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Abstract: Covalent Organic Frameworks (COFs) are robust crystalline porous
materials with unique properties and have promising applications in many fields
such as gas adsorption, sensing and catalysis. COFs properties can be tailored by
the judicious choice of their building units. Stemming from its unique properties,
rigid structure and synthetic accessibility, tetra(4-aminophenyl)porphyrin (TAPP)
has been employed as a building unit to construct various COF materials. This
review highlights the different synthetic approaches that were exploited by

researchers to assemble COF materials based on TAPP.

Keywords: Porphyrins; Covalent Organic Frameworks; Porous Organic

Polymers; Imide; Imine.

10


mailto:maherfathalla@iu.edu.sa

The Islamic University Journal of Applied Sciences (JESC) Issue I, Volume IV, April 2022

oend)ygd! e daSld)) duodludl Liguanll Syl Tetra(4-aminophenyl)

GId dadbie 4 d L)l ge & (COFS) dxaalul) 4y pcaall HhY) 1yadlall
Sl pabaial Jia OV e el 8 Bae)p Slawad Ly 3 8 (ailad
laa o) aall HLEAYT A e COFS paibad aranai (Say  jialls Hladin)
(TAPP) crss (i sisal-4) (o2l sl pladind o5 gy Lualal) Ll
i)y alial) A< 530 &ll aailiadd | Hlas ¢ 4al3L) COF 2 o elid el 3as S
Aabia ) Al bl e ¢ seall daad yall o328 Jali Auelilaia¥l ail) J goa ll

. TAPPle 2L COF 2l se geail () sialll Lglatial Al

11



The Islamic University Journal of Applied Sciences (JESC) Issue I, Volume IV, April 2022

1. Introduction.

Covalent Organic Frameworks (COFs) are emerging class of crystalline porous
organic materials that have attracted the interest of researchers worldwide owing
to their potential applications in a large variety of domains, such as gas adsorption
and separation, chemosensors, heterogeneous catalysis, energy storage and
optoelectronics [1-3]. Based on reticular chemistry, COFs are constructed by the
integration of organic building blocks by strong covalent bonds to make highly
porous materials with predictable structures. The pore dimensions as well as the
skeletons of COFs can be tailored by the judicious predesign of the knots and
linkers whose symmetries determine the COFs shape and whose dimensions
dictate COFs pore sizes. Owing to their excellent thermal and chemical stabilities
as well as synthetic accessibility, COFs are considered an attractive alternative to
MOFs (Metal Organic Frameworks) [4]. Various organic molecules have been
applied as building units to construct wide range of COFs. Among these molecules,
porphyrin macrocycles are considered attractive building units for making COFs
owing to their rigid structures, synthetic accessibility, as well as broad-ranging
optoelectronic and catalytic properties that could be tuned by substituent effects
and incorporation of various metals in porphyrin macrocycle. Consequently,
various porphyrin derivatives have been applied as building block to make a wide-
range of porphyrin-based COFs [5] among which tetra(4-aminophenyl)porphyrin
(TAPP) has been one of the most used building unit to construct COFs since the
pioneering work by Yaghi’s group [6]. This review summarizes the common
approaches the were employed by researchers to construct COFs by using tetra(4-

aminophenyl)porphyrin (TAPP) as a building unit. As shown in scheme 1, the four
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amino groups of TAPP have been harnessed to construct various COFs through two

main synthetic strategies, namely, formation of imine- or imide-bonds.

2. Synthesis of TAPP-based COFs.
2.1. Imine-linked porphyrin COFs.

The reversible condensation between amines and aldehydes is one of the oldest
reactions in organic chemistry. The dynamic nature of this reaction allows “error
checking” and “proof-reading” of the resulting materials. Yaghi’s group harnessed
the condensation between TAPP and terephthaldehyde to construct imine-linked
porphyrin COFs known as COF-366 by solvothermal reactions. As shown in
scheme 1, COF-366 has square channels with porphyrin moieties located at the

nodes of the square skeletons and are linked by the imine-bonds [7].
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Scheme 1. The synthe51s of COF-366.

COF-366

Later on, the effect of incorporating hydrogen bonding on the stability of the
resulting imine-linked COFs was investigated through the synthesis of DmaTph
and DhaTph via the condensation of TAPP with either 2,5-
dimethoxyterephthaldehyde or 2,5-dihydroxyterephthaldehyde, respectively [8].
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It was concluded that, DhaTph exhibits higher thermal, water, and acid stability
than DmaTph owing to the OH....N=C intramolecular hydrogen bonding within
the DhaTph structure (scheme 2).
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Scheme 2. Structures of imine-linked DmaTph and DhaTph porphyrin COFs.

In another report, Beuerle et al. exploited the condensation between TAPP and a
diketopyrrolopyrrole (DPP) to assemble a novel imine-linked porphyrin COFs
(DPP-TAPP-COF) with an enhanced absorption capability up to 800 nm [9].
Furthermore, the resulting COF self-assembles into a hollow microtubular with

outer and inner tube diameters of around 300 and 90 nm, respectively (scheme 3).

14



The Islamic University Journal of Applied Sciences (JESC) Issue I, Volume IV, April 2022

Scheme 3. Synthesis of DPP-TAPP-COF.

Huang et al. reported the synthesis of another imine-linked porphyrin COF (TAPP-
TFPP-COF) through the condensation between TAPP and tetra(4-
formylphenyl)porphyrin TFPP under typical solvothermal conditions (scheme 4)
[10]. The resulting COF has a tetragonal micropores at a size of 1.8 nm and
exhibited high crystallinity, excellent stability, and good porosity. In addition, the
conductivity of TAPP-TFPP-COF can be greatly enhanced after doping with iodine.
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-
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+
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Scheme 4. Synthesis of TAPP-TFPP-COF.

