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1. Introduction

In recent decades, covalent organic frameworks (COFs)
chemistry has emerged as one of the most exciting fields
in chemistry. COFs are a class of regular organic
structures composed of various organic units, including
carbon, nitrogen, hydrogen, and boron, which are
interconnected through covalent bonds. These unique
materials have been widely applied in numerous
research areas [1-3]. Due to their high stability, unique
structural features, excellent tunability, and versatile
performance, COFs have attracted considerable
attention.COFs can form as 2D or 3D regular crystalline
structures under thermodynamic control [4-8]. The
creation of COFs by Yaghi and his team in 2005 has
sparked a vibrant area of research in materials science,
which has grown and developed at an impressive pace
[9-12]. COFs can be utilized for various applications,
including gas adsorption, sensing, proton conduction,
energy storage, catalytic processes, and drug delivery
[13-24]. Their properties include permanent porosity
with a high specific surface area, low density, tunable
pore diameter (ranging from micropore to mesopore
size), and high stability in common solvents as well as

under extremely acidic or alkaline conditions.
Additionally, these compounds exhibit intrinsic catalytic
activity, making them highly suitable for heterogeneous
catalysis [25,26]. In recent years, the field of chiral
science and technology, encompassing the synthesis,
structural analysis, isolation, and applications of chiral
compounds, has garnered increasing attention [27].

A careful selection of building blocks can lead to
porous COFs with advantages such as structural
diversity and ease of processing. These COFs also
exhibit highly ordered pores, high electrical
conductivity, mechanical processability, and superior
chemical stability [28,29]. These attributes endow chiral
covalent organic frameworks (CCOFs) with significant
capabilities for chiral separation, chiral recognition,
catalysis, chiral optics and asymmetric synthesis [30].
The advancement of CCOFs is crucial for the progress
of chiral science. However, one ongoing challenge in
developing CCOFs is achieving a balance between the
asymmetry of the chiral monomers and the crystallinity
of the materials. Therefore, precise control over
chirality, functionality, and crystallinity is essential. To
date, only a limited number of CCOFs have been
reported, and their network topologies remain quite
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restricted. The synthetic methods for creating chiral
COFs are generally categorized into three types: 1) post-
synthesis, 2) direct synthesis and 3) cross-linking
construction [31] (Scheme 1).

Strategies: post-Chiral COFs exhibit high activity and
enantioselectivity for various asymmetric catalytic
organic transformations [32]. They can encapsulate
volatile radionuclides produced during the nuclear
fission process, which pose threats to public safety and
the environment [33]. Another catalytic advantage of
chiral COFs is their stability, which is comparable to that
of polymer catalysts. This study and review aim to
provide an overview of COFs, focusing on their design,
synthesis, and applications in asymmetric catalysis. This
review also discusses chiral COFs, including case
studies that demonstrate design strategies, structural
features, and applications. In this spotlight, the catalytic
performance of chiral COFs in asymmetric synthetic
reactions is highlighted.

Abstract:

(A) In 2022, Zheng and co-workers reported a chiral
organocovalent framework (CCOF) known as (R)-DTP-
COF-QA, which was composed of porphyrin
photosensitizers, chiral propargylamine linkers, and
ammonium bromide phase transfer groups. Under
optimal conditions, (R)-DTP-COF-QA catalyzed the
enantiomeric oxidation of a wide range of sulfides to
sulfoxides with yields ranging from 81% to 96% and
enantiomeric excesses ranging from 77% to 99%. This
CCOF also facilitated the photocatalytic synthesis of (R)-
modafinil, a drug used to treat excessive sleepiness.
Furthermore, it demonstrated excellent recyclability and
stability over five steps [34].

Scheme 1. The strategies to build CCOF: a) postmodification, b)
presynthesis, pendant mode and c) chiral induction.
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(B) In 2021, Guo and colleagues demonstrated a simple
and effective “thiol-ene” click strategy for the synthesis
of chiral COFs. First, the COF precursor, TzDva, was
synthesized via the imine condensation reaction of Tz and
Dva. The obtained TzDva and the chiral thiol derivative
were reacted in a suitable solvent mixture of
mesitylene/1,4-dioxane (5/5, v/v) to form chiral COFs in
about 95.5% vyield. The chiral COF CTzDva exhibited
high thermal stability and good porosity. Using this
synthesized CCOF on a CTzDva-based gas capillary
column, it showed good  separation  of
benzene/cyclohexane and racemates (citronellal and
fenchone). This work provided a convenient strategy for
the preparation of chiral COFs for the separation of
racemates [35].
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(C) In 2020, the Dong group reported the synthesis of
CCOFs from prochiral monomers via catalytic
asymmetry. Propargylamine-linked CCOFs can provide
highly reusable chiral catalysts for the first time. This
involved a three-component reaction during catalytic
asymmetric polymerization using 2,5-
dimethoxyterephthalaldehyde (DMTP), 1,3,5-tris(4-
aminophenyl)benzene (TAPB), phenylacetylene (PA),
and the catalyst (S)-DTP-COF. Notably, this synthesis
strategy did not require harsh reaction conditions and
avoided harmful solvents and extreme temperatures or
pressures. It successfully carried out the Michael addition
reaction in the presence of acid and ethanol with (S)-
DTP-COF as the chiral catalyst [36].

Cat., additive
EtOH, r.t.

