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Progress in Chiral Recognition Based on Molecular Tweezers

Shi, Hao*
(College of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou 310014)

Liu, Guijun

Abstract Chirality is a common phenomenon in nature. Designing and synthesis of novel artificial receptors to emulate the
molecular recognition in living organism has become the challenging forefront of bioorganic chemistry and supramolecular
chemistry. Molecular tweezers have been widely applied in chiral molecular recognition and detection for its easily modified
structure. Molecular tweezers and their chiral recognition properties detected by spectrometry, chromatography and mass spec-
trometry are summarized in this paper, and the prospect of molecular tweezers is also discussed.
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170 FAME A VIRARCE S, FF T 2 ot R A 74 1
WA &, SUEFER, 77N TR TR s
FABANWRE R,

1 SFHUESYHFHRATR

H At T F IR R i a m_ 2, BovE
AR FRSE. AIEES. KAk R EaREER
Ah=1] W61 (UV-vis Spectroscopy)~ ZiFLIRIEINMR).
9 Mtk (Fluorescence Spectroscopy)!®” . ZL4M#E(IR).
[ — i (CD). X ¥ fiT i (X-ray Diffraction). &5t
% (Emission Spectroscopy)&; ik 2 HAL 4 =y AU AR
i (HPLC). BANE HLVK(CE). SAIGBIE(GO). #ilk A
T 1% (SFC) &%, o i 3% 35 B 47 #1555 5 i (ESI-
MS). k27 BB R % (CI-MS)™ R R -7 2% o i i (FAB-
MS)&EPL DR UL ARk — T T AN T2 AN F
PEIR B T ARIE.

1.1 EFREENFHEEMEIRA

1 F 5 TR A 5 T B SR R A 43 Sl A
W HATIRAR, BT T e (ap B 2
L oyt oo = G R M i B BN B LD
RV A== g TS NG 2 S TIPS =
PRI LA AT 552, ST i
BB, R REUE R, 2% AT TR
%[IONM].

1991 4E, Hamilton 2 IEA 8 T PA R-(—)-Bk2E
A B B R R e A T 1R 2( 1), HRdEd
'H NMR i 52 5256 % 82 H0k — 2K F kI 4 B (DB TA) I
R I P 4 R (DPTA) 0 F VeI B 1. 78 ik,
D-(—)-F1 L-(+)- AR L HATED— R AN REER
K(trans)M R, 1 A5 2 A4 X (gauche) i, &
&Y 3. 4R, 'H NMR ESE R EY], NT21k2
HA G F k£, HAE CDCL H D-(—)-DBTA
IS N T2 4k 2 Bife B NH i T 28EE R )
KB T 6 2.8, D-(—)-DBTA %3 |- 2, 3, 4 it FIf H
SRlREIRES T § 032, 0.52, 0.27, XKW D-(—)-
DBTA WIZRIFFE FIZEIR, 523 7 2801 % [h) PR AR5
Ml b4, REMLEE R AACK AL 2 MM RIZ 0k 2
253K 8 AL TR NOE %, BNJEE &4 3, i
L-(+)-DBTA N ANIER NMR BEM %2 5 S 8k, &)
WA MLE R 57 [A] /1 NOE 8, BIJERREAY) 4 1).
DI RELE R EIR, 1F CHLCl, 5244k 2 5%t L-(+)-DBTA
(45 & RE 1T D-(—)-DBTA(SE &5 N 3.6X
10°,3.0X10° L/mol). 1j N L5214 2 %} DPTA K145 & 687
W UF A, % D-(—)-DPTA Il L-(+)-DPTA 454 H %
435124 1.0 X 10° F1 3.2 X 10° L/mol.

2584 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

SR GiHtR
\ /
00
N/
00
O e
NH HN
O O — 7
OH HO NN N_\
1
v 2
o O
() &2,
o Ph
) =
) -N
N o 3H o-—H \
| \N HT S C/) N/
7 RO WL Co-H
OY
Ph
3
N/
0 0
o $2 &2,
Ph
“H._ o/&o AN
— Q 3 H o 7\
A [ N
y-O uz O-H __
o
OY
Ph
4

EH1 WaEw1~2 ULRECAY) 3~4 1451

Figure 1 Structures of compounds 1~2 and complexations of
3~4
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K 2R, 3@ "H NMR & 525605 5 7 I AP 4y
Jie Bz AR 5 A1 6(1&] 2)% (+)- R A FPE R BIBE ). SK58
KW, SNHETERZAA S A6 X ()RR (T)H — & HIiR
TERL, B (+)- MBI L g, SMEEsZ A 5 A 6
PRI e 2 ST 7 SR AR I — 2L Ry g 2 0%, BAEAN R
BI(H)- IR L T, HACA AR AN, anf&l 3 D94
figz2 ik 5 FEANR B (+)- BRIk T R4 A Ak, Hit
VAR 4 A B )R 2.5 X107 1 3.0 X 107 L/mol.

