scalemic
more uniform throughout the range of [DNA]/[drug] of-@& forms of A-62176 have similar DNA-accelerated photoreaction
[Figure 6A]. rates.

The photoreaction rate is also different for the enantiomers  Addition of 10u«M ethidium bromide, an intercalator which
of A-62176 when bound to DNA. Figure 6B shows a plot of competes with A-62176 for intercalation sites, decreases the
the fluorescence intensity due to the photoproduct after 3 min DNA-accelerated photoreaction of A-62176 by 98% in all three
of irradiation in the presence of various calf thymus DNA cases. The photoreaction rate in the presence of ethidium
concentrations. It is clear that tlenantiomer has a faster bromide is nearly the same as the photoreaction rat&§Ff (
photoreaction rate than the-enantiomer at the same DNA A-62176 in the absence of DNA.
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Discussion to interact with various di- and trivalent metals to form dimers
or multimers with drug:metal stoichiometries of 1:1, 2:1, or 3:1,
depending on the particular drug and metal ion exam#éd.
Previously, we determined that the overall stoichiometry of the
A-62176-Mg?" complex is 1:1; however, we could not
distinguish situations in which the actual ratio of A-62176

The quinobenzoxazines are a structurally related group of
fluoroquinolones that possess interesting topoisomerase |l
inhibitory and anticancer activities. Unlike the antibacterial
fluoroquinolones, which do not appreciably bind double-stranded
DNA, the quinobenzoxazines have been found to bind double- molecules to M@" ions in the complex is 2:2 or higher. The

stranded DNA|na_magnesmm-dependent manner. The bInOIIngobserved difference in photoreaction rates for racemic and
of quinobenzoxazines to DNA has been proposed to take IOlacescalemic A-62176 is a strong indication that the A-62176 to
in a novel fashion involving the self-assembly on DNA of 2:2 Mg2" ratio is 2:2 or higher. Considering the low drug
drug—Mg?* dimers. We have found that the quinobenzoxazines concentrations employed in these studies«), the 2:2 dimer

are photoreactive, and we have exploited the photochemicalShould be favored over higher equimolar (e.g., 3:3 etc.) drug
reactivity of quinobenzoxazines to study in more detail the Mg2+ ensembles '

roposed 2:2 drugMg?™ DNA complex. . . . -
P P?]Otodecom :gtiog of QuinobenfoxazinesThe uinobenz- Because drugMg?* dimer formation requires Mg, elimi-
P 9 nation of Mg should eliminate the differences in the photo-

oxazine A-62176 photodecomposes slowly at neutral pH in ) - ) .
; : ; o . reaction rate of racemic and scalemic A-62176 due to dimer
water when left under ambient light. This photoreaction is easily . S .
formation. In fact, under Mg -free conditions, there is almost

monitored spectroscopically. As a result of the photoreaction, no difference in the photoreaction rates of racemic and scalemic

the two a_bsorptlon bands at 314 and 385 nm due to the drUgA-62176 [Figure 3]. This observation strongly supports the role
collapse into one band at 375 nm, and the weak fluorescence . _ ot i C :
of 2:2 drug-Mg?* dimer formation in the observed difference

emission peak at 510 nm for the drug shifts to a strong emissionin hotoreaction rates for racemic versus scalemic A-62176
peak at 442 nm [Figure 1]. Initial studies show that the p

photoreaction, as in the case of antibacterial quinol8hes observed in the presence of Mg Other interactions that might

produces rather complex photoproducts. Isolation and identi- g|v§+r|se to the observc_ec_i rate dlfference_s In the_ presence_of
fication of these photoproducts is currently underway. Mg=", such as nonspecific drug aggregation or differences in

. the rate of reaction of an excited state A-62176 molecule with
The Photoreaction of A-62176 May Involve Electron

. ; another A-62176 of the same or difference handedness, would
Transfer. The photodecomposition of A-62176 is accelerated be expected to be independent of the presence or absence of
in a concentration dependent fashion by #V It is known Mg2*
that MV2" is an electron mediator in many photosensitized? '
enzyme catalyze#f and electrochemic®3°reactions. Inthese
reactions, M\#™ accepts an electron from a donor and itsel
becomes a cation radical (MY). For the photosensitized
reaction of A-62176, M¥" probably accepts an electron from
the excited state of A-62176, producing cation radicals of both
MV2+ and the quinobenzoxazine. Under aerobic conditions,
MV 2t is presumably regenerated from the cation radicafrMV
by O,. The cation radical of the quinobenzoxazine formed from
the MV2* catalyzed photoreaction must go on to produce the
same photoproduct(s) as those formed in the absence éf MV
This implies that even in the absence of ktythe photoreaction
of A-62176 proceeds through electron transfer from the excite
state of the quinobenzoxazine.

