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Abstract. Structure-function study on the P-aminoalaninamide moiety of bleomycin models revealed that the 
axial amino group is essential for efficient oxygen activation. Treatment of a model PYML-6 with mouse liver 
extract resulted in the hydrolysis of the carbamoyl group of the axial ligand moiety to give an inactive product, 
demonstrating the P-aminoalaninamide moiety to be an enzyme-dependent switch of activity. 

It has been well documented that antitumor antibiotic bleomycin (BLM) forms iron-complex by the p- 

aminoalaninamide-pyrimidine+hydroxyhistidine region to activate molecular oxygen (Figure lA).t,2 The 

antitumor activity of BLM has been believed to be due to the DNA cleavage with the oxygen radical species 

generated by BLM-Fe(II)-02 complex. It has been reported that BLM is inactivated by an enzyme BLM 

hydrolase which hydrolyzes the carbamoyl group of the P-aminoalaninamide moiety.3 The resulting deamido- 

BLM shows markedly lowered dioxygen activation because axial coordination site of the iron complex of 

deamido-BLM is presumably occupied by the carboxylate under physiological conditions (Figure lB).J The 

enzymatic inactivation is particularly significant in relation to the tissue specificity of the drug based on the varied 

abundance of BLM hydrolase in each tissue. However, further detailed investigation has been hampered by the 

limitation in the availability of deamido-BLM. The objective of this study is to examine and confirm the above 

mechanism of enzymatic inactivation of BLM by a synthetic model approach. 

In our continuing synthetic effort toward man-designed BLMs, we have prepared several models including 

PYML-6 (Figure 2), which exhibited metal-binding and dioxygen-activating properties well in accordance with 

those of BLM.2e.5-* Herein, aiming at the elucidation of the mechanism of the enzymatic inactivation of BLM, 

we report a new entry, deamido-PYML-6, a model corresponding to deamido-BLM, possessing amino and 

carboxyl groups in the apical side chain. 

f Present address: Department of Chemistry, College of Arts and Sciences, The University of Tokyo, Komaba, 
Meguro-ku, Tokyo 153, Japan. 
tt Present address: Eisai Co., Ltd., Research and Development, l-3, Tokodai 5-chome, Tsukuba-shi, Ibaraki 
300-26, Japan. 
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Figure 1. Proposed structure for the iron complexes of bleomycin (A) and deamido-bleomycin (B).4 

H 
PYML-6 deamido-PYML-6H 

Figure 2. Synthetic models of the metal-binding site of bleomycin. 

First we attempted a synthesis of deamido-PYML-6 by the same strategy as that for PYML-6. However, 

severe difficulty was encountered mainly due to the inherent instability of p-aminoalanine methyl ester. Therefore 

we examined the use of more stable P-aminoalaninamide and developed an alternate synthetic route by taking 

advantage of the unique metal-chelating characteristics of the molecule as shown in Schemes 1 and 2. Thus, 

aldehyde 18 was treated with amine 29 in the presence of molecular sieves 3A to give Schiff base, which was 

then reduced with sodium borohydride. The resulting secondary amine was treated with (Boc)zO,lO affording 

bis(Boc) derivative 3 quantitatively. The carboxamide 3 was smoothly transformed into the corresponding 

methyl ester under mild condition (hydrogen chloride - methanol, 35’C) concomitant with the removal of the Boc 

group. The resulting diamine was isolated in a good purity by converting into the corresponding his(Z) derivative 

and subsequently transformed into bis(AOC) derivative 4 l* by hydrogenation followed by treatment with 

AOCOBt.12 It was gratifying that differentiation of the two ester groups of 4 was successfully accomplished as 

follows. Both the esters of 4 were quantitatively hydrolyzed with lithium hydroxide to give diacid 5. To a 

solution of 5 was added equimolar Cu(NO3)2 to afford copper complex 6 in which the carboxyl group on the 

pyridine ring appeared to be coordinated to the cupric ion. Treatment of this complex with methanol and EDCIl3 

afforded the desired monoester 7 exclusively in 70% yield from the ester 4. When this reaction was carried out 

without copper, both of the regioisomeric monoester 7 and 8 were produced in a ratio 6:l and the separation of 

the two was difficult. 

Monoester 7 thus obtained was further transformed into deamido-PYML-6 (Scheme 2). Coupling of the 

acid 7 and the amine 9 was effected by DPPA*4 to afford peptide 10 in 86% yield. The final deprotection of the 

AOC group was not straightforward. Treatment of bis(AOC) derivative 10 with palladium black, formic acid, 
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and n-butylamine generated free diamine which immediately formed a ninhydrin-negative product, probably N- 

formy derivative, under the reaction condition. This problematic formylation was found to be suppressed by the 

copper chelate formation. Thus, the copper-chelated ester was purified by Sephadex LH-20 followed by CM- 

Sephadex C-25 and the cupric ion was removed with EDTA. The resulting copper-free material was purified by 

Amberlite XAD-2 to give methyl ester 11 in 74% yield. Deamido-PYML-6l5 was obtained in 80% yield by 

alkaline hydrolysis. 

