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Chiral AIEgens Based on Calix| 4 |arene for Enantioselective
Recognition of Acids and Amino Acids
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(College of Chemistry and Materials Science , Baoji University of Arts and Sciences ,
AIE(Aggregation-Induced Emission) Research Center, Baoji 721013, China)

Abstract Two chiral AlEgens derived from calix [4 ]arene were synthesized, which exhibited prominent enantiose-
lective recognition capabilities. Experimental results demonstrated that these AlEgens could efficiently discriminate
between 12 types of chiral acids and amino acids. Notably, upon interaction with D-serine and L-serine, the
fluorescence intensity ratio of the system reached 42.0, indicative of exceptional chiral recognition performance. The
morphologies of the systems before and after identification were characterized using scanning electron microscopy
(SEM). Tt was found that different enantiomers induced distinct morphological structures, revealing the intrinsic relation-
ship between the chiral-dependent assembly behavior and the fluorescence response.

Keywords Aggregation-induced emission; Calix[4 ] arene; Chiral recognition
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AT | SRR ANl TR, R R TR AN T ARG R T ER
SR A AR T S

FURTE 59T ATE SO IRET AR — BT BRAGA LB A EAR T, o & AR E b ) 3 S R A7)
IRZIR, FLAEACAH SR 2 PR 28 R U5 IR P AR M S 2 AR 1 R IR E MR T A AR
SRS RN Z s DRI, DAl i e AT U R BRI TR RS e BRI T AR R AR
DR R IR A R FR 23T RE S i RS VE RC AN 22 8 AR ELARE ORI aS & b i T 22
5. BEAb, B AIE ROCHITHI AR T RIME R B2 B 5CHE , RERFRISELN AT A7 ROR % ATE RAEAT
7, (AT WA G A SR AR S TP 22 S e AL O S B AN TR BRI N, oy 42 i g R BT R SR 2 A3t
TR

FAETOCIRETE T L5 SOEIH] | TS5 B0 3 N IEA L R /3. TR EE LM (TPE)E Ny
JAY ) IRAETE T RO (ATE) Ft, 8 TR Z M ATE ZOUH B (AlEgens) , Pl HA Tk
PUINIRER) ATE G VEZ K. AWFTEAE TPE B 15| A RIS-1-38C Ao TR 25 G A0, If it —
AT T S SR 1 40T AR 4 15 R A M, IS sR R BT . T PR TR 8]l fETE
RS EAE T, BT 20 T RS SEBUX e BRI R 5

1 SEIGEH

L1 RXFIE5E

VU S KR I BB AR A BR A A, 4-B0T A4 10508 L AN . HiOE L 4-2 5800 R
ERPREL . DU TSIk | LR | BRI | AR . EALAREE (1. 0 mol/L in THF) | (1R,2R)-(-)-1,2-3F
C . (18,28)-(-)-1,2-3C e . DIL-225 1R . DIL-4 R . DIL-H R . DIL-K5 &R . DIL-fi % R M
DIL-F W& W F = AL 4 AR (R ) A FRA 6] 5 DIL-N-Boc-22 282 . D/L-N-Boc-#E N4 R . D/L-N-Boc-
24P . D/L-N-Boc-#E24 1% . R/S- kIR . RIS-F kIR LA K D/IL-T A PRI H _F 1842 s kA= A BHE i
AR F . VAR A4l . BT 50 i P R R 2 TiAb B

400-MR B B P AL REILIR 354X (35 [ Agilent Technologies 23 1)) , MAX4 BUFa 25 /B 55 661
LGEEHIY 226]), T 9S RSS2 AR AT PR ] ), Quanta250 FEG Y44 i+ ik
BE(EEFEIAH).

1.2 LR

S R3] A R 2, 3, 6 F17, G &4k i Scheme ST (WA SR B ) s . R4t
R-9 F15-9 15 %2k il Scheme 1 ffi7s .

