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Abstract

Eudistomin U is a member of a subclass of naturally occurring indole alkaloids known as f3-
carbolines. These molecules are reported to have diverse biological activity and high binding
affinity to DNA, which make them attractive targets for total synthesis. We describe an efficient,
five-step synthesis of eudistomin U by employing two key reactions: a Bischler-Napieralski
cyclization and a Suzuki cross coupling. We also describe the cytotoxicity of eudistomin U against
various cancer cell lines and human pathogens, in which we observed potent antibacterial activity
against Gram-positive bacteria.
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B-Carbolines are indole alkaloids that exist as secondary metabolites in many living
organisms.! One particular family of B-carboline natural products, known as the
eudistomins, has been isolated from several species of marine ascidians.? The eudistomins
are structurally diverse and show wide-ranging biological properties, making them attractive
targets for synthetic chemists (Figure 1). For example, nearly a third of the eudistomin
alkaloids have antimicrobial activities.! Other eudistomins have been shown to exhibit
antiviral activities against herpes simplex virus-1 and polio vaccine type-1 virus.2¢:2d:3
Antitumor activity has also been observed for many family members in both mouse and
human cancer cells.20-244 Furthermore, a synthetic derivative of eudistomin K was found to
be incredibly potent (as low as 0.005 pg/mL) against L1210, Molt-4F, MT-4, and P-388
leukemic cells,> demonstrating that the eudistomins are privileged lead structures in drug
discovery.
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While structural variants of this class of natural products have been prepared and evaluated,
no such study has been undertaken for eudistomin U. This is striking since eudistomin U is
the only natural product in its class with an aromatic group at the 1-position of the 8-
carboline. Furthermore, only a brief mention of its biological activity has appeared in the
literature.224 Given these gaps, we wondered whether we could devise a synthesis of
eudistomin U that would enable a more comprehensive evaluation of its cytotoxicity while
also laying the foundation for the formation of derivatives. In this paper, we report a new
synthesis of eudistomin U that employs a late-stage Suzuki cross coupling to form the key
aryl-aryl C-C bond. Preliminary cytotoxicity measurements of eudistomin U against selected
bacteria, fungi, and human cancer cells are also reported.

Eudistomin U has succumbed to total synthesis five times (Figure 2) and was first reported
by Molina using an iminophosphorane intermediate to prepare the p-carboline ring.8 This
was followed shortly thereafter by Quéginer,” who prepared the natural product via
sequential metalations. More recently, Waters® reported an efficient IBX oxidation of a
Pictet-Spengler intermediate to generate eudistomin U while Witulski and coworkers® used a
novel Rh- or Ru-catalyzed [2+2+2] cyclization to generate the natural product. Finally,
Yamaguchi and Itami reported a novel oxidative C-H/C—H coupling in their total
synthesis.10 Given that none of these procedures allowed for investigation of the 1-position
of the B-carboline very late in the synthesis, we devised a synthetic strategy that would allow
us to modify this position rapidly from a common precursor. We thought that preparation of
a 1-halo-B-carboline would allow us to attach various groups to the 1-position using cross
coupling conditions. In our synthesis of eudistomin U reported herein, we modified the
approach of Bracher and Hilderbrand, who successfully employed this strategy in the
synthesis of naturally occurring 1-aryl-B-carbolines.!

We began our synthesis with commercially available starting material tryptamine (1), which
underwent a Bischler-Napieralskil2 cyclization to provide the lactam 3 (Scheme 1).11
Attempts to oxidize lactam 3 to the unsaturated pyridone 4 were unsuccessful using Pd/C or
Ce(NH4)»(NO3)g. DDQ oxidation, however, provided 4 in a crude yield of 94% and was
taken directly to the next step without further purification.13 We first attempted to convert
pyridone 4 into the aryl chloride or bromide, but found that the harsh reaction conditions
(refluxing POCl3 or POBr3) led to low yields of the corresponding product.14 Instead,
formation of triflate 5 proceeded smoothly in 76% yield using trifluoromethanesulfonic
anhydride under basic conditions.