The ratio of homochiral versus heterochiral 2:2 dridgg?+

f dimers formed in solutions of the racemic drug should depend
on the stability of each type of dimer. Molecular modeling
indicates that the heterochiral dimer is slightly lower in energy
(0.4—0.6 kcal/mol) than the homochiral dimer. Based on these
enthalpic estimates, in solutions of racemic A-62176 containing
Mg?*, there will be a preponderance of the heterochiral dimer
over the homochiral dimer. If the homochiral dimer has a faster
photoreaction rate than the heterochiral dimer, the preponderance
of the latter in solutions of racemic A-62176 could explain the
observed differences in the photoreaction rate. Although the
d origin of the difference in photoreaction rates between the

homochiral and heterochiral dimers remains uncertain, the

Evidence for 2:2 A-62176-Mg?" Dimers in Solution: increased propensity of the homochiral dimers for overlapped

Photoreaction Rate Differences of Racemic and Scalemic conformatlont‘; may play r‘?'e' .
A-62176 in the Presence of M&. Surprisingly, the M#*- Photoreaction of A-62176 in the Presence of Norfloxacin:
facilitated photoreaction of the puf- or Senantiomers of ~ 22 Drug—Mg?" Heterodimers of Quinobenzoxazine and
A-62176 is almost twice as fast as that of the racemic compound. Norfloxacin. The 2:2 drug-Mg=" dimer motif should not be

In the absence of magnesium, the Rvaccelerated photo- unique to quinobenzoxazines. Other fluoroquinolones, such as
reaction rates for racemic and scalemic A-62176 are nearly Norfloxacin, should be able to form 2:2 drgg/lg?fdlmers and
equal. Since M¥* is not chiral, this difference in photoreaction ~ 10 replace one of the quinobenzoxazines in a 2:2 dimer to form
rates can only be exhibited if the chiral drug is involved in a heterodimer consisting of one norfloxacin, one quinobenz-

intermolecular interactions with itself in the presence offlg ~ ©Xazine, and two Mg ions. Since norfloxacin is achiral, the:
In this case, the racemic drug may form diastereomeric resulting quinobenzoxazine-norfloxacin heterodimers formed in

ensembles in which a drug molecule of one chirality can interact Slutions of racemic A-62176 are enantiomeric and should have
with a drug of the same or opposite chirality. The observed the same M¥*-facilitated ph(_)toreactlon rate. _In fact, in the
rate differences would then be a consequence of the differentPrésence of excess norfloxacin, the photochemical reaction rates
photochemical rates associated with the ensemble consisting o raceémic and scalemic A-62176 are indistinguishable [Table
drugs of all the same handedness versus the ensemble consistingl- _ Photolysis experiments in which the concentration of

of drugs of different handedness. Quinolones have been shownorfloxacin was equal to the concentration of A-62176 also
resulted in a decrease in the photoreaction rate of the scalemic

(27) Tieffenbacher, E.-M.; Haen, E.; Przybilla, B.; Kurz, H.Pharm A-62176 and an increase in the rate of the photoreaction of the
Sci 1994 83, 463-467. ic A- iti -
(28) Thanos, |.; Bader, J.;'@ther, H.; Neumann, S.; Krauss, F.; Simon, raceml? A-62176. However, .under these cond|t|_ons, the phO
H. Methods EnzymolL987, 136 302-317. toreaction rate of the racemic A-62176 was still somewhat
(29) Douglas, P.; Mason, R. S.; Mills, A.; Russel, T. N.; White, M. V.
J. Phys Chem 1992 96, 816-819. (31) Ross, D. L.; Riley, C. Minter. J. Pharm 1993 93, 121-129.
(30) Takenaka, S.; Ihara, T.; Takagi, ¥.Chem Soc, Chem Commun (32) Riley, C. M.; Ross, D. L.; Vander Velde, D.; Takusaagawal.F.