BEF ROMARL: TERSHE R, BLEH 7(5. 0 mmol, 2.33 g) ) S HF e (30 mL) 18 i {H &
TR 21 B AT (1R, 2R)-(=)-1,2-3F L 1% (5. 0 mmol, 0.57 g, % T 10 mL & H &) 1250
mL = D EERE S . W IESYESIR T T4 b, )5, AT eS8 3(2. 4 mmol, 1.95 g) 1)
TEH BRI (30 mL) {HEASNARER , RSV 12 he OV SERUG , RERR AR, ML e R
TSR BB AL [ VO IMEBE) V(PR TR ) =6:1~3:1], 135 HARF=H) R-9 B (A 5 AR A (1. 93 g, Ik
H41%). "H NMR (400 MHz, DMSO-d,), 6: 9. 64(s, 2H), 8.47(s, 2H), 7.71~7.65(m, 6H), 7.48(d,
J=8.4 Hz, 4H), 7.42(d, J=8.4 Hz, 4H), 7.37(d, J=8.0 Hz, 4H), 7.15~7.12(m, 17H), 7.07~7. 05
(m, 6H), 7.02~6.97(m, 17H), 4.21~4.17(m, 6H), 4.05(s, 8H), 3.38(d, J=12.8 Hz, 2H), 2. 11~
1.99(m, 6H), 1.62(s, 6H), 1.24~1.16(m, 26H), 1.05(s, 18H). “C NMR(100 MHz, DMSO-d,) , §:
179.54, 149.70, 149.24, 147.15, 143.19, 143.17, 143.10, 141.92, 141.56, 140.66, 140. 10,
138.43, 137.40, 134.76, 133.18, 133.10, 131.25, 130.71, 130.63, 127.83, 127.78, 127.74,
127.59, 126.54, 126.47, 125.71, 125.37, 125.22, 122.89, 74.13, 57.08, 43.06, 33.87, 33.53,
31.44, 31.32, 31.23, 31.19, 30.88, 30.80, 24.31. ESI* HRMS, m/z caled. for C,H,;N:O.S,:
1976. 9567 [M+Na]*; found: 1999. 9456. %3k 1% & WA SCZH#5 BB ST~ S3.

Chem. J. Chinese Universities, 2026, 47(4), 20260049 20260049(196/201)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

(i) R/S-1,2-diaminocyclohexane(8), O @
CH:CL, r. t.
(11) Compound 3, CHsClL, r. t. NH HN

R/S9(yield 41%)

Scheme 1 Synthetic route of R/S-9

YREF S-9 B4 i ¥ 5 R-9MH . '"H NMR (400 MHz, DMSO-d,) , 8: 9.69(s, 2H), 8.54(s, 2H),
7.73~7.68 (m, 6H), 7.49(d, J=8.1 Hz, 4H), 7.43(d, J=7.8 Hz, 4H), 7.37(d, J=7.4 Hz, 4H),
7.10~7.06(m, 24H), 7.05~6.92(m, 18H), 4.20(s, 6H), 4.05(s, 8H), 3.40(s, 2H), 2.07(s, 6H),
1.61(s, 6H), 1.16(s, 26H), 1.06 (s, 18H). “C NMR (100 MHz, DMSO-d,) , &: 179.53, 149. 74,
149.25, 147.23, 143.25, 143.22, 143.16, 141.97, 141.61, 140.69, 140.13, 138.45, 137.44,
133.27, 133.18, 131.33, 130.78, 130.70, 127.90, 127.85, 127.80, 126.57, 125.43, 122.89,
74.18, 57.17, 43.13, 33.93, 33.59, 31.37, 30. 85, 24.33. ESI' HRMS, m/z caled. for C,,H,;N,0.S,:
1976. 9567 [M+H1*; found: 1977. 9644. #%mGHAR I 15 & WA S S37 3545 5L K] S4~1&] S6.

2 GRS

21 MR

FERfIN RISO (/) 4y F 454 e, X G B B ik 4T TWF5E . i F TPE AT 28 A RAE
P ROG(AIE) R, R/IS-OTEVUZ Wi (THE) ¥ H BRSO TEE 330 nm &b H B KW e, 3248
AR FJmIl - BRAE (B 1(A) . DK 330 nm (95G3CR B, R-97E THF AN 2 BRSS9, HE 2
M T4 Wiz st ik S i 2 AR R AT ROT R AR U R, 24857 Hh A7k & (AR50 16 2 60%
DL, 2tz dihsg, X 50 TR RIER LB in S8k SV s TR R ERE, WmRG 51
Wiz g, i fe i AR ST G L 0B . 7E /K5 10 95% RITR A7 H , R-9 7E 480 nm Ah ¥4 (g 5 £ 1)
WEVOE[E1B)AC) ], SO HAAFMELE[ K 1(D)FI(E) ]. R-9FIS-9EREZ T A F =% (QY)
3k 30. 7% F128. 6%. WAL, FE THF Hillf5 i B —E065E BoR, R-97E 375~275 nm B FIA H LA Cot-
ton RN & 1At5 , 11 S-9 D] 5 B AT A9 1E Cotton B0 [ 1(F) 1. R-9F1S-97E & L k¢ (DCE) Hill 15
() CD 55 576 THF Az, X BT P AP 5 T e LA W ARk (B S7, WASSCZHEFER). LA
ZERIRI, RIS-9 A MLAIR)TFHE ATE 43+
22 XPRREEREEIRA

