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Conduritol derivatives represent an important class of cyclitol-based molecules characterized by structural
diversity, synthetic flexibility, and notable biological activity. Built on a cyclohexene core bearing multiple
hydroxyl groups, conduritols have attracted sustained interest due to their potent glycosidase inhibitory
properties and their occurrence in biologically active natural products such as pancratistatin and
lycoricidine. The parent compound exists as six diastereomeric forms, and extensive methodological
advances over recent decades have enabled access to all sterecisomers as well as a wide range of
functionalized derivatives, including epoxidized, aminated, halogenated, and selectively protected
analogues. Many of these compounds have shown promise as enzyme inhibitors and as leads for
anticancer, antileukemic, and antimicrobial applications. Building on earlier work focused on the
synthesis of conduritol stereoisomers, this review concentrates on strategies for the preparation of
conduritol derivatives, emphasizing asymmetric synthesis, stereoselective functionalization, and recent
developments in catalytic and green chemistry approaches. Key challenges related to regio- and
stereocontrol are critically discussed, along with comparative assessments of established and emerging
synthetic routes. The therapeutic relevance of conduritol derivatives, particularly in glycosidase-targeted
interventions for metabolic and proliferative diseases, is also highlighted, providing an integrated

perspective on current advances and future opportunities in this field. By consolidating and critically
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a comprehensive resource for the research community, highlighting existing methodological gaps and
DOI: 10.1035/d6ra00830a guiding the design of more efficient, selective, and sustainable strategies for the synthesis and

rsc.li/rsc-advances application of conduritol-based frameworks.

availability, the conduritols have proven indispensable in
synthetic organic chemistry, functioning as versatile interme-

1. Introduction

Cyclitols, a structurally diverse class of cyclic polyols derived
from a cyclohexane framework, are broadly categorized into
three principal families: inositols, quercitols, and conduritols."
Among these, conduritols have emerged as a distinctive and
highly impactful subgroup owing to their intricate stereo-
chemical features and significant biological relevance.”* Since
Kibler's seminal 1908 report of a novel polyhydroxylated
cyclohexene from Marsdenia condurango, later identified as
conduritol A, these molecules have continued to inspire exten-
sive research in organic synthesis, medicinal chemistry, and
chemical biology.*

The six theoretically possible diastereomers of conduritol,
designated A through F, encompass two meso forms (A and D)
and four chiral enantiomeric pairs (B, C, E, and F). While con-
duritol F is relatively abundant in nature, conduritol A is iso-
lated only in trace amounts. Despite their limited natural
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diates and privileged scaffolds for the construction of struc-
turally and biologically complex targets.>®

Beyond their structural diversity, conduritols possess
a remarkable breadth of biological activity. Numerous deriva-
tives, including epoxides, aminoconduritols, cyclophellitols,
and other functionalized analogues, display strong glycosidase
inhibitory activity and have attracted considerable interest as
potential therapeutic agents for metabolic and proliferative
diseases, including diabetes, cancer, HIV/AIDS, and lysosomal
storage disorders such as Gaucher's disease. Recent studies
have further highlighted the importance of targeting
glycosidase-related pathways and cyclitol-based inhibitors in
therapeutic research.” Additional reported activities, including
antifeedant, antibiotic, antileukemic, and plant growth-
regulating effects, further underscore their pharmacological
importance. The presence of conduritol A in traditional
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medicinal plants such as Gymnema sylvestre illustrates the
longstanding connection between these molecules and natural
therapeutic practices.>*°

From a synthetic perspective, conduritols also serve as stra-
tegic building blocks in the total synthesis of natural products,
particularly members of the Amaryllidaceae alkaloid family.
Notable examples include pancratistatin and lycoricidine,
whose syntheses rely on conduramine or aminoconduritol
cores. These natural products demonstrate a range of biological
properties, including protein synthesis inhibition and cytotox-
icity toward lymphocytic leukemia and ovarian sarcoma cell
lines, positioning them as valuable leads in anticancer drug
discovery and motivating continued investigation into cyclitol-
based bioactive scaffolds.’***

Progress in synthetic methodology over the past several
decades has greatly expanded access to conduritol deriva-
tives."»%'>1¢ Classical transformations such as aromatic di-
hydroxylation have been complemented by advances in
chemoenzymatic, enantioselective, and microbial oxidation
strategies. Particularly noteworthy is the use of engineered
microorganisms such as Pseudomonas putida for highly selective
cis-dihydroxylation of aromatic substrates, enabling efficient
construction of key intermediates for conduritol frameworks.
These developments have facilitated the synthesis not only of
the parent compounds but also of complex derivatives
including glycomimetics, oligosaccharide analogues, and
various unnatural sugars with therapeutic potential.

Our research group recently provided a comprehensive
review of the synthetic approaches to all six stereoisomeric
conduritols (A-F).® Building upon that foundation, the present
review focuses specifically on conduritol derivatives, which
constitute an equally important domain owing to their
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biological functions and synthetic utility. The literature di-
scussed in this review was selected through a comprehensive
survey of the major scientific databases and journals to provide
a representative overview of synthetic strategies reported for
conduritol derivatives. In contrast to our previous review, which
primarily addressed the preparation of the parent conduritol
stereoisomers, the present article emphasizes the rapidly
expanding chemistry of functionalized conduritol derivatives,
including aminated, epoxidized, halogenated, phosphorylated,
and structurally diversified analogues. By systematically
compiling and critically comparing these synthetic approaches,
this review aims to provide the broader research community
with a consolidated platform for understanding the evolution of
conduritol chemistry, identifying existing methodological
limitations, and guiding the development of more efficient and
sustainable strategies for the synthesis and application of these
biologically significant cyclitol frameworks.

2. Synthetic landscape of conduritol
derivatives

In recent years, continued advances in -catalytic trans-
formations, metathesis chemistry, and chemoenzymatic meth-
odologies have further expanded the toolbox available for
constructing highly functionalized conduritol derivatives.

The synthesis of conduritol derivatives has evolved through
a wide variety of strategic approaches, ranging from chemo-
enzymatic arene dihydroxylation and carbohydrate-derived
routes to modern catalytic and metathesis-based methodolo-
gies. These strategies differ not only in the origin of stereo-
chemical information but also in the way the polyhydroxylated
cyclohexene framework is constructed and functionalized. In
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the following sections, representative synthetic routes are di-
scussed chronologically, highlighting key transformations,
stereochemical considerations, and methodological innova-
tions that have shaped the development of conduritol
chemistry.

Over more than a century of investigation, conduritols and
their nitrogen-containing congeners have evolved from rare
natural curiosities into versatile molecular platforms central to
modern synthetic, medicinal, and biological chemistry. Their
densely functionalized cyclohexene core, rich stereochemical
diversity, and close resemblance to carbohydrates have inspired
an exceptional range of synthetic strategies. Across the litera-
ture, researchers have developed approaches that span classical
oxidation-reduction sequences, stereocontrolled epoxidation
and dihydroxylation protocols, ring-closing metathesis, Ram-
berg-Bicklund transformations, and carbohydrate-derived
routes. Equally transformative has been the emergence of che-
moenzymatic methods, particularly selective microbial cis-di-
hydroxylation, which provides rapid access to key building
blocks with high regio- and stereocontrol. Collectively, these
methods illustrate the ingenuity and breadth of synthetic
design applied to the construction of conduritols, condur-
amines, and inositol derivatives. The following section
systematically reviews these advances, highlighting strategic
innovations, stereochemical logic, and the evolving toolkit that
continues to shape the synthesis of this important family of
cyclitols.

