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Abstract: Select C(7) ethylenediamine-substituted mitomycins were prepared, and their reactivity
toward nonreductive, nucleophilic aziridine ring opening transformations assessed.
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Mitomycin C (1) is the most notable of a series of pharmacologically active compounds known as the
mitomycins.! It is the prototype of a major class of antitumor antibiotics, termed bioreductive alkylating agents.
Mitomycin C has found wide use in combination with other chemotherapeutic agents in the management of
advanced breast cancer and, to a lesser extent, advanced cervical and ovarian cancers.! Despite the therapeutic
value of 1, adverse toxicity prohibits its prolonged use. This has led to an intense effort to develop
semisynthetic variants with improved efficacy and decreased toxicity.!>:2 Two compounds have emerged from
these studies, BMY-250673 (2) and KW-24194 (3). Both are currently undergoing clinical trials.
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The mode of action of 2 and 3 is the subject of current debate.5 It is known that both compounds cross-
link DNA. A mechanism has been proposed for 2 and 3 (Scheme 1).5 Key aspects include thiol (e.g.,
glutathione)-initiated disulfide exchange to give 4,0 generation of cyclic intermediate 57 and the formal
intramolecular transfer of electrons from the disulfide group to the quinone moiety to produce 7. Generating 7 is
expected to permit activation of the C(1) and C(10) mitomycin alkylation sites.
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Scheme 1. Proposed Mechanism of Tomasz and Coworkers for 2 and 3’

In this paper, we report on the structure and chemistry of the related C(7)-substituted ethylenediamine
mitomycins 8,82 9,82 and 10. Our findings require that we consider a novel ionic, nonreductive activation
pathway for these mitomycins, as well as for 2 and 3.
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The pioneering SAR studies of Remers and associates demonstrated that excellent in vivo antitumor
activities were observed for specifically substituted C(7) ethylenediamine derivatives of mitomycin C.8 Two
compounds reported were § and 9.83 We have prepared both compounds.® The spectroscopic properties (IR,
UV, IH NMR, COSY !3C NMR, high-resolution MS) for 9 were consistent with the proposed structure, but
they were not for 8. In the infrared spectrum of 8, we observed a prominent absorption at 1694 cm!, and in the
13C NMR spectrum, we detected a single carbony! resonance at 179.2 ppm and an unique signal at 154.0 ppm.
The high-resolution mass spectrum displayed a peak at 360.167 22, consistent with the formula for 8 ((M+1]*)
minus water. These findings were compatible with cyclic imine 10. Confirmation of this reassigned structure
was obtained from the DQF-COSY, HMQC, HMBC, and 15N NMR experiments. In particular, the DQF-
COSY spectrum showed a 'H-1H interaction between the C(7) N-H proton and the upfield C,H; multiplet
(8 3.03), and the HMBC experiment exhibited a three-bond connectivity between the downfield CyHy multiplet
(83.67, 3.83) and the C(8) imine carbon signal (154.0 ppm).!® Synthesis of 10 with 15N-enriched ethylene-
diamine led to the detection of two signals at 83.6 and 320.2 ppm in the proton-decoupled 15N NMR spectrum.
These resonances are consistent with the proposed C(7) amide and C(8) imine functionalities, respectively, for
10,11 and were further supported by the proton-coupled!? and HMQC SN NMR spectra.

The spectroscopic studies for 10 demonstrated that an appended C(7) ethylenediamine mitomycin residue
can react at the C(8) carbonyl site. Formation of 10 diminishes the delocalization of the indoline N(4) electrons
with the adjacent o, B, Y, 5-unsaturated system. This process may permit the N(4)-assisted expulsion of the
C(9a) methoxy group to produce 12 and the subsequent activation of the C(1) (and C(10)) bonding sites by an
indole-assisted pathway (Scheme 2).
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Scheme 2. Proposed Nonreductive, Ionic Pathway for Activation of 10

This possibility was tested by monitoring the reactivities of 9 and 10 in buffered methanolic solutions
(Tris*HCI, "pH" 7.4, 25 °C). No reaction was observed for 9 for 10 days (HPLC analyses), while compound
10 reacted (ty/3 = 40 h) to give the C(1) substituted mitosenes 14 and 15.!3

