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  CHEMISTRY OF BLEOMYCIN. XVI 

         EPI-BLEOMYCIN 

Sir: 

 As previously reported1,2), migration of the 

carbamoyl group from the 3- to the 2-hydroxyl 

group of the mannose moiety of bleomycin occurs 

in aqueous alcoholic solution of copper-free 

bleomycin in the presence of a weak base such as 

triethylamine until an equilibrium is established. 

This carbamoyl-migration product has been 

called iso-bleomycin. Under the same reaction 

condition, copper-chelated bleomycin does not 

give iso-bleomycin1), but yields irreversibly 

another product designated epi-bleomycin. In 

this communication, the formation, isolation, 

chemical and biological properties and structure 

of epi-bleomycin are reported. 

  Preliminary experiments showed that epimeri-

zation proceeds slower than isomerization. In 

order to study the reaction process, liquid chro-

matography, as shown in Fig. 1, was used for the 

rapid quantitative determination of the reaction 

product. This analytical method is also useful 

for determination of the products derived by 

chemical and biological reactions in general, 

although minor modifications of the solvent 

system are necessary in some case. 

  To 1 ml of a 10% aqueous solution of copper-

chelated bleomycin B2 was added 2 ml of ethanol 

containing 2% triethylamine. The reaction 

mixture was divided into two fractions, which 

were kept at 25•Ž and 70•Ž, and analyzed inter-

mittently by liquid chromatography. At both 

temperatures, the reaction apparently proceeded 

with first order. Fifty percent conversion was 

achieved in about 120 hours at 25•Ž, and in about 

1.5 hour at 70'C. At 70•Ž in 6 hours, more than 

90% of bleomycin B2 was converted to copper-

chelated epi-bleomycin B2. Copper-chelated 

epi-bleomycin B2 was preparatively isolated by 

CM-Sephadex C-25 column chromatography us-

ing 0.15 M sodium acetate-acetic acid buffer at 

pH 4.5. Epi-bleomycin B2 was eluted faster than 

the intact bleomycin. Under these conditions 

iso-bleomycin is eluted later than bleomycin.') 

Other epi-bleomycins showed similar chromato-

graphic behavior. Thus, epi-bleomycins A2, B2, 

A2'-C, and B4 were isolated in the pure state. 

  12C-NMR studies of copper-free bleomycin and 

epi-bleomycin, which were obtained by treatment

of copper-chelated materials with hydrogen sul-

fide, showed that they have the same number of 

carbon atoms. The results of the N- and C-

terminal analyses suggested that no bond cleav-

age occurred during epimerization. 

  To test whether carbamoyl migration occurred 

during epimerization as in the case of iso-bleo-

mycin or not, copper-free epi-bleomycin was 

methanolized using Amberlyst 15 as an acid cata-

lyst, and the resulting methyl glycosides of the 

sugar components were analyzed by thin-layer 

chromatography after O-benzoylationl,2). The 

result indicated that gulose and 3-0-carbamoyl-

mannose exist in epi-bleomycin molecule, but 

2-O-carbamovlanannose does not. 

  Copper-chelated epi-bleomycin showed essen-

tially the same UV spectrum as copper-chelated 

bleomycin. The CD spectra were distinctly dif-

ferent (Fig. 2), which suggested conversion of an 

asymmetric carbon atom adjacent to a chromo-

phore. 

Fig. 1. Separation of bleomycin B_ and epi-bleo-

  mycin B2 by liquid chromatography 

  Sample: Reaction mixture (70•Ž, 1.5 

              hours) 33 pg (see text) 

  Instrument: Perkin-Elmer 1220 

  Column: LiChrosorb SI 60 (5 ƒÊ) 

  Dimensions: 150 •~ 2.6 mm (ID) 

  Mobile Phase: 10% AcONH4-H2O-MeOH-

             EtOH (5: 19: 60: 116) 

  Flow Rate: 0.5 ml/min 

  Temperature: 60•Ž 

  Pressure: 600 psi 

  Detector: UV (254 nm)

I. Sleomycin B2, 2. Epi-bleomycin B2
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 The amine components obtained by total acid 
hydrolysis of copper-free epi-bleomycin A2 were 

analyzed by cellulose thin-layer chromatography, 
cellulose electrophoresis and in an automatic 

amino acid analyzer. All amine components 

(I-VII) present in the total acid hydrolyzate of 
bleomycin A23) (Table 1) were found in the 
hydrolyzate of epi-bleomycin A2. The diastereo-

mers of components I, III4), and IV5) (Table 1) 

were not detected by automatic amino acid analy-
sis. This means that the asymmetric carbons of 

these three amine components kept their con-
figuration intact during epimerization. 
 As already reported component II (Table 1) 

is partially racemized during total acid hydroly-
sis'). The racemate of II can be easily resolved by
cellulose thin-layer chromatography us-

ing 1-propanol - pyridine - acetic acid-

water (15: 10:3: 12)6). The thin-layer 

chromatograms of the hydrolyzates of 

bleomycin and epi-bleomycin were 

analyzed by a double-wavelength UV 

densitometry7), as shown in Fig. 3. The 

Rf-values of the intact II (S-configura-

tion8), designated S-II) and its enanti-

omer (designated R-11) are 0.11 and 

0.20, respectively. As shown in Fig. 

3, in the hydrolyzate of bleomycin the 

peak of S-II is higher than that of R-

II, while in the case of epi-bleomycin 

the peak heights are reversed. The 

results indicate that the configuration 

of the methine carbon of the ƒÀ-lactam 

ring of epi-bleomycin is converted to 

R-configuration during epimerization. 