2.1. Synthesis and advances in conduritol B epoxide

Conduritol B epoxide (CBE) is a well-established irreversible
inhibitor of several p-glucosidases, displaying particularly high
potency toward the mammalian B-glucosidase responsible for
the hydrolysis of glucosylceramide. Impaired function of this
enzyme underlies Gaucher disease, a major lysosomal storage
disorder. Owing to its ease of synthetic access and reliable
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biochemical probe for elucidating the molecular basis of this
genetic condition using diverse animal models.

The first description of CBE was reported by Legler and co-
workers in 1966, who demonstrated its capacity to inactivate
both plant-derived glucosidases and mammalian B-glucosi-
dases."” A decade later, in 1977, the same group proposed
a synthetic route to CBE (8) from myo-inositol (1); however, this
method suffered from modest yields and required large
amounts of starting material, limiting its practical utility.®

To overcome these limitations, Lee et al. (1985) developed
a significantly improved and operationally convenient
protocol.” Their synthesis began with the reflux of myo-inositol
(1) in cyclohexane-dimethyl sulfoxide (DMSO), catalyzed by p-
toluenesulfonic acid monohydrate at 110 °C for 6 h, yielding
1,2-O-cyclohexylidene-myo-inositol (2) in ~85% yield. Subse-
quent acetylation with acetic anhydride and pyridine afforded
3,4,5,6-tetra-O-acetyl-1,2-O-cyclohexylidene-myo-inositol (3) in
approximately 90% yield.

Removal of the cyclohexylidene protecting group was ach-
ieved by heating compound (3) in a 4 : 1 mixture of acetic acid
and water in the presence of 0.1 M HCI at 100 °C, furnishing
1,4,5,6-tetra-O-acetyl-myo-inositol (4) in ~97% yield. Conversion
of compound (4) to its corresponding thiocarbonate (5) was
carried out using N,N'-thiocarbonyldiimidazole under nitrogen,
also providing a ~97% yield.

Refluxing intermediate (5) with trimethyl phosphite for 5 h
under nitrogen produced conduritol B tetraacetate (6) in ~75%
yield. Mechanistically, this transformation proceeds through
a phosphite-mediated elimination of the thiocarbonate func-
tionality, enabling efficient generation of the cyclohexene
framework that ultimately serves as the precursor for epoxide
formation. Subsequent deacetylation of compound (6) with
triethylamine in a 7:3 methanol-water mixture afforded con-
duritol B (7) in nearly quantitative yield. Final epoxidation of
compound (7) with meta-chloroperbenzoic acid (m-CPBA) in
methanol for 12 h, followed by crystallization from absolute

inhibitory profile, CBE has become an indispensable ethanol, yielded conduritol B epoxide (CBE) (8) in ~90% overall
HO  OH cyclohexanone 9 O o o O HO  OH
p-TSA, DMSO pyridine, Ac,0 CH3COOH:H,0 (4:1)
HOm OH ————— > HO'~ OH A AcO' OAc > AcO OAc
/ cyclohexane / 100 °C / 100 °C, 0.1M HCI /
HO ©OH  reflux, 110°C,6h  HO  ©H AcO  OAc AcO  OAc
1 2 85% 3 90% 4 97%
N,N'—thiocarbonyldiimidazolel
X
O o O
m-CPBA NEt; P(OMe)s
HO- OH =<———— HO" OH =<————— AcO" OAc =<——— AcO" OAc
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Scheme 1 Synthesis of conduritol B epoxide (8) from myo-inositol (1).
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Scheme 2 Synthesis of radiolebelled *H-conduritol B epoxide (15) from p-benzoquinone (9).

yield (Scheme 1). The use of m-CPBA as an oxidizing agent
ensures efficient epoxide formation with high selectivity;
however, the reliance on peracid oxidants and multiple
protection-deprotection steps may limit the overall step
economy and raise practical considerations related to reagent
cost and waste generation when larger-scale synthesis is
contemplated.

Conduritol B epoxide (CBE, 8) is not only a potent irrevers-
ible inhibitor of B-glucosidase but also an indispensable
molecular probe for elucidating the biochemical basis of
Gaucher's disease. To study its biological activity, metabolic
fate, and mechanism of enzyme inactivation, researchers
frequently rely on radiolabelled analogues of CBE. In 1977,
Legler et al. reported the first synthetic protocol for obtaining
radiolabelled CBE using either [**C]- or [*H]-myo-inositol as the
precursor.”® However, the method suffered from low overall
yields and the formation of isomeric mixtures, complicating
purification and stereochemical characterization.

To address these shortcomings, Gal et al. (1987) developed
a significantly improved route for the preparation of [*H]-
labelled CBE, providing enhanced yields and superior stereo-
chemical fidelity.>® Their synthesis commenced with the
bromination of p-benzoquinone (9), producing trans-5,6-
dibromo-2-cyclohexene-1,4-dione (10) in ~65% yield. Reduction
of compound (10) with sodium boro[*H]hydride furnished the
tritiated diol (1a,26,3,48)-(%)-2,3-dibromo-[1,4->’H]-dihydroxy-
5-cyclohexene (11) in approximately 60% yield.

Acetylation of intermediate (11) with acetic anhydride in the
presence of 4-pyrrolidinopyridine afforded the corresponding
diacetate (12) in ~74% yield. Oxidative debromination of
compound (12) using either silver acetate or lead(u) acetate
produced [*H]-labelled conduritol B tetraacetate (13) in yields of
~68% and ~54%, respectively. Subsequent deacetylation of
compound (13) gave [*H]-conduritol B (14) in ~91% yield.

Final epoxidation of compound (14) with p-nitroperbenzoic
acid afforded [*H]-conduritol B epoxide (15) in an overall yield
of ~85% (Scheme 2). This improved synthetic protocol enabled
the efficient and stereoselective preparation of radiolabelled
CBE, greatly facilitating detailed mechanistic investigations
into B-glucosidase inhibition and the pathophysiology of
Gaucher's disease.

While conduritol B epoxide represents one of the earliest and
most extensively studied functional derivatives of the conduritol
framework, its chemistry also highlighted the broader synthetic
potential of cyclitol scaffolds. In particular, the structural
modification of conduritols through the introduction of
nitrogen functionality led to the development of conduramine
derivatives, which significantly expanded the biological and
synthetic scope of this class of compounds.

18498 | RSC Adv, 2026, 16, 18495-18577

2.2. Construction of conduramine frameworks: structural
diversity and foundational synthetic methods

Aminocyclitols represent an important class of structurally
diverse compounds that appear in numerous biologically active
molecules. They form the core of aminoglycoside-aminocyclitol
(AGAC) antibiotics, constitute key structural elements of several
Amaryllidaceae alkaloids, and also function as ligands in cyto-
static platinum-based complexes. Within this broader family,
conduramines, which are aminated cyclohexenetriols, hold
particular significance. Structurally, they are derived from the
conduritol framework by replacing one hydroxyl group with an
amino substituent.

