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Molecules that interact with DN A under the influence of light
can function by a variety of mechanisms.! These include some
that alkylate DNA via photocycloaddition? and others that form
active oxygen species,’ contain a photoreactive metal center,* or
function via electron transfer.® Photochemical DNA-cleaving
agents have been used to probe nucleic acid structure,*as prosthetic
groups for antisense oligonucleotides,’ as designed “photonu-
cleases”,” and as photofootprinting agents.?

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

Preparation of bithiazoles 3-5 was accomplished starting from
the N-1-Boc derivative of methyl 2’-(2-aminoethyl)-2,4’-bithia-
zole-4-carboxylate;!® conversion to the chlorinated bithiazoles
was then accomplished!! by lithiation—chlorination!? or radical
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Figure 1. Cleavage of supercoiled plasmid pBR322 DNA 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 °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%
agarose gel. Lane 1: DNA alone. Lane 2: 10 uM Fe?* + 0.19% H,0,.
Lane 3: irradiated DNA. Lanes4-6: 50,20,and 10 nM chlorobithiazole
4, respectively. Lanes 7-9: 50, 20, and 10 nM bis-chlorobithiazole 5,
respectively.
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chlorination!? in analogy with known transformations. The
requisite C-terminal substituents were then introduced as de-
scribed previously.'* Bithiazole 3 wasalso 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. Asshown
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
inthe absence of irradiation (Figure 2). Likewise, nonchlorinated
bithiazole 2 failed to effect plasmid DNA relaxation with or
without irradiation (notshown). Incontrast with Fe-bleomycin,'?
DNA cleavage by chlorobithiazole 4 was shown not to require
0,, excluding the possible involvement of singlet oxygen in the
observed DNA strand scission.'6
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Figure 2. Cleavage of supercoiled plasmid pBR322 DNA hy chioro-
hithjazole 3 and hromohithiazole 6. Reaclions were carried oul lor 15
min as described in 1he capiion below Figure i. Lane i: DNA alone.
Lane 2: 10 uM Fe2t + 0.19% H;0;. Lane 3; irradiaied DNA. Lanes
47 20,50, 100, and 200 nM hromohiihiazole 6, respectively, 1hat were
irradialed. Lane 8: 200 nM hromobiihiazole & maintained in 1he dark.
Lanes 9-12: 20, 50, 100, and 200 nM chiorohithiazole 3, respeciively,
1hat were irradiated. Lane i3, 200 nM chiorohit hiazole 3 maimained
in the daik.

Scbeme [. Photoinduced Reaction of Bithiazole 7 with
1-Octene
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Bithiazole derivative 2 has been shown to bind efficiently to
DNA,# a proper ty that is undoubtedly also shared by derivatives
3-6. Inthe belief that DN A cleavage must be mediated by some
species formed upon inadiation of the chlmobithiazoles, chlo-
10bithiazole derivative 7 wasdissolvedin 1-octene under an ai1gon
atmosphei e and in1adiated for 1 hat 30 °C (Scheme 13,17 Isomeric
octene adducts 8 and 9 weie obtained in compaiable amounts
{oveiall yield 70%}), consistent with a mechanism involvinginitial
homolysis of the bithiazole C-Cl bond to produce Cl and
bithiazole 1adicals.’® Because either chlorine or aryl radicals
could in minciple moduce the observed DNA damage,!? the
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Chemisiry; Huyser, E. 8., Ed.; Academic Press: New York, 1969; Yol 1, pp
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mechanism of plasmid i1elaxation by the cbloiobithiazoles was
studied fuithei. Supeicoiled plasmid DNA wasiniadiated in the
presence of chloiobithiazole 3 and biomobithiazole 6 at eacb of
fouwr concentiations. As shown in Figuie 2, the inadiated
chloi obithiazole produced much more DNA stiand scission than
the biomobithiazole. Ontheassumptionthat 3and 6 both under go
caibon—halogen bond homolysis upen inadiation,® this 1esult
suggests that Cl° is the primai y mediato of DNA scission by 3.
Analysis of the DN A cleavage p1oducts of both 3'- and 5'-*?P end
labeled DNA duplexes by polyaciylamide gel electiophmesis
indicated the piesence of bands that comigiated with Maxam-
Gilbeit sequencing bands. These types of poducts have been
observed for othe: 1adical-generating species that mediate DNA
stiand scission via initialabsi raciion of H* fiom DNA sugai 5,1319.22
suggesting that the chloiobithiazoles may also function in tbis
fashion.2

These findings establish a potent, mechanistically novel method
for DNA photocleavage that can be utilized as pai t of the ongoing
development of photonucleases and photofootpiinting agents.
Conceivably, chloi obithiazoles may a)so facilitate an analysis of
the mode of binding of the bithiazole moiety of BLM to DNA.
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Supplementary Material Available: Experimental details foi
the synthesis of chlminated bithiazoles and the photolysis of
chlorinated bithiazole in 1-ociene (3 pages). This mateial is
contained in many lib1aiies on miciofiche, immediately follows
this aiticle in the miciofilm version of the jomnal, and can be
ordered fiomthe ACS;see any current masthead page for ordering
infor mation.
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