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Transformation of Metal-Organic Frameworks into Stable Organic 

Frameworks with Inherited Skeletons and Catalytic Properties  

Kai Chen[a] and Chuan-De Wu*[a] 

Abstract: Metal-organic frameworks (MOFs) are an emerging class 

of porous materials with attractive properties; however, their practical 

applications are heavily hindered by the fragile nature. We report 

herein an effective strategy to transform fragile coordination bonds in 

MOFs into stable covalent organic bonds under mild annealing 

decarboxylative coupling reaction conditions, which results in highly 

stable organic framework materials. This strategy endows 

successfully inherit the intrinsic framework skeletons, porosity and 

properties of the parent MOFs in the daughter organic framework 

materials which exhibit excellent chemical stability under harsh 

catalytic conditions. Therefore, this work opens a new avenue to 

synthesize stable organic framework materials derived from MOFs 

for applications in different fields. 

Metal-organic frameworks (MOFs) are an emerging class of 
crystalline porous materials constructed from metal ions/clusters 
and multidentate organic ligands that are connected by 
coordination bonds.1 Different to traditional solid materials, the 
structures and properties of MOFs are systematically designable 
and tunable, which demonstrate great potential for applications 
in many fields, including gas storage and separation, chemical 
sensing and catalysis.2 However, the practical applications of 
MOFs are heavily hindered by the fragile nature.3  

It has been demonstrated that high temperature thermolysis 
of MOFs would result in stable nanoporous carbon (NPC) 
materials, consisting of in situ generated metal and/or metal 
oxide nanoparticles (NPs) in the pore space. Different to those 
supported in traditional porous carbon materials, the 
encapsulated nanoparticles in NPC materials pyrolyzed from 
MOFs are uniformly dispersed in the pore space, which exhibit 
attractive properties for applications as energy conversion and 
storage devices, and catalysts, etc.4 However, the extreme 
thermolytic conditions (up to 1000 oC) not only broke the 
coordination bonds but also wiped out most of the intrinsic 
properties of MOFs.  

It has been known that thermal decomposition of transition 
metal benzoates or terephthalates (>300 oC) would produce 
volatile molecules, including benzene, benzophenone and 
biphenyl.5 The possible thermolysis mechanism evolves 
decarboxylation of aromatic carboxylates to form benzoyl or 
benzene radicals. Direct coupling of neighboring radicals would 
result in benzophenone, biphenyl and other products. As a result, 
the fragile coordination bonds between metal ions and 
carboxylates would be transformed into highly stable covalent 
organic bonds between decarboxylated carbon atoms. Therefore, 
we could deduce that the fragile MOFs, building from 

polydentate carboxylates and metal ions, would be transformed 
into stable organic framework materials under suitable thermal 
conditions. As expected, the metalloporphyrinic MOF CZJ-6, 
constructed from paddle-wheel [Cu2(COO)4] secondary building 
units (SBUs) and CuII-porphyrin ligands (Scheme S1), was 
successfully transformed into an organic framework material 
under mild annealing decarboxylative coupling reaction 
conditions, which presents high chemical stability under harsh 
catalytic conditions (Scheme 1).6 Different to NPC materials 
pyrolyzed from MOFs, the resultant organic framework material 
successfully inherited the structural skeleton, porosity and 
catalytic properties from the parent MOF CZJ-6. 

 

Scheme 1. Schematic representation of the synthesis procedures for MOF-
derived organic framework material and NPC material. 

