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The stereoselectivity in the acid hydrolysis mechanism of mitomycins was studied. The 

predominance of the  1,2-cis-mitosene degradation products occurring at low pH was ascribed to the 

directing force exterted on the incoming nucleophile by the protonated 2-amino function of an 

intermediate in the process as well as to steric hindrance due to the orientation of the C9 urethane 

substituent in one of the degradation steps preceding the formation of the intermediate. The 

differences in electron density in the intermediate chromophore and the resulting differences in pKa 

value of the amino function involved are discussed. 
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Mitomycins are a group of potent antitumor antibiotics, acting by covalent binding and 
cross-linking of deoxyribonucleic acid  (DNA).1,2) The compounds have the general structure 

given in Fig. 1  (434) Activation of mitomycins in vivo may occur either after  reduction5,6) or 
under acidic  conditions.7-9) Under such conditions the compounds are converted into  2-
amino- 1-hydroxymitosenes (II, Fig. 1). During this conversion active intermediates exist that 
are responsible for the alkylating process. Both activation pathways show much similarity, 
only differing in the oxidation level of the reactive intermediate species. The in vitro 
degradation of the mitomycins has been studied  extensively10-26) and several mechanisms for 
this process have been  suggesed.11 -4,16,26) One of the interesting aspects of the process is the 

predominance of the  1,2-cis-2-amino-l-hydroxymitosene degradation products 22 -5) in 
contrast to the occurrence of 1,2-trans-orientated amino alcohols during acid catalyzed ring 
opening of simple  aziridines 27) as well as the pH dependence of the ratio between the cis and 
trans  isomers.16) The present study is focused on this aspect of the acid degradation of 
mitomycins.

Fig. 1. Structures of Mitomycins and Mitosene Degradation Products
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Experimental 

   Mitomycin A and mitomycin B were gifts from Dr. K. Shirahata, Kyowa Hakko Kogyo Chemical Co.,  Tokyo, 

 Japan; mitomycin C was supplied by Bristol Myers, Amstelveen, The Netherlands and porfiromycin was obtained 

from Cyanamid, Pearl River, New York, U.S.A. Degradation studies were carried out at 25 C in 0.001 

acetate/phosphate  buffers of various pH in the acid region, and the resulting mixtures were analyzed using high 

performance liquid chromatography (HPLC) procedures described  earlier.1920 These stability indicating procedures 
enable the assay of the parent compounds as well as each individual degradation product. Half-wave potentials were 

determined at 25 C and pH 7.4 according to previously described  procedures.10)

Results 

The degradation of mitomycins in acid solution under the experimental conditions yields 
only two products, cis- and  trans-2-amino-  1  -hydroxymitosene. The ratio between the 
concentrations of those two products is pH-dependent but, at a given pH, independent of the 
degradation stage. Figure 2 represents the pH dependences of the  cis/trans ratios for 
mitomycins A, B and C and porfiromycin. The latter two show identical behavior with an 
inflexion in the curve at pH 2.8, whereas mitomycins A and B show this inflexion at pH 1.5. 
Figure 2 also demonstrates that at pH 1 the ratio for mitomycin B is 6.0, that for mitomycin A 
is 3.5, and those for mitomycin C and porfiromycin are 4.5. At pH 6 all compounds show 
ratios between 1.5 and 1.1. As reported  earlier') the inflexion in the curve of mitomycin C 

(Fig. 2) agrees with the  pKa of an intermediate in the acid hydrolysis of the compound. 
Consequently, the  pKa values of the mitomycins A and B intermediates should be 1.5. The 
replacement of the 7-amino function by a methoxy group must account for this shift, since 
this replacement results in a different electron density in the chromophoric system. To 
establish these electron densities, half-wave potentials for the reduction of all mitosanes and 
mitosenes under investigation were determined (Table I). The results clearly indicate the 
decrease in electron density in mitomycins A and B and their mitosene degradation products 
in comparison to mitomycin C and porfiromycin and the corresponding mitosenes. Within the

TABLE I. Half-Wave Potentials for the Reduction 

 of Mitomycins and Their Degradation Products 

in 0.1  rvt Phosphate  Buffer pH 7.4 (25•Ž)

Fig. 2. pH Dependence of the Ratio between 

 the Mole Fractions of  1,2-cis and 1,2-trans 

 Mitosenes Originating from Mitomycin  A 

 (----), Mitomycin B  (---), and  Mitomy-

cin C and Porfiromycin (•\)
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two groups, however, the values are the same. This indicates the same  pKa value for the 
intermediates originating from mitomycin A and B but with a lower value than the also 
identical values for the intermediates originating from mitomycin C and porfiromycin. 