Conduramines exhibit potent glycosidase inhibitory activity
and have therefore attracted substantial interest as both phar-
macologically active agents and versatile synthetic intermedi-
ates. Owing to their well-defined stereochemistry, these
aminocyclitols serve as valuable chiral building blocks in the
synthesis of several biologically important natural products,
including (+)-narciclasine (16), (+)-valienamine (17), and
(+)-lycoricidine (18) (Fig. 1). Their synthetic utility extends
further to the preparation of amino cyclitols that constitute the
aglycone portion of numerous clinically relevant aminoglyco-
side antibiotics.

Beyond these applications, conduramines are integral to the
construction of a wide range of therapeutically relevant molec-
ular architectures such as aminosugars, sphingosines, azasu-
gars, and various Narcissus alkaloids. Depending on the
position of the amino functionality on the cyclohexene ring,
conduramines may be categorized into several structural
subclasses, each offering distinct reactivity patterns and
synthetic potential.

In 1990, Werbitzky et al. reported a concise and efficient
strategy for the synthesis of conduramine A tetraacetate based
on a hetero-Diels-Alder reaction.?* The Diels-Alder reaction and
its hetero variants represent powerful cycloaddition methods
for constructing six-membered frameworks and have also found
applications in modern materials science through reversible
Diels-Alder linkages.”* The sequence began with the cycload-
dition between diacetoxydiene (19) and protected 1-chloro-1-
nitrosomannose (20) in a chloroform-ethanol solvent mixture.
This [4 + 2] hetero-cycloaddition proceeded smoothly to afford
the corresponding dihydrooxazine adduct (21) in ~89% yield.
Subsequent reductive cleavage of the N-O bond in compound
(21) using zinc in hydrochloric acid, followed by acetylation with
acetic anhydride, provided conduramine A tetraacetate (22) in
82% yield (Scheme 3). This approach illustrates the effective-
ness of hetero-Diels-Alder chemistry for constructing amino-
cyclitol frameworks with excellent regio- and stereocontrol.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Representative structures of narciclasine (16), valienamine (17), and lycoricidine (18).
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Scheme 3 Synthesis of conduramine A tetraacetate (22) employing hetero-Diels—Alder approach.

Mechanistically, the hetero-Diels-Alder cycloaddition
enables simultaneous formation of the cyclohexene framework
and installation of the nitrogen functionality, thereby stream-
lining the construction of the conduramine scaffold. Never-
theless, the requirement for specifically functionalized nitroso
precursors and subsequent reductive N-O bond cleavage steps
may limit the broader practicality of this strategy in comparison
with more modular nitrogen-installation methods developed in
later studies.

The development of efficient synthetic routes to condur-
amine derivatives also stimulated broader interest in structur-
ally related cyclitol frameworks that display important
biological and pharmacological properties. Among these,
naturally occurring inositol derivatives such as pinitol have
attracted considerable attention, prompting the exploration of
enantioselective synthetic strategies capable of accessing these
molecules with high stereochemical fidelity.

2.3. Enantiodivergent synthetic approaches to pinitol

p-Pinitol (3-O-methyl-p-chiro-inositol) (23) is a naturally occur-
ring cyclitol widely distributed in plant species belonging to the
Leguminosae and Pinaceae families. Functionally, it serves as
an essential cellular osmoprotectant and defensive metabolite,
enabling plants to tolerate abiotic stresses such as drought,
salinity, and oxidative damage. Through its involvement in
osmotic adjustment and stress-responsive metabolic pathways,
p-pinitol plays a critical role in maintaining cellular homeo-
stasis under adverse environmental conditions.

The name “p-pinitol” originates from its initial isolation
from the heartwood of Pinus monticola. Later investigations
established its presence in multiple plant tissues, including
resin, wood, bark, and cambial sap, across many gymnosperms,
particularly species of Pinus and Abies. Its distribution is not

© 2026 The Author(s). Published by the Royal Society of Chemistry

confined to conifers; the compound has also been identified in
several angiosperm families, including Fabaceae, Nyctagina-
ceae, Asteraceae, Zygophyllaceae, Caryophyllaceae, Aristo-
lochiaceae, Sapindaceae, Santalaceae, and Aizoaceae.

Traditionally, plants enriched in b-pinitol have been
employed in the treatment of diabetes, inflammation, cancer,
and microbial infections, consistent with the broad biological
activities attributed to this cyclitol. In recent years, interest in p-
pinitol has grown markedly due to its abundance in nutrition-
ally and pharmacologically important plant sources such as
soybean (Glycine max), carob pod (Ceratonia siliqua), ice plant
(Mesembryanthemum crystallinum), fenugreek seed (Trigonella
foenum-graecum), and several Retama species.

Collectively, these findings underscore the significance of p-
pinitol as a bioactive phytochemical with promising applica-
tions in nutraceuticals, phytopharmaceuticals, and agro-
biotechnology (Fig. 2).

In 1990, Hudlicky et al. reported a seminal enantiodivergent
synthetic strategy that enabled the preparation of both enan-
tiomers of pinitol, (+)-pinitol (+)-23 and (—)-pinitol (—)-23 from
a common chiral intermediate.”® The sequence began with
bromo-acetonide (24), which was subjected to osmium
tetroxide/N-methylmorpholine N-oxide (OsO,/NMO)-mediated
dihydroxylation to furnish the conduritol E derivative (25) in
approximately 85% yield.

OH

HO
HO
HSCOM
HO

OH
23

Fig. 2 Representative structures of b-pinitol (23).
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Scheme 4 Enantiospecific synthesis of both pinitol enantiomers (23) using the common bromo acetonide intermediate (24).

Reduction of compound (25) with lithium aluminium
hydride (LiAlH,) afforded the corresponding olefin (ca. 85%
yield), which underwent epoxidation with m-chloroperbenzoic
acid (m-CPBA) to deliver epoxide (26) in 86% yield. Subsequent
methanolysis followed by acetonide deprotection furnished
(+)-pinitol (+)-23 in an overall yield of ~90%. The regio- and
stereochemical outcome of these transformations is governed
by the conformational preference of the conduritol interme-
diate, which directs nucleophilic attack and oxidative addition
from the less sterically hindered face of the cyclohexene ring.

In the complementary sequence leading to the opposite
enantiomer, bromo-acetonide (24) was first epoxidized directly
with m-CPBA in dichloromethane to produce epoxide (27) in
80% yield. Methanolysis of epoxide (27) (89%) followed by
dehalogenation (85%) yielded the conduritol F derivative (28).
Dihydroxylation of compound (28) using OsO,/NMO (63%) and
subsequent deprotection provided (—)-pinitol (—)-23. Notably,
substituting the bromo group in the acetonide precursor with
chlorine markedly slowed the dehalogenation step, under-
scoring the importance of the bromine substituent in control-
ling reaction efficiency.