N CHOC(O)NH,

14 R'=0CH; R?=H
15 R'=H, R? = OCHj4
These investigations demonstrated that mitomycin 10 underwent facile ring activation and nucleophilic
reaction at C(1) through a nonreductive, ionic pathway. Of particular importance was the absence of C(1)
electrophilic adducts in the product profile. We have shown that at near neutral pH values reductively activated
mitomycin C undergoes preferential C(1) electrophilic substitution,!4 thereby minimizing its therapeutic value.
The facility of the C(7) ethylenediamine-assisted mitomycin activation process suggests that a similar ionic
pathway may be operative for 2 and 3. Generating 4 may lead to hemithioketal 16 and activation of the C(1) and
C(10) DNA alkylation sites in these agents. Studies are underway to further document the mechanism of these
C(7) ethylenediaminemitomycin transformations and to determine whether a similar route exists for disulfides 2
and 3.
Acknowledgment. We thank Drs. A.M. Casazza and W. Rose, Bristol-Myers Squibb Co., Princeton,
NJ and Dr. M. Kasai, Kyowa Hakko Kogyo Pharmaceutical Research Laboratory, Osaka, Japan, for
compounds used in this study. We express our appreciation to Drs. X. Gao and D. Li (University of Houston)
for discussions and help in conducting the 15N NMR experiments. This investigation was supported by NIH
Grant CA29756 and the Robert A. Welch Foundation Grant E607.

REFERENCES AND NOTES

1. (a) Carter, S. K.; Crooke, S. T. Mitomycin C. Current Status and New Developments;, Academic Press:
New York, 1979. (b) Remers, W. A_; Dorr, R. T. Alkaloids; Chemical and Biological Perspective, Vol.
6; Pelletter, S. W. Ed.; Wiley and Sons: New York, 1988; pp. 1-74. (c) Tomasz, M. In Topics in
Molecular and Structural Biology: Molecular Aspects of Anticancer Drug-DNA Interactions, Vol. 2,
Neidle, S.; Waring, M. Eds.; Macmillan: New York, 1994; pp. 312-347.



2340

O\

10.

1.

14.

(a) Remers, W. A. The Chemistry of Antitumor Antibiotics, Vol. 1; Wiley and Sons: New York, 1979;
pp. 221-276. (b) Bradner, W. T.; Remers, W. A.; Vyas, D. M. Anticancer Res. 1989, 9, 1095-1100.
Vyas, D. M.; Chiang, Y.; Benigni, D.; Rose, W. C.; Bradner, W. T. In Recent Advances in Chemo-
therapy. Anticancer Section; Tshigami, J. Ed.; University of Tokyo Press: Tokyo, 1985; pp. 485-486.
(a) Kono, M.; Saitoh, Y.; Kasai, M.; Sato, A.; Shirahata, K.; Morimoto, M.; Ashizawa, T. Chem.
Pharm. Bull. 1989, 37, 1128-1130. (b) Dirix, L.; Catimel, G.; Koier, L.; Prove, A.; Schrijvers, D.;
Joossens, E.; De Bruijn, E.; Ardiet, C.; Evene, E.; Dumortier, A.; Clavel, M.; Van Oosterom, A. Anti-
Cancer Drugs, 1995, 6, 53-63.

He, Q.-Y.; Maruenda, H.; Tomasz, M. J. Am. Chem. Soc. 1994, 116, 9349-9350.

Lee, J.-H.; Naito, M.; Tsuruo, T. Cancer Res. 1994, 54, 2398-2403.

Although the intramolecular addition in Scheme 1 was depicted to proceed at C(6), other sites (C(8), C(7))
were not excluded.’

(a) Iyengar, B. S.; Sami, S. M.; Remers, W. A.; Bradner, W. T.; Schurig, J. E. J. Med. Chem. 1983,
26, 16-20. (b) Iyengar, B. S.; Sami, S. M.; Tarnow, S. E.; Remers, W. A_; Bradner, W. T.; Schurig, J.
E. J. Med. Chem. 1983, 26, 1453-1457. (c) Sami, S. M.; Iyengar, B. S.; Tarnow, S. E.; Remers, W.
A.; Bradner, W. T.; Schurig, J. E. J. Med. Chem. 1984, 27, 701-708.

Compound 10: HPLC rg 14.8 min; IR (KBr) 3408, 3288, 1694, 1608, 1567, 1537, 1418, 1324,

1058 cm!; UV (MeOH) Amax 225, 258 (sh), 365 nm; IH NMR (300 MHz, pyridine-ds) & 1.89-1.94
(m, 1 H, C(1)NH), 1.94 (s, 3 H, C(6)CH3), 2.71 (t, 1 H, J = 4.5 Hz, C(2)H), 2.95-3.15 (m, 2 H,
C(a)Hy), 3.19 (dd, 1 H, J =4.5, 8.1 Hz, C(1)H), 3.28 (s, 3 H, C(92)OCH3), 3.62 (d, 1 H, J =
12.5 Hz, C(3)Hy), 3.61-3.75 (m, 1 H, C(b)HH"), 3.76-3.90 (m, C(b)HH"), 4.10 (dd, J =4.2, 10.8
Hz, C(9H), 4.46 (d, /= 12.5 Hz, C(3)HB), 5.29 (t, J = 10.8 Hz, C(10)HH"), 5.62 (dd, J = 4.2,
10.8 Hz, C(10)HH", 7.39 (s, C(7)NH); 13C NMR (75.5 MHz, pyridine-ds) 8.4, 33.8, 38.2, 38.6,
46.8, 48.5, 49.6, 51.8, 63.9, 106.0, 107.0, 116.1, 141.4, 148.8, 154.0, 158.8, 179.2 ppm; MS (+Cl)
m/e (rel intensity) 360 [M+11+; My (+Cl) 360.167 22 (M+1)* (caled for C17H22N504, 360.167 18).

