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Progress in Metal-Organic Supramolecular System Based on
Subcomponent Self-Assembly

Ji, Changxing ~ Wang, Guangxia®  Wang, Hua™
(Engineering Research Center for Nanomaterials, Henan University, Kaifeng, Henan 475004)

Abstract Subcomponent self-assembly is the most convenient and effective method to construct diverse metal-organic
supramolecular architectures. It has become a powerful research tool for assembling rapidly together through simple building
blocks via formation of covalent bonds around metal ions. This review focuses on the introduction of several metal-organic
supramolecular systems based on subcomponent self-assembly, including helical structures, tetrahedral structures, hexahedral
structures and octahedral structures. The unique chemical microenvironment which is derived from the internal cavities of
these supramolecular structures can be used for guest recognition, protection, catalysis and extraction. Finally, the future
development of this field is prospected.

Keywords subcomponent self-assembly; metal-organic supramolecular system; molecular cage; guest recognition; research
progress
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Figure 1 (a) Synthesis of 1 and 2, (b) ligand/subcomponent exchange, and (c) selection of pyridine-2-carboxaldehyde from its isomers
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Figure 4 Self-sorting for complex 10 and 11 via the subcomponent self-assembly
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Figure 6 Synthesis and schematic representation of triangular triple helicates 16 and 17
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A 1) 75 B B 43 1 JEAE WA A0 55 RS 130, SR fid vk
ESPRI ] R T — T I S

FI AR R S8l 1 X6 B — A 4 () 40 3 S HR R,
b2 AT E — 25 W R Re 8 E B 2% R fb 2 R 855 v [ e 42
HY % Rl & 444 . Nitschke WL OVRIE T ¥ = Fh i
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36. 37 138, HEmE-2-FEE, Zn®', WRRIR(NO; ).
$e(CeH 1) LA B S BB AR (PF, ) =Fh &6 TR A —
NS u 4 E s = EE R IDN = B s W e i N
KI5 T 39+ 40 DL 41, FE5 5lEHE PR . CeHin UL K
NO; (K 15). FIFIX =Fh 7o i 22 5, @i
NN F AR 2R B S S A 7y A8 He, AT R TR AR o T
TE=MR G PRI AR, =E NN 30
min, 7T 39 R IR B4R PR, [AIFRIRE T 4k
SRR 1 h JE, T 40 FREEIFRUEAMR CHi 20T,
BEJ5 70 Chn# 48 h, 75T % 41 iR 5 IR U &
NO; . AR IFELI T EZ A 5, @
o “—maE” T GERE RGP K
BARRER, RV AT RO AR R BRI %
.

B 1 R A 2R AE A Y s A e R A R,
HARAMBARIF AN, O8I0 D) K i g (102-10515%
[ AT SEBLN R AR T I ER B S BT, BRI LA 5 I
Mo T e s iy, SR “EE T BIROR, %
B NAI15%7E. Nitschke IR IE T —FiR 55 F 28
A S SR o = %o e S ) A P - 2 T PR AH B3 AL (]
16). FIFHVLH 5> 42 MEnE-2- I DL K Zn(NTH), H 4%,
BRIWF S TIHERIREY 43 UK 44, Hh =R T 431
R L, T 44 A RLPE R R IR R o 4 L
B, X 43 DLK 44 R R R R AR AT AR A, 43 Ry
WG A EBVNCIR TR & AR, T 44 HBITE 52555
KI5 ERR A, ddiR R, 7TRLSEIE =R T
X 2-IRE NIk B, FHRFE 44 BT L T,
2-IR G NIBE s 45 A fe B SRR (45 R AR B BRIRIR
FEE 43 WRL O R T, IR — I A2 nT i i gt
17 PIRREEXT A 1A 43 T 44 S5 22 57 S EIL R
RS RN SR T I R £ R, #t— DY
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[ Fal
EtOAc;

preC|p|tat|on
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prempltatlon redissolve in CD3CN EtOAc;
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CD5;CN
@ ["Bu,NJISO,] CDsCN f 0,0
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B 14 (a)7r T8 35 B4 M (b) 25 1 SR BN AR #3870 I 2 A 0y

