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Abstract
We have streamlined a dipolar cycloaddition approach to assemble the core of malayamycin A and other related uracil nucleosides
possessing the common bicyclic perhydrofuropyran framework. The latent functionality strategy employing oxazoline to unmask
the 1,2-hydroxyamine moiety proves feasible, eliminating the need for alkene functionalization required in previous endeavours.
This current strategy provides a reliable platform for accessing diverse uracil nucleosides and their derivatives, facilitating the de-
velopment of potent fungicides.
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Introduction
Modern agriculture relies on various effective fungicides to
combat crop diseases for achieving significant gains [1]. How-
ever, the long-term and widespread use of chemicals and bio-
logical agents has led to a rapid emergence of resistance, which
in turn diminishes the national-wide and even global-wide food
security. Moreover, toxins produced by fungi in diseased crops
have serious impacts on animal and human health [2]. There
remains high demand to develop new antifungal compounds as
alternatives to existing fungicides as well as enhancing the
control spectrum and persistence [3].

A group of scientists at Syngenta reported a bicyclic perhydro-
furopyran C-nucleoside malayamycin A (1) from the soil
bacterium Streptomyces malaysiensis [4] (Figure 1). This novel
compound was found to inhibit the sporulation of Stagono-
spora nodorum (Berk) Castell and Germano that were identi-
fied as the culprit of wheat glume blotch disease [5]. Further-
more, malayamycin functions as a broad-spectrum fungicide
with an unusually higher potency in planta than in vitro,
suggesting that its mode of action may not be consistent with
those of known fungicide classes. This encouraging character-
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Figure 1: Selected natural uracil-containing nucleosides (the key perhydrofuropyran core highlighted in blue).

Scheme 1: Synthetic strategies toward malayamycin A. (A) Previous synthetic route. (B) Our strategy toward the core skeleton.

istic indicates its potential to overcome resistance to other
fungicides [6-8].

Structurally, malayamycin A belongs to a class of modified
nucleosides that mimic UDP (uridine 5′-diphosphate)-linked
metabolites and exhibit intriguing bioactivities (2–4, Figure 1).
These antifungal nucleoside agents have been received great
attention from the scientific community and several elegant syn-
theses have been disclosed [9-15]. Specifically, Hanessian and
co-workers reported the first total synthesis and structural deter-
mination of malaymycin A (1) as well as the subsequent design
of structural analogues for biological evaluation [16-20]. Pre-
liminary structure–activity relationship (SAR) studies revealed
that fungicidal activity is highly dependent on the nature and
stereochemistry of substituents, as well as the heterocyclic
anomeric unit. Uncertainty regarding the mode of action, along

with inadequate synthetic approaches toward a lead compound,
remains elusive.

The well-established synthetic route reported by Hanessian and
co-workers began with ᴅ-ribonolactone which bears three
contiguous stereogenic centers (Scheme 1A). The pyran ring
was constructed by a RCM reaction [16]. Subsequent functio-
nalization of the alkene to install the 1,2-cis-hydroxy amine re-
quired 6 steps from the sterically more demanding side. In
continuing our recent interest in accessing unusual monosaccha-
rides and applying dipolar cycloaddition to construct various
bioactive compounds [21-27], we intended to develop a
practical strategy to access the perhydrofuropyran core of
malayamycin A and other uracil nucleosides to enable future
rapid derivatization (Scheme 1B). The bicyclic intermediate 5
will be converted into the final target after installation of the
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Scheme 2: Rational for intramolecular dipolar cycloaddition.

urea and uracil motifs. Accordingly, a nitrone-based latent func-
tionality approach [28] would be tunable from fully substituted
tetrahydrofuran-derived nitrone 7. The cis-1,2-hydroxy amine
could be derived from oxazoline 6 through cleavage of the N–O
bond, oxidation and Baeyer–Villiger oxidation. The starting
functional groups (including alkyne and nitrone) for the pro-
posed oxazoline were established in literature precedents [29-
31]. Moreover, the readily available intermediate 8 [32] bear-
ing three defined stereogenic centers is secured from the com-
mercial source.

Results and Discussion
Based on the known protocol [33], diacetone-ᴅ-allofuranose 8
was first introduced with a propargyl group (Scheme 2A). Upon
treatment of AcOH to afford diol 9, oxidative cleavage with
Shing’s protocol (NaIO4 on silica gel) [34] proceeded smoothly
to deliver the aldehyde which was immediately subjected to the
condensation reaction with benzylhydroxylamine. The corre-
sponding nitrone 10 then underwent an intramolecular cycload-
dition. Adduct 11 was isolated as the major product in 42%
yield for 2 steps. Comprehensive NMR analysis revealed the
undesired stereochemistry at C3 due to a possible chair-like
transition state like 10a (Scheme 2B). This phenomenon is

consistent with the observations from previous syntheses
[31,35,36]. We anticipated that late-stage epimerization might
invert the configuration once the acyl group is revealed at the
C2 position. Therefore, dihydroxylation [37] readily converted
alkene 11 to diol 12 as a mixture of inseparable isomers. With-
out purification, oxidative cleavage with NaIO4 resulted in a
compound with strong UV absorption, which was eventually
identified as enone 14 (Scheme 3). It is assumed that the
formyloxy group on the N atom in the unstable intermediate 13
serves as electron-withdrawing group to facilitate fragmenta-
tion when removal of the acidic proton at C2 was initiated.

