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Herein, we describe a facile synthesis of the naphthoquinone fragment of the aromatic core of the novel
ansamycins such as hygrocins A–B and the divergolides C–D, starting from the inexpensive 2-hydroxy-3-
methylbenzoic acid. We demonstrate the utility of naphthalenic synthon for further elaboration of the
ansabridge via C5–C6 bond formation by employing a commercially available sterically demanding
organomagnesium reagent as a model ansa chain. Facile conversion of the resulting alcohol to the naph-
thoquinone fragment of the targets in one pot has also been realized. These model studies set the stage
for the completion of total synthesis of the biologically important novel ansamycins.

Published by Elsevier Ltd.
Ansamycins, so named because of their ‘basket-like structures’
consisting of an aromatic chromophore connected by a chain, like
the handle of a basket (ansa), at non-adjacent positions are mainly
derived from actinomycetes and are proven biologically important
macrolides.1 The structure of the aromatic moiety distinguishes
two types of ansamycins: (1) naphthalenic ansamycins (e.g., rifa-
mycins,2 naphthomycins,3 streptovaricin,4 etc.) that exhibit anti-
microbial activities (2) benzenic ansamycins (geldanamycin,5

herbimycin,6 etc.) that possess anti-cancer activities. Divergolides
C–D (1–2), recently isolated from Streptomyces sp. HKI0576—an
endophyte of the mangrove tree (Bruguiera gymnorrhiza), have
been shown to possess antibacterial and anti-cancer activities.7

They closely resemble hygrocins A–B (3–4), another family of
metabolites isolated from Streptomyces hygroscopicus, and differ
only in the unusual isobutenyl side chain at C11 instead of the
methyl group, and in the oxidation states of the aromatic cores,
while the overall topology is conserved.8 Due to the shortage of
the supply of these rare streptomyces metabolites,7,9 and lack of
synthetic routes,10 the biomedicinal potential of this unique family
has not been fully investigated and remain to be explored. Divergo-
lides A–D and hygrocins A–B have attracted the attention of syn-
thetic chemists with their interesting structures and
bioactivities.11 An enantioselective total synthesis amenable to
Ltd.

: +1 508 999 9232.
li).
large scale and structural analogue production will not only enable
the undertaking SAR studies of these rare metabolites12 but also
the unambiguous stereochemical assignment of the stereocentres
(e.g., C8 of hygrocins is unassigned; numbering refers to Hert-
weck’s assignment shown in 1 of Fig. 1).7,13 We set out to develop
a synthetic route to access the analogues of these novel ansamyc-
ins as part of our ongoing quest for novel antibacterial leads.14 We
proposed two approaches, namely biomimetic and non-biomi-
metic. As shown in Scheme 1, our non-biomimetic retrosynthesis
of the targets identified two main synthons 13 and 14, that is, aro-
matic and chiral fragments, apart from the eastern segment 11,
that is, C100–C500 which is thought to be derived from 2-methyl-2-
pentenedioicacid chemistry. Depending on the disconnection of
either C4–C5 or C5–C6, one could arrive at differently functional-
ized aromatic and chiral fragments, and shown in Scheme 1 are
based on the disconnection of C5–C6.15

We initially focused our efforts on construction of the AB rings
(i.e., 13 of Scheme 1) of the tricyclic core of the target compounds
and planned to rely on the intrinsic biomimetic annulations of
N-acylated naphthoquinone for the formation of the tricyclic aro-
matic cores of divergolides C (1), D (2) and hygrocins B (4).16 3-
Methylsalicylic acid (15) with suitable functional groups required
for the A-ring was chosen as a starting material. Surprisingly, this
readily available and most obvious choice with the suitable sub-
stituents at the respective positions has not been employed thus
far in the synthesis of aromatic cores of ansa macrolides
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Figure 1. Structures of ansamycins.
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Scheme 1. Retrosynthesis of divergolides C (1) and D (2).
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presumably due to the lack of methods/reports for selective ring
annulations and further manipulations. We decided to undertake
this approach with the hope of developing methods to annulate
the B-ring via electrophilic aromatic substitution chemistry. If suc-
cessful, this work would not only develop the facile chemistry for
the large scale access to the aromatic cores of the proposed targets,
that is, divergolides C–D (1–2) and hygrocins A–B (3–4), but also
provides the access to the aromatic cores of other important ans-
amycins such as ansalactam 5, rubradirin 6, salinisporomycins,3

chaxamycins17 and rifamycins2 through slight modifications.
Our synthesis thus commenced from 3-methylsalicylic methyl

ester 16, synthesized from commercially available 3-methylsalicy-
clic acid 15 using the known literature procedure, as shown in
Scheme 2.18 Formylation of ester 16 under Duff’s conditions
provided formylated phenol which was converted into its methyl
ether 17 before subjecting it to Wittig olefination.19 The required
phosphorane 18 was prepared following the literature protocol.20