Figure 14 (a) Synthesis of cage 35, and (b) anion exchange drived phase transfer of cage 35 for guest separation

BRI T A, AR AR AL SEIL R — AN SRR R 3R
I AN R B 1 AT T A 3R SRR

I, Nitschke BREHNILHIE T — P BN 71
T 45, il SURIR B R LASEILIZ g 1 AR KA UL
WUARZ (B R (B 17). FIFHE2H 5 34 DL K 1-FJEIK I 5
£, T [PEGio0o(mim) "B ML IE-2- F i 5 Fe(NTH),
H2H /3 2 DY ik 4y 158 45 BRI TAA =4
PEGlooo(mim)+%i¢_, HF PEGlooo(mim)%ii_XﬂLﬁ}Eiiy‘j&
JERNO8I - R] b 3 e i PR Ok A 4 7 ) e AL AE TR T
PEG 000(mim) ﬁi_{Efié‘{{ iz HEUKIIE 2.5, {158 45
LT IR OB, FERARIIRIE T, B 417 1000 4
E U8, {2 K5 PEGo00(mim) "8 o 48R T 2 R B
SUbE, BN T OB AT, 0O 45 TR, A
TR M. PIHIX e, i i bl S A 215230 %8
45 S ARG FAE KA FIA HUAH 22 18] P 3 Hh 4% 7%

b 2H 7 B LR R H 2 s, W2 7 B2 A%
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DATHT BRAT 201 5 B R AR O 7 451, Rk 22
2B E N AMEZEFAT) 2 KIE. Kaifer B@ZHI MR IE
T LASO; MMM DU T A &8 A LAY T-5E 47 Al
48(1% 18), FIFIE41% 46+ P mE-2- FH S 55 % R D A2k ol A
FRAGAE KR R & W2 4y B M2 U TH AR 7 158, 7
AR SRS, BRI TR BEMREH, &R
K= FREMEZRIN ). 5 FRERSIRERRA, %
IS IREE S PR R B B A SO TERR T 12
AN, AN SRR OB T B—F R A, K
TER T B—FHR T8, UESTE 48 HiIIAS
Fe? " 45 & fi 71 dR ) W20 4y B0 i = (2- Z 3 & ) i,
TE RCE A I BC & 4, AT S 300 AN AT 3 10 R & Ak
SO; 5 MIMABRBIN D T 48 g, 55 1%
SRR SO; BAR, FEINNBRAE 2 126 HH I o+
FE, M SEIRAS [FPIRAS S LAAS R 3R o] 3 795 o 72 RS T
SO; &Ak.
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B 15 WA 5 ARG R T 39, 40 A1 41
Figure 15 One-pot synthesis of cages 39, 40 and 41 through subcomponent self-assembly

Ha

N\ N
“w U
B 16 HIWAS BARS R T 43 Al 44
Figure 16 One-pot synthesis of cages 43 and 44 through subcomponent self-assembly
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Figure 17 One-pot synthesis of cage 45 through subcomponent self-assembly

N|SO4 or FeSOy4

(@]

_N

B 18 i WAL Sy F AR R T 47 F 48
Figure 18 One-pot synthesis of cages 47 and 48 through subcomponent self-assembly