The thermal behaviors of CZJ-6 were monitored by TG-MS 
plots under N2 atmosphere. As shown in Figure 1A, a weight loss 
(16.0%) between room temperature and 150 oC is attributed to 
the release of encapsulated solvent molecules and water ligands 
in CZJ-6, which are consistent well with the release of water at 
99 oC in the H2O-MS plot. Another weight loss (16.0%) from 250 
to 400 oC is very close to the calculated value (15.7 wt%) for the 
carboxylate groups in CZJ-6, indicating that CuII-porphyrin 
ligands were almost fully decarboxylated in this temperature 
range. There appear three peaks in both DTG and CO2-MS plots, 
suggesting that the pyrolytic process consists of multiple steps 
for the destruction of [Cu2(COO)4] SBUs at elevated temperature. 
When the temperature is raised above 500 oC, continuous slight 
decay of TG curve occurs, which should be resulted from 
dehydrogenation and further carbonization of the organic 
residue. The residual mass at 800 oC (58.3 wt%) is much higher 
than the calculated values for pure metallic Cu (14.2 wt%) or 
Cu2O (16.0 wt%) as the final products. Such a high residual 
mass indicates that the residue should consist of significant 
amount of nonvolatile organic matter.  
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Figure 1. (A) TG-MS and DTG plots for CZJ-6. (B) SEM images (scale bar, 5 
μm), (C) FT-IR and (D) Raman spectra, and (E) PXRD patterns for CZJ-6 and 
the pyrolyzed samples of CZJ-6 at different temperatures. 

According to the TG-MS results, CZJ-6 was heated at 
different elevated temperatures under N2 atmosphere (denoted 
as CZJ-6-T; T = temperature) (Figure S1). After heating at 250 
oC for 4 hours, brown solid sample of CZJ-6 was transformed 
into dark brown solid, which should be ascribed to the loss of 
water ligands and the partial reduction of copper(II) nodes. 
When the temperature was raised from 300 to 450 oC, the color 
of the solid sample was gradually changed from light violet to 
dark purple. Above 500 oC, the metalloporphyrin moieties began 
dehydrogenation and further carbonization, which was almost 
fully carbonized at 800 oC. These results are consistent well with 
the TG-MS results. SEM and TEM images showed that the 
octahedral morphology of CZJ-6 was well reserved under 
different thermal conditions (Figures 1B and S2).  

UV-visible diffuse reflectance spectrum of CZJ-6 showed 
that the characteristic Soret band of porphyrin is located at 425 
nm with two Q bands centered at 553 and 593 nm (Figure S3). 
The porphyrin moieties in the annealed sample remain intact 
under thermal treatment at 450 oC. Additionally, the broad band 
assigned to the aromatic moieties on CuII-porphyrin gradually 
shifted from 272 to 258 nm in the near-UV region upon raising 
the annealing temperature, which should be resulted from the 
loss of the carboxylate groups on benzene rings.  

FT-IR spectroscopy was used to monitor the organic 
residual moieties in the annealed products of CZJ-6 (Figure 1C). 
Broad bands at 1535 and 1398 cm-1 are ascribed to the 
asymmetric and symmetric stretching vibrations of carboxylate 
groups, and the peak centered at 1003 cm-1 is corresponding to 
the characteristic Cu-N vibration band for CuII-porphyrin.7 No 
obvious change of the absorption peaks in the FT-IR spectrum 

of CZJ-6-250 suggests that the structure of CuII-porphyrin and 
Cu-O bonds remain intact. When the annealing temperature was 
raised to 300 oC, the stretching vibration intensities for 
carboxylate groups are significantly weakened, indicating that 
decarboxylation reaction occurred. It is worth noting that the 
typical C=C stretching vibration bands at 1590 cm-1 for phenyl 
moieties and at 1493 cm-1 for CuII-porphyrin are almost intact. 
Upon raising the annealing temperature to 350 oC, the vibration 
bands for carboxylate groups almost disappeared, while CuII-
porphyrin remained intact when the temperature was raised to 
400 oC. Additionally, the characteristic out-of-plane bending 
vibration bands of substituted phenyl groups at 760 and 696 cm-

1 became predominant, which further confirmed the occurrence 
of decarboxylation reaction. There is almost no valuable peak in 
the FT-IR spectrum of CZJ-6-800, which should be a result of 
complete carbonization of the organic moieties. In the Raman 
spectra, all thermally treated samples, except for CZJ-6-800, 
exhibit similar vibration peaks at 1580, 1386 and 402 cm-1, which 
are assigned to the phenyl ring vibration, pyrrolic C-N symmetric 
stretching vibration and Cu-N stretching vibration, respectively 
(Figure 1D).8 In contrast, the presence of D and G bands 
centered at 1345 and 1596 cm-1 indicates that CZJ-6-800 was 
highly graphitized.9 