Recently, Gao et al. reported the synthesis of another imine-linked porphyrin COF,
termed Co(II)@TA-TF COF by the solvothermal reaction of cobalt(II) TAPP and
1,3,6,8-tetrakis(4-formylphenyl)pyrene (TFPPy) (scheme 5) [11]. The resulting
Co(II)@TA-TF COF possesses micropores suitable for CO. adsorption owing to the
alternate stacking of the building units, and was equipped with cobalt(II)
porphyrin units as catalytic sites into the vertices of the layered tetragonal
networks that enable the conversion of CO. into cyclic carbonates under mild

conditions.
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Scheme 5. Synthesis of Co(II) @TA-TF COF.

Chen et al. reported a recent imine-linked porphyrin COF, termed TPE-Por-4, by
the condensation of TAPP and 4,4,4,4-(ethene-1,1,2,2-tetrayl)tetrabenzaldehyde
(D..-symmetric) [12]. The expected route for the [4+4] condensation was not
observed based on a series of structure characterization of TPE-Por-4 (scheme 6).
The resulting COF suspension shows unique fluorescent properties originated
from its building units and displays an apparent response to pH fluctuation
ranging from 2 to 4, rendering it suitable for spectroscopic monitoring of medium
pH value.

In another approach, Gu et al. constructed a novel imine-linked porphyrin COF,
termed PPOP-1(Pd), first, via imine condensation of TAPP and
acenaphthalenequinone followed by refluxing with PdCl.to afford PPOP-1(Pd)
(scheme 7) [13]. The resulting COF contains two catalytic sites, namely, Pd(II)-
porphyrin and Pd(II)-a-diimine moieties rendering it efficient for tandem catalytic

reactions.
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Expected [4+4] combination
TPE-Por4

Scheme 6. Synthesis of TPE-Por-4.

2.2, Imide-linked porphyrin COFs.

Polyimide (PI) polymers are known for their excellent chemical and thermal
stabilities. Typically, imidization reaction involves the condensation of an amine
and an anhydride. The imidization reaction has been exploited to construct various
porphyrin COFs in which TAPP (amine monomer) was employed as a node and the
anhydride monomer as a linker. For instance, Echegoyen et al. reported the
synthesis of a polyimide porphyrin COF via the condensation of Cu (II)-TAPP and
naphthalene tetracarboxylic dianhydride in m-cresol/isoquinoline mixture
(scheme 8) [14]. The resulting polyimide porphyrin COF exhibited adsorption
capacity of 3.5 wt% for CO., 0.32 wt% for CH, at 273K, 1bar, and 0.4 wt% for H. at
77 K/1 bar.
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Scheme 8. Synthesis of Cu(II)-TAPP and naphthalene tetracarboxylic dianhydride based COF.

Another polyimide porphyrin COF, termed PI-COF, was constructed by Xian et al.
via the imidization reaction of TAPP and perylenetetracarboxylic dianhydride
(PTCA) (scheme 9) [15]. The resulting PI-COF possesses porous crystalline and
excellent thermal stability. Furthermore, it exhibits a strong fluorescence which
was attributed to the existence of a p-n heterojunction between TAPP and PTCA

building units. The fluorescence was enhanced upon the exfoliation of PI-COF to
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few layered PI covalent organic nanosheets (PI-CONs). The latter was employed as

a fluorescent probe to detect TNP with high sensitivity and selectivity.

Scheme 9. The synthesis of PI-COF.

Recently, Fathalla reported the synthesis of new porphyrin COFs through the
condensation between TAPP and pyromellitic dianhydride (scheme 10) [16].
Furthermore, the post-synthetic metallation of the free-base porphyrin
macrocycles of the resulting COF with either Zn or Mn metals afforded the metallo-
porphyrin COF analogues in excellent yields. The metalated analogues showed
higher CO. uptake capabilities compared to the free-base COF. In addition, Mnu-

COF was found to be an effective catalyst for the selective epoxidation of styrene to the

corresponding epoxide.
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Scheme 10. Synthesis of TAPP and pyromellitic dianhydride based COFs.

2.3. Miscellaneous TAPP based COFs.

Even though the imine and imide bond formation are the most common synthetic
approaches to construct TAPP-based COFs. There have been other synthetic
strategies that were employed to assemble COFs using TAPP building units. For
instance, Jiang et al. harnessed squaraine chemistry to assemble a novel COF
(CuP-SQ-COF) through the condensation between Cu-TAPP and squaric acid
(scheme 11) [17]. The reported COF are highly stable in solvents and has a
zigzagged conformation which prevents the side slippage of the layered structure.

In addition, it exhibits a very broad rang of light absorption.
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Scheme 10. Synthesis of CuP-SQ COF.

3. Conclusion.

Owing to its potential applications in many fields as well as predictable structures
and pore functionality, COFs have gained considerable attention over the past
decade. Porphyrin-containing COFs have been relatively well-explored and proven
to be attractive materials in terms of stability and promising applications.
Specifically, tetra(4-aminophenyl)porphyrin (TAPP) has been one of the most used
building units in constructing various COFs. This review summarized the synthetic
approaches employed so far to assemble COFs based on TAPP. The amino groups
of TAPP rendering it an attractive building unit for the formation of imine- and
imide-linked COFs.
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