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Some 2,6-diphenylpyridines, unsymmetrically substituted at the para position of the phenyl nuclei, have been
prepared for incorporation into the molecular architecture of bleomycin analogues.

The clinically useful antitumour antibiotic bleomycin forms a
complex2 with iron and oxygen and its molecular architecture
includes a metal complexing unit, a disaccharide, a dipeptidt
and a DNA binding unit which is a bithiazole derivative. The
activated bleomycin-iron-oxygen compl@xcauses the cyto-
toxicity of the drug by degradation of DNA through strand
scission at predominantly-&C and 5GT sites. When the
bithiazole nucleus is replaced by other units which bind to
DNA, scission still occurs predominantly at those same sites
even though the preferences of the DNA binding units may b
different1-®This and other evideng&6point to the conclusion
that the bithiazole unit does not control sequence specificity
but that it is controlled by the metal complexing donfaifore
accessible analogues of this part of the molecule have a pyr
dine ring in place of the pyrimidine nucleus and have beer
shown to be cytotoxic in the presence of iron and oxygen bu
they have been found to be non-selecti&15-17

It has been shown that cytotoxicity is increased if certain
compounds having little or no cytotoxicity are added to
bleomycin. Such compounds are called ‘amplifiers’ and have
two or more bonded but unfused rirfgs?61t is believed that
these amplifiers operate by expanding the minor groove si
allowing easier access by the dflg.

The tricyclic, unsymmetrically substituted 2,6-diarylpyridines
3-5 are effective amplifiers of bleomycin cytotoxidtand this
paper reports the preparation of such compounds which wer
linked to pyridine based metal-complexing uits§'° to give

H
N
‘ AN T NH,
—
N x
| P i R
RCH; CH,R \m=<

3R=NMe,
4R = NH(CH,),NMe,
5 R = NH(CH,);NMe,

O HOC Ny
6R=H,X=N
7R=NO,, X=N
8R=H, X =N"-0O
| B
P
N
R' l l R?

9R‘=R2

o]
/@J\/R
Me

15 R =NC,H, Br_

0
+
NHMe,
c”
R

24R =COH

novel bleomycin analogues whose bioreductive activation ana geyveral unsuccessful attempts were made to prepare suit-

cytotoxicity we have reported.

Few 2,6-diphenylpyridines with no other substituents on th
heterocycle have been described. For the present purpose, it
necessary to prepare unsymmetrically substituted 2,
diarylpyridines9, where one substituent terminates with a pri-
mary amino group (to facilitate the formation of a peptide link
with the metal-binding domaif-8) and the other substituent
terminates with an NMggroup (to become protonated and form
an electrostatic link with DNA). There are few examples of
unsymmetrically substituted 2,6-diarylpyridines in the literature.
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able compound® but these were eventually obtained using
€he Krohnke approach to pyridings35 The reaction of the
Wﬁ\?ridinium salt 15 and 24 in the presence of ammonium

acetate gave the aciB which was converted in good yield
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into the amide29 by reaction with 24ert-butoxy-carbony-
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lamino)ethylamine in the presence of 1-[3-(dimethyl- Paper 00/395

amino)propyl]-3-ethyl-carbodiimide hydrochloride and

1-hydroxybenzotriazole. However, attempted bromination byReferences cited in this synopsis

N-bromosuccinimide of the methyl group, which had pro-
ceeded smoothly in the structurally related cases, failed when
applied to29. 2

The alternative approach of bromination of the simple ester
30, obtained from the acié8 proceeded smoothly to gial 3
and led to a route to the desired compounds. Thus, replacement
of the halogen by reaction with 2-(dimethylamino)ethane thiol 4
gave the sulfid2. The ester group d32 was directly con-
verted into the amide33-35 by treatment with an excess of
the appropriatex,w-diaminoalkane. The yields decreased as
the chain lengths increased but were acceptable for the present
purpose. It was intended to use the primary amino group in the;
formation of an amide bond with the ester group of the avail- g
able#” analogues of the metal binding domain of bleomycin. As
a model for the DNA binding abilities of these bleomycin ana- 9
logue-diarylpyridine conjugates, the primary amines were
acetylated to giv86-38.

Ethidium bromide binds with DNA through intercalation and 5
this causes a large fluorescence enhancement due to the d%/e
being surrounded by the hydrophobic region of DNA and henceg g
the exclusion of water. The binding of other compounds to
DNA can be assayed in a competitive experiment in which that 7
compound is added to the ethidium bromide—-DNA complex
and the expulsion of the fluorophore from the complex is shown
by a decrease in the fluorescence inted8ity.The binding 22
constant for bleomycf with DNA is about 18 M- but the
diarylpyridine amine83-35 and the diarylpyridine amide with 23
the longest chai8 had a binding constant about an order of
magnitude greater than bleomycin (Table 1). However, they,
diarylpyridine amide86 and37 had smaller binding constants,
approximately three or four greater than that of bleomycin. A5
the chain lengths increased from two to six carbon atoms
between the two amide nitrogen atom8&38 so the binding 26
constants increased from X4.Pto 1.1x 10° ML

We thank the EPSRC National Mass Spectrometry Servic8’
Centre, Swansea, for the accurate mass spectrometry data. 35

Techniques used: 1H NMR, IR and fluorescence spectroscopy, mas%5
spectrometry, elemental analysis.
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