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Stereochemical complexity in natural products
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◆ Many natural products contain multiple stereocenters and densely functionalized frameworks

◆ Controlling stereochemistry is a central challenge in total synthesis

◆ This challenge has driven the development of asymmetric synthetic strategies
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One classical solution: Chiral pool synthesis
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◆ Chiral pool synthesis uses naturally occurring chiral starting materials

◆ Generally abundant, inexpensive, and readily available

◆ Their pre-existing stereochemistry is carried into the target

◆ Suitable chiral starting materials are not always available

◆ Their intirinsic stereochemistry may not match the target

◆ This could reduce flexibility in route design
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Why desymmetrization is powerful?
Utilizing Symmetry for Asymmetric Synthesis

Poss, C. S.; Rychnovsky, S. D.; Schreiber, S. L. J. Am. Chem. Soc. 1993, 115, 3360–3361.
Poss, C. S.; Schreiber, S. L. Acc. Chem. Res. 1994, 27, 9–17.
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◆ A single step can rapidly generate complex chiral architectures
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Hidden symmetry in desymmetrization

Liu, H.; Tang, K.; Jia, Y.; et al. Chem. Soc. Rev. 2025, 54, 6208–6237.

Desymmetrization starts by identifying hidden symmetry in the target molecule

Prochiral and meso compound C2 symmetric compounds local symmetic compound

Enantiotopic group differentiation ➢ enantiomeric products
Diastereotopic group differentiation ➢ diastereomeric products

This journal is © The Royal Society of Chemistry 2025 Chem. Soc. Rev., 2025, 54, 6208–6237 |  6211

according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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according to fundamental symmetry elements, including
planes of symmetry, improper rotational axes and inversion
centers (Scheme 4).23 Prochiral compounds represent a class of
highly symmetric molecules that contain trigonal structures with
enantiotopic faces (e.g., alkenes and carbonyl derivatives) and
tetrahedral systems featuring two enantiotopic groups. Meso
compounds, while containing stereogenic elements, maintain
achirality through internal symmetry planes. Distinct from these,
C2-symmetric compounds possess improper rotational axes and
can be desymmetrized via mono-functionalization (Scheme 4b).
Furthermore, certain molecules exhibit local symmetry, contain-
ing both prostereogenic elements and chiral moieties, enabling
the generation of new stereocenters through diastereotopic group
differentiation (Scheme 4c).

This review focuses on symmetric compounds with two
enantiotopic groups and locally symmetric compounds with
two diastereotopic groups. Therefore, prochiral molecules with
a trigonal system, which undergo desymmetrization via enan-
tiotopic face selection, as well as C2-symmetric compounds, are
excluded. Additionally, the review is structured according to the
type of desymmetrization approach, with each section further
subdivided by substrate class.

3. Asymmetric total synthesis via
enantioselective desymmetrization
Enantioselective desymmetrization is a powerful and versatile
strategy for constructing chiral architectures prevalent in natural
products, pharmaceuticals and bioactive molecules. Its strategic
application in natural product synthesis can streamline the con-
struction of synthetically challenging scaffolds, such as those
polycyclic ring systems containing chiral tetrasubstituted carbons
and contiguous stereocenters. Enantioselective desymmetrization
is typically accomplished using highly efficient catalytic systems,
which offer dual advantages of (1) exceptional atom economy by

circumventing stoichiometric chiral auxiliaries and (2) excellent
stereochemical control. These merits have established catalytic
desymmetrization as a privileged strategy in natural product
synthesis. With the developments of catalytic desymmetrization
methods, including both chemical catalysis and enzymatic
catalysis,20,21,24–28 a wide range of symmetric substrates, such as
diols, diketones, diesters, dialkenes, enones and symmetric ring
systems, have been exploited for natural product total synthesis.
Nevertheless, significant challenges emerge when applying these
methods to structurally complex substrates, where both substrate
modification and extensive catalyst optimization are frequently
required to achieve satisfactory conversion and enantioselectivity.

3.1 Diols

Symmetric diols represent readily accessible building blocks that
can be efficiently prepared through the reduction of carbonyl
compounds or oxidation of activated methylene derivatives.
The enantioselective mono-functionalization of prochiral
and meso diols is a powerful desymmetrization strategy
to generate valuable synthetic intermediates. Consequently,
considerable research efforts have been devoted to developing
innovative catalytic systems for the enantioselective desymme-
trization of diols, leading to significant methodological
advancements.29–35