For related 13C NMR spectral data, see: Swenton, J. S.; Shih, C.; Chen, C.-P.; Chou, C.-T. J. Org.
Chem. 1990, 55, 2019-2026.

(a) Schwotzer, W.; von Philipsborn, W. Helv. Chim. Acta 1977, 60, 1501-1509. (b) Westerman, P.
W.; Botto, R. E.; Roberts, . D. J. Org. Chem. 1978, 43, 2590-2596. (c) Duthaler, R. D.; Roberts, I.
D. J. Am. Chem. Soc. 1978, 100, 3889-3895. (d) Lichter, R. L.; Roberts, J. D. J. Am. Chem. Soc.
1972, 94, 2495-2500.

(a) Drakenberg, T.; Forsén, S. J. Phys. Chem. 1970, 74, 1-7. (b) Rahkamaa, E. Mol. Phys. 1970,
19, 727-731. (c) Paolillo, L.; Becker, E. D. J. Magn. Res. 1970, 3, 200-203.

Compound 14: HPLC g 21.6 min; IR (KBr) 3434, 2929, 1719, 1620, 1588, 1560, 1384, 1339, 1090
cm-l; UV (MeOH) Amax 258, 313, 322, 483 nm; lH NMR (300 MHz, pyridine-ds) 8 2.14 (s, 3 H,
C(6)CH3), 3.21 (dd, 2 H, J = 4.2, 6.6 Hz, C(a)H»), 3.55 (s, 3 H, C(1)OCH3), 3.89-4.05 (m, 4 H,
C(2)H, C(b)Ha, C(3)Hp), 4.72 (d, J = 5.1 Hz, C(1)H), 4.85 (dd, J = 7.1, 11.3 Hz, C(3)Hg), 5.89
(1/2ABq, 1 H, J=12.9 Hz, C(10)HH"), 6.05 (1/2ABq, 1 H, J = 12.9 Hz, C1OHH", 7.24 (s, 1 H,
C(7)NH), 7.68 (s, 2 H, C(10)OC(O)NH3); 13C NMR (75.5 MHz, pyridine-ds) 8.1, 38.1, 48.6, 52.7,
56.6, 59.7, 60.1, 75.9, 106.2, 113.8, 126.7, 139.1, 141.2, 149.2, 153.9, 158.4, 176.8 ppm; MS (+CI)
m/e (rel intensity) 360 [M+1]+; M; (+Cl) 360.169 11 (M+1)* (caled for C17H22N504), 360.167 18).
Compound 15: HPLC fg 21.0 min; IR (KBr) 3434, 2930, 1706, 1634, 1565, 1384, 1340, 1081 cml;
UV (MeOH) Amax 258, 313, 322, 483 nm; IH NMR (300 MHz, pyridine-ds) 8 2.11 (s, 3 H,
C(6)CH3), 3.18-3.23 (m, 2 H, C(a)Hyp), 3.53 (s, 3 H, C(1)OCH3), 3.93 (t, 2 H, /= 6.3 Hz,
C(b)H3), 4.19 (dd, 1 H, J = 1.2, 5.3 Hz, C(2)H), 4.40 (dd, J=1.2, 12.5 Hz, C(3)Hp), 4.69 (dd,

1 H, J=5.3, 12.5 Hz, C(3)Hg), 4.90 (s, 1 H, C(1)H), 5.93 (1/2ABq, J = 12.8 Hz, C(10)HH"),
6.00 (1/2ABq, J = 12.8 Hz, C(10)HH"), 7.14 (s, 1 H, C(7)NH); 13C NMR (75.5 MHz, pyridine-ds)
8.1, 38.0, 48.5, 55.1, 56.4, 59.8, 61.9, 83.7, 106.0, 113.8, 126.2, 139.0, 141.2, 150.0, 153.8, 158.5,
176.7 ppm; MS (+C1) m/e (rel intensity) 360 [M+1]*; M; (+Cl) 360.167 26 (M+1)* (calcd for
C17H22N504, 360.167 18).

Schiltz, P.; Kohn, H. J. Am. Chem. Soc. 1993, 115, 10510-10518.

(Received in USA 3 January 1996; accepted 31 January 1996)



