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Introduction

(-)-Ambiguine P cyanobacterium

® [t was identified from the cultured cyanobacterium Fischerella
ambigua in 2010;

® [t possessed fused pentacyclic;

® Ambiguine congeners exert a broad spectrum of biological
activities, including antibacterial and antimycotic activity.

Orjala, J. et al. Phytochemistry 2010, 71, 2116.
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Introduction

Ambiguine N (3) Ambiguine P (4)

Baran, P. S. et al. Nature 2007, 446, 404.
Sarpong, R. et al. J. Am. Chem. Soc. 2019, 141, 2233.
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Total Synthesis of (+)-Ambiguine H

Ambiguine H (1)

Baran, P. S. et al. Nature 2007, 446, 404.
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Retrosynthetic Analysis of Ambiguine H
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Synthesis of Ambiguine H
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Coupling of Indoles with Carbonyl Compounds
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Baran, P. S. et al. 3. Am. Chem. Soc. 2004, 126, 7450.

9



Synthesis of Ambiguine H
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Possible Mechanism for the Tandem Sequence

t-BuOCl, then
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Ambiguine H (1)




Total Synthesis of (-)-Ambiguine P

Ambiguine P (4)

Sarpong, R. et al. J. Am. Chem. Soc. 2019, 141, 2233.
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Babler-Dauben Oxidative Transposition

HO R R 0

PCC or PDC
sz/\R:B v RZJ\/”\R3

PCC: Pyridinium Chlorochromate
PDC: Pyridinium Dichromate

Dauben, W. G. et al. J. Org. Chem. 1977, 42, 682.
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Nicholas Reaction
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Barton-McCombie Deoxygenation

Bu3SnH
R—OH —> R\ AIBN R—H

R = Alkyl R'=H, CHs, SCH3, OCHj3
Ph, Bn, Imidazolyl

\q(\NZrN\ ﬁ/ A > N2$+ 0%

/ \ homolytic
AIBN cleavage
7\
Bu3Sr/D—H .é —>» Bu3Sne + H%
BusSne
?é S/SnBU3 S/SnBu3

R )Q — R —> Re + )\
~o R' Sl R 0 R'

Ro/’H\—L§n8u3 —>» R—H + Bu3Sne

From Name Reactions
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Retrosynthetic Analysis

M

Ambiguine P (4)

olefination
nitrile to isonitrile
interconversion

directed C12
functionalization
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Retrosynthetic Analysis

Nicholas reaction
" C4-Friedel-Crafts
e cyclization
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Construction of the Pentacyclic Core

Me

1) LIHMDS, 19 Co,(CO)g
2) PDC, then 1 N HCI then BF3*OEt
44% over 2 steps 88%
\\ Me
~\e
TMSO
19

1) ELAICN, TMSCI, pyridine

2) Bu3SnH, then 2 N HCI
49% over 3 steps
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Synthesis of Compound 27

RhCI(PPh3);, acetaldoxime
57%, (66% brsm)

2.3:1 26

Tf,0 Me,

2,6-di-tert-butylpyridine Memm
>

a) NaHMDS, methyl formate
54%

b) NaBH,, MeOH

51% over 2 steps
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Possible Transformation Process
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Synthesis of Compound 30

1) TCDI, DMAP

TMS
79%, (91% brsm)

2) BuzSnH, AIBN

1) TMSCHo,Li
2) PPTS
55%
Barton-McCombie
Deoxygenation
27 15 28
7
: M
Me
TBAF

« Memm:

PIDA, KOH
52% over 3 steps

52% over 3 steps

(14%)
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Synthesis of (-)-Ambiguine P

1) Ac,0, HCO,H
99%

2) COCly, Et;N
97%

Se02
77%

Ambiguine P (4)
28%, 1.5:1 dr
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Summary

Ambiguine H (1)

The first total synthesis;
7 steps, 7.4 % overall yield,

Palladium-mediated annulation:

YV V VY V

C2 C-C forming by tandem sequence.

Baran, P. S. et al. Nature 2007, 446, 404.

Ambiguine P (4)

The first total synthesis;
20 steps, 0.033% overall yield;

Nicholas reaction to alkylate at C2;

YV V VYV V

An amide-directed functionalization at C12.

Sarpong, R. et al. J. Am. Chem. Soc. 2019, 141, 2233.
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The First Paragraph

The ambiguine natural products, are a subset of a larger family of indole
secondary metabolites known as the hapalindoles. With the exception of
four ambiguines, which are tetracyclic, the ambiguines possess a fused
pentacyclic scaffold featuring a characteristic seven-membered ring
moiety. Since the first reported isolation of ambiguine congeners in 1992,
there have been continued efforts aimed at their total synthesis given their
intriguing structures. In addition, some members of the hapalindole family,
exert a broad spectrum of biological activities. Therefore, there has also
been interest in exploring the function of the ambiguines in a biological
context. While preliminary bioactivity studies on the ambiguines have

been conducted, comprehensive studies have yet to be undertaken.

24



The First Paragraph

It is our anticipation that structurally related derivatives of the
ambiguines, which may be accessed en route to their chemical
preparation, may also possess interesting activity. As such, a total
synthesis of the pentacyclic ambiguines could unveil their biological
potential as well as set the stage for an understanding of their
biosynthesis, especially the poorly understood late-stage oxidations of

the fused seven-membered ring.
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The Last Paragraph

In summary, the first total synthesis of a pentacyclic ambiguine has been
achieved in 20 steps from C3-functionalized indole, which is readily
available in multigram quantities in a single step from commercial
materials. Overall, our approach to the pentacyclic ambiguines highlights
rapid construction of the pentacyclic skeleton through sequential
alkylative functionalizations of indole using robust C-C bond-forming
reactions as well as a novel application of an amide group to accomplish
a stereoselective C12 functionalization. With ready access to pentacyclic
isonitrile, current efforts are being directed toward its late-stage
derivatization to access other pentacyclic members of the ambiguine

family that retain the isonitrile group.
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Possible mechanism For C12 functionalization
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CDMF
2-chloro-4,6-dimethoxy-1,3,5-triazine

?Ac

[
\OAc

PIDA

S
(\N)]\N/x
N’I \§N
TCDI
1,1'-Thiocarbonyldiimidazole
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