The thermal decarboxylation process was further monitored 
by PXRD patterns. When a sample of CZJ-6 was thermally 
treated at 250 oC for 4 h, the diffraction peaks are significantly 
weakened. When the annealing temperature was raised to 300 
oC, the low-angle diffraction peaks almost disappeared, 
indicating that the long-range order of the structure of CZJ-6 did 
not retain. Meanwhile, there appear the characteristic diffraction 
peaks for Cu2O (JCPDS, Card No. 05-0667, 36.4, 42.3 and 
61.4o) and metallic Cu (JCPDS, Card No. 04-0836, 43.2 and 
50.5o) in the PXRD pattern. When the temperature was raised to 
800 oC, there appears a broad peak centered at 24o for the (002) 
planes of graphite carbon, indicating that CuII-porphyrin moieties 
were carbonized.10 Induced by the uniform distribution of 
[Cu2(COO)4] SBUs in CZJ-6, the cupreous particles are 
homogeneously dispersed in the annealed samples with 
diameters of 10-20 nm as revealed by TEM images, except for 
CZJ-6-800 (Figure S2). 

To identify the composition of the organic residues in the 
annealed products, the annealed samples were eluted with 
CHCl3. Brown eluates were obtained from the samples of CZJ-6-
300, 350, 400 and 450, and no colored product was extracted 
from the samples of CZJ-6-250, 500 and 800 (Figure S4). UV-
vis absorption spectroscopy analysis revealed that the 
absorption peaks of the brown eluates are identical to the 
characteristic absorption peaks of copper(II)-5,10,15,20-
tetrakis[(3,5-diphenyl)phenyl]-porphyrin (Cu-TDPPP), the  
decarboxylated analog of CuII-porphyrin ligand (Scheme S2 and 
Figure S5). The concentration of CuII-porphyrin in the eluates 
gradually decreased upon raising the annealing temperature. 
These results indicate that decarboxylation reaction occurred at 
low temperature (300 oC) but decarboxylative coupling reaction 
requires higher temperature. Upon raising the annealing 
temperature, CuII-porphyrin concentration in the eluate gradually 
decreased. In contrast, there are intense peaks for porphyrins in 
the FT-IR, UV-vis and Raman spectra of the CHCl3-eluted 
samples of CZJ-6-350, 400 and 450 (denoted as CZJ-6-TA) 
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(Figures S6-S8). These results indicate that annealing treatment 
of CZJ-6 resulted in organic polymers, and the polymerization 
degree is highly dependent on the annealing temperature.  

To identify the pyrolyzed fragments, we analyzed the 
eluates by MALDI-TOF MS (Figure 2). The m/z signals centered 
at 1283, 2568 and 3852 are very close to the molecular mass of 
mono-, di- and trimer of the decarboxylated analog Cu-TDPPP 
(Mw = 1283.4) for CZJ-6-300. These results provided solid 
evidences to prove that decarboxylative coupling reaction took 
place between CuII-porphyrin moieties in CZJ-6 at 300 oC. Upon 
raising the annealing temperature, the peak areas for highly 
polymerized oligomers gradually increased (Figure S9). These 
results suggest that the decarboxylative coupling reaction 
between metalloporphyrins is depending on the annealing 
temperature. However, excessively higher temperature resulted 
in partial bond breaking between the aromatic substituents and 
porphyrin cores. This conclusion was proved by monitoring the 
shoulder peaks with difference of m/z 229, which were derived 
from the loss of the aromatic substituents on CuII-porphyrin. The 
shoulder peaks become stronger in the MALDI-TOF MS for CZJ-
6-450, indicating that there occurred severe cracking of the 
metalloporphyrin residues at higher temperature. These results 
proved that CuII-porphyrin ligands in CZJ-6 underwent 
decarboxylative coupling reaction to form cross-linked organic 
polymers under annealing treatment conditions, and the 
optimized temperature should be 400 oC for CZJ-6. 

 

Figure 2. MALDI-TOF MS spectra of the eluates extracted from the annealed 
samples of CZJ-6 at different temperatures. 

