L F F IR

Review

ACTA CHIMICA SINICA

DOI: 10.6023/A20060256

FERNENRS DA REMNMRER
B kEEr BET

(AEEE TR WP 5HT¥EE AR CRRAREEBE b5t 100081)

FE L& JRA PLHES (metal-organic frameworks, MOFs)F1 L4 5 HLHES (covalent organic frameworks, COFs) X&)
maZfLEEY, BAGEWEREIR. SN, FRIAE. EFEMERE. SIS A, £S5,
AL fERE. GRS EE BT R T . IR N IR B R SR AR S R T, MY B
VI ThEE, ETEAIAT" . AR YIRE AR IR TR A 7R S5 T N F R FE R . W5 & 5 5|\ 2] MOFs #1 COFs
i, AR TR MEACE SR RRERAISLE I . TR SRR, JF B — R A EAR EE A R AR AR
Py ATREMRE, P EE RS SRR N, AR T R HZ LRI A8tk MOF F1 COF #4 kM &
HuE, FEORE DS ER LA EMIE PTG, BRI R R R . LRI VR, HE AN E T X
POBMEFPEIR Sy it WP DL A SR N A, &5, RGR T T AT RN RS 2R EY
TN P PR S 5 B R, xR SR 7 kAT 1 R EE.

K WESZILERSY, SRAVUES, LM AEVHES, AR, TRttt

Amino Acid Functionalized Crystalline Porous Polymers

Mei, Pei Zhang, Yuanyuan* Feng, Xiao*

(School of Chemistry and Chemical Engineering, Advanced Research Institute of Multidisciplinary Science,
Beijing Institute of Technology, Beijing 100081, China)

Abstract Metal-organic frameworks (MOFs) and covalent organic frameworks (COFs) are representative crystalline porous
polymers. Due to their high surface area, high porosity, open channels, abundant functional groups and easy functionalization,
they show great applications in gas storage and separation, catalysis, energy storage, photovoltaic devices, efc. Amino acids
are the basic structural units that constitute peptides and proteins, which not only have important biological functions, but
also play an important role in industrial applications such as pharmaceutical production, biodegradable plastics, and chiral
catalysts. The introduction of amino acids into MOFs and COFs could endow them with diverse and flexible frameworks,
special pore environment, and chiral sites, improving their biocompatibility and degradability to some extent and enriching
their functions and applications. This review focuses on the progress of the amino acid functionalized MOFs and COFs, in-
cluding their synthetic strategies, such as employing amino acids and their derivatives as building unit, covalent modification
of amino acids onto the framework, and utilizing amino acids as modulators. The advantages and disadvantages of these
strategies are compared and their challenges are discussed. In addition, we also introduce their applications in chiral separa-
tion, catalysis, adsorption and proton conduction. Finally, we summarize the current challenges in the preparation of amino
acid functionalized crystalline porous polymers and outlook the future research direction in this field.
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Figure 1 Schematic illustration of synthetic strategies for amino acid
functionalized crystalline porous polymer.
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Figure 2 The potential coordination models of amino acids and metal
ions. Adapted from the literature [8b]
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Figure 3 (a) Schematic representation of linkers L1, L2, and L3 that
react with Cd(I) to produce corresponding MOF architectures (MOF
1a/1b, 2a/2b, and 3a/3b). (b) MOFs 1a, 2a, and 3a with their SBUs and
topological simplification model showing change in lattice arrangement.
Adapted from the literature [17]
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Figure 4 (a) Structure of 2D network in 4b and 5b. (b) The synthesis
strategy of the homochiral ZMOFs. Adapted from the literature [20], [22]
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Figure 5 The structural flexibility of ZnGGH in the context of a con-
formational energy landscape. (a) ZSM-5 is a rigid porous framework, the
new ZnGGH compound reported here is a flexible porous framework. In
contrast to the macromolecular state of proteins, ZnGGH is a crystalline
solid framework, which restricts the available conformational space of the
linker. All energy landscapes drawn in this figure are hypothetical illus-
trations that reflect the structural properties of the corresponding materi-
als. (b) The doubly deprotonated tripeptide Gly-Gly-L-His acts as a tetra-
topic linker to form the ZnGGH framework. Adapted from the literature
[25]
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Figure 6 (a) The two-step peptide grafting process into various MOFs.
(b) Synthesis of the catalysts comprising the replacement of formate with

imidazole-containing ligands and metalation with Cu"”. Adapted from the
literature [29], [31]
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Figure 7 (a) PXRD patterns showing the effects of incorporation of 5
equivalents of L-proline and one of HCI into solvothermal syntheses of Zr
MOFs of L6~L8 compared to addition of HCI alone. (b) Anchoring of
L-proline onto a Zr MOF and amino acid-modulated MOF synthesis. (c)
Synthesis of CMOF-5. The presence of L- or D-proline additives induces
chirality and enables the growth and isolation of CMOF-5 crystals. An
achiral square grid net, [Zn(BDC)(NMP)], forms in the absence of pro-
line. Adapted from the literature [32], [33], [36]
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H i COFs 5495y F 1A i 17 s AH EAEF.

