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ABSTRACT: A short enantioselective catalytic synthesis of the key C15−C27 fragment of bastimolide A, a natural product
showing promising antimalarial bioactivity, is disclosed. The strategic insertion of halogen atoms such as fluorine and chlorine
by enantioselective organocatalytic halogenations allowed an excellent stereochemical control for the formation of complex
acyclic fragments bearing up to four stereogenic centers. Furthermore, besides the formation of the 1,5,7,9,13-pentahydroxy
fragment of the natural product, this strategy opens the route to the modulation of the bioactivity by halogenohydrins.

For years, the rapid construction of bioactive natural
products has been a source of inspiration pushing

synthetic chemists to invent more efficient methodologies
facilitating access to key bioactive frameworks. In addition, the
proposed strategies also provided access to purely synthetic or
simplified analogues with improved or original biological
profiles, opening new perspectives for drug development.1 The
presence or strategic insertion into bioactive molecules of
halogen atoms such as chlorine2 or fluorine3 strongly impacts
the observed activity. For example, the group of Carreira
recently reported the synthesis of fluoro-, chloro-, and bromo-
danicalipin A where three different halogenated natural
products displayed totally different biological profiles.4

The polyketide motif is a crucial molecular arrangement
present in numerous natural molecules and drugs.5 The
complexity of polyketides inspired chemists for decades, but
strategies to access these structures still often rely on lengthy
stepwise sequences.6 Bastimolide A is a natural polyhydroxy
macrolide recently isolated from a cyanobacteria whose
structure has been firmly established by X-ray analysis (Scheme
1a).7 Bastimolide A is remarkable because it shows an excellent
nM antimalarial bioactivity notably against resistant human
parasites.8 Given the increasing prevalence of malarial
resistance, the apparently new mode of action of bastimolide
A is highly promising but requires the identification of efficient
synthetic routes amenable to potential structural modulation.
However, the core backbone of this natural product
encompasses a central acyclic 1,5,7,9,13-pentahydroxy motif
(C15−C27 fragment), especially difficult to prepare rapidly
and stereoselectively. The enantiomeric 1,5,7,9,13-polyol
arrangement is also encountered in caylobolide natural

products, another class of macrolides showing interesting
cytotoxicity.9 While no progress toward bastimolide A
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Scheme 1. Bastimolide A/Caylobolide A and Proposed
Strategy

Letter

pubs.acs.org/OrgLettCite This: Org. Lett. 2018, 20, 5274−5277

© 2018 American Chemical Society 5274 DOI: 10.1021/acs.orglett.8b02213
Org. Lett. 2018, 20, 5274−5277

D
ow

nl
oa

de
d 

vi
a 

A
IX

-M
A

R
SE

IL
LE

 U
N

IV
 o

n 
Se

pt
em

be
r 1

0,
 2

01
8 

at
 0

7:
31

:4
7 

(U
TC

). 
Se

e 
ht

tp
s:

//p
ub

s.a
cs

.o
rg

/s
ha

rin
gg

ui
de

lin
es

 fo
r o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s. 



synthesis has been reported so far, the preparation of the
related linear arrangements of caylobolide A was the topic of
two recent studies mostly based on step by step construction of
the different alcohols.10 In this broad context of polyol synthesis,
a pending challenge is to discover eco-compatible methodologies
elaborating rapidly acyclic structures while controlling the
formation of multiple stereogenic centers with maximum ef f iciency.
Furthermore, in order to improve the bioactivity, such
approaches should be modular enough to accommodate the
selective introduction of key halogen atoms such as fluorine or
chlorine.
Our hypothesis was that the central part of bastimolide A

should be easily accessible through the C2-symmetric
1,5,7,9,13-pentahydroxy framework A, from which a final
desymmetrization should reveal the three required stereogenic
centers of an advanced synthetic intermediate (Scheme 1b).
Alcohols A incorporating all the appropriate functions with the
right stereochemistry should be readily prepared from simple
building blocks with acetonedicarboxylic acid 1, aldehydes, and
a source of halogen.11 This multicomponent assembly should
be possible through a multicatalyzed bidirectional didecarbox-
ylative bis-halo-aldolization. Selective halogen insertion would
have two main roles in our strategy. It should first control the
stereochemistry of the carbon chain by the key diastereose-
lective aldolization.12 In addition, it should provide rapid
access to halogenated analogues of our target compound where
fluorine or chlorine could modify important properties such as
polyol acidity, overall solubility, or conformation. In addition,
from the chlorinated aldol adducts, appropriate dehalogenation
should rapidly give access to the expected authentic aliphatic
fragment as exemplified by the group of Britton.12

The primary concern of the study was the compatibility of
halogen insertion with the rapid introduction of the hydroxy-
containing lateral chain. In order to minimize protecting group
manipulation, our initial attempts focused on the fluorinated
series with commercially available aldehydes bearing a
functionalizable side chain precursor of the terminal hydroxyl
function (Scheme 2). In a first approach, Cat.1 was selected
for the enantioselective organocatalytic electrophilic fluorina-
tion of 4-pentenal (3) with NFSI 2.13 Subsequent copper-

catalyzed diastereoselective bisaldolization with keto-diacid 1
provided the key keto-fluorhydrin 4 with excellent stereo-
selectivity (Scheme 2a).11 As a result of the dimerization of the
intermediate enantioenriched halogenated aldehyde, as in all
these bidirectional reactions, a chirality amplification is
observed. At the expense of the yield, this results in the
isolation of the keto-diol 4 in an excellent enantioselectivity (ee
> 97%) since undesired minor diastereomers are mostly
removed by silica gel chromatography. However, the next
required ketone reduction/alkene hydroboration sequence
turned to be unproductive, resulting either in decomposition
or in the impossibility to recover 5 from the aqueous phase.14