To get detailed information of the metalloporphyrin residues 
in the annealed samples of CZJ-6, the encapsulated metallic Cu 

and Cu2O NPs were etched with FeCl3/HCl solution, which 
resulted in mesopores in the etched samples (denoted as CZJ-
6-TB; Figures S10 and 11). The surface chemical compositions 
of the etched samples were characterized by monitoring the 
electronic states of Cu, N and C in XPS spectra (Figure 3). The 
calculated atomic ratios of N/Cu in CZJ-6-350B and 400B are 
very close to 4:1, which are consistent well with the value in CuII-
porphyrin (Table S1). The N/Cu ratio increased under higher 
temperature due to partial decomposition of CuII-porphyrin. In 
the high-resolution Cu2p XPS spectra, the absence of Cu2p3/2 
peaks for metallic Cu (932.7 eV) and Cu2O (932.5 eV) further 
proved sufficient etching of the metallic Cu and Cu2O species.11 
Additionally, except for CZJ-6-800B, all samples exhibit a 
dominant peak at 935.2 eV for Cu2p3/2, associating with a broad 
satellite peak centered at ~943 eV, which match well with those 
signals for CuII-porphyrin.12 The missing of the Cu2p3/2 peak at 
935.2 eV in the XPS of CZJ-6-800B indicates that CuII-porphyrin 
was completely carbonated at 800 oC. In the N1s XPS spectra, 
two peaks centered at 398.7 and 399.9 eV are corresponding to 
Cu-N4 and pyrrolic nitrogen species, respectively.13 As expected, 
the pyrrolic nitrogen became the predominant species at 800 oC, 
along with a new peak at 398.4 eV that belongs to the pyridinic 
nitrogen. The C1s deconvoluted scan showed two 
representative domains with binding energies at 284.8 and 
286.7 eV, which attribute to the C-C and C-N bonds in CuII-
porphyrin, respectively.14 The shift of the binding energy of C-C 
bonds to 284.6 eV implies the formation of carbonized material 
at 800 oC. These conclusions were further proved by FT-IR, UV-
vis and Raman spectroscopy (Figures S12-S14). 

 

Figure 3. (A) XPS survey spectra, high-resolution (B) Cu2p, (C) N1s and (D) 
C1s XPS spectra of CZJ-6-TB. 

Transformation of MOFs into organic framework materials 
would result in tuning the hydrophilic/hydrophobic nature. The 
contact angle of a water droplet on pristine CZJ-6 was estimated 
to be 17o, which was dramatically increased to 102o for CZJ-6-
400B, indicating that the annealing treatment overturned the 
surface properties from hydrophilic CZJ-6 to hydrophobic 
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organic framework material CZJ-6-400B (Figure S15). The 
hydrophobic nature is important in catalysis, which would protect 
the active sites from toxic hydrophilic species.15  

N2 sorption measurements were carried out to study the 
textual characters of MOF CZJ-6, organic framework material 
CZJ-6-400B and NPC material CZJ-6-800B (Figure S16). CZJ-6, 
CZJ-6-400B and CZJ-6-800B take up 530, 103 and 134 cm3 g-1 
N2 at 77 K and 1 bar, resulting microporous BET surface areas 
of 394, 145 and 415 m2/g, respectively. Pore size distribution 
analysis showed that there are two kinds of micropores for CZJ-
6-400B (1.15 and 1.30 nm) and CZJ-6-800B (1.05 and 1.25 nm) 
(Figure S17). These values are very close to those of MOF CZJ-
6 (1.20 and 1.35 nm), which suggest that the pore characters of 
CZJ-6 were successfully inherited in the daughter materials 
CZJ-6-400 and CZJ-6-800. The slight shrinkage of pore sizes 
should be resulted from decarboxylation of metalloporphyrin 
ligands and further carbonization at elevated temperature. CO2 
adsorption isotherms showed that CZJ-6, CZJ-6-400B and CZJ-
6-800B take up 51.9, 68.3 and 110.2 mg/g CO2 at 273K, 
respectively (Figure S18). To get better understanding of the 
adsorption behaviors, isosteric heats of CO2 adsorption (Qst) for 
these materials were calculated based on Clausius−Clapeyron 
equation from CO2 adsorption isotherms at 273 and 298 K.16 At 
the initial stage, the Qst value for CZJ-6-400B (26.4 KJ/mol) is 
higher than those for CZJ-6 (21.5 KJ/mol) and CZJ-6-800B (22.9 
KJ/mol). These results indicate that there are stronger 
interactions between the pore surfaces of CZJ-6-400B and CO2 
molecules at low pressure, which might be ascribed to the 
hydrophobic pore nature and the binding affinity of CO2 for the 
open porphyrin copper(II) sites.12   