199Q 1485-1487. Pharm Biomed Anal. 1993 11, 49-59.
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slower than that of the scalemic material, presumably due to previously shown that norfloxacin and quinobenzoxazines
the presence of some remaining diastereomeric A-62176 homo-display synergistic effects on binding to DNA.Here, we have
dimers in the absence of an excess of added norfloxacin. presented evidence that norfloxacin can form heterodimeric
Insights into the Proposed Model of (A-62176-Mg2t), on complexes with A-62176 in solution. It appears reasonable that
DNA Gained from Photochemical Studies. Previously we the synergistic effects of norfloxacin are due to its ability to
proposed that the (A-62178vig2+), dimer complex binds DNA  form heterodimeric complexes with quinobenzoxazines on DNA.
with one A-62176 molecule intercalating between DNA base Although norfloxacin does not intercalate into duplex DNA, it
pairs and the second binding externally through interactions with could replace the externally bound A-62176 molecule in the
the DNA groove'® The Mg bridges thes-ketoacid unit of quinobenzoxazine dimer complex on DNA. The thus liberated
A-62176, the phosphate backbone of DNA, and thariino A-62176 may intercalate into DNA as quinobenzoxazine
group of the partner A-62176 molecule in the intercalation homodimers or as another heterodimeric complex with nor-
Comp|ex_ In the absence of M'gthere is no such Comp|ex floxacin. Under these Conditions, there is a shift in the
formed, and only weak interactions between quinobenzoxazine Proportion of quinobenzoxazine molecules that are intercalated

and DNA exist. The drug dimers formed with Rfgin solution relative to those quinobenzoxazine molecules that are bound
at micromolar concentrations found in this study certainly externally. o
support the idea that the drug dimer is formed on DNA as well.  For both the racemic mixture and thg){isomer of A-62176,

Here we offer further photochemical evidence that support and the DNA-accelerated photoreaction rate in the presence of

offer further insights into this unique DNA binding mode of ~norfloxacin is faster than in the absence of norfloxacin. This
the quinobenzoxazines. clearly indicates that of the two functionally distinct quino-

benzoxazine molecules in the complex of the 2:2 drivig?"
dimer with DNA, it is the intercalated quinobenzoxazine that
experiences the photoreaction rate acceleration. Interestingly,
there is a decrease in the photoreaction rateSpA62176 in
f the presence of norfloxacin when compared to the rate in the
absence of norfloxacin. The net result is that upon addition of
f10 uM norfloxacin, the DNA-accelerated photoreaction rates
of racemic and scalemic A-62176 are indistinguishable. These
results mirror exactly the results obtained for the MV

A Specific Intercalation Complex between A-62176 and
DNA Is Responsible for the Photoreaction Rate Acceleration.
The irradiation of solutions at A-62176 and MgClontaining
calf thymus DNA results in the formation of photoproducts of
A-62176 at a significantly faster rate than in the absence o
DNA [Table 2]. The magnitude of this DNA-dependent
photochemical rate acceleration is sensitive to the presence o
Mg?*. In the absence of Mg, the addition of DNA causes

8? I{Rgg?ggi;gcﬁﬁls: i(nUFtJhtg ;8)rfeo'5!g)n (I:ne”;? I\%go';ck)lreeag:lﬂoAr_\ rate accelerated photoreaction of racemic and scalemic A-62176 in

dependent rate acceleration is as much as 60-foldREy-A- the presence of norfloxacin: The addition of norfloxacin causes