Alternatively, glutaraldehyde used as a potential precursor of
keto-bis-hemiacetal 7 proved to be poorly reactive toward the
halogenation−aldolization sequence leaving room mostly to
decomposition (Scheme 2b).
These preliminary results indicated that functionalizing the

lateral chain represented a considerable challenge. This
difficulty prompted us to turn our attention to the use of a
protected alcohol strategy (Scheme 3). Gratifyingly, following

the same approach, aldehyde 8 was fluorinated by Cat.1 with
subsequent copper-catalyzed diastereoselective bisaldolization
to provide keto-fluorohydrin 9 as a major isolated diaster-
eomer. A sequence of ketone reduction followed by acidic resin
promoted removal of the TBDMS group provided the
fluorinated bastimolide A analogue fragment 10 with excellent
stereoselectivity (>95:5 dr and >95% ee).15 Noteworthy, when
deprotecting the alcohol using classical TBAF conditions, the
high water solubility of 10 prevented its isolation from the
otherwise clean reaction mixture, a drawback not encountered
with the use of acidic resins.
With this proof of concept for the straightforward synthesis

of the key bastimolide fragment in the fluorinated series (only
three steps), we next turned our attention to the development
of an original bidirectional chlorination/aldolization sequence.
The extension of bidirectional aldolization strategies to the
chlorinated series should open wide perspectives by providing
innovative routes to polychlorinated polyols, but also to access
stereoselectively saturated versions which is an ongoing
challenge in the field of bidirectional aldolization.16

For this purpose, while numerous methods have been
developed for the enantioselective α-chlorination of aldehydes,
we chose simple N-chlorosuccinimide as the chlorinating
reagent and L-prolinamide as a cheap organocatalyst.17 Even if
the widely available prolinamide usually does not provide
optimal enantiocontrol in aldehyde chlorination (typically 80−
85% ee), this limitation should be compensated by the

Scheme 2. Initial Attempts Using Hydroboration Strategy or
Glutaraldehyde Fluorination

Scheme 3. Fluorinated Analogue Synthetic Strategy
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dimerization of the aldehyde, amplifying the overall
enantiopurity of the product.
Unfortunately, first attempts carried out by performing the

reaction in one-pot only led to the partial recovery of the
intermediate α-monochlorinated aldehyde. We hypothesized
that this lack of reactivity arose from the inhibition of the
copper complex by one of the constituents of the
enantioselective chlorination, notably prolinamide or dichlor-
omethane.16d Fortunately, the intermediate α-monochlori-
nated aldehyde was stable enough to allow a rapid removal
of most components and solvent prior to aldolization in MTBE
restoring the excellent reactivity of the copper catalyst
(Scheme 4). Following this two-pot procedure, the chlorinated

keto-diol 12 possessing four acyclic stereogenic centers could
be formed in 42% overall yield and 95:5 dr.18 NaBH4 ketone
reduction afforded the crucial triol 13 with excellent stereo-
selectivity and 79% yield. The starting point for the modulation
of the synthesis is the silyl group removal from 13 leading to
the fully deprotected chlorinated analogue fragment 14.
Alternatively, from 13, radical dechlorination followed by
alcohol deprotection gave the 1,5,7,9,13-pentahydroxy motif
15 corresponding to the C15−C27 fragment of the natural
product.
In order to highlight the utility of the bidirectional approach,

15 was further elaborated toward a more synthetically relevant
advanced intermediate (Scheme 5). Desymmetrization of the
C2-symmetrical polyol took place by forming the thermody-
namic syn acetal 16.19 In this desymmetrized selectively
protected polyol now possessing four stereogenic centers, the
two terminal primary alcohols can potentially be differentiated
by oxidation. The proof of concept of this reactivity was

demonstrated using a NCS/TEMPO oxidation mix. This
triggers the direct formation of the monoaldehyde 17 from an
in situ oxidative lactonization of the intermediate hydroxy-
dialdehyde. Further studies improving this oxidation protocol
and using the formed aldehyde in stereoselective allylation
should provide a rapid route to bastimolide A.20

In conclusion, we have demonstrated that the three-
component multicatalyzed bidirectional didecarboxylative bis-
halo-aldolization could provide concise routes to advanced
fragments of complex molecules of high biological interest.
The enantioselective approach disclosed herein gave access in
5 steps to the C15−C27 fragment of bastimolide A but also to
fluorinated as well as chlorinated analogues. The strategic
insertion of halogen atoms allowed for the control of the
stereoselectivity of the synthetic sequence. In addition, the
location of these halogens adjacent to alcohols should modify
the acidity of these polyols, opening new perspectives in the
understanding and applications of such motifs in drugs.21

Finally, this type of multicatalytic approach should find
broader applications to construct rapidly other complex
molecules.
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