Wiirthner ¥ @EZH M- DLIERE I fé o REAZ A4 82 2%
AN YA T2 50 A1 51(& 19), HFR T 9 7%
SERIIRR R M S 5 By T4 B TR e KA. DA
WA 49, XA S Zn?" AR5 359175 50
ORI RAE T, JEME % B B IR IR B 5 N 4,
1278 T DR R R B 2 (RIS B, AT 4 i) = B8 e &5 4 11 7
B, SRR B DY I A4 53 A TH 23 R AR 43l T 1
WRTEAARLE L. D T RO DRI A 485 W) AN T B 43 156
PR BE A () 1) R, %R RZH 5] N = (2-F 3 2.3 i ok B
ﬁﬁ%ﬁﬁﬁﬁ,mwﬁ@T,ﬁﬁEMEE%%¥
51. 51 BHESRMFOCHE R E T =%, AR
Wy, BREIES 0 TRE G RN N, [FI
YRR BERE LIRJE, TN 2 RIE K
ST AR PG IRE, RS IR Tk
B EZER R, ZAdE— s T &R A IE s T
FEARGERITE AR AL IR b LR e Hi 3k N FH 7
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T IR .

SV ZH 3 2 ) 2 1 D T A 3 S AN AT Ak 240
AT Z ISR RN, EAY LR BT AT A
B P AL TS [ A L V2V ST 2 4
AR EE I [NiLe)®  F-PEPUTHI A5 T8 53~56(F 20), fiE
A FOANFIVERIR B (ABIKAI RN, 17 Ap IR
JITE R B TR AT 4 2 15 B 2% g BRORE (AD) R 9 ) — AN
FRZENS R AR A S 52, T 1-(1-2538)
CJE 5 N2 oAz HEAT B 4128, 145 7 DU 35 A fr)
VUTH Ao 758, X885 TIERE IS4 JEMH] Ap KRN
JERA: AB KT & R B B K07 R F R[] 4
R T 1A 2 (RS B ), DU T AL BT B 8 A IE HEL e
HHH R AR IKAI5REE A AR R R, T
5 Ap MKW n-n MR EAE; 7 EE A
JEF RIS (5 PR AR 2 R RTa AR S, b
TnaE T ERIIRIE . RO FE R AL, fi R A7
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Bl 19 WAL B ARG ST E 50 A 51
Figure 19 Synthesis of cages 50 and 51 through subcomponent self-assembly

52

. = Niz*

n=2 53-R and 53-S
n=6 54-R and 54-S
n=4 55-R and 55-S

n=38 56-R and 56-S

B 20 T8 53~56
Figure 20 Chiral cages 53~56

5 SHRGFES AR KT n-n HERM BAE I AAE 2 572,
HILLZ R S MR T2E5T AB BKIES & B8 J 58, M
X AB R AR 0 I/ F B 3.

BRI YR A DOVR F AN [ B 5 1 e 3 A SRR A
FEE T PRRAS R DY AR 2>+ 58 57 F1 58(1& 21). =(4-
KR JE ) (TPA)  2,2'- B L g -5- FH 8 5 88 & 110
CESO; fAER A TR — M MY A4 128 57;
1 BE, 8 ClO, FA1ERISAF NI AN 7398 BB 45
¥ 58, o AN [ B B RSO W 2H 43 [ 4 2R )

Chin. J. Org. Chem. 2021, 41, 2261~2279

© 2021 Chinese Chemical Society & SIOC, CAS

ST IEGERIIREIA. AN AR R T 4758 57 Al 58
TEAR B R A mT DU C—Br BB R, STBix s
YIRS, 4> F56 57 124l 3-1R3F DAL A 3-
b e~ 52 N ol 0 i B = = 2 A S T N e B R E R T N EAR 4]
58, PN Ag'ff Br JLE, 7 1% 58 B R —
DY THIAR 5198 57, SEBLT o FRAE AR .