K RIS-9 BN WA BEREME TR BIRE TT , LA RO DEHREN i, 76 THF/ K FNR A VE SR R rp R4l T
X 2 TR S S LR IR AR RE . AN 2(A) TR, R-9 X L-22 G FR B (B 35 A B M i A 7
5 A D-22 5 FR R R ARFF BT , (LR BRSS9 s M L-22 2R S5 IR R Bk, IR AR plsR 5
MIDECR ST, MBSO EIRIE ik $] 42, 0, BoR AL XA R ) . AR 1Y a- 2 1R R L
WA B 1 P LR B A ALV R0 v v e B A, TP R B RA Pk 5, RL 5256 & B0 R-9 A5 ml 5 5 2
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Fig.1 Absorption spectra of R-9 and S-9 in THF(A), PL spectra of R-9(B) and S-9(D) in THF
and THF/water mixture with different volume fraction of water, fluorescence intensity ratio of
R-9(C) and S-9(E) at 480 nm in different THF/water mixture(/) to that in pure THF(,), and

CD spectra of R-9 and S-9 in THF(F)
(B), (D)[R-9]=1.0 %107 mol/L, [S-9]=1.0 x107° mol/L. A,=330 nm, ex/em slits 1/1 nm. (E) [R9]=[S9]=

1. 0x10™* mol/L.
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Fig.2 PL spectra of R-9 and the mixtures of R-9 and D/L-serine(A), R-9 and N-Boc-D/L-
phenylalanine(B), R-9 and R/S-mandelic acid(C) and R-9 and R/S-camphor sulfonic

acid(D) in THF and water mixture
Volume fraction of water =36. 36%, [ R-9]=[S-9]=4. 54x10™* mol/L, A,=330 nm, ex/em slits 1/1 nm.
(A) [/1,=42.0; (B) I,/1,=19.6. (C) 1J1,=28.9. (D) I,/I;=20.0.
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- B IR ) e — X W 2 A e S e SR A I A A S R SR, T X 7 — X A 7 s . A
M2 . R K2R « 2R PP e 2R (6 A o B L A3 3R 13,5, 12,0, 4. 6 Fl12. 7(5R 1, XN
()2 G LA S F5 (5 B S8 FTS9) 5 HR, X411 -2 R th A3 BH S IR BIRCR , R-9 % N-Boc-
L-R N RNE G 2 am B B 3530, A B iRl 8CR , {HXT N-Boce-D-2K N 24 2 AT BH S R 31 1R
FH, WESRIE N 19. 6[ K 2(B) ], R-9 % N-Boc-D/L-TN 2 R F1 N-Boc-D/ L-F5 28 B2 o Xt BRAAH 1] (R 508 5
JE AT A 32 5. 1( 1), XTI A2 6T ILA S 17 B S10.

