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The intramolecular Diels—Alder reaction (IMDA) of a butenolide
derivative, as an entry to the type Il abyssomicin scaffold, and the
total synthesis of (+)-abyssomicin 2 and (+)-neoabyssomicin B are
reported for the first time. A facile route to the IMDA precursor,
the formation of a type | intermediate and two paths to (+)-neoa-
byssomicin B are also discussed.

The family of abyssomicins is a subclass of class I spirotetro-
nate polyketides with fascinating architectures and engaging
biological activities, comprising more than 40 members to
date.™ According to their structure, abyssomicins are classi-
fied as type I, e.g. abyssomicin C (1), or their “enantiomeric”
counterparts at C-15 type II, e.g. abyssomicin 2 (2) and neoa-
byssomicin B (3) (Fig. 1)."* Abyssomicin C (1) was the first
member to captivate scientific interest due to its inhibitory
activity against methicillin-resistant Staphylococcus aureus and
other Gram-positive bacteria.* Recently, type II abyssomicins
have also garnered increasing attention. Thus, abyssomicin 2
(2) was discovered during screening to identify HIV-1 reactiva-
tors exhibiting latent HIV activation selectively and anti-
microbial activity against Gram-positive bacteria, including
methicillin-resistant Staphylococcus aureus (MRSA).”> Also,
many studies have been performed on the biosynthetic path-
ways leading to both types of compounds,®® and many
impressive syntheses have been reported for abyssomicin C (1)
and type I analogues.”' However, no reported synthetic
methods for type II abyssomicins exist.
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A biomimetic strategy towards both types of compounds
implies the construction of key-intermediates 4 (type I) or 6
(type II) from the corresponding substituted butenolides 5 or 7
via a stereoselective intramolecular Diels-Alder reaction
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Fig. 1 Representative type | and type Il abyssomicins and biomimetic
approaches.
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(IMDA) which establishes the carbon frameworks and their
stereogenic centres in one step (Fig. 1).

This bioinspired approach has been applied successfully in
the case of the type I abyssomicin scaffold by Sorensen, who
first achieved the total synthesis of abyssomicin C (1) from 5 in
4 high-yielding steps.” Other researchers also developed
alternative biomimetic routes to intermediate 4,'°*’ and we
recently reported an improved formal synthesis of abyssomicin
C (1) addressing synthetic issues of previous methods.'%
Notably, the two IMDA precursors, 5 and 7, differ only in the
position of one methyl group in the side chain (placed on C-4
at 5 and on C-12 at 7), yet they must fold oppositely to lead to
the desired systems. Although only the formation of type I
isomer 4 from 5 has been reported, the stereochemical
outcome of the cycloaddition of 7 and the chemical synthesis
of type II carbon frameworks remain unexplored. Hence, we
strove to explore the potential of this powerful transformation
as an entry to type II abyssomicins and the chemistry of these
fascinating systems.

Aiming to study the crucial IMDA of diketone 7, we pursued
a convenient racemic synthesis using readily available starting
materials (Scheme 1). Consequently, starting from diethyl
2-methylmalonate (8), a Michael addition reaction of the
sodium salt of dimethyl methylmalonate, prepared in situ after
a deprotonation/transesterification reaction with NaOH in
MeOH, on tert-butyl acrylate afforded triester 9. This method
proved superior to other procedures involving dimethyl methyl
malonate as a starting material and NaH or tetrabutyl-
ammonium hydroxide as a base.'” Selective hydrolysis of 9 to
the desired mono acid 10 was first attempted using KOH in
MeOH or EtOH." However, transesterification by-products
were formed in this case. Moreover, the use of LiOH in THF
led to 10 in poor yield (32%). Eventually, enzymatic hydrolysis
of 9 with pig liver esterase (PLE) afforded 10 almost quantitat-
ively, which after decarboxylation led to diester 11 in 82%