The 0sO,/NMO system plays a crucial role in establishing
the syn-dihydroxylated stereochemical motif characteristic of
many cyclitol frameworks. However, the use of osmium-based
oxidants presents practical limitations due to their toxicity,
high cost, and environmental concerns, which has motivated
ongoing efforts to develop milder and more sustainable di-
hydroxylation methodologies.

This six-step route, originating from a diene diol generated
via microbial oxidation of bromobenzene, enabled the
enantiospecific synthesis of both pinitol enantiomers with
excellent stereocontrol and regiodivergence. A key feature of
this strategy was the use of a highly versatile chiral synthon that
allowed complete diastereofacial control (a- versus B-attack) and
regioselective oxidative transformations in subsequent steps
(Scheme 4).

The successful application of such stereocontrolled trans-
formations in the synthesis of cyclitol derivatives also high-
lighted the broader synthetic versatility of conduritol-type
intermediates. In particular, similar strategies involving selec-
tive protection, oxidation, and dihydroxylation reactions have

18500 | RSC Adv, 2026, 16, 18495-18577

been employed in the construction of highly functionalized
inositol derivatives, including biologically significant myo-
inositol phosphates.

2.4. Foundational synthetic routes to myo-inositol
polyphosphates

Inositol phosphates constitute a structurally diverse family of
naturally occurring organophosphorus compounds. Despite
their widespread presence in terrestrial and aquatic environ-
ments, they remain among the least understood components of
the global phosphorus cycle. These molecules, containing up to
six phosphate groups esterified to an inositol scaffold, occur in
several stereoisomeric forms, including myo, o-chiro, scyllo, and
neo with myo-inositol hexakisphosphate (phytate) being the
most abundant, particularly in plant-derived materials.

Inositol phosphates are primarily of plant origin and accu-
mulate in soils as the dominant class of organic phosphorus
species. They are also detected in notable concentrations in
aquatic systems, where their partial bioavailability may influ-
ence eutrophication processes. Their environmental behavior,
such as cycling, mobility, enzymatic turnover, and biological
accessibility, is still poorly understood because isolating, sepa-
rating, and detecting highly phosphorylated species from
complex matrices remains analytically challenging.

Beyond their environmental significance, myo-inositol
phosphates play pivotal roles in biological systems. Several
members of this family act as indispensable secondary
messengers, particularly in calcium signaling pathways, where
they regulate intracellular calcium release and modulate key
physiological processes.

A landmark synthetic contribution to this field was reported
by Carless et al. in 1990, who developed a versatile route to
biologically relevant myo-inositol phosphates.> The synthesis
originated from MEM-protected ¢trans-benzene diol (29), derived
from benzene over seven steps in an overall yield of ~35%.
Compound (29) underwent a [4 + 2] cycloaddition with singlet
oxygen, followed by thiourea-mediated reduction to afford diol
(30). Mechanistically, this pericyclic oxygenation step provides
a rapid entry into oxygen-rich cyclohexane frameworks,
demonstrating how pericyclic reactions can efficiently generate

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Scheme 5 Synthesis of myo-inositol phosphates from MEM ether of anti-cyclohexa3,5-diene-1,2-diol.

the stereochemically dense intermediates required for complex
cyclitol synthesis. Oxidation of the latter using 1.5 equivalents
of PCC generated a mixture of hydroxyenones (31) and (32),
isolated in 50% and 20% yield, respectively.

Luche reduction of compound (31) provided the conduritol B
derivative (33) in 90% yield. Alternatively, compound (33) could
be accessed in ~70% yield by oxidation of diol (30) with 3
equivalents of PCC, followed by reduction of the resulting
enedione. Dibenzylation of compound (33) with NaH and
benzyl bromide furnished the corresponding protected inter-
mediate in 95% yield. Subsequent dihydroxylation using
osmium tetroxide/N-methylmorpholine N-oxide (OsO,/NMO)
afforded cyclitol (34) in 96% yield, serving as a key branch point
for the synthesis of multiple myo-inositol phosphate isomers.
The OsO,/NMO-mediated dihydroxylation plays a decisive role
in establishing the syn-vicinal diol configuration required for
inositol phosphate synthesis; however, the reliance on osmium-
based oxidants raises practical concerns related to reagent
toxicity, cost, and environmental impact, factors that have
motivated the search for greener oxidative methodologies in
later studies.

From cyclitol (34), regioselective introduction of a third
MEM protecting group yielded compounds (35) and (36) in 60%
and 10% yield, respectively. Compound (35) underwent benzy-
lation (86% yield), MEM deprotection with 6 N HCI in THF at
20 °C (59% yield), and phosphorylation using tetrabenzyl
pyrophosphate (TBPP) and NaH (47% yield). Global hydro-
genolysis furnished myo-inositol 1,4,5-triphosphate (37).

© 2026 The Author(s). Published by the Royal Society of Chemistry

Similarly, myo-inositol 2,4,5-triphosphate (38) was obtained
from compound (36) through benzylation (78%), MEM depro-
tection (82%), phosphorylation (53%), and final hydrogenolysis
(85%).

Further elaboration of compound (34) via phosphorylation
produced tetrol (39), which upon hydrogenolysis furnished
racemic myo-inositol 1,2,4,5-tetrakisphosphate (40). In another
sequence, benzylation of compound (34) followed by MEM
deprotection generated compound (41), which upon phos-
phorylation with TBPP/BuLi in THF and subsequent debenzy-
lation afforded racemic myo-inositol 4,5-bisphosphate (42)
(Scheme 5).

The development of such versatile cyclitol intermediates not
only facilitated the synthesis of complex inositol phosphates
but also underscored the broader synthetic potential of
carbohydrate-derived precursors for constructing conduritol
frameworks. Building on these concepts, subsequent studies
explored stereocontrolled strategies that utilized naturally
occurring sugars as chiral starting materials to access struc-
turally diverse conduritol derivatives.

2.5. Stereodivergent synthesis of tetra-O-methylconduritol
derivatives of conduritol A and C from r-arabinose

In 1991, McIntosh et al. reported a stereospecific and stereo-
divergent synthetic route to the tetra-O-methyl derivatives of
conduritol A and conduritol C, starting from the naturally
occurring pentose r-arabinose. The synthesis began with the
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conversion of r-arabinose (43) into the corresponding di-
thioacetal trimethyl ether (44) through a three-step sequence.”

Selective protection of the primary hydroxyl group in
compound (44) was achieved using TBDMSC]I, imidazole, and
DAMP in DMF, affording the silyl ether (45) in 86% yield.
Subsequent deprotection of the thioacetal moiety with HgO/
HgCl, in an acetone-water mixture furnished aldehyde (46) in
98% yield.

Aldehyde (46) underwent Wittig olefination to yield di-
bromide (47) in 81% yield, which was then transformed into
silylacetylene (48) in 73% yield following the Corey-Fuchs
protocol. Hydrogenation of compound (48) using Pd/BaSO,
under an atmosphere of H, in pyridine provided vinylsilane (49)
in 91% yield. Hydrolytic removal of the silyl group with aqueous
acetic acid afforded alcohol (50) in 80% yield, and oxidation of
this primary alcohol produced vinylsilane aldehyde (51) with an
excellent yield of 98%.