. } N previously kinetically distinguishable diastereomeric complexes
?leéz(rse [Elazlls%ursz\/]veaﬂgv:Sprrg\l/Jigt S?; si(c))vt/?:dtr]:?D(?\lﬁzblizgin g to become kinetically indistinguishable. In the case of the DNA-
of (RS-A-Gél?G is M@+ dependent® In the a’bsence of Mg accelerated photoreaction, one would expect that the enantio-
weak, nonspecific interactions between A-62176 and DNA may n:_tlelrlc #EF??#'meTC r,]A-t62176tr_10rflo>t<acm cgplwxle_ﬁs }Noﬂﬁ t
play a role in accelerating the photoreaction, but to a much lesser>n EXnibit difierent photoreaction rates on - “hefactiha
extent than that observed in the presence ofMgSimilarly, we cannot distinguish the photoreaction rates of these complexes

since the intercalation complex betwe&8-A-62176 and DNA may simply be due to Fh‘? fact that they undergo ph_otqreac_tion
cannot be formed with single-stranded DNA, the photochemical atrates _that are very S|m|Iar: although not necgssanly identical.
rate acceleration upon the addition of singl,e-stranded DNA to This indicates that the magnitude of photoreaction rate accelera-

solutions of A-62176 is much less than that with added double- 1" due to DNA for these 2:2 dimers may be dlctatgd prlmgrlly
stranded DNA. by the nature of the externally bound molecule. This is akin to

. . - the steering effect of the minor-groove recognition motifs of
Enantioselectivity on DNA Binding and on the Photo-  cortain major groove DNA-alkylating threading intercalai®rs,
reaction of DNA-Bound A-62176. Additional support for the

S PR ! ) in that the positioning of the intercalated chromophore and
role of DNA binding in the photochemical rate acceleration due 5y jating moiety is controlled by the nature of the minor groove
to DNA is obtained from comparing the effects of the stereo-

) .2 binding moiety. For enantiomeric A-62176 molecules, the
chemistry of A-62176 on DNA binding and the DNA-acceler- o pira| externally bound norfloxacin may control the positioning
ated photoreaction. As shown in Figure 6, the effect of DNA

) ) of the intercalated quinobenzoxazine, and therefore the photo-
concentration on the photoreaction ratesR)f @nd §)-A-62176 reaction rate, irrespective of the handedness of the intercalated
are mirrored in changes in the UWis spectra of these

> P ~  quinobenzoxazine.
compounds upon the addition of DNA. The initial photoreaction " | contrast to the results obtained with norfloxacin, addition

rate of racemic and scalemic A-62176 increases with increasing ¢ o, intercalator, such as ethidium bromide, which can compete

DNA concentration and levels off at a [DNAJ/[A-62176] ratio ity A-62176 for intercalation sites, arrests any DNA-dependent
of about 5, which corresponds to the same saturation ratio photoreaction rate acceleration of A-62176.

observed in the UVvis titration. The photoreaction rate Mechanism of the DNA-Accelerated Photoreaction of
acceleration for theR)-isomer of A-62176 is less than that for Quinobenzoxazines. The ability of MV2* to facilitate the

the (§-isomer, which corresponds to the magnitude of changes ppotoreaction of A-62176 leads us to postulate that the
in the UV—vis spectra of these two isomers upon addition of photoreaction of the quinobenzoxazines observed here results
DNA. Finally, for the R)-isomer of A-62176, there appears to  trom electron transfer from the excited quinobenzoxazine to a
be a region at low [DNAJ/[drug] concentrations at which the aceptor, In the absence of MY, the nature of the electron
photoreaction rate is relatively unaffected by DNA, which is  eceptor is uncertain, but molecular oxygen is a likely candidate.
mirrored in the U\-vis titration as a region of low DNA  \ye have observed that the rate of photoreaction of quino-

concentration at which there is little change in the 330 nm e, 6xazines is greatly decreased when the photolysis reactions
absorption of this isomer [Figure 6]. are purged with argon [Table 2].

Photoreaction of a Heterodimeric Quinobenzoxazine (33) Sun, D. K.; Hansen, M.; Hurley, L. H. Am Chem Soc 1995
Norfloxacin 2:2 Drug—Mg?2" Dimer on DNA. We have 117, 2430-2440.
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The role that DNA plays in facilitating the photoreactions of here, especially in the presence of DNA or electron acceptors,