(0] 0
CH3CH,0 OCH,CH5; 1. NaOH MeOH, 25°C
CH30 OR
2 tert-butyl acrylate
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yield." The latter was subjected to a selective nucleophilic sub-
stitution by the anion of dimethyl methyl phosphonate, com-
pleting the synthesis of ketophosphonate 12 in 86% yield.
Subjection of the latter to a Wadsworth-Horner-Emmons reac-
tion with the known aldehyde 13, freshly prepared in three
steps from tiglic aldehyde,"® using Ba(OH), as a base'® estab-
lished the required double bonds and the methyl substitution
on the side chain and afforded the keto-ester 14 in high yield
(85%) and geometrical purity (>93% all-trans). Selective
reduction and triethylsilylation of 14 generated tert-butyl ester
16 in 99% yield."™ To our surprise, the direct reduction of 16
with DIBAL-H led to decomposition products and low yields of
aldehyde 18. In contrast, the use of LiAlH,, furnished alcohol
17, in 98% yield. Thus, oxidation of the latter with PhI(OAc),/
TEMPO (86% yield) provided aldehyde 18, which was subjected
to an anionic coupling with tetronate 19 *” followed by desilyla-
tion of the corresponding alcohol to give rise to diol 20 in 75%
yield over two steps. The above route allowed the convenient
and scalable preparation of diol 20, in 12 steps and 33.8%
overall yield from 8.

Subsequently, an oxidation-IMDA protocol that proved suc-
cessful in the improved formal synthesis of abyssomicin C,'*
where the IMDA precursor 5 was sensitive, was applied on diol
20. Thus, the [4 + 2]-cyclization was performed after oxidizing
the latter to diketone (+)-7, omitting concentration after work-
up or purification procedures (Scheme 2). 1,1,1,3,3,3-
Hexafluoroisopropanol (HFIP) was selected as an IMDA-
solvent, as it has been shown to accelerate Diels-Alder reac-
tions at low temperatures due to its hydrogen-bond donating
ability and its low nucleophilicity.'® Although the oxidation
step proceeded well, the direct addition of HFIP to the crude
oxidation reaction mixture of 20 after its complete conversion
to (¢)-7 led mainly to decomposition products. Thus, we
turned to an alternative procedure, and HFIP was added to the
ethereal extracts of diketone (+)-7 from the oxidation reaction

DMF, 155 °C CHSOMO‘BU
82%

CH3PO(OCHs),

n-BuLi, THF, -78°C

o 0 0o
93% 9: R=CH, OBu " 86%
PLE |og0, I
pH 8
10: R=H
¢ Ba(OH), ¢ NaBH,
BuO\H/\)ﬁWAPO(OCH + OM 7% ., B X -
a2 THF/H,0, 25 °C MeOH, 0°C
13 ) 14 o '
85% 99%
. o
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Scheme 1 Preparation of diol 20.

3762 | Org. Biomol. Chem., 2023, 21, 3761-3765

This journal is © The Royal Society of Chemistry 2023


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ob00476g

Open Access Article. Published on 18 April 2023. Downloaded on 4/2/2026 5:52:33 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Organic & Biomolecular Chemistry

20

IBX, DMSO, 25 °C l

NN

o @7 ©

HFIP, 55 °C

(£)-6 (29%)

Scheme 2 Oxidation-IMDA reaction of 20.

mixture. The formation of two isomers was observed, the type
I (£)-6 (29% yield) and the type II 21 (43% yield), respectively,
indicating that precursor (+)-7 folds in two ways during cyclo-
addition. It should be noted that HFIP proved superior to
other solvents, such as chloroform and toluene, resulting in
lower yields and (+)-6/21 ratios. Although a systematic study
and a thorough computational and experimental investigation
are required to explore the reasons that affect the stereochemi-
cal results of this crucial reaction, it is noteworthy that diver-
gent facial selectivities are observed in the IMDA reaction of
the two precursors 5 and (+)-7, i.e., by simply moving a methyl
unit from C4 to C12. The mixture of the two isomers was inse-
parable by simple flash column chromatography, and prepara-
tive thin layer chromatography (prep TLC) was required for
their complete separation.

The structure of 21 was further confirmed by X-ray analysis
(Fig. 2).