(D) In 2020, Cai and co-workers developed a novel
synthesis of enantiomeric pairs of hydroxyl-
functionalized hydrazone-linked 2D chiral COFs, named
(S)- and (R)-HthBta-OH. Notably, the VCD spectra
showed a chiral signal inversion from the positive cation
effect of the (S)-Hth monomer to the negative cation
effect of the (S)-HthBta-OH chiral COFs, which has
never been reported in chiral COFs. Also, two catalysts,
(S)- and (R)-HthBta-COOH, were prepared by post-
synthesis modification of the corresponding hydroxyl-
functionalized chiral COFs with succinic anhydride.
These carboxyl-functionalized COFs, due to the high
chemical specificity of the initial hydrazone-linked chiral
COFs, retained homochirality and crystallinity without
linker racemization and structural collapse after chemical
modification. The resulting stable homochiral COFs,
which are hydrazone-linked and have hydroxyl and
carboxyl functional groups, can be used as good
candidates for chiral chromatographic separation and
asymmetric catalysis [37].

(E) Tang et al. (2023) reported the synthesis of an
enantiomeric pair of chiral helical COFs, namely L-PDC-
TZ COF and D-PDC-TZ COF. The chiral framework
consists of a novel amine bond and a hydrazone bond
formed between the multifunctional L/D-PDC and
benzaldehyde (BA). Interestingly, by adjusting the
amount of acetic acid used in the synthesis, the COF
nanostructures can be switched between two opposing
helices, thereby enabling control of the chirality and
helicity of the framework. This work provides a new
example of template-free self-assembly of chiral
nanofibrous COF double helices. They also demonstrate
the modulated chiroptic properties of chiral nanofibrous
COF helices. By transferring chirality to chiral
fluorescent molecular absorbers, the helical COF
nanostructures can effectively induce circularly polarized
luminescence with the highest luminescence asymmetric
coefficient (glum) of up to about 0.01 [38].
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(F) In 2023, Tan and co-workers synthesized a
brominated functionalized COF (COF-Br). This COF has
high crystallinity and stability. Brominated COF (COF-
Br) was synthesized using 2,4,6-trihydroxybenzene-
1,3,5-tricarbaldehyde (Tp) and 3,30-dibromo-[1,10-
biphenyl]-4,40-diamine  (BD) via  Schiff base
condensation. Then, a new chiral COF (COF-L Phe) was
constructed by mixing COF-Br with L-BPA via Suzuki-
Miyaura cross-coupling reaction. Also, capillary columns
modified with COF-L-Phe were successfully used for the
separation of racemic phenylalanine using capillary
electrochromatography. The results of adsorption and
arteriole electrochromatography experiments showed that
COF-L-Phe has a favorable chiral separation potential for
D- and L-Phe [39].

ee% Values of each amino acid on different materials

Materials Phenylalanine(%) Tryptophan(%)
COF-Br 4.39 7.76
COF-L-Phe 18.03 7.55

(G) In 2021, Kuiwei and colleagues prepared a 3D CCOF
catalyst by incorporating homogeneous catalysts into
COFs, creating heterogeneous catalysts with enhanced
activity and selectivity. Two 3D CCOFs were formed
through the condensation of a tetrahedral tetraamine with
two linear dialdehydes derived from 1,1'-binaphthol
(BINOL) compounds, which lack enantioselectivity but
can induce high enantioselectivity properties in 3D COFs
through structural methods in rigid pores. During the
reaction process, they synthesized enantioselectivity from
aldehydes and anthranilamides in the catalytic synthesis
of dihydroquinazoline. The arrangement of BINOL
hydroxyl groups within the channels results in much
higher acidity compared to the free acids, and they can act
as heterogeneous Brgnsted catalysts [40].

(H) In 2024, Cai and colleagues were able to synthesize a
series of three chiral COFs linked to cloverleaf
hydrazone, each with a variable number of accessible
chiral pyrrolidine catalytic sites. The catalytic efficiency
of these COFs in the asymmetric aldol reaction between
cyclohexanone and 4-nitrobenzaldehyde correlated well
with the number of accessible pyrrolidine sites in the
frameworks. L-HPP-TZ-NH2, which contained the
largest number of active pyrrolidine-NH2 sites in the
valve channels, showed the highest catalytic activity
(97% yield) and chiral selectivity (83% ee and 1:8.5 dr)
for catalyzing the reactions between cyclohexanone and
nitrobenzaldehydes. L-HPP-TZ-NBoc and LHPP-TZ cHo é 30 mol%, Cat., TFA
with fully and partially blocked pyrrolidine-NH2 sites in O/

the pores, respectively, showed poor chiral catalytic

performance [41].

OH O
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(1) In 2023, Liu and co-workers reported a general
strategy for the successful synthesis of several
photoactive CCOFX (X = 1-5 and 1-Boc). Photoactive
porphyrin building blocks and various chiral secondary
amine-based catalytic centers were immobilized on the
pore walls of CCOFX via benzimidazole linkers. The
porphyrin units act as light-harvesting antennae to
generate photoinduced charge carriers for bromide
activation during the photocatalytic asymmetric
alkylation of aldehydes. Also, various aldehydes are
activated by the chiral secondary amine to form products
with high yields (up to 97%) and ee values (up to 93%).
The CCOF catalysts demonstrated excellent conversion
and stereoselectivity in the asymmetric alkylation of
aldehydes under visible light irradiation, along with good
recyclability [42].
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