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SYNTHESIS AND ANTITUMOR ACTIVITY OF A NOVEL WATER SOLUBLE MITOMYCIN
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Introducing the mercaptoethyl group at the 7-N position of mitomycin C 1 has led to the
isolation of 7-N,7'-N’-dithiodiethylenedimitomycin C 2. The compound 2 showed excellent
antitumor activity against sarcoma 180 (sc-ip) and leukemia P388 (ip-ip) in mice. As an extension
of this study, we synthesized mitomycin dimers with symmetrical disulfide and mitomycin
derivatives with unsymmetrical disulfide at the 7-N side chain. Among these compounds, the
water soluble conjugate 8 with ethyl y-L-glutamyl-L-cysteinylglycinate was far more effective
against sarcoma 180 and leukemia P388 than 1. During the subsequent stage of inquiry for the
potent congeners of 8, the compound 4 (water solubility : >500 mg/ml), designated as KW2149, with
the y-L-glutamylcystamino group at the 7th position was finally selected for further evaluation.
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Mitomycin C 1 is a valuable antitumor antibiotic because of its broad spectrum and strong activity, and is
widely used in clinical chemotherapy.2) The investigation of new analogs of the mitomycin family has been
active3) since 1 has strong side effects, e.g., myelosuppression. Concerning the mode of action, recent direct
evidence showed the cross-linking of the DNA double strand4) by the activated mitomycin caused by the reduction
of the quinone as a trigger reaction. The observation that the quinone of mitomycin was easily reduced by a thiol
with subsequent decomposition5) envisaged us the possibility of the intramolecular reductive activation of
mitomycin by an auxiliary at the 7-N position. Introducing the mercaptoethyl group at the 7-N position of 1 led to
the isolation of the novel mitomycin dimer 26) with symmetrical disulfide. As an extension of this study, we
synthesized various mitomycin derivatives with symmetrical and unsymmetrical disulfides,9) and found that the
conjugate 8 with a glutathione relative was far more effective than 1 against several rodent tumors. During the
subsequent stage of inquiry for the potent congeners of 8, 7-N-[2-[[2-(y-L -glutamylamino)ethyl]dithio]ethyl]-
mitomycin C 4 was finally selected for further evaluation. Here we describe the development of mitomycin
derivatives with disulfide at the 7-N side chain, and the synthesis and antitumor effects of 2, 3, and 4.

OCONH, 0 OCONH,

H,N 0CH, - S(CHg)NH _OCH,
HaC NH HoC NH
o o 2
1 (mitomycin C) 2
L-Glu
- Hiyse'y'oa o] OCONH, L-Giu
S(CH,),NH OCH, L NH(CH,),SS(CH,), NH

HaC NH HsC

3 Fig 1 4 (KW2149)

© 1989 Pharmaceutical Society of Japan

NII-Electronic Library Service



April 1989 1129

The reaction of mitomycin A 5 with cysteamine 6 resulted in 7-N, 7'-N'-dithiodiethylenedimitomycin C 2
(35%) and 7-N-[2-[(2-aminoethyl)dithiolethyllmitomycin C 7 (26%). Although compound 7 was unstable, directly
after the purification, 7 afforded 2 in a high yield when treated with 1 equivalent of 5. The amination of § by a half
equivalent of cystamine 8 also gave a high yield of 2. Thus the structures of 2 and 7 were unambiguously assigned
respectively to 1:2 and 1:1 condensation products of 8 with 5.12) According to time observations for this reaction13)
the mechanism of the formation of 2 and 7 was based on the premise that the oxidation of 6 by the quinone of §
caused the formation of 8 which was trapped by one or a couple of 5.

The compound 2 showed a wide range of effective dosage against sarcoma 180 and the myelosuppression
appeared to be reduced compared to 1. In addition, the increase in the life span of 2 against leukemia P388 was
superior to that of 1 (Table I).14) These results prompted us to derive similar derivatives with several mitomycin
skeletons and analogous dimers with propylene (CH2)3 to dodecamethylene (CH2) 12 instead of ethylene (CHg)g as
a spacer.15) Among these compounds, 2 showed the most effective activity. However the activity of 2 against
human mammary cancer xenograft MX-1 (sc-iv) was inferior to that of 1 (data not shown), and the low water
solubility (0.1 mg/ml) would be troublesome in practical usage.16)

At this point, attention was turned to the synthesis of mitomycin derivatives with unsymmetrical disulfide as
a means of circumventing these problems. In consideration of the solubility and the improvement of pharmaco-
dynamics, we synthesized various derivatives with unsymmetrical disulfide.15)
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Most of mitomycin derivatives with unsymmetrical disulfide at the 7-N side chain were derived by the use of
exchange reaction of disulfide under neutral condition from an intermediate 10,17 which was readily obtained
from 5 and 9.18) This exchange reaction proceeded more rapidly than reductive side reactions, such as
decomposition of mitomycin skeleton. The disproportionations of unsymmetrical disulfides developed rapidly for
such molecules that had a basic group at the 7-N side chain like 7 or the metal salt of carboxylic acid. Thus no
stable disulfide appeared with such groups. On the other hand, if the acidity of the side chain was high, the acid-
labile skeleton of mitomycin decomposed immediately. Considering these characteristics of mitomycin
derivatives with unsymmetrical disulfide, various compounds were synthesized. In these trials, acidic peptide
glutathione was changed to neutral ethyl yL-glutamyl-L-cysteinylglycinate,19) which formed a stable disulfide.
The conjugate 820) had enough water solubility (>160 mg/ml) for formulation owing to the contribution of a zwitter
ion structure. The compound 8 was more effective than 1 against sarcoma 180 and leukemia P388 (Table 1.). In
our next efforts to find more potent compounds than 8, the ethyl L-cysteinylglycinate moiety of 3 was substituted by
cysteamine to afford water soluble 4 (>500 mg/ml).21)

Of those mitomycins evaluated in the past, the compound 4 was one of the derivatives with the most effective
activity against sarcoma 180 and leukemia P388. During the next stage, those excellent compounds were tested
for various tumors and toxicity in detail.22) Finally, 4 was selected for further evaluation for reasons that
myelosuppression was decreased compared to 1 and the activity against various tumor lines was superior to 1
and other candidates. The compound 4 was designated as KW2149 and is under preclinical study.
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Table 1. Antitumor Activity of 2, 3, and 4
a): The value of tested compound/the value of mitomycin C.

5180 sc-ip P3g8 ipip O LDso/EDso-
LDy, ip EDgip CI® (WBCy /EDgy)? The LDg, values were determined in ddY mice (5 mice/group)

)
No mgkg  mgkg ILSmax® after 14 days of observation and were calculated by probit
analysis. Sarcoma 180 cells (5x108/mouse) were implanted
1 8.4 26-4.4 1 1 1 s.c. into ddY mice and P388 cells (1x10%mouse) were
- implanted i.p. into CD,F, mice (6 mice/group respectively),
2 18.8 63 156 296 2.50 and the drug was administered i.p. respectively on day 1. EDg,
values were doses which gave 50% inhibition of tumor growth
3 45.0 68 221 704 >1.95 on day 7. WBC 4, values were doses to give a WBC number
4 005 27 258 442 >2.30 of 4000/mm? on day 4. ILS % (Increased Life Span) values

were determined after 33 days observation.
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