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Abstract: Herein, for the first time, we present the successful
synthesis of a novel two-dimensional corrole-based covalent
organic framework (COF) by reacting the unusual approx-
imately T-shaped 5,10,15-tris(p-aminophenyl)corrole
H;TPAPC with terephthalaldehyde, which adopts desymme-
trized hceb topology and consists of a staggered AB stacking
structure with elliptical pores. The resultant corrole-based
COF, TPAPC-COE, exhibits high crystallinity and excellent
chemical stability. The combination of extended m-conjugated
backbone and interlayer noncovalent m—m interactions endows
TPAPC-COF with excellent absorption capability in the entire
visible-light and even near-infrared regions. Moreover, this
work suggests the promise of TPAPC-COF as a new class of
photoactive material for efficient singlet-oxygen generation
with potential photodynamic therapy application as demon-
strated by in vitro anticancer studies.

Coinciding with the development of synthetic methodolo-
gies for the preparation of free-base corroles, corrole
chemistry has witnessed an immense boost in the last two
decades, with reports ranging from syntheses to properties to
applications.l'! Specially, corroles as the 18w electron tetra-
pyrrolic macrocycles from the porphyrinoid family, display
a unique structure with a direct pyrrole—pyrrole link contain-
ing a smaller cavity and three protons in the inner core of the
contracted ring, affording attractive, distinctive photophysical
properties and coordination chemistry as well as a specific
chemical reactivity.”) Owing to these prominent features,this
burgeoning class of macrocyclic compounds shows great
potential in diverse fields including catalysis,®! energy con-

version,' chemical sensors,”! optoelectronics,*™® and biolog-
ical/medical applications.”* Due to the versatility of corrole
derivatives, it is a bright prospect to explore their functional
materials via heterogenization into porous organic polymers
(POPs),[* covalent organic frameworks (COFs),'” and
metal-organic frameworks (MOFs).''! However, studies
that directly introduce these attractive motifs into porous
crystalline framework materials for achieving further func-
tionalizations have been barely reported.'® Indeed, fine-
tuning and controllable construction of networks incorporat-
ing corrole moieties remains a great synthetic challenge.
Herein, we report for the first time the successful construction
of a corrole-based COF from a C,,-symmetric tridentate
corrolic unit.

Covalently constructed by a bottom-up approach from
molecule building blocks, COFs are an emerging class of
crystalline, porous, extended polymers with highly ordered
and periodic two-dimensional (2D) or three-dimensional
(3D) framework structures and have received tremendous
attention in various applications.”? Important characteristics
of COFs for which they are renowned include their high
surface area and permanent porosity, their precise design and
control over both skeletons and pores, and their fine-tuned
chemical and physical properties."") Nonetheless, from the
viewpoint of the structural diversity, the field of COFs is still
in its early stage especially when compared with the
impressive success of MOFs,'1%! thereby confining their
application scope. Direct introduction of new building blocks
for constructing novel COFs has been considered as one of
the most straightforward approaches in augmenting the
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diversity of COF structures. Moreover, it is worth noting that
the size, symmetry, and connectivity of the linkers in general
determine the geometry of the resulting framework, in which
structural desymmetrization represents an available yet
effective avenue to achieve more intriguing architectur-
es,12*1 in contrast to most reported cases in which the
principle of high-symmetry-guided design is expected to
generate desirable networks (Table S3). Several different
strategies for the formation of desymmetric COFs have been
reported,' including changing angles between points of
extension without altering connectivity,"* changing exten-
sion lengths within an individual linker,*® shape-persistent-
patch design,”! and the mixed-component approach.™
Nevertheless, constructing such a COF based on the angle-
specific vertex design is difficult due to the challenges on
structural synthesis and control, which has been rarely
achieved.!™

Bearing the above in mind, we attempted to construct
a corrole-based COF for both its importance in realizing the
functionality of corrole-based porous materials and its great
potential in enriching the COF network structures, given the
unusual approximately T-shaped geometry of the corrole
monomer and its exploration vacancy in the synthesis of COF
materials.

With a view to optoelectronic properties, 2D COFs are of
particular interest due to the favorable electron delocaliza-
tion on the polymeric backbone, with extended m-conjuga-
tions and layer stacking architectures forming periodic
columnar m-arrays with significant electronic overlap.'! In
this context, with the incorporation of certain photoelectric
components into well-defined 2D COFs, the resultant mate-
rials can possess unique features such as photoactivation of
molecular oxygen,'” photoconductivity,™® white light emis-
sion,” charge-carrier transport,” and ionic conductivity.?!!
Considering the interesting photoactive properties of corrole
derivatives and their promising biological applications, we
envision that incorporation of corrole moieties into 2D COF
would allow for the observation of distinctive optical perfor-
mance and the potential in tailoring to a specific application.

In this study, we report the targeted synthesis of the first
2D corrole-based COF with a desymmetrized structure,
assigned as TPAPC-COF, starting from the approximately
T-shaped, C,,-symmetric 5,10,15-tris(p-aminophenyl)corrole
H,TPAPC and liner terephthalaldehyde (TA) connected
through the [3+42] imine condensation reaction, which
exhibits excellent chemical stability and has a Brunauer—
Emmett-Teller (BET) surface area of 745 m*g '. Our studies
show that TPAPC-COF adopts an unusual dissymmetric hcb
topology and consists of a staggered AB stacking structure
with elliptical pores. As expected, the extended m-conjugated
system endows TPAPC-COF with enhanced light-harvesting
capability in the long-wavelength visible and NIR regions.
Furthermore, we demonstrate that TPAPC-COF can serve as
a photoactive material promoting efficient singlet oxygen
(*O,) generation. The results of anticancer studies in vitro
indicate that TPAPC-COF has potential for photodynamic
therapy (PDT).

