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Figure 1 Postsynthetic modification of 3D COFs via redox (a) and the tuning of selectivity (CO,/N,) (b) [37] (color online).
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Figure 2 Postsynthetic oxidation of (R,R)-CCOF 5 and the separation of achiral alchols by (R,R)-CCOF 6 [65] (color online).
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Figure 3 Postsynthetic modification of 3D-OH-COF and the adsorption of metal ions by 3D-COOH-COF [64] (color online).
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Figure 4 Postsynthetic modification of DBA-3D-COF with Ni(0) via the metalation of dehydrobenzoannulene [71] (color online).
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Figure 5 (a) The chemical structures of Salphen and M-Salphen; (b) the postsynthetic metalation of JUC-508 and JUC-509; (c) the performance of
JUC-509-Y toward the removal of superoxide radical anion [72] (color online).
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Figure 6 The metalation of SP-3D-COF-BPY and the resulting catalyst for Suzuki-Miyaura reaction [63] (color online).
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Figure 7 The synthesis of COF-505 with weaving structure and its subsequent demetalation and remetalation [74] (color online).

146



REFRE: b 20224 Hs52E B2

Hg, JEA RABEEEAE3D COFsTREAL R b2 5] T
SRR 2 (1 0. AR SCLRIR Tl I BRRE- IR RN
3B S5 S R T A B A 55 S R 3D COFs R A 5 14
MFET# M. Salphen. ICHEIE & A8 HE % Wk 547 5 X6}
3D COFsHIELAL f5 &R 7t

AR BT, 1R E M 33D  COFsif
AR B =, IR, KRB 3D COFsfLiE # /)
(<1.0 nm), ANFT RSP ECR DR B B S & 5N 1t
4b, FIF3D COFst:tf 5B HL R N 3R #e /b B

SN RCRA A R, B — 0 R R m R A IR T

FTHLLHBL, MRHE F B,
5, KiB5r3D COFs A FA b IE F2 1M i, FeAa e ik

EATTIA, 3D COFsHITIREAL Jo it e T4k
i LT W 1 22 Pk

et fa Bt . B2, 1EN3D COFsIhREAL it 8 %L
WRTFB, J5 & AR HohRetb N 40 R re 4
B, NG SN TR 1 RSz,

S5 3k
1 Ding SY, Wang W. Chem Soc Rev, 2013, 42: 548-568
2 Diercks CS, Yaghi OM. Science, 2017, 355: eaal1585
3 Geng K, He T, Liu R, Dalapati S, Tan KT, Li Z, Tao S, Gong Y, Jiang Q, Jiang D. Chem Rev, 2020, 120: 8814-8933
4 Jiang L, Tian Y, Sun T, Zhu Y, Ren H, Zou X, Ma Y, Meihaus KR, Long JR, Zhu G. J Am Chem Soc, 2018, 140: 15724-15730
5 Zeng Y, Zou R, Zhao Y. Adv Mater, 2016, 28: 2855-2873
6 Fan H, Mundstock A, Feldhoff A, Knebel A, Gu J, Meng H, Caro J. J Am Chem Soc, 2018, 140: 10094—10098
7 Sun Q, Aguila B, Perman J, Earl LD, Abney CW, Cheng Y, Wei H, Nguyen N, Wojtas L, Ma S. J Am Chem Soc, 2017, 139: 27862793
8 Li X, Wang H, Chen H, Zheng Q, Zhang Q, Mao H, Liu Y, Cai S, Sun B, Dun C, Gordon MP, Zheng H, Reimer JA, Urban JJ, Ciston J, Tan T,

19
20
21

22
23
24
25
26

27
28
29

Chan EM, Zhang J, Liu Y. Chem, 2020, 6: 933-944

Wang S, Wang Q, Shao P, Han Y, Gao X, Ma L, Yuan S, Ma X, Zhou J, Feng X, Wang B. J Am Chem Soc, 2017, 139: 4258-4261

Du Y, Yang H, Whiteley JM, Wan S, Jin Y, Lee SH, Zhang W. Angew Chem Int Ed, 2016, 55: 1737-1741