quinobenzoxazines is not entirely clear. As the quinobenz- indicates that solutions of these compounds must be protected
oxazines bind DNA, the DNA-bound and the free molecules from visible light. Alternatively, the photoreactivity of the
may display different physical properties and chemical reactivity. quinobenzoxazines may be beneficially applied in photodynamic
There are several classes of compounds whose chemicatherapy, especially considering the recent observation that the
reactivity are changed due to DNA binding, such as CC-£865, pNA-accelerated photoreaction of these compounds results in
platinum(ll) antitumor antibioticg>3° benzof]pyrene deriva- the cleavage of DNA?
tives#941dynemicin A% and various DNA reactive ageri&!3-46 _ ) ) .
In the case of+{)-CC-1065, the cyclopropyl ring of the drug is By studying the photoreaction of the quinobenzoxazines, we
stable to nucleophiles at neutral pH in aqueous solution, but its Nave gained some important insights into our previously
reaction toward the N-3 of adenine is acceleratdd!® times proposed model for the interaction of these compounds with
at specific DNA bonding site¥ Mg?t and DNA. The Mdg"dependent differences in the

Although the magnitude of the quinobenzoxazine DNA- Photoreaction rates of scalemic and racemic A-62176 can best

photochemical rate acceleration studied here is on a more modesbe explained by the formation of 2:2 drulylg>* dimers, even
scale when compared to the rate acceleration demonstrated foin the relatively dilute drug solutions studied here. The self-
(+)-CC-1065, the origin of the rate acceleration due to DNA assembly of these preformed 2:2 drtigg?" dimers on DNA
may be similar in both cases. In the case of CC-1065, the largethen provides a basis for the biological action of these drugs
rate acceleration is due to a water molecule that plays a key (topoisomerase Il inhibition) as well as the DNA-accelerated
role in facilitating the reaction and which is jointly positioned photoreaction studied here. In the quinobenzoxazine 2:2-drug
by the drug and the DNA phosphate grodfsin the case of ~ Mg?+ dimer complex with DNA, the two quinobenzoxazine
the quinobenzoxazines, the externally bound drug molecule maymolecules play dissimilar roles, in that one quinobenzoxazine
play an important role in facilitating photoreaction. As dis- js intercalated, while the other quinobenzoxazine is bound
cussed above, there may be a steering effect due to the externallyyernally to the DNA. This functional distinction of the two
_bound qumobenzoxazme thgt affepts the relative position of the quinobenzoxazine molecules involved in the 2:2 drivg?*
mtgrcalated quinobenzoxazine with respect to the DNA base dimer complex with DNA is also reflected in the photoreaction
pairs, and therefore the degreesstacking. . . . . .
o - ] ] studied here, in that only the intercalated quinobenzoxazine
Imp_llcat|ons for_ Drug DeS|gn_. The_ qumobenzo>_<azmes_, experiences a substantial DNA-dependent photoreaction rate
examlngd here, like some Cl'm.ca"y Important antlbacterlal acceleration. Furthermore, the functional distinction between
fluoroquinoloneg/474° are sensitive to light irradiation under : . -
the two drug molecules in the DNA-bound dimer may mimic

physiological conditions. The parent antibacterial fluoro- the binartite nature of kKnown topoisomer Il inhibitor h
guinolones are known to be phototoki¢8-50-5land to undergo € bipartite nature ot known topoisomerase PorS, Suc
as amsacrine, which possesses a DNA intercalating moiety

photochemical reactioff:*%52 The observation of quino- 0 , )
benzoxazine photoreactivity likewise has implications for the (@cridine) and a group (phenylsulfonamide) that is thought to

potential side effects for these compounds, which have beeninteract specifically with the topoisomerase enzytheClearly,
suggested as potential anticancer agents. Additionally, thein the case of the quinobenzoxazines, separately optimizing each
facility of the photoreaction of the quinobenzoxazines studied of these two molecules for these two distinct roles should result
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in a more potent and selective topoisomerase Il inhibitor.

The ability of heterodimeric quinobenzoxazineorfloxacin
2:2 drug-Mg?" complexes to undergo DNA-accelerated pho-
toreaction, and our recent observation that the DNA-accelerated
photoreaction of quinobenzoxazines is accompanied by DNA
strand scissioR? leads to the possibility that the quinobenz-
oxazines could be used to map the fluoroquinolone DNA
binding sites in the tertiary fluoroquinoloréig?™—DNA—
gyrase or—topoisomerase Il complexes. These studies are
currently underway.
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