WP IR PR T A e KSR REYE COF #%
FELER R, 158 E i FeClye6H,0 . NasCite2H,0 .
CH;COONa 7EV 7l #A6F  G T BEVE 20 K s 4 7
MCNCs, RGN COF Ak 1,3,5- =F FRHFIR, 2,5-
TOMEHEE R HIEE, ST L MCNCs A% COFs
HNFEH MCNC@COFs(F 8a), FHE i MAE COF
A v BE SR K A IE TR, EH b i) 2 A sk vl B T
R JER 032 B AR S KB AR R R A O 3o D A
B B AR g K BRI AE COFs B MR e H k. 2E )
TpPa-1 {ENFE I8 5] B AR GOK Bk, 25 B H k&5 1)
HR ST M I R R A L nT O 2 3 4 A BAR G KR
TR, H L& 1 D) BE AL PRL AR 2 T IR AR 40 K St
KA RT DR L5 455 A s T BB K 1) & 4R

B8 mitki%ES ) MCNC@COF@GSH & s 12 m = E. s H
CHR[39]

Figure 8 Schematic representation of the synthetic route of the
MCNC@COF@GSH microspheres. Adapted from the literature [39]
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B HA R E S, 582 LR Fin. TR
LG, MOF M KFBE 5 Thagft, ml e R A 7 1 F 1
FLi&, JE AT L@ LIS e R R A
PRI A5, 7T 43 88 0 T R B TR A 341, 3k
TR A 1 F DL B R, rTeNSF
KBV I B0 MOFs (T3R8, A EseBit
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(bpe)a(H20),]°2H,0°2N0;5  + [Cox(L-Trp)(INT)2(H,0),-
(ClOg)] ~ [Cox(sdba)((L-Trp),] F1 [Co(L-Glu)(H,0)+H,0],
(AP INT: MUREFEEIUME: bpe: XUEY A R4 LMk Habtc:

R1 ZIERIBA SRS Z LRSI RIS 7% LA RS %] b

BIR = WER), KA 45 KR EAHAG F R,
4 T RIGAH s P T 2 [ 5 A T e R 1 7 B 1,2-
BROR-1,2- L “REAME AR SR, 2018 47, =75
IR A UGS B 1EAE NHo-MIL-101 5| AN (5
PEIRBIAL 5, 45 R FE MOFs H T B4 ik k1)
WE. Hb LR BB WS % 1) MIL-101-L-Pro, AL
B L-Fl R A R A S B E L, SR A2 fLIE
HECRRSTE) Boe PRIPEERIFZM, HFME0 SR A
.

MOFs 1ENFPEE € A0 5 Z Fa e Y22 kiR i
PESER S, HEm SERER K. BRErEREE . R
FER S I . 5T ] AR T, A AR R AT DA
EREBRTHEA . IR E R B A5, SCILE R
A7 8. Marti-Gastaldo 25 IE 7 —Fh 3t F =ik
(Gly-L-His-Gly) FJF- 1 =44 £ MOF #4kE—Cu(GHG),
SERI I IT RZAE S ) — 4 L FALIE P B & Z M E B
PN FE. Beiedt. ZaEfmmkmedt 3 HAL@RR~S KT
2 nm, BEWE SRR TR HoH Nz T ALIE (B
9a~9c¢). ¥ Cu(GHG)IF [l FH AL B B 71 73 B8 F- 14 2
YO E R TR (MA) « R SER(EP) I AMH e AR 54, B
51E 4 min N2 HK T 50%H0(+)-EP. MR E 52405 K%
ST, SEREREME R EIR T Y5 MOF 28+
R B AR AL AR (B 9d), BAgkit, (—)-EP X
Al 5B A H SRR T S8 A B E L, (+)-EP A 548
AR GRS IR, 5 HRR PR EMRE
HA—EIEH, HILSZEL(+)-EP LS (B 9e).

Table 1 Synthetic methods and applications of amino acid functionalized crystalline porous polymers

IR RS2 RS AR MR T N SCHR
MIL-101-L-Pro LA bzt %?gﬁi TR R BRI [44]
Cu(GHG) = k(Gly-L-His-Gly) JR AR T SERR B BB RS T TR [45]
Niy(L-Asp)(bipy) L-RERIR JRALAEA 2-HIHE-2 A1 A IR BT MR 4 [46]
L-His-ZIF-8/AAQ L-HE IR JRAL R 1- 28 5 L EE AN T AR IR - P35 20 [47]
MIL-53-NH-L-Glu-based MMMs. e s PAYE . Sk g Lo S 2