2020 4, Liitzen BREZHI2OHRIE T MR E)E
VUTH AT 28(B 22). FIFHLERTEAH S 59, AbiE-2-
K Fe?', 2T H BHREEFEZKRKT 3 nm AIIY
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Figure 22 Synthesis of cage 60 through subcomponent self-assembly

AT 60, X2 Mot BHERSTH» BAH
ARG, R REh RS RIS Y. 1
T 7378 h R AE DA g by, PRI e A7 AE = Fh
AFRISBRAK, 735008 T, Cs, Sy REFRIN. 34737 FE R

WEILAIREE UL SR 0 A A D, DU T A4 14 < 0 I AS
FE LB —PERE AL, T2 =R A R R ) &)
OHFEAE T REF BN ST, E2e)E T om R
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AR A S B AEA R RS 19> 72450, XA
PR S A2 0 < e DU T S 7, AR SR B i ot P ¢t
TS B D REIE NS I 7 1 R 45 .
32 FNEEUR/\EiRLER

N RS K5 DY AR S5 R AR LB b, bk B
i3k 320 7 B AR S N T AR 20 FE S5 B H 0
W RIT. BTN g, 5 THERAARE
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Jls R o - S5 4, RE RS RN I 45 A RST BOR IR AR 2
T, WA Z 0. PARMON I s R T, Rl T — R
BN FIE 61~63(1& 23). PAM-(Ff = FE 2K 3)-nk
Wk (Ha-tapp)~ PU—(k 2 28 2K 38 )~ MR AR (Ni-tapp) . PU-(%f
LRI BREE (Zn-tapp) S ML BE-2- FH I . — 980 HH e s
M2 V2% (Fe(OTh),)fE DMF 1 H 216 2 — R HI ) MsLe
SR T 61~6311221 X SE S THIAR S M) B AT BN
RNH AR, DRSS, @il SNk &
HE BT RnbRg &, 7 OUE Both i R KRS 5 & &
RS F U0 Coon Coo LA S T IRZE.

Liitzen /82402315 Ff H,-tapp « Ni-tapp 5 4-BKH: FH
% /F DMF #H 5 ARF 48 B 7w Fe?'s Zn?', H
YRR T — RAA KA #2130 nm) F /ST 4
TI6 64~67, W 1 73T ERI EEMERIT R(E 24). Ceo X

YT ERIRZ) 40% (54.7 nm), Ceo 548 % AL
50% (63.6 nm)!'24, B[} Coo BT FHLEE (55 19) %I
B EEAS ] S PR ER 0], R 90% 9 T 64~67
B Coo 1.

2017 4, Nitschke P48 41 ) H 2 26 MR ECAATTAE )
68 5 5,6,7,8-DUA-2-Z8i% & Fe?" H 4%, MR T REfEiN
FHE 2 KT RIS T98 691290 25). XA
KB TR IR A I E 2 IR E R, ZBAEE
L NS E il SRl A e e SR NG et L2 AN E AN
Ay, AT LB S ek E Zo® " B ECA A F o 3t 2 34
TI 69 . WiEIERIFMS T 2 IKEEARE W 5 M ER
SR Hb ) J A B A, B R B AR O N ) 2 IR AR
PG 52 AR IR K AR, T AT S8 AN I 22 IR U 4 3
KA. XTI T TAEXS T6 R A 8 549 7 F A E

Bl 23 NI T 61~63 HIE K
Figure 23  Synthesis of hexahedral cages 61~63

H2N©\ QNHZ :\:g \©\ Q

=
n

L NH
HoN NH, Ne
M-tapp R
<N
H

Bl 24 NI TIE 64~67 I K
Figure 24 Synthesis of hexahedral cages 64~67
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Figure 25 One-pot synthesis of hexahedral cage 69 through subcomponent self-assembly

YERE, AT ESCR A 90 1 s 2 9t 1 55 7 THD A % B 22 11
e PR L

78 ERIE R SCRk AR, BT 04 43 1 2 2 A i )\ T
PGSR B SO AR GE B 7. Kwong TRRZHU2MRE T P Ah
NSRRI L5 70 A0 71(1& 26). F 8 — Ak
nE-2- S Cd(ClO4), 3 Mn(ClO4), 3BT 41 5 F 41
MR \HARSE R EE 12 MeEdi, Xig)Ed
OFHEAREA RN BT PRAN 7SI TS EL BN/ T
FEMEE ORI AT ARIREES, #EE ETRHAS
SRS AR A TN EA RO A,
AT LA S S E A B 5 AMERClo, , RIS OTF
B AR ClO, L Re AL 45 /A IR 0 )\ TH A 2 98, R &
AR E TR T RMERA R L TR, X EEEKR
2 s G5 K 1))\ A 23 7 28 J5 R RUR AT B L & LSRRI
R B SRR ST S R, A IR K S B 2
AR RIER L T —Fh & BURHE.