A key feature of this strategy was the stereochemical control
achieved during intramolecular cyclization of aldehyde (51),
governed by the choice of Lewis acid. In this context, the con-
trasting use of BF;-OEt, and SnCl, highlights the decisive role
of Lewis acid coordination in controlling the transition-state
geometry of the cyclization process, thereby directing the
formation of either the anti or syn cyclohexenol framework.
However, the requirement for strong Lewis acids and carefully
controlled reaction temperatures may impose practical limita-
tions when considering the scalability and operational
simplicity of such transformations. Treatment with BF;- OEt, in
dichloromethane at ambient temperature led to the formation
of 1,2-anti-cyclohexenol (52) in 86% yield and with >30:1
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isomeric purity. Conversely, treatment with SnCl, at —78 °C
followed by gradual warming to room temperature afforded the
1,2-syn-cyclohexenol (54), also in 86% yield and >30: 1 isomeric
ratio.

Final methylation of the hydroxyl groups using Ag,O and
methyl iodide completed the divergent sequence: the 1,2-anti
intermediate (52) furnished tetra-O-methylconduritol A (53) in
71% yield, while the 1,2-syn intermediate (54) delivered tetra-O-
methylconduritol C (55) in 91% yield (Scheme 6). This meth-
odology elegantly demonstrates how Lewis acid-controlled
cyclizations can direct stereochemical outcomes, enabling effi-
cient access to distinct conduritol isomers from a common
chiral precursor.

The ability to control stereochemical outcomes through
strategic choice of reagents and reaction conditions also proved
valuable in the synthesis of nitrogen-containing cyclitol deriv-
atives. Building on the principles of stereoselective cyclization
and functional group manipulation illustrated above, subse-
quent studies explored routes to aminocyclitol frameworks,
which are of considerable importance in antibiotic develop-
ment and medicinal chemistry.

2.6. Stereospecific synthesis of cis-1,3-diaminocyclitols

The selective synthesis of aminocyclitol isomers with retention
of amino group configuration is of considerable interest,
particularly due to their relevance in the mutasynthesis of new
aminoglycoside antibiotics and their utility as ligands in cyto-
static platinum(u) complexes. In 1991, Schiirrle et al. developed
an elegant and stereospecific synthetic approach to cis-1,3-
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Scheme 6 Synthesis of tetra-O-methylconduritol A (53) and tetra-O-methylconduritol C (55) from L-arabinose (43).
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Scheme 7 Synthesis of 2,4-diamino-2,4-dideoxy-chiro-inositol (67) and 2,4-diamino-2,3,4-trideoxy-allo-inositol (73).

diamino-1,3-dideoxycyclitols, employing a conduramine A-1
derivative as the central intermediate.>®

The key transformation in their strategy was a hetero-Diels—
Alder reaction between compound (56), prepared from cis-
cyclohexa-3,5-diene-1,2-diol, and (-)-2,3:5,6-di-O-iso-
propylidene-1-nitroso-a-p-manno-furanosyl chloride (—)-57.
This cycloaddition furnished the oxazine (+)-58 in 82% yield.
Reductive cleavage of (+)-58 with aluminum amalgam in
aqueous THF then produced the conduramine A-1 derivative
(—)-59 in 94% yield.

Reaction of compound (—)-59 with N-ethoxycarbonylph-
thalimide (60) and sodium carbonate afforded the protected
amino derivative (—)-61 in 90% yield. Hydrolysis of (—)-61
subsequently delivered the triol (—)-62 in 92% yield. Protection
of the three hydroxyl groups as isopropyldimethylsilyl (IPDMS)
ethers using chloro(isopropyl)dimethylsilane and imidazole
afforded compound (—)-63 in 98% yield.

© 2026 The Author(s). Published by the Royal Society of Chemistry

Epoxidation of (—)-63 with p-nitroperbenzoic acid, followed
by desilylation with acetic acid, generated epoxy triol (—)-64 in
87% yield. Subsequent treatment with trichloroacetonitrile and
DBU furnished the trichloroacetimidate (—)-65 in 94% yield. A
crucial stereoselective intramolecular epoxide opening medi-
ated by triethylaluminum led to exclusive formation of the 2-
trichloromethyl-4,5-dihydro-1,3-oxazole (—)-66 in 80% yield.
The use of triethylaluminum as a Lewis acidic promoter is
central to this transformation, facilitating controlled intra-
molecular epoxide opening through coordination to the oxygen
atom and directing nucleophilic attack along a well-defined
transition-state pathway. Nevertheless, the requirement for
highly moisture-sensitive organoaluminum reagents and
multistep protection-deprotection sequences may pose prac-
tical challenges when considering the operational robustness
and scalability of this methodology.
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Cleavage of the oxazole ring in (—)-66 using HCI followed by
treatment with anhydrous hydrazine afforded (—)-1r-2,4-di-
amino-2,4-dideoxy-chiro-inositol (—)-67 in 79% yield. The
opposite enantiomer, (+)-67, was obtained analogously starting
from (+)-57.

In a complementary sequence, compound (—)-61 was con-
verted into its trichloroacetamidate derivative (—)-68 in 91%
yield using trichloroacetonitrile in dichloromethane. Subse-
quent iodination with N-iodosuccinimide (NIS) afforded a 3: 1
mixture of (—)-69 (66%, major) and (—)-70 (21%). Further
iodination of (—)-69 with NIS produced the diiodide (—)-71 in
95% yield.

Radical dehalogenation of compound (—)-71 provided (+)-72
in 92% yield. Final global deprotection of (+)-72 with hydrazine
in a chloroform-ethanol mixture delivered the target amino-
cyclitol, (—)-11-2,4-diamino-2,3,4-trideoxy-allo-inositol (—)-73, in
73% yield. The enantiomeric form, (+)-73, was obtained simi-
larly using the enantiomer (+)-57 (Scheme 7).

While the strategy described above highlights the power of
hetero-Diels-Alder reactions and intramolecular epoxide open-
ings for constructing aminocyclitol frameworks with precise
stereochemical control, alternative approaches have also been
explored to access conduritol and conduramine derivatives
more directly from simple aromatic precursors. In particular,
microbial arene oxidation has emerged as a highly effective
strategy for generating cis-dihydroxylated intermediates that
can serve as versatile building blocks for diverse cyclitol
syntheses.
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2.7. Synthesis of deoxyconduritol E and conduramine A-1
derivatives

In 1991, Hudlicky et al. reported a versatile and stereoselective
synthetic strategy enabling access to a broad array of natural
and synthetic conduritols.”” The central feature of this unified
approach was the microbial oxidation of chloro- or bromo-
benzene to generate the corresponding cis-cyclohexadienediols.
These bio-oxidized intermediates, with their well-defined
symmetry and inherent stereochemical bias, provided an ideal
platform for introducing functional groups with excellent
stereocontrol. The microbial arene dihydroxylation step is
particularly valuable because it introduces vicinal cis-diol
functionality with high enantioselectivity under mild condi-
tions; however, practical implementation may depend on access
to specialized microbial strains and biocatalytic facilities, which
can limit the widespread application of this approach in labo-
ratories lacking biotransformation infrastructure.