Scheme 3: Proposed pathway for the enone formation.

Although the reduction of enone 14 could provide the requisite
stereoisomer, the rigid conformation of such bicyclic [4.3.0]-
ring necessitates tedious optimization to properly install three
continuous tertiary centers (C2, C3, and C4). To circumvent the
influence of the electron-withdrawing group on the nitrogen
atom, we anticipated that cleaving the N–O bond prior to
breaking the C2–C2’ bond would be feasible. However, several
conditions to cleave the N–O bond in 11 or 12 had not yielded
any successful outcome. Therefore, we turned to adjust the syn-
thetic sequence to switch the oxidation states at C2 and C3
(Scheme 4). It should be noted that compound 16 [38] was ob-
tained as a stereoisomeric mixture of olefin, resulting from the
use of crotyl bromide as a mixture of geometric isomers. After
installation of the crotyl group, hydrolysis of the acetonide
group and oxidative cleavage of diol 16, oxime 17 was pre-
pared through the condensation of the aldehyde with hydroxyl-
amine in overall 59% yield. Upon oxidation with NaClO·5H2O,
the in situ-generated nitrile N-oxide immediately underwent
intramolecular dipolar cycloaddition to deliver the cyclo-
adducts 18 in good yield as a mixture of two inseparable dia-
stereoisomers. This telescoped step was readily performed on a
gram scale without interrupted purification of the nitrile oxide.
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Scheme 4: Modified route to access the core of malayamycins.

At this stage, it is not clear that the diastereomeric ratio (dr 4:1)
may share with the same configuration at the C2 or C2’ posi-
tion. The mixture of 18 was subjected to reduction of the imine
motif by NaBH3CN in AcOH–MeOH and immediately pro-
tected with the Boc group. The isolated yield of 19 was moder-
ate because the anomeric carbon at C7 is associated with an
acid-sensitive acetonide group. The structural determination of
the major product 19a was accomplished by comprehensive
NMR spectroscopy and further unambiguously confirmed by
X-ray analysis (see Supporting Information File 1 for details).
The following reductive cleavage of the N–O bond was carried
out by Mo(CO)6 in refluxing CH3CN [39]. Subsequent oxida-
tion of the resulting secondary alcohol with Dess–Martin perio-
dinane (DMP) [40] afforded methyl ketone 20 in 53% yield for
2 steps. Moreover, the minor isomer 19b also underwent the
above two-step sequence, yielding a product identical to 20 (the
synthetic route is not shown). This indicates that the pair of dia-
stereomers essentially differs only at the C2’ position arised
from the isomeric mixture of crotyl bromide 15. It is also worth
noting that both stereoisomers derived from the INOC cycload-
dition can be converted to a single stereoisomer of 20.

With all required stereogenic centers embedded in the 6-5
trans-fused bicyclic skeleton, the remaining problem is

converting C to O to install the secondary alcohol at C2
with retention of the β-configuration. The programmed
Baeyer–Villiger (BV) oxidation would be a feasible transfor-
mation to furnish all necessary functional groups for the
completion of the core skeleton in malayamycins. To our
surprise, it turns out very challenging for the BV oxidation.
Several oxidants were examined and the desired acetate 21
remains inaccessible (Scheme 5) [41]. We assumed the steric
hinderance of the Boc protecting group might have a great
impact to the reactivity of ketone. Investigation along this line
is currently on the way.

Scheme 5: Attempting the Baeyer–Villiger reaction.

Conclusion
In summary, we have streamlined the rapid construction of the
core perhydrofuropyran skeleton of malayamycin A and other
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related uracil nucleosides via a dipolar cycloaddition. The latent
functionality strategy employing oxazoline to reveal the cis-1,2-
hydroxyamine moiety proves to be feasible, circumventing the
lengthy route for alkene functionalization required in previous
syntheses. Although the target-oriented synthesis toward
malayamycins remains to be complished and several steps need
to be improved, the current strategy provides a reliable plat-
form to access various uracil nucleosides and derivatives for
developing potent fungicides.

Supporting Information
Supporting Information File 1
Experimental procedures and compound characterization
data.
[https://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-21-196-S1.pdf]
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