Table 1 shows the ESR parameters for the Fe(II1) complexes of BLM, deamido-BLM, and 

deamido-PYML-6. BLM showed a transient and a stable Fe(lII) complex species in the course of 

oxygen activation.4 At pH 6.2, deamido-BLM-Fe(II1) complex exhibited a signal assigned to high- 

spin ferric ion and carboxy-coordinated structure (Figure 1B) has been proposed.4 On the other 

hand, at pH 9.6, deamido-BLM-Fe(II1) showed a signal characteristic of rhombic low-spin Fe(II1) 

close to the stable BLM-Fe(II1) complex.4 Interestingly, deamido-PYML-6 successfully reproduced 

the pH-dependent duality in the iron complex formation of deamido-BLM. Whereas the 

catalytically inactive high-spin species (g = 4.4) was observed at pH 7.4, a stable low-spin species 

of deamido-PYML-6 was detected (gt = 2.360, gz = 2.183, ga = 1.920) at pH 9.8. 

Table 1. ESR parameters for Fe(II1) complexes of bleomycin, deamido-bleomycin, and 

deamido-PYML-6. 

Transient Fe(N) complex Stable Fe(N) complex 

Ligand gl g2 g3 g1 g2 g3 

BLM4 

cleamido-BLM (pH 6.2)4 

deamido-BLM (pH 9.6)4 

ckamido-PYML-6 (pH 7.4) 

deamido-PYML-6 (pH 9.8) 

2.254 2.171 1.937 2.431 2.185 1.893 

g = 4.4 

2.472 2.181 1.874 - 

g = 4.4 

2.183 - 2.360 1.920 

Scheme 3. A possible explanation for the pH-dependence in complex formation based on equilibrium 

between hypothetical amino- and carboxy-complexes. 

CO2H 
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In the ESR spin trapping experiments, pH-dependence in oxygen activation was again observed for 

deamido-PYML-6. Whereas the effkiency of oxygen activation of deamido-PYML-6 was 38% of that of BLM at 

neutral pH region, the oxygen-activating efficiency of deamido-PYML-6 increased up to 90% of that of BLM at 

alkaline PI-I. Among the donor atoms contained in deamido-PYML-6, the primary amino and the carboxyl groups 

seem to be most susceptible to the change of pH of the solution. The pH-dependent duality of the oxygen 

activation can be explained by assuming the equilibrium between hypothetical amino- and carboxy-complexes 

(Scheme 3). Thus, low oxygen activation of deamido-PYML-6 at neutral pH is presumably due to the high 

population of inert carboxylate-coordinated species. Enhanced oxygen activation at alkaline pH is probably the 

result of the predominance of the amino-coordination. 

Next, we examined enzymatic hydrolysis of our synthetic model PYML-6. PYML-6 was incubated with 

mouse liver extract (SPF mouse, BALB/C, female) at 37’C for 2 hours. HPLC analysis of the reaction mixture 

revealed exclusive formation of a substance which was identical to the synthetic specimen of deamido-PYML-6.16 

This unambiguously showed that the carbamoyl group of the &aminoalaninamide moiety was hydrolyzed with the 

mouse liver extract. As this hydrolysis of PYML-6 with the liver extract was found to be inhibited by leupeptin, a 

specific inhibitor of BLM hydrolase, I7 there is no doubt that the hydrolysis was indeed caused by BLM hydrolase 

present in the mouse liver extract. The same liver extract was shown to hydrolyze BLM to afford a single 

product. Dose dependence was observed in both cases (Figure 3). Thus, we found PYML-6, devoid of the 

acetamide group contained in the py-rimidine side chain of BLM,t* to be a good substrate of BLM hydrolase. 

Mouse liver extract 
w 

pH 6.8.37 “C 

PYML-6 ’ deamido-PYML-6 ’ 

(A) (B) 

- PYML-6 
- deamldo-PYML-6 

-BLM 
- daam~do_MM 

Figure 3. Dose dependent hydrolysis of PYML-6 (A) and bleomycin (B) with mouse liver extract. 
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We demonstrated that deamido-PYML-6 is a model relevant to deamido-BLM and obtained a supporting 

evidence for the molecular mechanism of inactivation of BLM, i. e., the 8-aminoalaninamide moiety of BLM is 

hydrolyzed by BLM hydrolase and the resulting carboxylic acid is inferior to BLM in oxygen activation under 

physiological condition. It can be said that the antibiotic possesses a switch-off device in the p-aminoalaninamide 

moiety depending on the abundance of BLM hydrolase in each tissue. The present results provide a basis for 

rational design of tissue-specific BLM analogues. 
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