Table 1 Enantioselective recognition of chiral acids and amino acids by R/S-9*

Entry Analytes Structure 1/, State Solvent
q 4.54x107* mol/L in THF/H,0
1 Serine Ho’\?LOH 42.0(L/D) Pre/Sol
NH, (volume ratio 9:25)
i 4.54x107* mol/L in THF/H,0
2 Valine X oH 13.5(D/L) Pre/Sol
NH, (volume ratio 9:25)
i 4.35x10™ mol/L in THF/H,0
3 Histidine «NJAHLOH 12.0(L/D) Pre/Sol
HN I NH, (volume ratio 2:5)
)§ N 3.85%107 mol/L in THF/H,0
4 Arginine HoNT N OH 4.6(1L/D) Pre/Sol
H NH, (volume ratio 19:50)
& 4.35%107* mol/L in THF/H,0
5 Proline X NoH 2.7(D/L) Pre/Sol
NH (volume ratio 9:25)
H 0 _4 .
o] 4.54x10™* mol/L in THF/H,O
6 N-Boc-Phenylalanine 19.6(1L/D) Pre/Sol ?
Y S\OJLN * (volume ratio 9:25)
Hof 4.54x10™* mol/L in THF/H,0
7 N-Boc-Alanine >rOTN & NoH 32.0(1/D) Pre/Sol )
o (volume ratio 9:25)
O OH » .
0 4.54x10™" mol/L in THF/H,O
8 N-Boc-Methionine >L J.L j\;/\ P 5.1(1/D) Pre/Sol 2
¢} ” * S (volume ratio 9:25)
I 4.54x10™* mol/L in THF/H,0
9 Mandelic acid EANoH 28.9(S/R) Pre/Sol )
o (volume ratio 9:25)
HiCmg PS04 4.54x10™ mol/L in THF/H,0
10 Camphor sulfonic acid ;@QO 20.0(R/S) Pre/Sol .
o (volume ratio 9:25)
“a 4.54%10™ mol/L in THF/H,0
11 2-Chloromandelic acid L on 3.9(R/S) Pre/Sol .
o (volume ratio 9:25)
™9 4.63x10™ mol/L in THF/H,0
12 Tartaric acid HO\er\?LOH 2.1(L/D) Pre/Sol ) N
S OH (volume ratio 7:20)

* Abbreviations: Pre, precipitates; Sol, solution.

PEAN, R-9XF i Ak TR A% Mk 2 1 o Bl A o, 2R 0 1 R AP DX 43 BB s, R L 75 5 1 o St 4
435124 28. 9 FI20[ B 2(C)FI(D) |. i — B R B, 4T I8 v] s e B b i B e TR, s
R/S-FUmBEIR (1/1,=3. 9) VA DIL-TEATBR (1/1,=2. 1) (F2 1), R B2 66 WA S H5 5 B K S
2.3 FTRREEFRMEIRAHIE S AT

RGN BB I, R R T R A (SEM) X200 25 o) A8 kR B B A g e v i
WIESHIEAT T RAE. B, 28T AlEgen 70 F R-9 5 SO TERFIARIH Y H AL 26470 . FEAETHR H, —
FEPERL T R 2RI EE R (1 S12, WASSCSZAHE B, 4 THE HoK & i ARB 80 35 31 95% B
TR R AR B, RS A Ry Ko RT3 — KBk (K S13, WA SCZREF ), X F BV AR A )
AT EAT VR . ZEUL IR b, JE— 2B 0P8 T RO 5 FH UMM E A 415 .
F3(A)F(B)FIR, TEAFRTRAER T, R-9 H B4 R H 2450 h G 3 A K i ir 2 R H—
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10 um ‘ 40 pm

Fig. 3 SEM images of the suspension formed by R-9(A, B), the solution generated by R-9 and D-serine(C, D)
and the solution generated by R-9 and L-serine(E, F) in THF/H,O(volume ratio 9:25)
[R-9]=4. 54x10™* mol/L.

MIAKER . 25 R-9 5 D-22 AR BN G, RGP T R RT1E 5~8 wm . HARX /- B S 454
[E3(C)FND) |. R-9 5 L-22 R B AS W WY e i, 2 B VR 2 AH ELRGE A 9K BR [ 181 3 (E) Al
(F) ] PLESCREN, BA Gl SRR D-22 2 IR AES RO S AFHIVC T, V5 S HIE A P i1 45
Hay, ETT I ATE 2500 SEER WA PEE U . O TR IR — AR, il SEMOLEE T R-9 5 RSN fik
PRI ZHAIER . RO 5 R-RINT W AP T2 2 VF 2 0O AR BRI, OOk . 52 I8 it
XFECAY , R-9 55 S-RRNfiE R AR R M A 1 i vh a8 H IR R4S HE) , dk seaiiy ke A BB AT, O
PR SR EU DO RS (F S14, WASCRHEE) . ZEE Rt — AR, FHERR M ST K 7Y 58 2 2 52
H5 AlEgen B9 T2 ARG, DI BRI SR AL S50 5 RO IERE .

3 & i

BT PIRNEETARL4 D7 IR TIE AlEgen 431~ 75 THEKIR-G IR th S8 1k 12 Fh TR K 2 5k
PR (R %o WA R U0, R 2 5 DIL-22 5 WA PN R B R R ik 29 42 9O GIRIE LE , B AL T
PEVUIGETT . Jdd S T RS TIRBI AR R RS, BT T XA RS
RS Z R N AESCHR . AR SCT AR Al o A SR LA i R AU R R e PO e IR 2 42
%

X 1z & W http://www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20260049.
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