Heating a mixture of H;TPAPC and TA (2:3) in n-
butanol/mesitylene/acetic acid (10:5:1, by vol.) at 1208C for
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72h gave the highly crystalline TPAPC-COF as a dark
powder in 86 % yield (Scheme 1). The resultant TPAPC-COF
displayed excellent chemical stability after immersion in
common organic solvents and aqueous solutions over pH
range of 3 to 12 for 72 h, as evidenced by the intact powder X-
ray diffraction (PXRD) patterns (Figure S4). The Fourier
transform infrared (FTIR) spectra of TPAPC-COF showed
the typical stretching vibration band of the imine group at

CHO

“HO
TA |y

n-BuOH/mesitylene/
| 6M acetic acid (10/5/1)

120 °C/72 hl

TPAPC-COF ?

Scheme 1. Schematic representation of the synthesis of TPAPC-COF.

1620 cm ', indicative of its successful polymerization (Fig-
ure S5). From the *C cross-polarization magic-angle-spinning
(CP-MAS) NMR spectrum, the characteristic resonance
signal of carbon at 156.4 ppm for TPAPC-COF further
confirmed the establishment of imine bond (Figure S7).
Thermogravimetric analysis (TGA) showed that TPAPC-
COF is stable up to 4008C under nitrogen atmosphere
(Figure S8).

In order to elucidate the structure and unit cell param-
eters of TPAPC-COF, PXRD measurements in conjugation
with simulations were carried out. Since TPAPC-COF was
constructed with the unusual C,,-symmetric tridentate build-
ing block H;TPAPC and the linear building block TA, we
assumed that such a combination should yield a lattice with
hceb topology, as confirmed by calculated results. Obviously in
contrast to those COFs reported with an heb net that exhibit
hexagonal pores,'¥ TPAPC-COF affords a dissymmetric
structure with elliptical pores (Figure 1b). As displayed in
Figure 1a, the experimental PXRD pattern shows four
intense peaks at 20 =3.358, 3.868, 6.158, and 7.028 for
TPAPC-COF, along with other minor peaks, indicating
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Figure 1. a) PXRD patterns of TPAPC-COF with the experimental in red, Pawley refined in blue, difference between experimental and refined data
in olive, and simulated AB and AA stacking in orange and black, respectively. b—e) Space-filling models of TPAPC-COF: AB stacking from top (b)

and side views (c), AA stacking from top (d) and side views (e).

long-range order in the framework. The possible extended
structures were generated by the Materials Studio suite of
programs. The structural simulations suggested that TPAPC-
COF favors the staggered AB stacking model (Figure 1b,c).
In this model, the Pawley refined profile matched well with
the experimentally observed pattern, resulting in a good
agreement factor (R,,=3.23% and R,=2.27%) and a rea-
sonable profile difference (Figure 1a). The refinement yields
unit cell parameters of a=>52.2892 A, b=40.7693 A, ¢c=
8.8687 A, a=95.6048, f=104.5238, and y=129.0988. We
also simulated the AA eclipsed configuration for TPAPC-
COF, in which the calculated PXRD pattern mismatched the
observed one (Figure 1a,d,e). The morphology of the acti-
vated TPAPC-COF samples was examined by scanning
electron microscopy (SEM), which showed the aggregation
of granular crystallites affording a sphere-like morphology
(Figure 2a). High-resolution transmission electron microsco-
py (HRTEM) images revealed the clear crystal lattice of
TPAPC-COF, which is reasonable for m—m stacking (Fig-
ure 2b). The lattice fringe spacing of 0.31 nm can be measured
from the HRTEM image, and is close to the interlayer of
TPAPC-COF.

The permanent porosity of TPAPC-COF was investigated
by measuring N, sorption isotherms at 77 K on freshly
activated samples. Through screening different reaction
solvent systems and ratios, the highest BET surface area of
TPAPC-COF was obtained by using the mixed solvents of n-
butanol/mesitylene/acetic acid (10:5:1, by vol.) (Table S2 and
Figures S2 and S3). As displayed in Figure 2c, TPAPC-COF
exhibited the typical type I isotherm with a sharp uptake at
a low relative pressure (P/P,<0.1), which is a significant
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feature of microporous materials. The BET model was
applied to the isotherm of TPAPC-COF for P/P, between
10 * and 0.1 to afford a BET surface area of 745 m?g !, and
the corresponding total pore volume calculated at P/P,=0.95
is 0.44 cm*g '. Nonlocal density functional theory (NLDFT)
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Figure 2. a) SEM image of TPAPC-COF. b) HRTEM images of TPAPC-
COF; the inset shows the lattice distance. c) N, sorption isotherms of
TPAPC-COF at 77 K; the inset shows the pore size distribution.

d) Optical absorption spectra of TPAPC-COF and the monomer
H;TPAPC measured in diffuse reflectance and H,;TPAPC measured in
dilute CHCl; solution; the inset shows the enlarged region from
A=335to 475 nm.
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