
J. Am. Chem. Soc. 1993, 115, 12171-12172 12171 

Highly Efficient DNA St rand Scission by 
Photoact ivated Chlorobithiazoles 

James C. Quada, Jr., Mark J. Levy, and Sidney M. Hechf 

Departments of Chemistry and Biology 
University of Virginia 

Charlottesville, Virginia 22901 

Received August 31, 1993 

Molecules that interact with DNA under the influence of light 
can function by a variety of mechanisms.1 These include some 
that alkylate DNA via photocycloaddition2 and others that form 
active oxygen species,3 contain a photoreactive metal center,4 or 
function via electron transfer.5 Photochemical DNA-cleaving 
agents have been used to probe nucleic acid structure,4 as prosthetic 
groups for antisense oligonucleotides,6 as designed "photonu-
cleases",7 and as photofootprinting agents.8 

Of particular interest is the DNA strand scission by photo-
activated promazine derivatives, believed to involve three distinct 
mechanisms.9 When tested at 80 iiM concentration, chlorpro-
mazine was the most active of the derivatives studied, apparently 
due to a reactive intermediate resulting from C-Cl bond homolysis. 
Presently, we describe three chlorinated bithiazole derivatives 
(3-5) structurally related to bleomycin A5 (1) which mediate 
light dependent DNA cleavage at remarkably low concentrations. 

Preparation of bithiazoles 3-5 was accomplished starting from 
the A'-I-Boc derivative of methyl 2'-(2-aminoethyl)-2,4'-bithia-
zole-4-carboxylate;10 conversion to the chlorinated bithiazoles 
was then accomplished" by lithiation-chlorination12 or radical 
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Figure 1. Cleavage of supercoiled plasmid pBR322 ONA by chloro-
bithiazole derivatives 4 and 5. Forty-microliter reaction mixtures 
containing 200 ng of plasmid DNA in 0.5 mM sodium cacodylate, pH 
7.2, were either maintained at 25 0 C (lanes 1 and 2) or irradiated in ice 
through a Pyrex filter with a Rayonet RS photochemical reactor (2537-A 
lamps). After 30 min, the reaction mixtures were analyzed on a 1.2% 
agarosegel. Lanel: DNAalone. Lane2: IOjiM Fe*+ + 0.19%H2O2. 
Lane3: irradiated DNA. Lanes4-6: 50,20,and lOnMchlorobithiazole 
4, respectively. Lanes 7-9: 50, 20, and 10 nM bis-chlorobithiazole 5, 
respectively. 
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chlorination13 in analogy with known transformations. The 
requisite C-terminal substituents were then introduced as de
scribed previously.14 Bithiazole 3 was also prepared by a stepwise 
synthesis to verify the site of chlorination. 

The abilities of bithiazoles 2-5 to effect DNA cleavage were 
determined using supercoiled plasmid pBR322 DNA. As shown 
in Figure 1, DNA cleavage by chlorobithiazole 4 was observed 
at 50 and 20 nM concentrations; comparable results were obtained 
using isomeric chlorobithiazole 3 (Figure 2). Bis-chlorobithiazole 
5 had greater potency, producing DNA nicks in a concentration 
dependent fashion at 50, 20, and 10 nM concentrations. Testing 
at a lower concentration of 5 demonstrated detectable cleavage 
at 2 nM concentration (not shown). Since the concentration of 
DNA plasmid employed was ~ 3 - 4 nM, it is clear that the 
efficiency of DNA cleavage by chlorobithiazoles 3-5 is remark
able! No DNA cleavage was observed for any of the bithiazoles 
in the absenceof irradiation (Figure 2). Likewise, nonchlorinated 
bithiazole 2 failed to effect plasmid DNA relaxation with or 
without irradiation (not shown). In contrast with Fe-bleomycin,'5 

DNA cleavage by chlorobithiazole 4 was shown not to require 
O2 , excluding the possible involvement of singlet oxygen in the 
observed DNA strand scission.16 
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Figure 2. Cleavage of supercoiled plasmid pBR322 DNA by chloro
bithiazoie 3 and bromobithiazole 6. Reactions were carried out for 15 
min as described in the caption below Figure 1. Lane 1: DNA alone. 
Lane 2: 1OMM Fe2+ + 0.19% H2O2. Lane 3: irradiated DNA. Lanes 
4-7: 20, 50,100, and 200 nM bromobithiazole 6, respectively, that were 
irradiated. Lane 8: 200 nM bromobithiazole 6 maintained in the dark. 
Lanes 9-12: 20, 50, 100, and 200 nM chlorobithiazoie 3, respectively, 
that were irradiated. Lane 13, 200 nM chlorobithiazoie 3 maintained 
in the dark. 

Scheme I. Photoinduced Reaction of Bithiazole 7 with 
1-Octene 

Bithiazole derivative 2 has been shown to bind efficiently to 
DNA,,4b a property that is undoubtedly also shared by derivatives 
3-6. In the belief that DNA cleavage must be mediated by some 
species formed upon irradiation of the chlorobithiazoles, chlo
robithiazoie derivative 7 was dissolved in 1 -octene under an argon 
atmosphere and irradiated for 1 hat 30 0C (Scheme I) ." Isomeric 
octene adducts 8 and 9 were obtained in comparable amounts 
(overall yield 70%), consistent with a mechanism involving initial 
homolysis of the bithiazole C-Cl bond to produce Cl and 
bithiazole radicals.18 Because either chlorine or aryl radicals 
could in principle produce the observed DNA damage," the 

(17) Organic halides are known to add to olefins in a fashion typical of 
radical species. See: (a) Poutsma, M. L. In Methods in Free-Radical 
Chemistry; Huyser, E. S., Ed.; Academic Press: New York, 1969; Vol. 1, pp 
163-186. (b) Thaler, W. A. In Methods in Free-Radical Chemistry; Huyser, 
E. S., Ed.; Academic Press: New York, 1969; Vol. 2, pp 214-218. 

Communications to the Editor 

mechanism of plasmid relaxation by the chlorobithiazoles was 
studied further. Supercoiled plasmid DNA was irradiated in the 
presence of chlorobithiazoie 3 and bromobithiazole 6 at each of 
four concentrations. As shown in Figure 2, the irradiated 
chlorobithiazoie produced much more DNA strand scission than 
the bromobithiazole. On the assumption that 3 and 6 both undergo 
carbon-halogen bond homolysis upon irradiation,20 this result 
suggests that Cl* is the primary mediator of DNA scission by 3. 
Analysis of the DNA cleavage products of both 3'- and 5'-32P end 
labeled DNA duplexes by polyacrylamide gel electrophoresis 
indicated the presence of bands that comigrated with Maxam-
Gilbert sequencing bands. These types of products have been 
observed for other radical-generating species that mediate DNA 
strand scission via initial abstraction of H" from DNA sugars,15-"'22 

suggesting that the chlorobithiazoles may also function in this 
fashion.23 

These findings establish a potent, mechanistically novel method 
for DNA photocleavage that can be utilized as part of the ongoing 
development of photonucleases and photofootprinting agents. 
Conceivably, chlorobithiazoles may also facilitate an analysis of 
the mode of binding of the bithiazole moiety of BLM to DNA. 
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