2005 4F, Liu % FIF& AT I ES S TN L
Ak 8(K 4), FFilid B € IR TiEEANL
ZARE TR E TR S S, K5 ONRAE
8 MR N-ZB-L-43 ZBRAE H I K 176
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Figure 2 Structures of compounds 5~6 and (+)-camphoric
acid
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Figure 3 Chemical shift of compound 5 with different concen-
trations of (+)-camphoric acid solution
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Figure 4 Structure of compound 8
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Figure 5 Emission spectra of 8 (5.0 X 10° mol/L) with different
concentrations of N-acetyl-L-glutamate in aqueous solution
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VI F RS E. SR e R, R KBRS, o
T 9 AN D-(+-) 7 %5 BE IR P4 LA ELBL AT 31 131
ety HEBEHIYHN Ky =4.45%X10" L/mol, Kg=
1.81 X 10* L/mol.

2007 LK, He S5 2N 3 &k T — R W FH
PTG A &Y 10~14(18 7), FHimid 52 G ik
SERN 'H NMR 7 22 SE30% 22 0 Pk 3 1 DL R Sl
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Figure 6 Structure of compound 9
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Figure 7 Structures of compounds 10~14
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Figure 9 Structures of compounds 15~18
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Kp/Ks=2.01, S- i BkER 5 5341 19 BP9 A 260 B 2k = A
TER, T R-IWBRER AL 5 7 F4H 19 19— AN & B 5L 7=
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Figure 10  Structures of compounds 19~23
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Figure 11  Structures of compounds 24~28
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Figure 12 A possible recognition mechanism for compound 25
and mandelic acid
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Figure 15 Structures of compounds 37~39
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FHRENE RGHTFHEIRBEE S, W(1S,25)-40 X
Rl T AR A i bt 8 1) T PR JEE R (1/ L, 2390 R 8.4 14.6), 1T
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Figure 20 Structure of racemic 42
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G33 R = Bis-3,5-(trifluoromethyl)phenyl, X= S, R = Bn
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Figure 21 Structures of guests G21~G34
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Figure 24 Structure of compound 45 and its associate with
tartaric acid derivatives
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Figure 25 Structures of compounds 46~49
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Figure 26 A possible recognition mechanism for racemic 47
and diketopiperazine
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Figure 27 Structures of compounds 50~56
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Figure 29  Structure of compound 57
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G48 Ar = 3,5-Dinitrophenyl
G49 Ar = 3-Nitrophenyl
G50 Ar = 4-Nitrophenyl
G51 Ar = phenyl
G52 Ar =4-Methylphenyl
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Figure 30 Structures of guests G48~G52
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Figure 31 A possible recognition mechanism for 57 and G48
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Figure 32  Structures of compounds 58 ~59

2014 4%, Wu S BT — b LG FERK B Y B-
MHIRERTAD 60(18] 33), i VI 1 T 4 S K W RS 117
AW 60 [ 5E A 3-(FH 2 PR I 42) 7 i = P SR fe e - 20
KALF(MPS-MNPs)ZR M F, T2 1 #ETERER. [AINS, &
o B0 B KB SRRV R I TR R 7). SESe
LR, MR A = S R AR I B ) T
PERBIBE ), Hx LMt S IR ) DR T BE 158 T D-
PHERLEIERR. T EVONIE AR, BUKIER . S
TEM men HEBUERLS a5 007 AR A%
HERIEH.

w
\\\ cho

(HO)s cl HzN

(OH)14 (OH)14

B 33 LAY 60~61 [HLkH

Figure 33 Structures of compounds 60~61
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Figure 34 Structures of compounds 62~63
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Figure 36 Structures of compounds 64~ 66
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Figure 43  Structures of compounds 81~82
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BRI 20T AR, T4k 84 AT 85 X AlaOMe-HCl [1]
I/l 553128 0.61 A1 0.99.
1.4 ETHMTENFHEERMEHAR

