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A Designed Synthetic Analogue of Co(III)-Bleomycin 
with Enhanced DNA-Binding and Photocleaving 
Activity1 
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illumination, a transient radical is formed in the ligand framework 
of 2-4 that rapidly generates *OH radical in aqueous solutions 
and causes DNA strand scission. However, since these positively 
charged model complexes bind to DNA solely through electrostatic 
attraction, they cleave DNA less efficiently compared to Co-
(HI)-BLMs, which exhibit strong DNA binding due to inter
calation of the bithiazole moiety of the drug.8 
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Recent studies have indicated that the Co(III) chelates of the 
antitumor antibiotic bleomycin (BLM) cleave DNA under UV 
or visible light and that this photoinduced damage of DNA is 
insensitive to the presence of dioxygen.2-4 As part of our efforts 
toward elucidation of (a) the structures of metallobleomycins 
(M-BLMs) and (b) the mechanisms of DNA strand scission by 
them via the synthetic analogue approach,5-7 we have isolated 
the Co(III) complexes of the designed ligand PMAH (1, H is the 
dissociable amide H) that resembles the proposed metal-chela ting 
portion of BLM.8 In a recent account,9 we have reported the 
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syntheses and structures of three analogues of the compositions 
[Co(PMA)(H2O)](N03)2 (2), [Co(PMA)Cl]Cl (3), and [Co-
(PMA)(JV-MeIm)] (N03)2 (JV-MeIm » /V-methylimidazole, 4) 
which are good models for the socalled brown, green, and orange 
formsof Co(III)-BLM.10 Our results have shown that upon UV 
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2: X=H2O, n=2; 
3:X=Cl,n=l; 
4: X=N-MeIm, n=2; 
6: X=InI-A, n=2 

It has been shown that covalent attachment of DNA inter-
calators enhances the extent of DNA damage by several metal 
complexes including Fe-EDTA.' '-'3 The possibility of augmen
tation of the DNA cleavage activity of analogues like 2-4 by such 
a procedure prompted us to synthesize [Co(PMA)(Int-A)]Cl2 

(6) where Int-A = acridine-9-carboxamido-/V'-(3-propyl)imi-
dazole (5). Acridine was chosen as the intercalator because (a) 
its properties as an intercalator are well-established, (b) its DNA 
binding constant is high, and (c) the binding constant does not 
change with the nature of the 9-substituents.14 We report here 
the synthesis, structure, and spectroscopic properties of 6 and 
show its high capacity for DNA cleavage under UV illumination. 

A mixture of 1 g (3.6 mmol) of 9-chlorocarbonylacridine 
hydrochloride15 and 1.48 mL (12.4 mmol) of 1 -(3-aminopropyl)-
imidazole (Aldrich) in 40 mL of chloroform was heated under 
reflux for 10 h, and the resulting residue was filtered off. The 
mother liquor containing Int-A (5) was evaporated to dryness, 
redissolved in methanol, and purified on a silica gel column using 
methanol as the eluent. Next, 0.1 g (0.17 mmol) of 2 was dissolved 
in 25 mL of acetone and heated to reflux for 1 h. To the brown-
green solution was then added dropwise a solution of 62 mg (0.19 
mmol) of 5 in 10 mL of ethanol when the color turned orange. 
The mixture was heated for 12 h and filtered, and the filtrate was 
evaporated to dryness. The solid thus obtained was dissolved in 
5 mL of water, loaded on a SP-C50-120 Sephadex (Sigma) 
column, and eluted with 0.1 N KCl solution. The first orange 
band was collected and desalted by extracting with ethanol. The 
complex 6 was obtained as an orange microcrystalline solid (yield 
= 45% on the basis of 2).16 
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Figure 1. Thermal ellipsoid plot (50% probability level) of the cation of 
6. Hydrogen atoms are omitted for clarity. Selected bond distances (in 
A): Co-N(I), 1.923(6); Co-N(3), 1.915(5); Co-N(S), 1.863(6); Co-
N(6), 2.004(5); Co-N(7), 1.957(5); Co-N(8), 1.972(5); C(17)-N(9), 
1.455(8); C(20)-O(2), 1.229( 11); C(21 )-C(22), 1.395( 10);C(29)-C(30), 
1.369(11). Selected bond angles (indeg): N(l)-Co-N(3),95.9(2);N(3)-
Co-N(5), 82.0(2); N(l)-Co-N(6), 97.6(2); N(5)-Co-N(6), 84.4(2); 
N(I )-Co-N(7), 89.5(2); N(3)-Co-N(7), 89.4(2); N( 1 )-Co-N(8), 90.4-
(2); N(7)-Co-N(8), 179.3(2); O(2)-C(20)-C(21), 120.1(7); C(20)-
C(21)-C(22), 119.8(8). . 