Unfortunately, compound (+)-6 was sensitive to purification.
It was isolated as a ~5:1 inseparable mixture with a cyclo-
addition product whose formation was observed after prep
TLC.} However, (+)-6 was successfully epoxidized with m-CPBA
to afford 22, isolated as a single isomer, in 73% yield

Fig. 2 Structure of 21 by X-ray analysis.

This journal is © The Royal Society of Chemistry 2023

View Article Online

Communication

ROUTE A m-CPBA ROUTE B

m-CPBA
(excess)
(+)-6
739 CH,Cl, CH,Cl, 88%
-10to 25°C 25°C

2
‘ LiCl, DMSO, 50°C

e

O m-CPBA

CH,Cl,
-10to 25°C
71%
OH OH
(£)-3

()2

Scheme 3 Final transformations and completion of synthesis of
(+)-abyssomicin 2 ((+)-2) and (+)-neoabyssomicin B ((+)-3).

(Scheme 3, route A). These conditions proved superior to the
use of dimethyldioxirane,® which led to a mixture of products
and incomplete conversion of (+)-6 to 22. Moreover, a one-pot
procedure, including demethylation of 22 with LiCl/DMSO and
intramolecular epoxide opening, established the oxygen bridge
and led to (+)-abyssomicin 2 (()-2) in 84% yield. Lastly, a
Baeyer-Villiger oxidation of the latter with m-CPBA led to
(£)-neoabyssomicin B ((+)-3) in 71% yield (43.5% from (+)-6).
The above sequence of transformations agrees with those pro-
posed biosynthetically.® However, an alternative route to ()-3
from ()-6, where the Baeyer-Villiger oxidation of the 11-mem-
bered ring ketone precedes the formation of the oxygen
bridge, was ensured by using an excess of m-CPBA, followed by
demethylation and in situ intramolecular epoxide opening of
the resulting epoxide lactone 24 (Scheme 3, route B). This
sequence of transformations led to (+)-3 in substantially
higher yield (79% from (+)-6) than route A. The pathway via
route B introduces an alternative sequence of transformations
to neoabyssomicin B, which is worth investigating
biosynthetically.

Org. Biomol. Chem., 2023, 21, 3761-3765 | 3763
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Conclusions

In conclusion, the first total synthesis of type II abyssomicins was
achieved via an efficient methodology based on a biomimetic
approach involving the IMDA of a suitably substituted butenolide
derivative. A facile racemic synthetic route was developed for a
proof of concept. Thus, the synthesis of the IMDA precursor (+)-7
was based on an efficient coupling of tetronate derivative 19 with
aldehyde 18, prepared via a convenient high-yielding barium-
assisted Wadsworth-Horner-Emmons reaction to establish the
sensitive keto-triene side chain. In contrast to the IMDA of abysso-
micin C precursor 5, providing type I isomer 4 as a single isomer,
the cycloaddition of (+)-7 gives rise to type II and type I isomers
(+)-6 and 21, respectively, providing an entry to both types of abys-
somicin systems. Thus, the key-intermediate (+)-6 led to (+)-abysso-
micin 2 ((+)-2), which was prepared in 16 steps from 8 and 6%
overall yield. Also, two sequences of transformations from (+)-6 led
to (+)-neoabyssomicin B ((+)-3) manoeuvring a Baeyer-Villiger reac-
tion after or before the formation of the oxygen bridge, with the
second one being more efficient. Thus, (+)-3 was prepared from 8
in 17 steps and 4.3% overall yield via (+)-abyssomicin 2 ((x)-2), as
proposed biosynthetically, or in 16 steps and 7.8% overall yield via
the epoxide-lactone 24, introducing a possible different biosyn-
thetic pathway. The stereoselectivity of the IMDA reaction and the
subsequent transformations to the final products also allow appli-
cation of this approach to the asymmetric synthesis of 2 and 3
starting from 7. The information obtained from studying the
above systems enriched our knowledge of the exciting world of
abyssomicins. The factors that affect the stereochemical outcome
of the IMDA reaction in order to control it in one direction and
the development of an asymmetric route to these natural products
and new abyssomicin systems are under investigation and will be
reported in due course.
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