To evaluate the stability and the accessibility of CuII-
porphyrin sites in the organic framework materials, we examined 
the catalytic properties of CZJ-6-TB in cross dehydrogenative 
coupling (CDC) esterification reaction between C(sp3)-H and 
carboxylic acid.17 As shown in Table S2, molecular Cu-TDPPP 
catalyzed the CDC esterification reaction between benzoic acid 
and 1,4-dioxane to afford ester product with 75% yield. However, 
Cu-TDPPP almost degraded after catalysis, because of self-
oxidative reaction.2g When MOF CZJ-6 was used as a catalyst, 
the solid was completely dissolved after catalysis, 
accompanying degradation of CuII-porphyrin. In contrast, the 
organic framework materials CZJ-6-TB exhibited high stability in 
catalyzing the CDC reaction. The catalytic activity of CZJ-6-
400B (92% ester yield) is also much higher than that of MOF 
catalyst CZJ-6 (73% yield). Because low annealing temperature 
would result in low-degree polymerization, CZJ-6-350B was 
partially decomposed when catalyzing the CDC reaction, leading 
to low ester yield (44%). However, excessively higher 
temperature let CuII-porphyrin suffer from severe decomposition, 
resulting in decreased ester yields (46-62%), while the 
carbonized material CZJ-6-800 only resulted in 8% ester yield. 
No obvious leaching of CuII-porphyrin was observed in the 
supernatants for CZJ-6-TB (T ≥ 400 oC) after catalysis as 
confirmed by UV-vis spectra and ICP-OES (Figures S19 and 
S20). FT-IR spectrum showed that CuII-porphyrin in CZJ-6-400B 
remained intact after catalysis (Figure S21). The above results 
revealed that the chemical stability of organic framework 
material CZJ-6-400B is much higher than that of the parent MOF 

and the catalytic properties are much superior to those of the 
carbonized material.  

In summary, we developed an effective strategy to transform 
instable MOFs into stable organic framework materials under 
decarboxylative coupling reaction conditions. As an illustrated 
example of CZJ-6, the fragile coordination bonds were replaced 
with stable covalent C-C bonds under mild annealing conditions, 
which resulted in a highly stable organic framework material with 
inherited framework skeleton, porosity and catalytic properties 
from the parent MOF. Enlightened by the results of this work, we 
expect that numerous highly stable organic framework materials 
with inherited properties from the parent MOFs will be created 
for applications in various fields. 

Acknowledgements 

We are grateful for the financial support of the National Natural 
Science Foundation of China (grant nos. 21373180, 21525312 
and 21872122). 

Keywords: Metal-organic frameworks • Organic framework 

materials • Decarboxylative coupling reaction • Coordination 

bonds • Covalent bonds 

[1] (a) H.-C. Zhou, S. Kitagawa, Chem. Soc. Rev. 2014, 43, 5415-5418; (b) 

A. Schoedel, M. Li, D. Li, M. O’Keeffe, O. M. Yaghi, Chem. Rev. 2016, 

116, 12466-12535; (c) G. Maurin, C. Serre, A. Cooper, G. Férey, Chem. 

Soc. Rev. 2017, 46, 3104-3107. 

[2] (a) J. A. Mason, M. Veenstra, J. R. Long, Chem. Sci. 2014, 5, 32-51; (b) 

Z. Bao, G. Chang, H. Xing, R. Krishna, Q. Ren, B. Chen, Energy 

Environ. Sci. 2016, 9, 3612-3641; (c) Q.-G. Zhai, X. Bu, X. Zhao, D.-S. 

Li, P. Feng, Acc. Chem. Res. 2017, 50, 407-417; (d) H. Furukawa, K. E. 