Xie H, Hao Q, Jin H, Xie S, Sun Z, Ye Y, Zhang C, Wang D, Ji H, Wan LJ. Sci China Chem, 2020, 63: 1306-1314

Ding SY, Gao J, Wang Q, Zhang Y, Song WG, Su CY, Wang W. J Am Chem Soc, 2011, 133: 19816-19822

Vyas VS, Haase F, Stegbauer L, Savasci G, Podjaski F, Ochsenfeld C, Lotsch BV. Nat Commun, 2015, 6: 8508

Wang X, Han X, Zhang J, Wu X, Liu Y, Cui Y. J Am Chem Soc, 2016, 138: 12332—12335

Liu W, Li X, Wang C, Pan H, Liu W, Wang K, Zeng Q, Wang R, Jiang J. J Am Chem Soc, 2019, 141: 17431-17440

Wang JC, Kan X, Shang JY, Qiao H, Dong YB. J Am Chem Soc, 2020, 142: 16915-16920

Ding H, Li J, Xie G, Lin G, Chen R, Peng Z, Yang C, Wang B, Sun J, Wang C. Nat Commun, 2018, 9: 5234

Jakowetz AC, Hinrichsen TF, Ascherl L, Sick T, Calik M, Auras F, Medina DD, Friend RH, Rao A, Bein T. J Am Chem Soc, 2019, 141: 11565—
11571

Xiong Y, Liao Q, Huang Z, Huang X, Ke C, Zhu H, Dong C, Wang H, Xi K, Zhan P, Xu F, Lu Y. 4Adv Mater, 2020, 32: 1907242

Jin E, Asada M, Xu Q, Dalapati S, Addicoat MA, Brady MA, Xu H, Nakamura T, Heine T, Chen Q, Jiang D. Science, 2017, 357: 673-676
Jhulki S, Evans AM, Hao XL, Cooper MW, Feriante CH, Leisen J, Li H, Lam D, Hersam MC, Barlow S, Brédas JL, Dichtel WR, Marder SR. J
Am Chem Soc, 2020, 142: 783-791

Meng Z, Stolz RM, Mirica KA. J Am Chem Soc, 2019, 141: 11929-11937

Das G, Biswal BP, Kandambeth S, Venkatesh V, Kaur G, Addicoat M, Heine T, Verma S, Banerjee R. Chem Sci, 2015, 6: 3931-3939

Rao MR, Fang Y, De Feyter S, Perepichka DF. J Am Chem Soc, 2017, 139: 2421-2427

Coté AP, Benin Al, Ockwig NW, O'Keeffe M, Matzger AJ, Yaghi OM. Science, 2005, 310: 1166-1170

Wang X, Chen L, Chong SY, Little MA, Wu Y, Zhu WH, Clowes R, Yan Y, Zwijnenburg MA, Sprick RS, Cooper Al. Nat Chem, 2018, 10:
1180-1189

Peng Y, Li L, Zhu C, Chen B, Zhao M, Zhang Z, Lai Z, Zhang X, Tan C, Han Y, Zhu Y, Zhang H. J Am Chem Soc, 2020, 142: 13162—-13169
Jiang SY, Gan SX, Zhang X, Li H, Qi QY, Cui FZ, Lu J, Zhao X. J Am Chem Soc, 2019, 141: 14981-14986

Li Y, Chen Q, Xu T, Xie Z, Liu J, Yu X, Ma S, Qin T, Chen L. J Am Chem Soc, 2019, 141: 13822-13828

