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Abstntet. The syntheses of la-c, functional models for bleomycin, which are composed of a sirnplj~~ metal- 
completing moiety of bleomycin and poly-N-methylpyrrole peptides are described. Their functional cleavage of 
DNA in the presence of reductants is demonstrated. 

The bleomycins(BLM) are a family of glycopeptide antitumor antibiotics isolated from the cultures of 

streptomyces verticillus by Umezawa and coworkers in 1966, and are clinically used in combination 
chemotherapy against several types of cancer. * Therefore they, especially bleomycin A2 which is the main 

constituent of the clinically used mixture of BLM, have attracted considerable current interest both synthetically 

and biologically (Figure 1). The therapeutic effect of BLM is believed to arise from its ability tocause DNA 
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degradation based on a unique rn~~srn, in which the subunit of the bone-p~midin~irni~~e ordinal 

with metal ions such as Fe% susceptible to oxygen activation; while the subunit of tetraPeptide S bithiazole and 

terminal sulfonium cation are responsible for DNA binding affinity.2 Many studies have been reported on the 

synthesis of simplified analogues of bl~y~n in the last decade? Most of them focused on the simpli~~on of 

the DNA active moiety, i.e metal-complexing subunit.4 Henichart has reported the synthesis of the simplest 

subunit, methyf 2-(2-aminoethyl)-amino-methyI-pyfidine-6_ (A~PHiS) Id and its BLM 

analog which retains the major characteristics of the natural products. 345 However, little work has been reported 

on the carrier -- DNA binding subunit.6 Ohno et al has reported a synthetic hybrid of PYML-distamycin.6b We 

report herein another simplified synthetic functional model of bleomycin. Unlike other approaches that have been 
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adopted in which attempts were made to build a model by simplifying the natural bleomycin, we have constructed 

a effective hybrid agent by upgrading the basm structural features of the natural product. We decided to conjugate 

the simplest model AMPHIS with lexitropsin residues which are recognized as sequence-selective DNA binding 

moieties,’ eliminating, at first, the linker and the terminal charged moiety. Furthermore, in contrast to most 

reported on syntheses of bleomycin analogs, we connect the metal-complexing moiety to the C-terminal of the 

carrier. 

Syntheses ofla-c. Synthesis of the protected complexing portion 10 was accomplished by the procedure 

Henichart et al. reported wtth some m~ifications. sa,b Swern oxidation of methyl 6-hydroxymethyl-2- 
pyridinecarboxyiate 3 denved from the reduction of the corresponding dicarboxylates with NaBH4 in methanol 

afforded methyl 6-formyl-2-pyridinecarboxylate 49 in a yield of 72% (Scheme 1). Catalytic hydrogenation of a 

solution of 4 and mono N-Boc-ethylenediamine 10 (1: 1) in methanol in hydrogen atmosphere (1 atmospheric 

1) YN&NHBX 

77% 
5. R=Me 

2 3 4 6. R=H 

DCC. HOBt 
THF, 70% 

7 8 

Ha 1 NC) 
9: R = Cbr 

MeOH L lO:R=H 

pressure) in the presence of 10% of 10% Pd(C) followed by the protection of the secondary amine group by di t- 
butyl dtcarbonate in CH2C12 provided 5 in excellent yield. Hydrolysis of 5 afforded the acid 6 qu~ti~tively. 

Coupling of dtprotected histidine 7 with mono N-Cbz-ethylenediamineto in the presence of 1,3- 

dicyclohexylcarbodiimide(DCC), and l-hydroxybenzotriazole(HOBt) in THF afforded amide 8 in 70%. 

Deprotection of 8 by trifluoroacetic acid(TFA) followed by coupling with 6 in the presence of DCC, HOBt and 

Et3N in DMF provided the fully protected metal-complexing subunit 9. Selective deprotection of 9 by catalytic 

hyd~g~a~on afforded 10 quan~~tively, which was used directly in the coupling wtth the lexitropsin carriers. 