Cordova, M. O’Keeffe, O. M. Yaghi, Science 2013, 341, 1230444-

1230457; (e) T. Islamoglu, S. Goswami, Z. Li, A. J. Howarth, O. K. 

Farha, J. T. Hupp, Acc. Chem. Res. 2017, 50, 805-813; (f) W. P. Lustig, 

S. Mukherjee, N. D. Rudd, A. V. Desai, J. Li, S. K. Ghosh, Chem. Soc. 

Rev. 2017, 46, 3242-3285; (g) M. Zhao, S. Ou, C.-D. Wu, Acc. Chem. 

Res. 2014, 47, 1199-1207; (h) X. Lian, Y. Fang, E. Joseph, Q. Wang, J. 

Li, S. Banerjee, C. Lollar, X. Wang, H.-C. Zhou, Chem. Soc. Rev. 2017, 

46, 3386-3401; (i) A. H. Chughtai, N. Ahmad, H. A. Younus, A. Laypkov, 

F. Verpoort, Chem. Soc. Rev. 2015, 44, 6804-6849; (j) L. Jiao, Y. Wang, 

H.-L. Jiang, Q. Xu, Adv. Mater. 2017, 30, 1703663; (k) M. Yoon, R. 

Srirambalaji, K. Kim, Chem. Rev. 2012, 112, 1196-1231; (l) T. Drake, P. 

Ji, W. Lin, Acc. Chem. Res. 2018, 51, 2129-2138.  

[3] (a) N. C. Burtch, H. Jasuja, K. S. Walton, Chem. Rev. 2014, 114, 

10575-10612; (b) M. D. Toni, R. Jonchiere, P. Pullumbi, F.-X. Coudert, 

A. H. Fuchs, ChemPhysChem 2012, 13, 3497-3503; (c) J. J. Low, A. I. 

Benin, P. Jakubczak, J. F. Abrahamian, S. A. Faheem, R. R. Willis, J. 

Am. Chem. Soc. 2009, 131, 15834-15842. 

[4] (a) B. Liu, H. Shioyama, T. Akita, Q. Xu, J. Am. Chem. Soc. 2008, 130, 

5390-5391; (b) W. Xia, A. Mahmood, R. Zou, Q. Xu, Energy Environ. 

Sci. 2015, 8, 1837-1866; (c) S. J. Yang, S. Nam, T. Kim, J. H. Im, H. 

Jung, J. H. Kang, S. Wi, B. Park, C. R. Park, J. Am. Chem. Soc. 2013, 

135, 7394-7397; (d) T. K. Kim, K. J. Lee, J. Y. Cheon, J. H. Lee, S. H. 

Joo, H. R. Moon, J. Am. Chem. Soc. 2013, 135, 8940-8946; (e) K. J. 

Lee, J. H. Lee, S. Jeoung, H. R. Moon, Acc. Chem. Res. 2017, 50, 

2684-2692; (f) A. Indra, T. Song, U. Paik, Adv. Mater. 2018, 30, 

1705146; (g) Y. V. Kaneti, J. Tang, R. R. Salunkhe, X. Jiang, A. Yu, K. 

C.-W. Wu, Y. Yamauchi, Adv. Mater. 2017, 29, 1604898; (h) B. Y. 

Guan, X. Y. Yu, H. B. Wu, X. W. Lou, Adv. Mater. 2017, 29, 1703614; (i) 

J. Liu, D. Zhu, C. Guo, A. Vasileff, S.-Z. Qiao, Adv. Energy Mater. 2017, 

10.1002/anie.201903367

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

7, 1700518; (j) S.-N. Zhao, X.-Z. Song, S.-Y. Song, H.-J. Zhang, Coord. 

Chem. Rev. 2017, 337, 80-96; (k) Y. Xu, Q. Li, H. Xue, H. Pang, Coord. 

Chem. Rev. 2018, 376, 292-318; (l) Y. Zhai, Y. Dou, D. Zhao, P. F. 

Fulvio, R. T. Mayes, S. Dai, Adv. Mater. 2011, 23, 4828-4850; (m) Q. 