147


https://doi.org/10.1039/C2CS35072F
https://doi.org/10.1126/science.aal1585
https://doi.org/10.1021/acs.chemrev.9b00550
https://doi.org/10.1021/jacs.8b08174
https://doi.org/10.1002/adma.201505004
https://doi.org/10.1021/jacs.8b05136
https://doi.org/10.1021/jacs.6b12885
https://doi.org/10.1016/j.chempr.2020.01.011
https://doi.org/10.1021/jacs.7b02648
https://doi.org/10.1002/anie.201509014
https://doi.org/10.1007/s11426-020-9796-9
https://doi.org/10.1021/ja206846p
https://doi.org/10.1038/ncomms9508
https://doi.org/10.1021/jacs.6b07714
https://doi.org/10.1021/jacs.9b09502
https://doi.org/10.1021/jacs.0c07461
https://doi.org/10.1038/s41467-018-07670-4
https://doi.org/10.1021/jacs.9b03956
https://doi.org/10.1002/adma.201907242
https://doi.org/10.1126/science.aan0202
https://doi.org/10.1021/jacs.9b08628
https://doi.org/10.1021/jacs.9b08628
https://doi.org/10.1021/jacs.9b03441
https://doi.org/10.1039/C5SC00512D
https://doi.org/10.1021/jacs.6b12005
https://doi.org/10.1126/science.1120411
https://doi.org/10.1038/s41557-018-0141-5
https://doi.org/10.1021/jacs.0c05596
https://doi.org/10.1021/jacs.9b08017
https://doi.org/10.1021/jacs.9b03463

