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Abstract - Synthesis of various oligo-N-methylpyrrolecarboxamide derivatives and their DNA 

cleaving activities under UV-A irradiation were described. 

Low molecular weight substances which possess both sequence specific DNA binding and cleaving activities 

are of considerable interest in the field of fundamental molecular biology.' There are a number of 

substances that bind to DNA in the minor g r o o ~ e . ~  Among them, oligo-N-methylpyrrolecarboxamides such 

as Netropsin (1) and Distamycin (2) and their analogues have attracted attention because of their strong 

minor groove nonintercalative binding ability to double-stranded 6-DNA at specific AT rich region.3 Dervan 

and co-workers designed and synthesized distamycin-EDTA-Fe(lI) (3) and its analogues which were shown 

to cleave double helical nucleotide at specific AT recognition sites.4 In a previous work, we have reported 

the synthesis of nitrated oligo-N-methylpyrrolecarboxamides and proposed the mechanism in which both 

hydroxyl radicals and nitro anion radicals participate in their photochemical DNA cleaving activities? Here 

we report the synthesis of various oiigo-N-methylpyrrolecarboxamides which do not possess special side 

groups, such as nitro group, sensitive to uv light and their DNA cleaving activities under near uv light (UV-A) 

irradiation. 
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Various oligo-N-rnethylpyrrolecarboxamides as well as the monomers listed in Table 1 were synthesized by 

the way summarized in Scheme 1. Benzyl I-methyl-4-nitropyrrole-2-carboxylate (8a),%hich is readily 

available in large scale from 7.6 was reduced using nickel boride according to the Kudo method7 and the 

resulting 4-amino compound was condensed with 7 to afford 8b. The reduction-condensation process was 

repeated, leading to the oligopeptides (8c) and (Ed), respectively. The 4-amino compounds obtained as 

above as well as the amine obtained from 8d were forrnylated to give 9a - 9d, respectively. The carboxylic 

acids obtained by the hydrogenolysis of 9a - 9d were transformed into the N-succinimidyl esters (10a - 
IOd), respectively. The esters (10a - 10d) were condensed with 2-(2-aminoethylamino)ethanol. 3 3  

dimethylaminopropylamine, and tris(2-aminoethyl)amine to afford the corresponding amides (4. 5, and 6). 

DNA cleaving activities of the peptides (4 - 6) were assayed with supercoiled plasmid Col E l  (ca. 40 pglml) 

under UV-A light (360 nm maximum, 13 J-m2.sec-') irradiation at 20°C. DNA single strand cleavage was 

estimated on agarose gels by conversion of the covalently closed circular (ccc) DNA to the open circular (oc) 

form. Alter electrophoresis each DNA was quantitated by ethidium bromide staining and densitometry. Ail 

compounds tested exhibited activities, depending on the drug concentrations (0.1, 1. 10, and 100 FM final 

concentrations). Activities of compounds [4d - 6d (n=4)] are typically shown in Figure 1, comparing with 

that of Netropsin. Table 1 summarizes the relative cleavage efficiency of compounds (4 - 6) by comparing 

the activities at 10 pM drug concentrations. Single strand cleavage was predominant in all experiments, 

and a remarkable correlation between the peptide chain lengths and the activities was observed in each 

series of the compound. 
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In order to investigate the mechanism of DNA cleavage by these compounds, UV-A irradiations of Col E l  

DNA with 4d, 5d, or 64  were carried out in the presence of various active oxygen scavengers. In the 

experiments at two different drug concentrations, SOD (02- scavenger) and catalase (Hz02 scavenger) had 

little effect on the extent of photo-nicking activities (data not shown). On the other hand, hydroxyl radical 

scavengers such as sodium benzoate, phenol, and potassium iodide revealed concentration-dependent 

inhibition of strand breakage (e. g., Figure 2). Although the effects of above scavengers were found to be 

weaker than those of the analogous nitro compounds which we reported previously.5 they suggest the 

participation of hydroxyl radicals in the reaction process. UV-A irradiation for the mixtures of compounds 