For the synthesis of deoxyconduritol E, bromo-
cyclohexadienediol (74), obtained from bromobenzene oxida-
tion, was first transformed into its acetonide-protected
derivative. Epoxidation of this intermediate with m-CPBA in
dichloromethane furnished epoxide (27). Similarly, chloro-
cyclohexadienediol (77) was converted into the corresponding
epoxide (78) following acetonide protection and m-CPBA
epoxidation.

Reduction of epoxides (27) and (78) with LiAlH, in ether
afforded alcohols (75) and (79) in ~99% and 80% yields,
respectively. Radical dehalogenation of these alcohols produced
a common intermediate (76) in 80% yield. Subsequent acidic
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Scheme 8 Synthesis of deoxyconduritol E (80), conduramine A-1 tetraacetate (22) tetraacetate along with dihydroconduramine A-1 (85).
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deprotection of compound (76) delivered Deoxyconduritol E
(80) in quantitative yield.

In a complementary sequence, Hudlicky and co-workers also
developed an efficient route to conduramine A-1 tetraacetate,
dihydroconduramine A-1, and its tetraacetate derivative."”” The
route began with a hetero-Diels-Alder reaction between
bromocyclohexadienediol acetonide (24) and an in situ-gener-
ated nitrosyl dienophile derived from acetohydroxamic acid.
This cycloaddition produced the oxazine (81) as a single enan-
tiomer, installing four contiguous stereocenters in a single step.

Reductive cleavage of the N-O bond in oxazine (81) using
aluminum amalgam furnished the amino alcohol (82) in 77%
yield. Acidic deprotection of (82) then yielded triol (83) in ~99%
yield. Acetylation of triol (83) afforded conduramine A-1 tetra-
acetate (22) in 63% yield. Moreover, palladium-catalyzed
hydrogenation of triol (83) provided dihydroconduramine A-1
(84) in 99% yield, which upon acetylation in a THF-water
mixture furnished dihydroconduramine A-1 tetraacetate (85) in
97% yield (Scheme 8).

The successful utilization of microbial arene dihydroxylation
in these transformations highlighted the broader potential of
biocatalytic oxidation for constructing highly functionalized
cyclitol frameworks from simple aromatic precursors. Building
upon this concept, subsequent studies expanded the scope of
such chemoenzymatic strategies to access structurally modified
inositol derivatives, including C-methyl-substituted cyclitols of
biological significance.

2.8. Chemoenzymatic synthesis of C-methyl inositols:
enantioselective access to (—)-laminitol and C-methyl muco-
inositol

The identification of p-myo-inositol-1,4,5-trisphosphate (IP;) as
a pivotal second messenger that mediates intracellular calcium
ion release highlighted the need for efficient synthetic routes to

CH,
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inositol phosphates and related analogues. These compounds
became invaluable tools in probing signal transduction path-
ways. While several synthetic methods for myo-inositol phos-
phates had been developed, they often relied on naturally
abundant myo-inositol as the starting material. Alternative
strategies frequently employed benzene or cyclohexa-1,2-diene-
1,2-diols (in cis or trans forms) to access the desired inositol
phosphate analogues.

Although the biological functions of other inositol stereo-
isomers remained comparatively less explored, two naturally
occurring C-methyl inositols, (—)-laminitol and mytilitol (a
symmetrical derivative of scyllo-inositol) were isolated from
marine algae. Of these, (—)-laminitol, featuring myo-inositol
stereochemistry and a methyl group at C-4, demonstrated bio-
logical activity by inhibiting the growth of Neurospora crassa.
While a racemic synthesis of laminitol from myo-inositol had
been reported earlier, Carless et al. (1991) provided the first
enantioselective total synthesis of (—)-laminitol (—)-93 and C-
methyl muco-inositol (94), uniquely starting from toluene (86).>*

Their synthetic route began with microbial oxidation of
toluene using Pseudomonas putida, affording cis-cyclo-
hexadienediol (87). Protection of the diol with 2,2-di-
methoxypropane yielded the corresponding isopropylidene
derivative (88) in ~65% yield. Epoxidation of compound (88)
afforded epoxide (89), which was converted into the corre-
sponding t¢rans-diol (90) via acid-mediated ring opening.
Subsequent deprotection of the isopropylidene group led to C-
methyl conduritol F (91) in ~78% yield.

Hydroxyl-directed epoxidation of the remaining double bond
in compound (91) yielded epoxide (92) in ~73% yield. The final
step, an acid-catalyzed epoxide ring opening produced a 1:1
mixture of (—)-laminitol (—)-93 and C-methyl muco-inositol (94),
with an excellent combined yield of ~95%.

Additionally, Carless et al. described an alternative synthetic
route to C-methyl muco-inositol (94). This involved the reaction

HO, ,CHy HO, ,CHs
0, OH thiourea @:OH 0s0, Hojé:OH
OH MeOH < OH HO” > YOH
OH OH
95 96 94
CH3 CHj CHs o, SHa
Pseudomonas putida OH  2,2-dimethoxypropane EEEOXCH;, m-CPBA, CH,Cl,, Na,CO3 @EOXCHs
OH TsOH O CH, 0°C,12h O CH,
86 87 88 65% 89 47%
H,O/THF (1:5)
TsOH, 20 °C, 6 days
Ho, CHs Ho, CHs HO, CHs Ho, CHs
HO: i :OH H,0, CFsCO,H  HO OH  m.cPBA, _MCPBA, CH,Clp \C{ \('IO CH;
+ -
HO - OH reflux, 4 h OH 10 days O CH;
OH 95%
94 1:1 (-)-93 92 73% 91 78% from 89 90
Scheme 9 Chemoenzymatic synthesis of (—)-laminitol (—)-93 and C-methyl muco-inositol (94) from toluene (86).
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of cis-cyclohexadienediol (87) with singlet oxygen to form
endoperoxide (95). Reductive cleavage of the peroxide bond
using thiourea yielded C-methyl conduritol A (96). Subsequent
dihydroxylation of compound (96) with osmium tetroxide
afforded C-methyl muco-inositol (94) in ~55% isolated yield
(Scheme 9). The use of osmium tetroxide enables highly
stereoselective syn-dihydroxylation of the cyclohexene frame-
work; however, similar to other osmium-mediated oxidations
discussed earlier, the toxicity and high cost of this reagent
remain important considerations when evaluating the scal-
ability and environmental sustainability of such methodologies.

The versatility of microbial arene dihydroxylation in gener-
ating highly functionalized cyclitol intermediates also inspired
its application in the synthesis of structurally complex natural
products. In particular, the stereochemically rich cyclo-
hexadienediol intermediates obtained from aromatic bi-
ooxidation proved especially valuable for constructing the core
frameworks of several Amaryllidaceae alkaloids, including
lycoricidine and related compounds.

