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Part One of this dissertation provides a brief introduction to the enediynes
as well as a more detailed look at the biology, chemistry and synthetic approaches
toward kedarcidin, maduropeptin and C-1027.

Next, Part Two discusses the strategy and results toward the synthesis of
the core of kedarcidin, maduropeptin and C-1027 are discussed. The strategy for
the construction of the core enediyne ring system involves the use of n2-
Coz(CO)g-complexed acetylenes which facilitates formation of the strained

[7.3.0] bicyclic ring system while preventing Bergman cyclization. The results



discussed include the use of a Castro-Stephens coupling to form the enediyne
fuction and a boron-mediated aldol reaction to construct the [7.3.0] bicyclic
enediyne core. Also, an array of transformations are investigated for the
completion of the synthesis.

Then, Part Three details the relevant experiments performed and physical
data collected during core of this research are provided.

Part Four discusses the background of eleutherobin including the biology,
chemistry and synthetic approaches toward related compounds.

Next, Part Five discusses the research conducted toward the total synthesis
of eleutherobin is detailed. A strategy is discussed for the construction for two
fragments: the western portion utilizing a Mukaiyama aldol reaction and a
hydroboration and the eastern fragment using Sharpless methodology. Next,
connection of the two fragments using a Julia coupling is detailed and a variety of
cyclization strategies are investigated. Finally, modification of the approach for
the construction of eleutherobin is discussed involving a Suzuki coupling, an
unusual epoxidation / rearrangement, and a sulfone / lactone cyclization strategy.

Finally, Part Six details the relevant experiments performed and physical

data collected during core of this research are provided.
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Section 1:

The Chemistry and
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C-1027 and

Maduropeptin




1 Background of Neocarzinostatin, Kedarcidin, C-1027 and
Maduropeptin

1.1 Introduction

In 1985, Edo and co-workers elucidated the structure of neocarzinostatin
chromophore A (1a)! which was the first member of a the enediyne-based natural
products. Since then, several other members of this family have been isolated, as
shown in Figures 1 and 2, including calicheamicin Y1 (2).2 esperimicin A1 (3)°
dynemicin A (4),* kedarcidin (5),5 C-1027 (6),6 and maduropeptin (7).7
Compound 1a and its aglycon 1b as well as compounds S, 6 and 7 contain the
common [7.3.0] bicyclic core ring system,® while enediynes 2, 3 and 4 possess the
related [7.3.1] bicyclic core ring system. Since all members of the enediyne
family of natural products have been shown to exhibit potent cytotoxic activity
against a wide array of cancerous cells, significant synthetic and biological

interest has been generated, and this area has been extensively reviewed.?
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Figure 1:  Enediynes Neocarzinostatin Chromophore A (1a), Neocarzinostatin

Aglycon (1b), Calicheamicin 1 (2), Esperimicin A (3) and
Dynemicin A (4)



Figure2:  Enediynes Kedarcidin (5), C-1027 (6) and Maduropeptin (7)

A mode of action has been proposed for all enediynes (with the notable
exception of neocarzinostatin 1a and 1b)10 which is illustrated in Scheme 1. This
mode of action involves the formation of a 1,4-diradical species 9 via a Bergman
cyclization!! of enediyne 8 (or 10). It is this diradical intermediate which is
believed to be the active species responsible for the death of the cell by DNA
cleavage.!2 From this point forward, this dissertation will focus on compounds §,

6 and 7.
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Scheme 1: Proposed Mechanism for Bergman Cyclization

1.2 Isolation and Biological Activity of Kedarcidin, C-1027 and Maduropeptin

Kedarcidin (§) was isolated from the fermentation broth of a novel
actinomycete strain (L585-6, ATCC 53650)13 and has shown excellent in vitro
and in vivo cytotoxic activity.l4 The proposed mode of action, shown below with
the enediyne core structure 12 (Scheme 2), was deduced by a combination of
methods including sodium borohydride and sodium borodeuteride experiments.
Also, the addition of nucleophiles, such as B-mercaptoethanol or dithiothreitol,
has been shown to accelerate the cycloaromatization process.

Interestingly, Leet and co-workers have calculated that the end to end
enediyne distancel5 (C-2 to C-7) does not change significantly upon opening of
the C-8.9 epoxide (2.849 A in 12 versus 2.824 A in 13). They went on to propose

that the opening of the epoxide reduces the strain energy in the transition state



leading to cycloaromatization,4 which is in agreement with the proposal put forth

for all enediyne cycloaromatization processes by Magnus and co-workers.16

OR3

Scheme 2: Proposed Mode of Action for §

C-1027 (6) was isolated from the filtration broth of Streptomyces
globisporus C-1027'7 and has shown excellent in vitro and in vivo cytotoxic
activity.1# Once separated from the protein, C-1027 (6) was found to slowly
cycloaromatize at room temperature, and it is believed that the protein stabilizes
the enediyne preventing cycloaromatization (Scheme 3). Unlike 5, enediyne 6
requires no trigger for Bergman cyclization to occur, such as the addition of a
nucleophile to the C-12 position as seen in compound 5. This reactivity hindered

initial efforts to elucidate the structure of 6.19
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Scheme 3: Proposed Mode of Action for 6

Maduropeptin (7) was isolated from the filtration broth of Actinomedura
madurae and has shown excellent in vitro and in vivo cytotoxic activity§ The
proposed mode of action involves an initial ring contraction of the amide 19 to
form the aziridine intermediate 20 which undergoes Bergman cyclization to give

the diradical 21 (Scheme 4).

Scheme 4: Proposed Mode of Action for 7



1.3 Previous Synthetic Approaches Toward Kedarcidin, C-1027 and
Maduropeptin

Since most synthetic efforts concerning the [7.3.0] bicyclic members of
the enediyne family have focused on the neocarzinostatin aglycon (1b)20 and has
resulted in a total synthesis by Myers and co-workers;2! relatively little work has
been published concerning the other three enediynes (5, 6, and 7) that possess the
same [7.3.0] bicyclic ring system. One exception is Hirama and co-workers'
efforts to construct of the [7.3.0] core enediyne ring system. Their strategy
involved the formation of the key 9-membered ring at the C-7,8 position via an
acetylide addition to an aldehyde shown below (Scheme 5).22 This strategy was

also used by Myers and co-workers in their synthesis of the aglycon 1b.23
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28a 28b
ds 1:1
i) EtMgBr, THF, -78°C to 25°C, 79%; ii) [O], THF, 82%; iii) PCC, 3 A molecular sieves,
CH2Clp; iv) Darvon alcohol, LiAlHy, Et70, -30°C; v) TBAF, THF; vi) TBSOTT, 2,6-lutidine,
CHCly; vii) DIBAL-H, CH,Cly, -60°C; viii) Dess-Martin periodinane, CH,Cly, 27a (54% from
25a) or 27b (38% from 25b); ix) LHMDS, CeCh, THF, -40°C to 25°C, 28a (78%) or 28b (39%).

Scheme 5:  Synthesis of the Cyclic Enediynes 28a and 28b