(4d, 5d, or 6d) and DMPO led to the generation of esr signals due to spin adducts. (e, g. Figure 3) In these 

signals, the characteristic 1 :2:2:1 quartet (aN = 15.0, an = 15.2 G) of the DMPO-OH adduct, the triplet of triplet 

(aN = 16.5. aH(2H) = 22.7 G) of the DMPO-H adduct, and an unidentified six lines (a" = 15.6, aH = 22.6 G) 

were observed. When molecular dioxygen was removed from the reaction mixtures by N2 bubbling, the 

extent of DNA cleavage was definitely reduced, indicating that the molecular dioxygen is related to the 

present reactions. 
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Although our studies do not provide unequivocal mechanism for the DNA-cleavage by these compounds, the 

mechanism in which participation of both hydroxyl radical and molecular dioxygen is probable. Several 

reports on the photoinduced DNA-cleavage by phenothiazine derivatives (PZD) have been repolled.8 They 

have proposed the mechanisms in which PZD cation radicals, solvated electrons, and hydroxyl radicals are 

included. Further investigations on the precise mechanisms of DNA cleavage by our compounds and 

relationship between the mechanisms for the DNA-cleavage by PZD and our compounds are now in 

progress. 
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(6H,S),6.80(lH,d,J=1.8),6.86(lH,d,J=1.8),6.90(1H,d,J=2.0), 7.19(3H, m),and8.14(1H, s). 4d:mp 

87-88'C (decomp.); uv (EtOH) 303 nm (loge=4.56); ir (KBr) 3306 and 1646cm-I; I H  nmr (200 MHz, 

CD30D) 2.85-2.71 (4H, m), 3.45 (2H, t, J=6.2), 3.66 (ZH, t, J=5.4), 3.85 (3H, s), 3.89 (9H, s), 6.81 ( I  H, d, 

J=2.0), 6.86 (IH, d, J=2.0), 6.92 (2H, m), 7.17 (4H, m), and 8.12 (lH, s). 5c: mp 138-140°C (decomp.); uv 

(ElOH) 303 nm (log e=4.68); ir (KBr) 3306. and 1641cm-1; 1 H nmr (200 MHz, CD30D): 1.78 (2H, m), 2.27 

(6H, S), 2.42 (2H, t, J=7.7), 3.33 (ZH, 1, J=7.7), 3.87 (3H, s), 3.91 (6H, s), 6.79 (IH, d, J=2.0), 6.88 ( IH, d, 

J=2.0), 6.93 (1H. d. J=2.0). 7.17 (3H, m), and 8.14 (IH. s). 5d: mp 165-166°C; uv (EtOH) 307nm (log E =  

4.62); ir (KBr) 3286 and 1641cm-~; 1 H nmr (200 MHz, CD30D):1.77 (ZH, m), 2.28 (6H, s), 2.42 (2H, 1, 

J=7.7), 3.33 (2H, t, J=7.7), 3.86 (3H, s), 3.90 (9H, s), 6.78 (IH, d, J=2.O), 6.85 (IH, d, J=2.0), 6.92 (2H, m), 

7.17 (4H, m), and 8.13 (IH, s). 6c: mp 147-150%; uv (EtOH) 305 nm (log ~=4.18); i r  (KBr) 3284 and 

1641cm-1; IH nmr (200 MHz, CD30D) 2.55-2.75 (IOH, m), 3.39 (ZH, t, J=6.1), 3.87 (3H, s), 3.90 (6H, s), 

6.81 (IH, d, J=2.0), 6.86 (IH, d, J=2.0), 6.92 ( IH. d, J=2.O). 7.17 (3H, m), and 8.12 (IH, s). 6d: mp 

136-137%; uv (EtOH) 303 nm (log ~=4.58); ir (KBr) 3280 and 1641cm-1; 1 H nmr (200 MHz. CD30D): 

2.55-2.74 (IOH, m), 3.39 (ZH, t, J=6.1), 3.87 (3H, S), 3.90 (9H, s), 6.81 (lH, d, J=2.0), 6.87 (IH, d, J=2.0), 

6.94 (2H, m), 7.20 (4H, m), and 8.13 ( I  H, s). 