The Wittig olefination of aldehyde 17 was carried out in DMSO
at moderate temperatures to obtain acid 19 in good yield after
acid–base extraction.21 The unoptimized intramolecular acylation
under NaOAc/Ac2O refluxing conditions provided the desired
naphthalenic compound 20 along with the undesired regioisomer
in 2:1 ratio, whose separation was effected quite easily at the phe-
nol stage after the deprotection of the acetate functionality that is
formed concomitantly.22 The connectivity of the required isomer
was confirmed through X-ray structure determination. We rea-
soned that conversion of the bis-ester 20 to a tricyclic naphthalene
core with lactone moiety may enable us to differentiate the ester
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carbonyls for further manipulations. Thus the lactone 21 was pre-
pared in a facile way starting from the ester through the lactoniza-
tion of naphthol ester 20 with methanesulfonic acid in refluxing
dichloroethane conditions, whose structure was confirmed
through X-ray crystallography. The lactone 21 was selectively
manipulated and converted into N-Boc-carbamate derivative 24
through a series of functional group interconversions as shown in
Scheme 2. Briefly, the carboxylic acid precursor for Curtius rear-
rangement was made through the sequence of selective reduction
of lactone 21 to alcohol, methylation of the resulting phenol 22,
oxidation of the primary alcohol to aldehyde 23 and hydrolysis
of the ester.23 Facile Curtius rearrangement of the acid under mod-
ified conditions24 in t-BuOH allowed the introduction of the carba-
mate group on to the B-ring. Limited attempts to introduce the
missing oxygen on to the B-ring of carbamate 24 at this stage of
the synthesis were unproductive.25 We reasoned that proceeding
with monooxygenated B-ring might prove useful for annulation
of the C-ring later on in the synthesis efforts via aromatic Claisen
rearrangement. Hence, we decided to establish the efficacy of the
C5–C6 bond formation through the Grignard reaction of the alde-
hyde 24 as we were aware of the problems due to the steric
encumbrance at C5.26 We were delighted with the clean outcome
of the reaction of aldehyde 24 with Grignard reagent 25 to afford
the alcohol 26. Probably, it is the electrophilicity of our aromatic
partner that helped us in doing away with the perils associated
with this coupling with organomagenisum reagent 24.27 It was fur-
ther gratifying to observe the concomitant oxidation of the alcohol
to the naphthoquinone ketone 28 with DMP/pyridine conditions in
an opened flask at ambient temperatures.28 It is pertinent to men-
tion that this transform has not been optimized further and we are
currently studying the scope and the limitations of DMP mediated
oxidation of such amino compounds to naphthoquinones.

Conclusions

In summary, we have developed facile chemistry to convert
inexpensive 3-methylsalicylic acid into the naphthoquinone core
of ansamycins, specifically suitable for divergolides C–D and hyg-
rocins A–B, and established the efficacy of the difficult C5–C6 bond
formation using a model substrate for aliphatic (C6–C12) fragment
which is currently being synthesized through the chiron approach
in our lab. The inexpensive, readily available starting materials and
the sequence of simple operations lend this route amenable to ac-
cess the naphthalenic intermediates in large scales required for
further elaboration to complex ansamycins. The lactone 21 is also
poised for coupling studies for C5–C6 bond formation, provided if
we can introduce a non-electrophilic group in the place of carbeth-
oxy group and we are currently exploring the Wittig olefination
with modified phosphoranes to introduce the nitro or carbamate
directly on to the B-ring of 21. Optimization of the synthesis of
20 using the Knochel’s regioselective acylation conditions29 to
improvise the overall synthetic efficiency along with the applica-
tion of the model studies described herein to complete the total
synthesis of the targets is underway in our laboratory and will be
reported in near future.
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