Figure 2. Light-induced DNA (<£X 174 (RF)) cleavage experiments with 
[Co(PMA)(Im-A)]CI2 (6) in 25 mM Tris borate, 190 nM EDTA, pH 
8.3 buffer at 298 K. DNA concentration; 2 jig/50 uL. Lane 1, DNA 
only; lane 2, DNA + 6(10 uM); lane 3, DNA + 4 (500 jiM); lane 4, 
DNA+ 5 (1OMM). 

The structure17 of the cation of 6 is shown in Figure 1. The 
coordination geometry around cobalt is octahedral, and the metric 
parameters are comparable to those observed with 4.9 In addition 
to the characteristic electronic absorption bands of the acridine 
moiety,16 6 exhibits a shoulder at 520 nm (e = 140 M"1 cm1) due 
to the presence of the CoN6 chromophore.9 That the structure 
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= 4.53%. The structure was solved by direct methods (SHELXTL PLUS, 
version 4.2). 

of 6 is retained in solution is readily established by its NMR 
spectrum (supplementary material). 

Binding of 6 to calf thymus DNA (Sigma) was studied 
spectrophotometrically,14 and the binding constant was found to 
be of the order of 106 M~'. This value is considerably higher than 
the binding constant of 5 (<105 M~') due to additional electrostatic 
association of the [Co(PMA)J2+ moiety with DNA. For Co-
(HI)-BLMs, the binding constants are in the range of 10M07 

M-'.2*-18 Clearly, the designed analogue 6 binds to DNA much 
like the Co(III)-BLMs. This fact permits the use of much lower 
concentrations of 6 (compared to 2-4) in carrying out a significant 
extent of light-induced DNA damage. This is shown in Figure 
2." Irradiation of supercoiled covalently closed circular (form 
I) <pX174 DNA (Bethesda Research Lab) in the presence of 10 
nM 6 results in the appearance of nicked circular (form II) DNA 
(lane 2). A similar extent of DNA strand scission is observed 
with 500 nM 4 (lane 3),20 while 5 induces little DNA damage 
below 50 iiM concentration (lane 4). The presence of the 
intercalator also permits [Co(PMA)(Int-A)]2+ to remain asso
ciated with the DNA and cleave it under high salt conditions (50 
mM or more of Na2SO4 in the incubation medium). The simpler 
cationic analogues 2-4 fail to bind to DNA under such conditions, 
and hence no photonicking is observed.9 

In conclusion, the structure of the first model of Co(III)-BLM 
with a DNA-binding group, namely [Co(PMA)(Im-A)]Cl2 (6), 
has been determined. To date, no other DNA-cleaving agent of 
the "hybrid" type has been characterized by X-ray crystallography. 
6 binds to DNA very strongly and causes light-induced DNA 
strand scission at micromolar concentrations. The results clearly 
show that the intrinsic chemistry of simpler model complexes of 
M-BLMs can be delivered to DNA efficiently if one attaches a 
DNA-binding group to them. This in turn indicates the role of 
the bithiazole group in BLM. Use of 6 as a footprinting agent 
that gets "turned on" under illumination is also anticipated. At 
the present time, more NMR and computer-aided modeling 
studies are in progress in this laboratory to establish the details 
of the binding of 6 to oligonucleotides, and the results will appear 
elsewhere in due time. 
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Supplementary Material Available: 13CNMR spectra of 4,5, 
and 6; crystal structure data for 6 including tables of atomic 
coordinates (Table Sl), complete bond distances (Table S2) and 
angles (Table S3), anisotropic thermal parameters (Table S4), 
and H-atom coordinates (Table S5) (9 pages); table of observed 
and calculated structure factors (Table S6) (16 pages). Ordering 
information is given on any current masthead page. 
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