There are many possible routes to synthesize dipyrrole and tnpyrrole peptides. In our synthesis, we selected l- 

methyl-2-trtchloroacetylpyrrole 11 as a key uttermediate. 11 Solvolys~s of 11 in methanol in the presence of 

catalytic amount of 4-dimethylaminopyridine(Dh4AP) provided the methyl ester 12 in 82% yield(Scheme 2)” 

Conversion of 12 to 13 followed by coupling with 11 afforded the dtpepttde 14 in 80% yield.12 Reduction of 

14 by catalytic hyd~genation, acylation of the resutting amine with butyric ~yd~d~, and hydrolysis of the ester 

gave rise to the netropsin moiety 16. Coupling of 16 with 13 with DCC and HOBt in DMF provided tripeptide 
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17 in modest yield, which was then hydrolyzed to the corresponding acid 18 in 78% yield. Coupling of the 

metal-complexing subunit 10 with the carriers 16 and 18 in the presence of DCC and HOBt in DMF resulted in 

the protected form of the hybrids 19b and 19e in 65% and 66% respectively. 

Compound 19a was synthesized by a different strategy. Condensation of 11 with mono N-Boc- 

ethylenediamine afforded the amide 20 quantitatively (Scheme 3). Subsequent hydrogenation and acylation with 

butyric anhydride provided 21 in 70% yield. Coupling of the deprotected 21 with 7 afforded 22 in a yield of 

67%. Coupling of the deprotected 22 with 6 under similar conditions afforded the protected hybrid 19a in 88% 
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yield. 

Finally, deprotecting 19a-c in TFA, purifying the residues on Amberlite IUD-2 resin provided the pure 

hybrids la-c in excellent yields.13 
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19-l- ,ipYi 

la: 90%: + I Y---i”” 
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Fe(H)-hybrid complexes 

Scheme 4 
DNA cleavage studies. Examination of the ability of the Fe(B) complexes of la-c to cleave duplex DNA was 

carried out through the inspection of the reaction of the hybrids in the presence of Fe(B) and thiol reductants with 

pBR322 supercoiled DNA by both ethidium fluorescence assay and agarose gel electrophoresis. It was 

observed that the ability of complexes to cleave DNA is increased with the pyrrole units in DNA binding subunit 

of the hybrids (Figure 2), especially under aerobic condition, consistent with the anticipated mechanism of affinity 

cleavage. The agarose gel electrophoresis indicates that these complexes cleave DNA very efficiently, resulting in 
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Figure 2. Plots of the percentage of the opened circular DNA(OC) , (OC KX) measured by ethidium fluoresence assay 
against reaction time. The reactions wara run at 24°C under aerobic condition .70 pL of reaction mixture contained 50 
lrg/mL of pBR322 dosed circular supercoiled DNA(CC) in 8.5 mM of Trls buffer pH 8.0, 1 mM of 1 +dithiothraitol(DlT), 
and Line A: 5 pM of Fe(M); Line 6, C, D: 80 @l of Fe(U)-la, b, ~(1 :l)respectlvely. 10 pL of reaction mixtures ware used 
for each point. 

mainly single-strand breaks of duplex DNA (Rgure 3). The detailed study of the DNA cleavage and the DNA 

affinity including auto-cleavage footprinting, and syntheses of upgraded functional models are currently in 

progress and will be reported in due course. 
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Figure 3. Supercoiled DNA cleavage by Fe(H)-1 (1 :l). 
The reactions were run under the same condiUons as shown h 
Figure 2. Lane 1, control DNA; Lane 2,5 pM of Fe(H); Lane 3, 
80 PM of Fe(U)-la ; Lane 4.80 pM of Fe(H)-lb ; Lane 5.80 w 
of Fe(ll)-lc. Form I = closed circular DNA ; Form II = opened 
circular DNA; Form Ill = linear DNA. 
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