Discussion 

The pH dependence of the  cis/trans ratio of the mitosenes, resulting  from  mitomycin C 
degradation, was ascribed to the 2-amino function of an intermediate in the acid catalyzed 
degradation of the  compound,16) rather than to the  pKa of the parent compound. Further 
evidence for the validity of this hypothesis is provided by the lower value of the inflexion in the 

pH dependences of these ratios for mitomycins A and B, having similar  pKa  values') but 
expected to possess lower electron densities in the chromophores. The degradation mech-
anism for mitomycin A and B is now presented in Fig. 3. Since porfiromycin and mito-
mycin C show identical curves, the  pKa of the intermediate resulting from these com-

pounds must be the same. The half-wave potentials for both compounds are also iden-
tical, which is in agreement with the similar  pKa values for the intermediates resulting from 
both compounds. 

   The conclusion must be that the  N-  1  a methyl substituent has no significant influence on
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Fig. 3. Degradation Scheme of Mitomycin A  (1A) and Mitomycin B  (1B)
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the stereospecificity of the hydrolysis, i.e., the direction of the incoming nucleophile. The half-
wave potentials of mitomycins A and B and their mitosene degradation products are much 
higher, due to the stronger electron-withdrawing properties of the 7-methoxy group in 
contrast to the electron-donating nature of the 7-amino substituent. A lower electron density 
in the chromophore results in an increased reduction capability of the quinoid moiety. 
Furthermore, a lower electron density decreases the stability of the protonated form of the 
intermediate (5, Fig. 3), due to the resulting decrease in inductive compensation of the positive 
charge at C1. The half-wave potentials of the mitosene degradation products provide the best 
approach of the electron density in the intermediate 5 chromophore. Moreover, the 
replacement of the 7-amino function by a methoxy group diminishes the possibilities of 
mesomeric and tautomeric stabilization of the protonated intermediate 5. These two changes, 
due to the presence of the 7-methoxy function, explain the decrease in  pKa of 5 originating 
from mitomycins A and B, as well as the similarity of the  pKa values, because the influences of 
the other substituents can be considered negligible.

Figure 2 shows that the  cis/trans ratios for mitomycin C and porfiromycin degradation 

processes are identical at every pH. The identical  pKa of the intermediates and the identical 
stereochemistry of the parent compounds are the explanation for this phenomenon. However, 
in spite of the identical  pKa of the intermediates arising from mitomycins A and B, the 

 cisl  trans mitosene ratios for both compounds are significantly different, especially at low pH. 
 Thus; another influence, apart from the protonated 2-amino group in 5, must exist in directing 

the incoming nucleophile. This influence must be ascribed to the differences in structure of the 
two compounds. The presence of a hydroxy group at C9a in mitomycin B instead of the 
methoxy group in mitomycin A is unlikely to account for the difference between these ratios 
since the stereochemical orientation of the groups is identical and the cleavage of both groups 
is generally a very fast kinetic process. It is remarkable that the cis orientation of the C9 
urethane substituent with the 1,2-fused aziridine ring in mitomycin A parallels a lower ratio 
whereas the trans orientation  in ,mitomycin B is accompanied by a higher  cis/trans ratio of the 
diastereomeric degradation products. If the final orientation of the  C1 substituent were to 
occur solely in 5, the only directing force would be the protonated 2-amino function, since in 5 
the C9 substituent has a coplanar orientation. Consequently, in this case, mitomycin A and 
mitomycin B should yield the mitosene degradation products in identical ratios. The 
additional stereospecificity must therefore have its origin in an earlier stage. The  cisl  trans ratio 
after degradation of 1,2-aziridinomitosene (4, Fig. 3) was found by Cheng and  Remers22) to be 
3.2 at pH 1.30, while mitomycin B at this pH yields a ratio of  5.7.22) This is in accordance with 
our observations with mitomycin B (Fig. 2). These data suggest that steric hindrance may 
determine in part the orientation of the  C1 substituent. The fact that no 9-epimitomycin B (9a-
demethylmitomycin A) or 9-epi-9a-epimitomycin B and 9a-epimitomycin B are formed as 
degradation products of mitomycin A and mitomycin B, respectively, indicates that in this 
case also, the degradation steps preceding the formation of intermediate 4 (Fig. 3) are very 
fast. Consequently, the direction of the incoming nucleophile may in part be determined in 
one of these steps, resulting in the enhanced predominance of the cis stereospecificity at  C1 in 
mitomycin B. 

Thus, in addition to the principle driving force (the  proto.  nated 2-amino function in 
intermediate 4) trans orientation of the C9 urethane substituent with the 1,2-fused aziridine 
ring results in an increase in the  cisl  trans mitosene ratio on degradation of mitomycin B.
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