FEBERE: =B A NS 10 )E & g i

30 Wu X, Han X, Liu Y, Liu Y, Cui Y. J Am Chem Soc, 2018, 140: 16124-16133

31 Pang ZF, Zhou TY, Liang RR, Qi QY, Zhao X. Chem Sci, 2017, 8: 3866-3870

32 Zhuang X, Zhao W, Zhang F, Cao Y, Liu F, Bi S, Feng X. Polym Chem, 2016, 7: 4176-4181

33 Zeng Y, Zou R, Luo Z, Zhang H, Yao X, Ma X, Zou R, Zhao Y. J Am Chem Soc, 2015, 137: 1020-1023

34 Huang J, Han X, Yang S, Cao Y, Yuan C, Liu Y, Wang J, Cui Y. J Am Chem Soc, 2019, 141: 8996-9003

35 Wang Y, Liu Y, Li H, Guan X, Xue M, Yan Y, Valtchev V, Qiu S, Fang Q. J Am Chem Soc, 2020, 142: 3736-3741

36 Gao C, LiJ, Yin S, Sun J, Wang C. J Am Chem Soc, 2020, 142: 3718-3723

37 Gao C, LiJ, Yin S, Sun J, Wang C. Nat Commun, 2020, 11: 4919

38 Liu X, LiJ, Gui B, Lin G, Fu Q, Yin S, Liu X, Sun J, Wang C. J Am Chem Soc, 2021, 143: 2123-2129

39 Yahiaoui O, Fitch AN, Hoffmann F, Froba M, Thomas A, Roeser J. J Am Chem Soc, 2018, 140: 5330-5333

40 WuC, Liu Y, Liu H, Duan C, Pan Q, Zhu J, Hu F, Ma X, Jiu T, Li Z, Zhao Y. J Am Chem Soc, 2018, 140: 10016-10024

41 Lin G, Ding H, Chen R, Peng Z, Wang B, Wang C. J Am Chem Soc, 2017, 139: 8705-8709

42 ChenY, Shi ZL, Wei L, Zhou B, Tan J, Zhou HL, Zhang YB. J Am Chem Soc, 2019, 141: 3298-3303

43 Guan X, Ma Y, Li H, Yusran Y, Xue M, Fang Q, Yan Y, Valtchev V, Qiu S. J Am Chem Soc, 2018, 140: 4494-4498

44 Beaudoin D, Maris T, Wuest JD. Nat Chem, 2013, 5: 830-834

45 Nguyen HL, Gropp C, Ma Y, Zhu C, Yaghi OM. J Am Chem Soc, 2020, 142: 20335-20339

46 Gropp C, Ma T, Hanikel N, Yaghi OM. Science, 2020, 370: eabd6406

47 Zhu Q, Wang X, Clowes R, Cui P, Chen L, Little MA, Cooper Al. J Am Chem Soc, 2020, 142: 16842—16848

48 Ma YX, Li ZJ, Wei L, Ding SY, Zhang YB, Wang W. J Am Chem Soc, 2017, 139: 4995-4998

49 Wang Y, Wu C, Sun W, Pan Q, Hao W, Liu H, Sun J, Li Z, Sun J, Zhao Y. Mater Chem Front, 2021, 5: 944-949

50 Huang N, Wang P, Jiang D. Nat Rev Mater, 2016, 1: 16068

51 Gui B, Lin G, Ding H, Gao C, Mal A, Wang C. Acc Chem Res, 2020, 53: 2225-2234

52 Guan X, Chen F, Fang Q, Qiu S. Chem Soc Rev, 2020, 49: 1357-1384

53 El-Kaderi HM, Hunt JR, Mendoza-Cortés JL, Coté AP, Taylor RE, O’Keeffe M, Yaghi OM. Science, 2007, 316: 268-272

54 Lin G, Ding H, Yuan D, Wang B, Wang C. J Am Chem Soc, 2016, 138: 3302-3305

55 LiH, Ding J, Guan X, Chen F, Li C, Zhu L, Xue M, Yuan D, Valtchev V, Yan Y, Qiu S, Fang Q. J Am Chem Soc, 2020, 142: 13334-13338

56 Zhang Y, Duan J, Ma D, Li P, Li S, Li H, Zhou J, Ma X, Feng X, Wang B. Angew Chem Int Ed, 2017, 56: 16313-16317

57 Li Z, Sheng L, Wang H, Wang X, Li M, Xu Y, Cui H, Zhang H, Liang H, Xu H, He X. J Am Chem Soc, 2021, 143: 92-96

58 Ma T, Kapustin EA, Yin SX, Liang L, Zhou Z, Niu J, Li LH, Wang Y, Su J, Li J, Wang X, Wang WD, Wang W, Sun J, Yaghi OM. Science, 2018,
361: 48-52

59 Ma T, LiJ, NiuJ, Zhang L, Etman AS, Lin C, Shi D, Chen P, Li LH, Du X, Sun J, Wang W. J Am Chem Soc, 2018, 140: 67636766

60 Furukawa H, Yaghi OM. J Am Chem Soc, 2009, 131: 8875-8883

61 Meng Y, Luo Y, Shi JL, Ding H, Lang X, Chen W, Zheng A, Sun J, Wang C. Angew Chem Int Ed, 2020, 59: 3624-3629

62 XieY, LilJ, Lin C, Gui B, Ji C, Yuan D, Sun J, Wang C. J Am Chem Soc, 2021, 143: 7279-7284

63 LiuY, Wu C, Sun Q, Hu F, Pan Q, Sun J, Jin Y, Li Z, Zhang W, Zhao Y. CCS Chem, 2021, 3: 2418-2427

64 LuQ,Ma, LiH, Guan X, Yusran Y, Xue M, Fang Q, Yan Y, Qiu S, Valtchev V. Angew Chem Int Ed, 2018, 57: 6042—6048

65 Han X, Huang J, Yuan C, Liu Y, Cui Y. J Am Chem Soc, 2018, 140: 892-895

66 Segura JL, Royuela S, Mar Ramos M. Chem Soc Rev, 2019, 48: 3903-3945

67 Yusran Y, Guan X, Li H, Fang Q, Qiu S. Nat/ Sci Rev, 2019, 7: 170-190

68 Ding H, Mal A, Wang C. Mater Chem Front, 2020, 4: 113-127

69 Bunck DN, Dichtel WR. Chem Commun, 2013, 49: 2457-2459

70 Li WK, Ren P, Zhou YW, Feng JT, Ma ZQ. J Hazard Mater, 2020, 388: 121740

71 Baldwin LA, Crowe JW, Pyles DA, McGrier PL. J Am Chem Soc, 2016, 138: 1513415137

72 Yan S, Guan X, Li H, Li D, Xue M, Yan Y, Valtchev V, Qiu S, Fang Q. J Am Chem Soc, 2019, 141: 2920-2924

73  Kumar G, Singh M, Goswami R, Neogi S. ACS Appl Mater Interfaces, 2020, 12: 48642-48653

74 LiuY,MaY, Zhao Y, Sun X, Gandara F, Furukawa H, Liu Z, Zhu H, Zhu C, Suenaga K, Oleynikov P, Alshammari AS, Zhang X, Terasaki O,