In 2018, Christmann’s group described the first synthesis of
(+)-darwinolide, which featured an organocatalytic desymme-
trization of meso 1,2-diol as key step (Scheme 5).36 The authors
implemented a catalytic desymmetrization strategy to access
enantioenriched intermediates 5. As illustrated in Scheme 5,
the meso-1,2-diol 2, containing a tetrahydrofuran moiety, was
synthesized in 52% yield from commercially available anhy-
dride 1 over three-step sequence. Subsequent desymmetriza-
tion of meso-diol 2 employing 2 mol% of Oriyama’s proline-
derived catalyst 337 afforded monobenzoate 4 in 83% yield with
96% ee. Following a five-step transformation, ester 5 bearing a
tetrahydrofuran fragment was obtained, which underwent aldol
condensation with aldehyde 6 to yield b-hydroxy ester 7.
Through a five-step sequence, precursor diene 8 was prepared
from 7 in 59% yield for subsequent cyclization. Ru-catalyzed
ring-closing metathesis of 8 using catalyst 9 efficiently con-
structed the seven-membered core structure 10. The tricyclic
intermediate 10 underwent base-mediated epimerization at
C9 to furnish the thermodynamically stable b-keto ester 11.
Finally, a subsequence of hydrogenation, vinyl trifluoromethane-
sulfonylation, Pd-catalyzed cross-coupling and acetalization
delivered (+)-darwinolide (13) in 21 steps with an overall yield
of 1.4%. Overall, this study provided compelling evidence that
the desymmetrization of meso-diols represents a highly efficient
and versatile strategy for the synthesis of intricate fragments
with multiple chiral centers. This methodology not only stream-
lines the synthetic route but also showcases remarkable preci-
sion in controlling stereochemistry, thus offering significant
potential for applications in natural product total synthesis.

While meso-diol desymmetrization typically targets vicinal
stereocenters, prochiral diol desymmetrization offers a strategic
advantage for constructing challenging quaternary carbon centers.

Scheme 4 Symmetric substrates: (a) prochiral and meso compounds; (b)
C2-symmetric compounds; (c) local symmetric compounds.
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Oxycodone: Dienone Desymmetrization toward the Morphinan Framework
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◆ Global desymmetrization established the core asymmetry of the molecule

◆ 2 new stereocenters were created during this key transformation

◆ The remaining stereocenters were introduced under internal stereochemical control
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(–)-Hunterin A: Symmetry Breaking Followed by Divergent Skeletal Elaboration

Hicks, E. F.; Inoue, K.; Stoltz, B. M. J. Am. Chem. Soc. 2024, 146, 4340–4345.
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◆ Desymmetrization creates a differentiated chiral intermediate

◆ One side proceeds through a Beckmann rearrangement

◆ The other side proceeds through an Overman aza-Cope–Mannich reaction

◆ Early symmetry breaking enables divergent construction of the alkaloid framework
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◆ A desymmetrizing cascade rapidly builds the bicyclic core

◆ The key step creates five new stereocenters in a single operation

◆ Among them, both quaternary stereocenters are established simultaneously

◆ Thus, symmetry breaking is directly translated into major stereochemical and skeletal complexity
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Park, J.; Chen, D. Y. K. Angew. Chem. Int. Ed. 2018, 57, 16152–16156.
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◆ Internal desymmetrization replaces the need for stereodefined ring precursors

◆ A readily accessible, nonstereogenic precursor can be used instead

◆ This simplifies the route and introduces chirality in a later strategic step
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(–)-Batrachotoxinin A:  A Local Desymmetrizing Cyclization to the Hexacyclic Core
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(–)-Batrachotoxinin A:  A Local Desymmetrizing Cyclization to the Hexacyclic Core

Guo, Y.; Guo, Z.; Luo, T.; et al. J. Am. Chem. Soc. 2020, 142, 3675–3679.
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◆ A local desymmetrizing cyclization rapidly builds the hexacyclic core

◆ Existing stereochemical information is used to control further stereochemical differentiation

◆ This gives a stereochemically economical route to batrachotoxinin A
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(+)-Coriamyrtin: A Desymmetrizing Aldol Strategy to the cis-Hydrindane Core

Ikeuchi, K.; Haraguchi, S.; Tanino, K.; et al. Org. Lett. 2023, 25, 1874–1878.
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(+)-Coriamyrtin: A Desymmetrizing Aldol Strategy to the cis-Hydrindane Core

Ikeuchi, K.; Haraguchi, S.; Tanino, K.; et al. Org. Lett. 2023, 25, 1874–1878.
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◆ Desymmetrizing intramolecular aldol reaction

◆ Efficient construction of the cis-hydrindane core

◆ Enables late-stage installation of the 1,3-diepoxide motif
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Paspaline: Desymmetrization at Multiple Stages of Route Design

Sharpe, R. J.; Johnson, J. S. J. Am. Chem. Soc. 2015, 137, 4968–4971.
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◆ Both global and local desymmetrization are used in one synthesis

◆ Global desymmetrization sets the early stereochemical framework

◆ Local desymmetrization installs a difficult late-stage quaternary center

◆ Desymmetrization acts as a route-design strategy, not just a single reaction



Outlook

Liu, H.; Tang, K.; Jia, Y.; et al. Chem. Soc. Rev. 2025, 54, 6208–6237.

◆ Symmetry can be a strategic opportunity in synthesis

◆ Desymmetrization converts simple symmetric precursors into complex chiral molecules

◆By separating scaffold assembly from stereochemical installation, it has become a valuable design strategy in modern total synthesis

◆ However, its success largely depends on identifying suitable hidden symmetry


