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BIOREDUCTIVE ALKYLATION AS A TRIGGER FOR TOXIC EFFECTS OF DYNEMICIN
M. F. Semmelhack,* J. Gallagher, and D. Cohen
Department of Chemistry, Princeton University, Princeton, NJ 08544

Summary. The endiyne derivative, dynemicin, is postulated to undergo bioreductive cis ring opening of a
benzylic epoxide and activate the endiyne unit for Bergman rearrangement to an arene-1,4-diyl.

The endiyne class of antibiotics continues to grow with the addition of dynemicin (1)1 to the list which
includes calicheamicin (2), the closely related esperamicin, and neocarzinostatin.2 For 2 (and esperamicin),
the toxicity is attributed to remarkable activation steps: (a) association with DNA, (b) reductive cleavage of the
trisulfide, (c) intramolecular addition of thiol, (d) thermal cyclization of the endiyne moiety to an
arene-1,4-diradical, and (d) H-atom abstraction from the DNA causing strand breaking. Steps (b) and (c)
constitute a "trigger" which changes the structure in a way to facilitate rearrangement to the high energy
diradical.2 It is proposed that the endyne must be poised with the proper distance (da,b in 1b and 2) between
the alkyne terminii: >3.3-3.4 A provides a barrier which prohibits fast rearrangement at 370C while a distance
of <3.1-3.2 A makes endiynes of this type impossible to isolate at room temperature.3 The change predicted to
be responsible for activation of 2 is calculated to be from 3.35 Ato 3.16 A.3

Dynemicin (1) is an anti-tumor and antibacterial agent.! While there is no evidence nor speculation
reported for the mechanism of action of (1), the obvious structural similarity (1b) with calicheamicin (2) prompts
consideration of a parallel mechanism of toxic effects. The key structural change in 2 is the geometry change
(sp2 to sp3) at the carbon with a heavy dot. Ring opening of the epoxide in 1 might provide a similar change
although due to structural restraints, the opening must be cis. A well established mechanism for activation of
quinone derivatives as alkylating agents is "bio-reduction” and elimination of a benyzlic heteroatom to give an
ortho-quinomethide.4 Applied to dynemicin, the reduction (step a in Scheme 1) would lead to an anthracene
(3) which can favor epoxide ring opening (step b} to the ortho-quinomethide, 4. Then addition (cis) by a
nucleophile (e.g., an amino groupd) regenerates an anthracene as in 5. If the change in geometry is sufficient,
endiyne rearrangement to the diradical 6 would be fast, and the arene 7 would result after H-atom abstraction.

We have carried out molecular mechanics caiculations® on 1 and hypothetical species 3, 4, 5, and 7. The
parameter of interest is the distance between the aikyne terminii (da b, shown with each structure). While 1
and the early intermediates 3 and 4 show bond distances above 3.35 A, amine addition (to give 5a) shortens
the distance to 3.12 A. A similar shortening is observed if the nucleophile is H- (5b).

Simpler models (Scheme 2) focus on epoxide ring opening as a geometry perturbation responsible for
triggering endiyne rearrangement. The sequence 8-9-10 again shows the relevant geometry changes,
ignoring heteroatoms other than the epoxide oxygen. Bioreductive alkylation also provides a direct route to cis
opening of the epoxide. Comparison of 10 and 11 shows that irans opening of the epoxide would increase
slightly da . The conversion 12-13 suggests that saturation of a double bond (C1-C») provides a geometry
change comparable to ring opening of the epoxide. Comparison of the conversion 14-15 with 8-10 suggests
that the central ring hexahydrophenanthrene unit (and, by implication, the piperidine ring in 1) is not crucial to
the geometry change. The ring opening of 14 (through an implied o-quinomethide and addition of H-) gives a
slightly greater change in dg |, compared to 8 and 1. The special triggering mechanism for dynemicin (1) and
the simple models suggest a group of new DNA cleaving agents with an electron transfer reductive initiation.?

1521



1522

Scheme 1. Relationship of dynemicin 1o calicheamicin; proposed intermediates in the reductive triggering and endyne re-
arrangement. The numbers in parenthesis are the calculated distances for the terminii of the endyne portions, in Angstroms.
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Scheme 2. Models Based on Dynemicin
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