Since intermediate 5 contains a reactive aryl triflate functionality, we chose to attach the
remaining indole ring to the B-carboline core via a Suzuki cross coupling reaction.1®
Following Bracher and Hildebrand’s conditions for the synthesis of komaroine and
perlolyrine, 1 we obtained an initial yield of 38%. Seeking to optimize this reaction yield,
we tested conditions that varied the solvent, palladium precatalyst, and exogenous base
(Table 1). Toluene or tetrahydrofuran in combination with absolute ethanol proved to be the
best reaction solvent (entry 1), with ethanol required for the solubility of 6. Several
palladium(0) and palladium(Il) complexes were tested under otherwise identical conditions
(entries 4-7), with the highest yields obtained using palladium(0) complexes. Using
tris(dibenzylideneacetone) dipalladium(0) as precatalyst, we also investigated the effect of
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base strength. We found that stronger bases reduced the reaction yield (entries 8 and 9), in
one case significantly. Replacing aqueous sodium carbonate with an organic base also
resulted in a slightly less efficient synthesis (entry 10). With the optimal Suzuki cross
coupling conditions in hand (entry 7, 73% yield), efficient removal of the benzenesulfonyl
group under basic conditions gave the natural product in an overall yield of 19% over five
steps (Scheme 1). To underscore the brevity of this sequence, we also prepared 9 (54%) and
10 (94%) via identical Suzuki cross coupling conditions, demonstrating the generality of this
scheme and the facility with which close analogs can be made.

With multimilligram quantities available, we expanded the cytotoxicity profile for
eudistomin U beyond the limited data currently published. The isolation chemists reported a
strong antibacterial response against Agrobacterium tumefaciens, but provided no
quantitative results or experimental procedures.2 In one other study, eudistomin U was
found to inhibit the growth of mouse P388 cells (38% inhibition) at 10 uM.* To further
evaluate its activity, we determined the cytotoxicity of eudistomin U in three classes of
organisms: bacteria, fungi, and human cancer cells (Table 2).

We tested the antibacterial activity of eudistomin U against five different bacteria. Using an
optical density based assay,16 percent survivorship was calculated as a function of
increasing concentration (ug/mL). Table 2 shows that the Gram-positive bacteria (S.
pyogenes, S. aureus, and M. smegmatis) were most susceptible to treatment with eudistomin
U (ICgq = 3.4-6.4 pug/mL), with 1Csq values roughly two-fold more potent than Gram-
negative bacteria. Surprisingly, no inhibition was observed for either fungal strain under
similar conditions. Cancer cell cytotoxicity, which was measured using an MTT cell
viability assay,1’ showed moderate activity across three different cell lines. The lowest 1Csq
was observed in C19 leukemia cells (15.6 pg/mL). Together, these results indicate that the
development of eudistomin U or its derivatives as antibacterial agents holds the most
promise. The underlying causes of this activity are currently under investigation.

In summary, we have developed a short, five-step synthesis of eudistomin U and have
provided a preliminary characterization of its biological activity. Eudistomin U shows no
antifungal activity but modest anticancer and strong antibacterial properties. Our approach is
unique since intermediate 5 contains functionality that can be replaced by other groups in
the final step of the sequence, thereby facilitating structure-activity investigations. Work in
this area is currently being explored.
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Figure 1.
Structures of several biologically active eudistomins
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Figure 2.
Previous synthetic strategies for the total synthesis of eudistomin U
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Scheme 1.
Synthesis of eudistomin U and analogs
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Table 1

Optimization of conditions for the Suzuki cross coupling reaction (5 7)

Entry  Conditions Yield (%)
1 5% Pd(PPhs)4, ag. Na,CO3, EtOH, toluene 38
2 5% Pd(PPhs),, ag. Na,COs, EtOH, THF 38
3 5% Pd(PPhg),, K,CO3 DMF 20
4 5% Pd(PPhg),Cl,, ag. Na,COj3, PPh; EtOH, toluene 52
5 5% Pd(OAC),, aq. Na,CO3, PPh; EtOH, toluene 7
6 5% Pd(dba),, ag. Na,CO3, PPhs EtOH, toluene 68
7 5% Pd,(dba)s, ag. Na,COg, PPh; EtOH, toluene 73
8 5% Pd,(dba)z, KOtBu, PPh;, EtOH, toluene 22
9 5% Pd,(dba)s, K,CO3, PPhs, EtOH, toluene 61
10 5% Pdy(dba)s, EtzN, PPhs, EtOH, toluene 69

aAII reactions were run under a N2 atmosphere at 80 °C for 1 h using 1.0 equivalents of triflate 5 and 1.4 equivalents of boronic acid 6.
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Table 2

Cytotoxicity of eudistomin U (8) in model organisms

Cell Type  Organism 1Cs (Hg/mL)a
Streptococcus pyogenes 3.4
Saphylococcus aureus 6.4

bacteria Mycobacterium smegmatis 3.6
Pseudomonas aeruginosa 27.7
Escherichia coli 12.3
Candida albicans >30
fungi
Saccharomyces cerevisiae >300
C19 leukemia 15.6
human cancer  CaOV3 ovarian 249
WM266-4 melanoma 275

Page 9

a - . . A . - .
Cytotoxicity (IC50) is the concentration of 8 that causes 50% growth inhibition relative to an untreated control; see supporting information.
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