2.9. Chemoenzymatic synthetis of (+)-lycoricidine from
chlorobenzene

The Narcissus alkaloids pancratistatin, narciclasine, and
lycoricidine belong to a prominent class of bioactive natural
products isolated from members of the Amaryllidaceae family.
These compounds exhibit remarkable cytotoxic and antitumor
activities, with pancratistatin emerging as the most promising
therapeutic candidate since the initial structural elucidations
reported in the late 1960s. However, the extremely low natural
abundance of these alkaloids, coupled with the complexity of
their extraction and purification from plant sources, severely
limits their availability. These challenges highlight the need for
synthetic approaches that are synthetically efficient, cost-
effective, environmentally sustainable, and stereochemically
well-controlled, ideally providing scalable access to all members
of this alkaloid family.

In 1992, Hudlicky et al. disclosed an enantioselective total
synthesis of (+)-lycoricidine that leveraged a biooxidative
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strategy to establish the core stereochemical framework.>® The
synthesis began with microbial dihydroxylation of chloroben-
zene (97) to afford cis-cyclohexadienediol (98), which was
subsequently protected as its acetonide derivative (77). A hetero-
Diels-Alder cycloaddition between acetonide (77) and di-
enophiles (99) or (100), promoted by Bu,NiO, in di-
chloromethane, furnished the corresponding oxazines (101a)
and (101b) in 74% and 80% yield, respectively.

Reductive cleavage of the N-O bond in these oxazines using
aluminum amalgam generated the protected conduramine D
derivatives (102a) and (102b). Compound (102a) underwent
silylation of the secondary hydroxyl group in 98% yield, fol-
lowed by lithiation with n-BuLi in THF and subsequent acyla-
tion with 2-bromopiperonyloyl chloride (103) to deliver amide
(104) in 77% yield. Alternatively, amide (104) could be obtained
from compound (102b) via silylation followed by CBZ protection
and analogous acylation.

The pivotal macrocyclization of amide (104) was accom-
plished through a modified Heck reaction employing Pd(OAc),,
TI(OAc), and 1,2-bis(diphenylphosphino)ethane (DPPE) in ani-
sole, furnishing the cyclized product (105) in 27% yield.
Removal of the CBZ protecting group delivered amide (106) in
nearly quantitative yield. Final acid-mediated removal of the
acetonide and silyl protecting groups using trifluoroacetic acid
(TFA) completed the synthesis, yielding (+)-lycoricidine (+)-18 in
85% yield (Scheme 10).

Chemoenzymatic arene cis-dihydroxylation strategies
provide a powerful entry into densely functionalized cyclitol
frameworks because they introduce multiple stereocentres in
a single step with excellent stereochemical control. Neverthe-
less, their broader application can sometimes be limited by
substrate scope, the need for specialized microbial systems, and
challenges associated with scaling up biotransformations for
large-scale synthetic applications.

Beyond their application in the total synthesis of complex
natural products such as lycoricidine, these chemoenzymati-
cally generated cyclitol intermediates also provide versatile

platforms for the preparation of structurally diverse
CHs
Br O%\CHa oH
99 or 100 w Al(Hg) O CHs
—_— e ><
BugNIO,4, CH,Cl, O.N THF d CH,
$ NHR
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Scheme 10 Chemoenzymatic synthetis of (+)-lycoricidine (+)-18 from chlorobenzene (97).
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conduramine derivatives. Consequently, several studies have
explored strategies that combine microbial oxidation with
enzymatic resolution and stereospecific functionalization to
access enantiomerically pure aminocyclitols with defined
stereochemical configurations.

2.10. Stereoselective construction of conduramine C-1 and
related conduramine A derivatives

Similar to the parent conduritols, conduramines display potent
glycosidase inhibitory activity and therefore serve as valuable
scaffolds for the design of enzyme inhibitors. In 1992, Johnson
et al. reported an enantioselective synthesis of both enantio-
mers of conduramine C-1 (114), employing a strategy that
combined microbial oxidation, enzymatic resolution, and
Mitsunobu-type reactions.*’

The synthesis commenced with meso-cyclohexa-3,5-dien-1,2-
diol (108), generated from benzene (107) via microbial di-
hydroxylation. Protection of this diol afforded the correspond-
ing conduritol A derivative (109). Selective enzymatic acetylation
using Pseudomonas cepacia lipase and isopropenyl acetate
provided monoacetate (110). After hydroxyl protection and
subsequent deacetylation, compound (111) was isolated in
~98% yield.

Exposure of compound (111) to Mitsunobu conditions in the
presence of phthalimide furnished protected conduramine C-1
(112) in 67% yield. The Mitsunobu reaction plays a crucial role
in this transformation by enabling stereospecific inversion of

View Article Online
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allowing efficient introduction of the nitrogen functionality into
the cyclitol framework. However, the use of stoichiometric
quantities of azodicarboxylate reagents and triphenylphosphine
generates significant by-product waste, which may limit the
environmental sustainability of this approach when considered
on larger scales. Global deprotection of (112) with p-toluene-
sulfonic acid (p-TSA) yielded intermediate (113), which upon
treatment with 40% aqueous methylamine delivered (—)-con-
duramine C-1 (—)-114 in quantitative yield.

In an alternative sequence, monoacetate (110) was subjected
directly to a Mitsunobu reaction with phthalimide, affording
protected intermediate (115) in 61% yield. Treatment of (115)
with 40% aqueous methylamine produced compound (116) in
~81% yield, and a subsequent methylamine-induced depro-
tection step yielded (+)-conduramine C-1 (+)-114 in ~99% yield.

Johnson et al. also described the preparation of partially
protected conduramine A derivatives. The sequence began with
a hetero-Diels-Alder reaction between diene (56) and an in situ-
generated nitroso dienophile (formed by tetraethylammonium
periodate oxidation of benzohydroxamic acid), producing
racemic oxazine (117). Reductive cleavage of the N-O bond
using aluminum amalgam in THF furnished racemic alcohol
(118).

Resolution of racemic (118) was achieved using amano P-30
lipase in isopropenyl acetate, providing a mixture of acetate
(119) and unreacted alcohol (—)-118. Deacetylation of (119)
produced alcohol (120), which upon acidic deprotection with p-
TSA yielded partially protected conduramine A (+)-121. The

configuration during nucleophilic substitution, thereby
o5 : : ~0
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OH OAc 0°Cfor1h OAc
107
108 109 110 115 61%
i. TBSCI, imidazole, DMF p-Tol-SO3H
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Scheme 11 Synthesis of both enantiomers of conduramine C-1 (114)
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opposite enantiomer (—)-121 was obtained by direct p-TSA-
mediated deprotection of (—)-118 (Scheme 11).

These studies demonstrate how combinations of microbial
oxidation, enzymatic resolution, and stereospecific functional-
ization can provide efficient access to structurally diverse con-
duramine derivatives. In addition to such aminocyclitol
frameworks, related synthetic efforts have also focused on the
preparation of electrophilic conduritol epoxides, which serve as
valuable mechanism-based inhibitors of glycosidases and

important probes for studying carbohydrate-processing
enzymes.
2.11. Unified route to conduritol E and F epoxides via

carbocyclization of a mannose-derived intermediate

Epoxide derivatives of conduritols have attracted considerable
attention owing to their function as mechanism-based inacti-
vators of glycosidases. These electrophilic cyclitols act as potent
biochemical probes for elucidating the mechanistic features of
glycoside hydrolases. For example, epoxy-conduritol F has been
shown to irreversibly inactivate a liver-specific isoform of (-
mannosidase isolated from goat liver, underscoring the bio-
logical significance of such compounds.