AR, BEEITFENK RN R, THiaHE NF
F 3 TR AR G T AP e N 2 A 1 5 40 1
SR 2 A] T R LR RS0 Sy AR AT DL B
SO THER, @ T IRIEEEL, Gl Y B &
VIRTJG, TR BRI ARk DA R T 1 3 551 5 %o ok 5 A
P2 [ AE EAE T RERI R/, AT 7= A PR R 1 1R
SIRHLEIEAT MR, Rk, 2 FREEARAE T 1R
I —A%h 78, A R AT TR0 I HLER AT 5T,
AT B A b v A B R TR A RE 1N T
SZARKETY,

2000 4F, M SN A R T R R O
B oy R &9, FFE R AN n] OGS % g
RNER P I Pk, SR AR, ZR50450
THML G 88~90(1&l 45)%F D-R A Z M H s B S 4
(R Ett, HorpH Kp/K, ik 3.18. 2008 4, At s
B E S AT S DV ae A K2 1) e S WA 22 X )
R R T2 A 0P 4 1 0 2 T R R i L PR
T EE JTHIFE FOVLEEEAT fRRE. AR FiE N Tk T2
BN, ZARTIRINS 2R PS4 nn SR
M. ES TS D-RNERH B R EL &P i
EHBARTE L-RKNER TR R I A Y e 5
B, X% THAL AN D-Z8 T E R PG 45 &
ST LR . A9 TS5 2K TR =R P R TE B
Be A4 AH AR Re R, JEAEAEAE F ) i b Asilize K T i
AR ). AL TSR TR B 45 R 5 5 hh-
AT DL T 52 SR 1 45 TR AR — B

Langmuir-Blodgget (LB)/EH A2 —Fit i ANLA
PP T RERIHAR. 5O AS 28 I 2R TH VS M T 2
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HEF, T RCRALE R I 501 2. IR, 38 2 [ 4
FE RN A, TR 2T 2 A TROAH % A% 2] ]
R, BIER LB . E40 7 P A H TR R
A KFE R SRk R, g SRR T B T A
HIEk LB, 5 HALH ARG CD B, LAsEIEF
PEIRIPE RE AR 7T

2004 4E, Liu ZEPWE A 8 T =R DAFR 55 12 N BE
B, LSRR ERE N FHE S T &9 91~93
(B 46), I M5 FEHG S P05 0 2R P9 1 23 1 il
B LB B, FEACS CD BEXT ]t LB Bk 7R, A
2 5% ARG TR AL A P06 2K TR Z R 10 T 1 1R A B
CD i8R, 2074 91~93 Xf L- &R 1k # T
D-FHEA, HAT4 91 A1 93 %f L-ZE R & BRIk Bt
BIRT o014 92 XF L-R N R IR BEPE. 1% ie 4G
55 2 BRI R - 4 RE IS B0 1 45 SR A — 3. FEIR
B FES, 91 B, WFE OSATER [ 1) )
YERTE R — N F A8, BT H R e S B A /K P 3 2
T TFEE 91 HFE Z S BRIT I, AR T
AT DL E BN N SOOI R AEEH, B 47 oy
THLA Y 91 1ES— /KA TH I/ F 450
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2011 4F, Tu ZHRIE T —RhE i 4R B 2wl
G Z AR 94(E] 48) TR A Be S T B 2R
B ZERIL, &R 5K 94 I\ R BIBRZET A4
A E G, BERILGMKIRAELE, TN S BUEZEAT
A IMBGA G, BIRILGIHR. Tu FiAN, X2 H
FAE M BB 26T AW 5 & e R 1 43 - TRIE H 1A
[A 5%, @it HR-MS XF AT I0AE, ks RN, 4
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|
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| N~ 94
Cl
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Figure 48 The structure of compound 94
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JEELL 94 5 S TURBREERT YL L & e 1F 2
T R BRRZEATAD, M mEL 94 HEENTA
VxR A A 2 TR A F AN A,

2 45iE

b LRk AT AR, 22T IRB SO EH
UL ZEATEE 7> T AL 22 OB SR, BRI 2 i T+
WORGHT RN TR A R, 2 P N T2 ARA
SR B B RS ), SO TR BT T 45 (1Y
NI —. BEBED TR, BokiikZ
(173 14N T 32 AR B I I FH T 508 e 4 4 14
WO B SCROR AR R 2B N T2 AR 1R 45l DA B
PGS o (i R o 1% 4 5 V20 MR P R O A S gk
177 R4S ML T BT AWk RS 1 7 5 IR A,
Or TR N AR ORI REIE 2 A3 EL ORI R, 5 e
IS HE 0 70500 44, A 2 Rh ORI R TT R
B, @t TR R A AR s 71 5 0 T ah
P TR 2R, K O TR R U A T 1.
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