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SYNTHESIS OF PORPHYRIN(Fe)-INTERCALATORS WHICH CAUSE DNA SCISSION
Yuichi Hashimoto, Ching-Shing Lee, Koichi Shudo and Toshihiko Okamoto

Faculty of Pharmaceutical Sciences, University of Tokyo
Hongo, Bunkyo-ku, Tokyo, Japan

SUMMARY: New Porphyrin(Fe)-intercalators were synthesized. We chose 2-aminodipyridao[l,2-a:
3',2'-d]limidazoles (Glu-P's), which were muta-carcinogens isolated from a pyrolysate of L-
glutamic acid, as intercalator moleties. These porphyrin(Fe)-intercalators cause cleavage of
double helical DNA.

Intercalation is one of the important modes of interaction of muta-carcinegenic or
antitumor agents with DNA. 2-Aminodipyrido(l,2-a:3',2'-d]imidazoles (Glu-P's) are potent
muta-carcinogens isolated from a pyrolysate of L-glutamic acid.l) We established that Glu-P's
intercalate into DNA.z) Recently, we repocrted that covalent connection of Glu-P-2 (1) with
spermine (which is known to possess high affinity toward DNA) strongly enhances the affinity
of the compound toward DNA, and that this compound (GP-SP: 3) strongly stabilizes double
helical DNA from heat denaturation.j) We also found that GP-SP (3) possesses DNA strand
cleaving ability in the presence of Fe(I)}-salt. We supposed that GP-SP (3) intercalate into
ONA via Glu-P-2 moiety and, chelation of Fe(Il) with spermine moiety and activation of oxygen
causes the DNA cleavage. Such an oxygen-dependent DNA cleavage is another important mode of
action of antitumor agents. Very recently, Herzberg and Dervan reported that (methidium-

4 In this
communication, we describe synthesis of new porphyrin{Fe)-intercalators which possess strong

propyl-EDTA)-iron(I) possesses enhanced oxygen-dependent DNA cleaving ability.

ONA cleaving ability.
We chose Glu-P-1 (2) and p-carboxymethidium chloride as the intercalator moiety,

which were prepared by our method described previouslyS)

and the method of Dervan and
Becker,é) respectively. Monoaminotetraphenylporphyrin (TPP-NHZ: 5) was synthesized by
condensation of p-tolualdehyde, p-nitrobenzaldehyde and pyrrole, and successive reduction of
the product with SnCl2 in the yield of 2%. The structure was deduced from its lH-NMR

(introduction of the p-substituent on all phenyl groups makes the complete assignment possible)
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Table 1. Percentage of closed circular®DNA which was conversed to open circular DNA

drug and concentration (uM) %2 drug and concentration (uM) %2
none 100 <1 IIa 1 11
FeCl2 100 <l 10 39
spermine + FeCl2 100 <1 100 76
GP-SP (3) + FeCl, 100 56 100° <1
8 100 1-2 1000 >99
In 100 < b 50 45
9 100 52° 100 76
Ic 100 53

Reaction mixture (10 pl) contains final concentration of: 200 pM nucleotides of PM 2 DNA,

4 mM Nazszoa, 10 mM Tris-HCl (pH 7.8) and 50 mM NaCl. The reaction mixture was saturated with
air and incubated at 20°C for 1 hr. Incubation at 37°C increased the percentage of the cleaved
DNA. a) The percentage was calculated from the ratio of closed circular DNA against open
circular DNA. b) Recovery of total DNA (calculated from ethidium bromide staining and

densitometry) was low. The reason is under investigation. c) NaZSQOa was not added.
7)

and elemental analysis. The connection of TPP-NH,, (5) with the intercalators was performed
as shown in Scheme 1. Intercalators were derivatized to acylimidazole esters and connected
with spermine (50-90%). These intercalator-spermines (I) were connected with the acylimidazole
ester of succinylated TPP-NH, (7) (40-70%). Structure of the products were deduced from their

1 8)

H-NMR and elemental analysis. Iron was inserted into the products (1) by heating with FeCl

in DMF to afford IMa-c in the yield of 40-90%. Products were purified by aluminum chromato-

2

graphy. Insertion of Fe(II) into the porphyrin moiety was confirmed by characteristic change
on U spectra (Q-band: 4 bands at 510-650 nm to 2 bands at 510-680 nm). We also synthesized a
hemin-bis-intercalator (9) from Glu-P-1 (2) and hemin chloride. Glu-P-1 (2) was condensed with
3-bromopropylamine (50%) and the product was condensed with hemin chloride pivaloyl ester (15%).
Reduction of IMa-c, 8 and 9 with Na25204 gave Fe(I)-porphyrin derivatives which were confirmed
by red shifts of their UV spectra.

The cleavage of DNA was followed by monitoring the conversion of supercoiled closed
circular PM 2 DNA to open circular DNA (analyzed by agarose gel electrophoresis and guantitated
by ethidium bromide staining and densitometry, Table 1). Porphyrin(Fe)-intercalators (Ila and
IIb) possess extremely strong DNA cleaving ability in the presence of N328204 even at 20°C.

The ability of DNA cleavage with the synthesized compounds decreases in the order of:

Ila = Wb > Ic = 9 = GP-SP (3) >> 8. Ferrous chloride alone or sperminme in the presence of
FeC12 showed no effective DNA cleavage at the same concentration even in the presence of
NaszOA' Without Na25204 or core Fe(Il) (i.e., Ha ), no effective DNA cleavage were observed.
Presumably, Nazszoa acts as a reducing agent and regenerates Fe(I) from Fe(Il) to produce
continuous source of the active metal ion. A compound which lacks a DNA recognition moiety
(i.e., 8) possesses almost no DNA cleaving ability. However, the introduction of spermine
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moiety produces a strong DNA cleaving ability (i.e., Ibc). Effective cleavage of DNA requires
an intercalator moiety and a spermine moiety which act as binding sites and as recognition sites
of DNA. The compound, IMTa and IIb, which possess strong DNA cleaving ability, bind to DNA by
the intercalator moiety (and maybe via spermine moiety by ionic interaction). At the bound site
of the DNA helix, activation of molecular oxygen by porphyrin(Fe) moiety results in the cleavage
of the DNA, though the nature of the activated oxygen species is not yet known. The structure-
activity relationships are now under investigation.

In summary, porphyrin(Fe)-intercalators, IIa and IIb, cleave a plasmid DNA in a reaction
that is dependent on Fe(I) (i.e., in the presence of NaZSZOA) at very low concentrations: two
orders of magnitude lower than the mole P concentration of nucleotides of DNA. Porphyrin(Fe)
moiety and intercalator moiety connected with spermine (spermine also possesses very high
affinity toward DNA) are essential for the strong DNA cleaving ability.

Quite recently, Lown and Joshua reported that haemin-acridines also cause oxygen-

dependent DNA scission similarly.g)
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