In a seminal contribution published by Chretien et al. in
1993, a concise and efficient synthetic route to both conduritol
E and F epoxides was developed starting from a p-mannose
derivative.*® The synthesis began with the transformation of
methyl a-p-mannopyranoside (122) into the crystalline 6-iodo
peracetate (123) via a modified Garegg protocol followed by
acetylation, affording the product in 91% yield.

Treatment of compound (123) with silver fluoride in pyridine
induced an elimination reaction to furnish alkene (124) in 91%
yield. Subsequent deacetylation of compound (124), followed by

i. PPhg, I, imidazole
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benzylation, provided the dibenzylated intermediate (125),
again in 91% yield. The key carbocyclization step was accom-
plished using catalytic HgSO, in sulfuric acid, converting
compound (125) into ketol (126) in 80% yield. This mercury-
mediated carbocyclization efficiently constructs the cyclo-
hexene framework characteristic of conduritols while
preserving the stereochemical information derived from the
carbohydrate precursor. However, the use of mercury salts rai-
ses environmental and safety concerns, and the development of
alternative metal-catalyzed or organocatalytic cyclization strat-
egies would be desirable for improving the sustainability of
such transformations.

Elimination of the hydroxyl group in ketol (126) with tosyl
chloride in pyridine generated enone (127) in 82% yield.
Stereoselective Luche-type reduction of enone (127) with NaBH,
in the presence of CeCl; produced a mixture of partially pro-
tected conduritol E (128) and conduritol F (129). Oxidation of
these intermediates with m-chloroperbenzoic acid (m-CPBA)
yielded the corresponding epoxides: partially protected con-
duritol E epoxide (130) in ~40% yield and conduritol F epoxide
(131) in ~80% yield (Scheme 12).

This sequence provides an elegant carbohydrate-derived
approach to conduritol epoxides, enabling the stereo-
controlled preparation of two biologically important epoxide
isomers from a readily available chiral pool precursor.

In addition to carbohydrate-derived strategies, complemen-
tary approaches have employed chemoenzymatic arene di-
hydroxylation to generate versatile cyclitol intermediates from
simple aromatic substrates. Such biooxidative methods have
proven particularly powerful for accessing diverse inositol
stereoisomers through controlled transformations of con-
duritol epoxide intermediates.

HO—  oH . I~ OAc H,C. OAc H,C_OBn
Ho&g toluene, 80 °C _ Aco&gv AgF pyridine ACO/Z&H i. NH3, MeOH BnO-—2 0
HO ii. Ac,0, pyridine AcO AcO i NaH, BnBr, DMF BO
OMe OMe OMe
122 123 91% 124 91% 125  91%
HgS0,, HyS0, (5mM)
dioxane, 60 °C
OH OH o] 0
BnO,, BnO,, ~ NaBH,, CeCl; B0 TsCl, pyridine  BNO-.
+ - B —
BnO BnO BnO CHoCl, BnO “'OH
OBn OBn OBn OBn
129 128 127 82% 126 80%
lm-CPBA i -CPBA
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Scheme 12 Synthesis of partially protected conduritol E epoxide (130) and conduritol F epoxide (131) from methyl a.-p-mannopyranoside (122).
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2.12. Chemoenzymatic divergent synthesis of inositol
stereoisomers from chlorobenzene

In 1993, Hudlicky et al. developed a versatile synthetic strategy
for the preparation of various inositols starting from chloro-
benzene, with a conduritol E epoxide derivative serving as a key
intermediate.*® The sequence commenced with the biotrans-
formation of chlorobenzene (97) to chlorocyclohexadienediol
(98) using Pseudomonas putida strain 39D. This microbial
oxidation product was subsequently converted into the chloro
epoxide (132), a pivotal branching point for constructing
multiple inositol stereoisomers.

Hydrolysis of epoxide (132) over alumina furnished the cor-
responding ketone (133) in approximately 85% yield, and
catalytic hydrogenation of (133) produced allo-inositol (134) in
yields exceeding 90%. Under radical dehalogenation condi-
tions, epoxide (132) was transformed into epoxide (135), which
upon hydrolysis either using Amberlite IR-118 resin or under
neutral aqueous conditions afforded a 7:3 mixture of (+)-p-
chiro-inositol (+)-137 and neo-inositol (138). The major isomer,
(+)-137, was isolated in 60% yield and could be readily separated
from neo-inositol via crystallization.

Further refinement of this route was achieved by treating
epoxide (135) with a 1:1 mixture of amberlyst A-21 and
Amberlite IRA-904, or alternatively with sodium benzoate, to
promote highly selective formation of (+)-p-chiro-inositol via the
acetoneide intermediate (139). This optimized method deliv-
ered (+)-137 in 98% yield with >95% selectivity, accompanied by
only trace amounts (=<5%) of neo-inositol (138).

Under acidic hydrolytic conditions, epoxide (135) underwent
a Payne rearrangement, progressing through intermediates
(140), (141), and (142) to ultimately furnish muco-inositol (143)
(Scheme 13).

The Payne rearrangement plays a crucial role in this trans-
formation by enabling intramolecular migration of the epoxide
under basic or acidic conditions, thereby allowing controlled
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redistribution of stereochemical information across the cyclitol
framework. Such rearrangements provide an efficient means of
accessing multiple inositol stereoisomers from a common
intermediate, although careful control of reaction conditions is
necessary to minimize competing side reactions.

The ability to generate diverse inositol stereoisomers from
common cyclitol intermediates highlights the remarkable
versatility of chemoenzymatic arene dihydroxylation strategies.
Beyond the synthesis of inositol derivatives, similar intermedi-
ates have also been employed as chiral building blocks for
constructing biologically significant aminocyclitol antibiotics
and related natural products. One notable example is the
stereocontrolled synthesis of the aminocyclitol antibiotic
fortamine.

2.13. Efficient stereocontrolled route to (+)-fortamine
dihydrochloride from cis-cyclohexadiene diol acetonide

In 1994, Vandewalle et al. reported the total synthesis of
(+)-fortamine dihydrochloride through a highly efficient and
stereocontrolled sequence originating from the acetonide-
protected cis-cyclohexa-3,5-diene-1,2-diol  derivative (56).*
Following the protocol of Balci et al., the starting material was
transformed into diol (109) in an excellent 94% yield. Subse-
quent esterification of (109) with butanoyl chloride in the
presence of triethylamine and 4-dimethylaminopyridine
(DMAP) in dichloromethane afforded ester (144) in quantitative
yield. Enzymatic hydrolysis of (144) using PGL (a recombinant
Fusarium solani pisi cutinase) furnished the optically active
alcohol (+)-145 in approximately 83% yield. The use of an
enzyme-catalysed hydrolysis step is particularly advantageous
in this sequence, as it enables highly selective kinetic resolution
under mild conditions while avoiding the need for harsh
reagents typically required for chemical resolution methods.
However, the efficiency of such biocatalytic processes can
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