  A simple method for determination 

of R- or S-V (Table 1) has not been 

established. Therefore, V was isolat-

ed from the hydrolyzate of epi-bleo-

mycin A2 by ion-exchange column 

chromatography3). The optical rota-

tory dispersion spectrum indicated that it has 

S-configuration, although it was partially race-

mized during acid hydrolysis*. 

  From the above experimental results, it can be 

concluded that bleomycin and epi-bleomycin are 

different only in the configuration of the methine 

carbon of the ƒÀ-lactam ring. The reason why 

copper-chelated bleomycin is epimerized in basic

aqueous alcoholic solution while copper-tree 

bleomycin is isomerized under the same condi-
tions may be as follows. A nitrogen atom of the 

pyrimidine chromophore is one of the copper-
ligands of bleomycin, as verified by the UV 

spectrum. Complex formation causes the activa-

tion of the adjacent chiral methine, which is, 

therefore, easily epimerized with base. 

 We should add a further brief comment on the 

copper-ligands of the bleomycin molecule. One

Fig. 2. CD Spectra of copper-chelated epi-bleomycin 

 A2 and copper-chelated bleomycin A2

Table 1. Amine components of epi-bleomycin A2 and bleomycin 

      A2.

Amine component

Number 

of asym 
 metric 

 carbon

Stereochemistry

Epi-bleo-' Bleomycin 

lmycin A2 A2

* Partially racemized during acid hydrolysis

 Partial racemization was also observed with bleo-

 mycin A2.
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ligand is the nitrogen atom of the imidazole of 

IV, as can be deduced from the fact that the pKa 

value of 4.7 due to the imidazole of copper-free 

bleomycin (B2) disappears in the copper-complex 

and copper-free bleomycin gives positive PAULI 

reaction but copper-complex does not. Another 

ligand is the x-amino group of V. The reactivity 

of this amino function is markedly reduced by 

copper-chelate formation9) and the pKa value 

7.3 due to this amino group of the copper-free 

bleomycin disappears in the copper-complex. 

The other ligand would be the carbamoyl group, 

as suggested by lack of migration of this group in 

the copper-complex. 

 The antimicrobial activity of epi-bleomycins 

was compared with that of the intact bleomycins 

(Table 2). The antimicrobial activity against 

Mycobacterium 607 of epi-bleomycins was about 

10-20% that of the original ones. But the anti-

B. subtilis activity was much less than the anti-

Mycobacterium activity. Concentrations of epi-

bleomycin A2 and B2 required for fifty percent 

growth inhibition of HeLa cell (ID50) were 9.8 

and 8.8 ƒÊg/ml, while the ID50S of the normal 

compounds were 2.8 and 2.2 ƒÊg/ml, respectively. 
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Table 2. Antimicrobial activity of epi-bleomycins 

 and intact bleomycins.

Bleomycin 

epi-A2 (+Cu) 
A2 (+Cu) 

epi-B2 (+Cu) 
B2 (+Cu) 

epi-A2'-C(+Cu, 

A2'-C (+ Cu) 

epi-B4 (+Cu) 

B4 (+Cu)

Mycobacterium 
   607 

   93 u/mg* 

  910 

  584 
 2,720 

   69 

  847 

  675 

 6,350

    Bacillus 
    subtilis 

    3 u/mg* 
  910 

   15 

  1,460 

   trace 

   548 

   175 

 14,500

* Cup -assay method, bleomycin A2 (-Cu) free 

  base as the standard: 1,000 u/mg.



856 THE JOURNAL OF ANTIBIOTICS AUG. 1976

   mycin. V. Revised structure of an amine 

   component of bleomycin A2. J. Antibiotics 

   24: 795-796, 1971 

6) MURAOKA, Y.; T. TAKITA, K. MAEDA & H. UME-

   ZAWA: Chemistry of bleomycin. IV. The 

   structure of amine component II of bleomycin 

   A2. J. Antibiotics 23: 252-253, 1970 

7) HONKAWA, T.: Two-wavelength spectrophoto-

   metric determination of organic and inorganic 

   mercury in ultra micro amounts on thin layer 

   chromatography. I. Anal. Letters 7: 575-

  581, 1974 

8) NAKAMURA, H.; T. YOSHIOKA, T. TAKITA, H. 

   UMEZAWA, Y. MURAOKA & Y. IITAKA: Chemis-

   try of bleomycin. XV. Absolute configuration 

   of ƒÀ-amino-ƒÀ-(4-amino-6-carboxy-5-methyl-

   pyrimidin-2-yl)-prop ionic acid, an amine com-

   ponent of bleomycin. J. Antibiotics 29: 762-

   764, 1976 

9) TAKITA, T.; A. FUJ‡T‡T, T. FUKUOKA & H. UME-

    ZAWA: Chemical cleavage of bleomycin to 

   bleomycinic acid and synthesis of new bleo-

   mycins. J. Antibiotics 26: 252-254, 1973 

10) NAKAMURA, H.; T. TAKITA, H. UMEZAWA, Y. 

    MURAOKA & Y. IITAKA: Chemistry of bleo-

    mycin. XIII. The X-ray structure determination 

    of 4-amino-3-hydroxy-2-methyl-n-valeric acid, 

    an amine component of bleomycin. J. Anti-

   biotics 27: 352-355, 1974 

11) KOYAMA, G.; H. NAKAMURA, Y. MURAOKA, T. 

    TAKITA, K. MAEDA, H. UMEZAWA & Y. IITAKA: 

    The chemistry of bleomycin. X. The stereoche-

    mistry and crystal structure of ƒÀ-hydroxyhisti-

    dine, an amine component of bleomycin. J. 

    Antibiotics 26: 109-111, 1973