MIL-53-NH.L-His based MMMs (L-HER . L-BRER) P A -2 FE 2 BN TR K BT 47 o [48]
Zny(L-Ser),(bdc);*6DMF L-2E R JEA R CO, HIA7A# LA S COL/N, W B 43 19 [21]
[CA(L2)(CD](H,0)]. [CA(L3)CDI(H,0)]  L-#2% . L-J5aAMR JR AR KR Bt [17]
Ca''Cu'§[(S,5)-methox];(OH),(H,0)*16H,0  L-F i & SR AL SR AuCly. AuCl KI5 46 [49]
Ca"Cu'"g[(S,S)-serimox]3(OH),(H.0) L-42 5 B Eiaafiy Yt 2% B W [50]

— . e TSR, FRRE . NON-T R R
ZnGGH ik (Gly-Gly-L-His) JRAT A3 W L, 3 15 B2/ 7 0 [25]
Ui0-66-F. UiO-66-W L-ANARR L-B R UATE ACE Il (178 b = 4 [34]
MCNC@COF@GSH EALRERIN A A A N-TERRE IR 2 0= [39]
Ui0-66-LP L2 % SR TiF 5 2 R O TR B B AN R Alldol i fk [51]
AL-MIL-101-NH,-Gly-Pro —BK(L-Gly-Pro) It i 25 R FH TR TR AS X Bk Aldol AL [29]
CuTrp LR R A AL 5 CO, 5HE AN i Ak [52]
MOF-808-his-Cu L-HE R ANEM FR ot e e B 1 S A A R AL [31]
=k
MTV—(CH3)(]'6(CHzNH-Ala-Gly-PI‘O-NHz)O.1 ~ 1 Hi(ﬁ%ﬁ_’ﬁu(ﬂﬂi( HZN-Ala-Tyr-
: -Pro-Gly-Ala-CO . e " 30

MTV-(CHj)o«(CH;NH-Asp-His-Cys-NH,),, g:ﬁ]\] CP;’HISY AS;_ c oggf) B Ala-Ser-Ala-CONH,) () AL, (301
MIP-202(Zr) L-RASIR SRR RTAES [16]
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B9 (a) Cu(GHG)TIIMRIEHELE M. (b) kP ERERIEMRIFLIER
M. (c) Cu(GHG) ' —4EfLiB (I ThREAL A3 5 TE Bl 7> T1EH, & T 1%
BUMANGESY. (d) Cu(GHG)ZEHIH(+, -)MA Fil EP XA SRR it
AN ZE A U AT AL 28 L SR R T OM T B8 L PR AR LR B BE 2 AL (o)
Cu(GHG)XT Wiz P U5 -1 259 MA A1 EP. g I SCHR[45]
Figure 9 (a) Structure of helicoidal chains in Cu(GHG) MOF. (b) Func-
tional groups in the peptidic backbone decorating the surface of the pores.
(c) 1D channels in Cu(GHG) are surrounded by functional sites prone to
establish supramolecular interactions, well suited for chiral recognition
and discrimination. (d) Representative MC binding geometries of (+,
—) MA and EP enantiomers within the structure of Cu(GHG) and corre-
sponding adsorption energies as absolute values calculated with respect to
gas phase. (¢) Evolution of the enantioselective recognition of Cu(GHG)
for chiral drugs MA and EP. Adapted from the literature [45]
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Figure 10 Fabrication and characterization of homochiral MOF-based
MMMs for chiral separation of 1-phenylethanol enantiomers. Adapted
from the literature [48]
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B 11 (a =8k GGH El{A7E ZnGGH-1+¢(DMF-H,0). ZnGGH-2+
(DMSO)# ZnGGH-3+(DMF)TEAE & ARG M I 5. (b) ZnGGH-3+
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Figure 11 (a) Conformation of the GGH linker in the refined experi-
mental crystal structures ZnGGH-1+(DMF-H,0), ZnGGH-2+(DMSO) and
ZnGGH-3+(DMF). (b) The view down the one-dimensional pores of
ZnGGH-3+(DMF) and ZnGGH-2+(DMSO). (c) The side view reveals the
intraframework hydrogen-bond pattern for each structure. (d) Amino acid
imprinted UiO-66s for highly recognized adsorption of small angiotensin-

converting-enzyme-inhibitory peptides. Adapted from the literature [25],
[34]
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Figure 12 (a) Bioinspired metal-organic framework catalysts for selec-
tive methane oxidation to methanol. (b) Catalytic cleavage of pentapep-
tide 1 by Cat. C [MTVIRMOEF-74-11I-(CH;),s(CH,NH-Asp-His-Cys-
NH,),,] in the specific sequence containing serine, and cartoon represen-
tation of the enzyme TEV endoprotease, highlighting the three amino

acids that participate in the catalysis. Adapted from the literature [30],
[31]
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Figure 13 (a) The 12-connected Zrg(u3-O)s(u3-OH)4(COO-), cluster
SBU. (b) An aspartic acid linker. (c) The crystal structure of MIP-202(Zr)
viewed along the a-axis. (d) The crystal structure of MIP-202(Zr) viewed
along the (101) plane. (e) and (f) Nyquist plots from AC impedance data
for MIP-202(Zr) at 0% and 95% RH. Adapted from the literature [16]
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