2016 4, Nitschke PR @EZH 2844 3 1 —Ffr U £ 0UE 1Y

M(CIO4),

NSy T8, MAEH > 72, 2-HEEIED S
Cd*" A7 HA R E T —F)\HAE 7 T % 73(1&]
27), 73 (AR R R L — PR A S SR 14 75 95 S
BL. VY57 SEIRR B B 7 AF Ak BRI, AT —AN2R 3
REEIED T RN ESE, THR=AEIA R EE
HRERZEIR], F ELIXR AR 4G £ DU 57 SR 01 B 1 fre A7)
TRERIA, & 73 Wi EIRREw S & ek ks
T, AR IS AT BT D SR TR S BT
%, DR o Ay

B 7 _EIRAUREAR S DU ST A LR )\ T A5
ey ah, R EZE 73 B 220 T AR S 4 SO ST 2
E'MS[IE_BO]\ %‘i»ié[lﬁil—lﬂ]\ %%%*@[133—134]%’ *&jﬁﬂiﬁﬁ
BT RAVUE D TEEREE, I HIX LI &)
BRI, WAL B AR — RO R i T
SR TT . ISR R P B AR R, AL T
ARG IR SRAE, AEYILL R R T A 5 TN

B 26 LAy FHARS T 70 F1T1
Figure 26 Synthesis of octahedral cages 70 and 71 through subcomponent self-assembly
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Figure 27 Synthesis of octahedral cage 73

4 HiSRE

LR EPTIR, AN TR ST AR A B R ) 4127
G W £ S S DR B Ve 1 R e N A
A B E A D T, Ho2 i
54 IREE RIS TR R, G R0k S e 14 & B FE K oA
DU FE ARG E PR A R RO, 5 AR 2E . =
AT AT 1T 7T B 22 0 R v AN [RI AT A 0 1) 22 5 0
IR L LA B PR B 701 2K S AR B O R, RE SR
NBfE 5 S5 5 WA > I MR RO AR XA
o ] B 2H 73 PR A SR %R 20 1 S5 A R T 4 0y B 2H
JrE A A MU > T a SO T — R I Rk
AR MM AR TR E YR 2R A
g, thuniRieshity . DUk ait . NIk LE, JIf
HAIF L 73 .70 BoA shA LA, SeBlA R 2>
TR Z AR AL, X8 BAT SRR BT R 70 45
Hy, FERARRB SR M. 25U R
A7 L AR A S A

WAH Sy A2 H AT ARR TR 5 R R R, sz
FAhB IO BERRNTT I, W9y B AR 2 (ks oy
TH, BB SR T F N ER R AR+
I, BN 5 T 52 2 MR IRYE. FEARK, anfard™
JEMLH 73 B A h sh AL B BT FUVE e =
53 B0 53 T 65 K T S B 443 B 2020 T SRR A 42,
SRR FrafeRAIES AR, W mik
giky. ZYEFUIRGE A, Wnf/E B 1R FAEW] 473 #e
Loy TR SRR =& Z AR S &R, ISRl Hie
R TRMBTS R A MRS A S5 PE REEAL
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LAV AR IR RN AP EEE, fEEY
U T B TIlIE . 2 INEE S B AR I R 5 72
T O 2GRS RARETIC. W HROVR YT 55 77 T A% Hh B
ZLIE AR — A s A PR AP, B 5 A T
R AP AIHLE.
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