148


https://doi.org/10.1021/jacs.8b08452
https://doi.org/10.1039/C6SC05673C
https://doi.org/10.1039/C6PY00561F
https://doi.org/10.1021/ja510926w
https://doi.org/10.1021/jacs.9b03075
https://doi.org/10.1021/jacs.0c00560
https://doi.org/10.1021/jacs.9b13824
https://doi.org/10.1038/s41467-020-18588-1
https://doi.org/10.1021/jacs.0c12505
https://doi.org/10.1021/jacs.8b01774
https://doi.org/10.1021/jacs.8b06291
https://doi.org/10.1021/jacs.7b04141
https://doi.org/10.1021/jacs.8b13691
https://doi.org/10.1021/jacs.8b01320
https://doi.org/10.1038/nchem.1730
https://doi.org/10.1021/jacs.0c11064
https://doi.org/10.1126/science.abd6406
https://doi.org/10.1021/jacs.0c07732
https://doi.org/10.1021/jacs.7b01097
https://doi.org/10.1039/D0QM00846J
https://doi.org/10.1038/natrevmats.2016.68
https://doi.org/10.1021/acs.accounts.0c00357
https://doi.org/10.1039/C9CS00911F
https://doi.org/10.1126/science.1139915
https://doi.org/10.1021/jacs.6b00652
https://doi.org/10.1021/jacs.0c06485
https://doi.org/10.1002/anie.201710633
https://doi.org/10.1021/jacs.0c11313
https://doi.org/10.1126/science.aat7679
https://doi.org/10.1021/jacs.8b03169
https://doi.org/10.1021/ja9015765
https://doi.org/10.1002/anie.201913091
https://doi.org/10.1021/jacs.1c03042
https://doi.org/10.31635/ccschem.020.202000493
https://doi.org/10.1002/anie.201712246
https://doi.org/10.1021/jacs.7b12110
https://doi.org/10.1039/C8CS00978C
https://doi.org/10.1093/nsr/nwz122
https://doi.org/10.1039/C9QM00555B
https://doi.org/10.1039/c3cc40358k
https://doi.org/10.1016/j.jhazmat.2019.121740
https://doi.org/10.1021/jacs.6b10316
https://doi.org/10.1021/jacs.9b00485
https://doi.org/10.1021/acsami.0c14678

REFRE: b 20224 Hs52E B2

Yaghi OM. Science, 2016, 351: 365-369
75 Liu Y, Diercks CS, Ma Y, Lyu H, Zhu C, Alshmimri SA, Alshihri S, Yaghi OM. J Am Chem Soc, 2019, 141: 677-683

Postsynthetic modification of three-dimensional covalent organic
frameworks

Bo Gui, Yuanpeng Cheng, Cheng Wang*

Sauvage Center for Molecular Sciences, College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, China

*Corresponding author (email: chengwang@whu.edu.cn)

Abstract: Three-dimensional covalent organic frameworks (3D COFs) represent an emerging class of crystalline
porous organic networks linked by covalent bonds. Owing to their high surface areas, hierarchical pores and abundant
accessible sites, 3D COFs have shown interesting applications in gas adsorption and separation and catalysis.
Constructing 3D COFs from functional units endows them with characteristic properties and functions. The widely used
strategy to synthesize functional 3D COFs is the bottom-up synthesis from the corresponding functionalized precursors.
However, such methods may have to face several problems, including synthetic challenge, incompatibility of functional
units and difficulty in structure determination. As an alternative strategy, postsynthetic modification of 3D COFs may
possibly avoid the above-mentioned problems and has attracted attention in recent years. In this review, we summarized
the postsynthetic modification of 3D COFs via covalent reactions or coordinative reactions and discussed their
challenges in future.

Keywords: covalent organic frameworks, 3D COFs, postsynthetic modifications, functionalization, covalent
modifications, coordinative modifications
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