Wang, J. Yan, Y. Wang, T. Wei, M. Zhang, X. Jing, Z. Fan, Carbon 

2014, 67, 119-127; (n) M.-M. Titirici, R. J. White, N. Brun, V. L. Budarin, 

D. S. Su, F. del Monte, J. H. Clark, M. J. MacLachlan, Chem. Soc. Rev. 

2015, 44, 250-290; (o) S. De, A. M. Balu, J. C. van der Waal, R. Luque, 

ChemCatChem 2015, 7, 1608-1629; (p) N. Tsumori, L. Chen, Q. Wang, 

Q.-L. Zhu, M. Kitta, Q. Xu, Chem 2018, 4, 845-856. 

[5] (a) R. Dabestani, P. F. Britt, A. C. Buchanan, Energy Fuels 2005, 19, 

365-373; (b) N. M. Sánchez, A. de Klerk,Thermochim. Acta 2018, 662, 

23-40; (c) H.-Y. Gao, P. A. Held, M. Knor, C. Mück-Lichtenfeld, J. 

Neugebauer, A. Studer, H. Fuchs, J. Am. Chem. Soc. 2014, 136, 9658-

9663. 

[6] M. Zhao, C.-D. Wu, ChemCatChem 2017, 9, 1192-1196. 

[7] S. R. Ahrenholtz, C. C. Epley, A. J. Morris, J. Am. Chem. Soc. 2014, 

136, 2464-2472. 

[8] D.-M. Chen, Y.-H. Zhang, T.-J. He, F.-C. Liu, Spectrochim. Acta Part A 

2002, 58, 2291-2297. 

[9] Q. Lin, X. Bu, A. Kong, C. Mao, X. Zhao, F. Bu, P. Feng, J. Am. Chem. 

Soc. 2015, 137, 2235-2238. 

[10] X. Hua, J. Luo, C. Shen, S. Chen, Catal. Sci. Technol. 2018, 8, 1945-

1952. 

[11] J. P. Espinós, J. Morales, A. Barranco, A. Caballero, J. P. Holgado, A. 

R. González-Elipe, J. Phys. Chem. B 2002, 106, 6921-6929.  

[12] Y. Liu, Y. Yang, Q. Sun, Z. Wang, B. Huang, Y. Dai, X. Qin, X. Zhang, 

ACS Appl. Mater. Interfaces 2013, 5, 7654-7658. 

[13] V. H. Pinto, D. CarvalhoDa-Silva, J. L. Santos, T. Weitner, M. G. 

Fonseca, M. I. Yoshida, Y. M. Idemori, I. Batinić-Haberle, J. S. 

Rebouças, J. Pharm. Biomed. Anal. 2013, 73, 29-34. 

[14] Y. Li, X. Zheng, X. Zhang, S. Liu, Q. Pei, M. Zheng, Z. Xie, Adv. 

Healthcare Mater. 2017, 6, 1600924.   

[15] (a) G. Huang, Q. Yang, Q. Xu, S.-H. Yu, H.-L. Jiang, Angew. Chem. Int. 

Ed. 2016, 55, 7379-7383; (b) R. Fasan, ACS Catal. 2012, 2, 647-666. 

[16] J. L. Rowsell, O. M. Yaghi, J. Am. Chem. Soc. 2006, 128, 1304-1315. 

[17] S. A. Girard, T. Knauber, C.-J. Li, Angew. Chem. Int. Ed. 2014, 53, 74-

100. 

 

 

10.1002/anie.201903367

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

 
Entry for the Table of Contents  
 
COMMUNICATION 

 An effective strategy is developed to 
transform fragile coordination bonds in 
metal-organic frameworks (MOFs) into 
stable covalent organic bonds under 
mild annealing decarboxylative 
coupling reaction conditions, which 
results in highly stable organic 
framework materials with inherited 
framework skeletons, porosity and 
properties from the parent MOFs for 
catalytic applications under harsh 
conditions. 

 

 Kai Chen and Chuan-De Wu* 

Page No. – Page No. 

Transformation of Metal-Organic 
Frameworks into Stable Organic 
Frameworks with Inherited Skeletons 
and Catalytic Properties 

 

 

((Insert TOC Graphic here)) 

10.1002/anie.201903367

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.


