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Abstract: Chiral separation plays a pivotal role in pharmaceutical development and food analysis,
as the enantiomeric composition of chiral compounds can critically influence their biological activity
and safety. However, conventional chiral stationary phases often suffer from limited enantioselectivi-
ty and an inherent trade-off between separation resolution and column efficiency, which hampers
their performance in high-resolution chromatographic applications. In this work, a stepwise post-syn-
thetic modification strategy was developed to anchor quinine (QN) sequentially and 1, 3-propanesul-
tone (PS) within the nanochannels of a covalent organic framework (COF), yielding a chiral COF ma-
terial with multiple cooperative interaction sites (denoted as QN-PS COF). The modified COF was
subsequently immobilized onto porous silica microspheres via an in situ coating approach to fabricate
a novel chiral stationary phase (QN-PS COF@Si0,) for high-performance liquid chromatography
(HPLC). The resulting column enabled effective resolution of nine chiral compounds with diverse
structural features, demonstrating broad applicability. In addition, the QN-PS COF@SiO; column
exhibited excellent reproducibility and operational stability over repeated injections. Molecular simu-

lation studies revealed that the enhanced chiral recognition arises from the well-defined chiral micro-
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environment generated by the synergistic integration of quinine and propanesultone moieties within
the confined COF nanochannels, which collectively strengthen stereoselective interactions. Overall,
this study provides a COF-based strategy for the rational design of high-performance chiral stationary
phases and contributes to the development of efficient and versatile enantioseparation materials.

Key words: chiral separation; covalent organic frameworks; chiral stationary phase; recognition
mechanism; HPLC
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Fig. 1  Preparation process of QN—PS COF
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W, T 120 ORI SR 6 hy A5 SN P g SR DTTE , F R B RI/KTE UK, 7E 60 "CH.%S Tk
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12 h, 343 QN-PS COF@SiO,,
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FREL3 ¢ QN-PS COF@SiO, B T 2.0 W, M S0 mL HfE, AL 10 min, HIL 108, B

R PRSI LRBIR IR R U S SRS EE N S SRR N

T35 MPa JEJJ FHRELEIATE 40 min, ZIEZZISRBUENEHIE; HASRE, KHiHl&0aibEE s
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(5 FFERY 1 Daicel 247 (I L36) o 33 A 1RSI Lfim

{51 iy FP /K B IE O/ 5 PSRRI, A S R R LA - ¢ »- j
10 wl, SREERHZE, o 25 R, E— L S
1.5.2 @IEBFRSZFEMEEITNSE  RAPEEHA Wbbilephase I

— | r == =) M A 5 yas L ~
[FEAFLEL A9 IE 2 }I;E/#p\_j‘@;ﬁfjj e, /IILlEEj‘J 0 5 K2 QN-PS COF ()it (o i 45
1.0 mL/min, 48 #MKE M 3% 4K 24 210~300 nm, FEiR A Fig.2 Liquid chromatography separation of QN-PS COF
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S, DhEg kB SN RE, R ST SRR OH-F-COF 1) SR &5 H 3 memih . R H
AR IR LT AR OGIE X QN-PS COF b 2= 25 BEATRAE . BB 3B R A1, QN-COF 7E2 700~3 000 cm™
DX ) B 2 — CHL MRS, IESE 287 ) 4% 5] OH-F-COF B 28 s [ali), QN-PS COF 7£ 1 000~
1300 em ™ Ab I —S=0 SFMEW S, RHH 1, 3-PIREER P ERt A B 3] COF HEZE . 25 | W
QN-PS COF i3 & 1o 5 %8 QN-PS COF PR E PR, KA 25 “CATETHIR 2 600 °C, PV Hh 2k (14
3C)u[ U, QN-PS COF7E300 CHBT B G R L 10 %, FH QN-PS COF HARIFIIFRENE, AL,
il A3 T AR QN-PS COF@SiO, #7370 47 (B13D), RI A1 QN-PS COF@Sio, A A7#4%)
HIBRIEIESE, QN-PS COF At i i 7 i e 26 18 .
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Fig. 3 Characterization of QN-PS COF: XRD pattern(A), FT-IR spectrum(B), TG curve(C) and SEM image(D)

2.2 QN-PS COFe@SIO,ifHHATFFHLEMH T E

IR QN-PS COF@SiO, i FExt FHAL S Pr e, o e EAHR S ST, SR B S
) QN-PS COF@SiO, o i Aiout FPEREE | FUEER 285 T B 25 vp bk S T2 3 158w 0, Horb i
470.5 mL/min, JHH4210~290 nm. MAFELERVTUE T, QN-PS COF@Sio, faiGFEn) 1-(4-55 58 ) &
B 1-(4-J0REL) CORF . 3-Z0E-3- 0K 5E-1-N % . 3-3-1- K 5E-1- B . KRS, 2-2E-1- R g 6 Fh
PEAL AL T IS 5 (B 4) o MPRMs . mPklR . N-FERIE-D/IL- AN R 3 Fh Rk St 3
TAEIFEER 3 (1 S) .

1-(4-Chloropheyl)ethanol 1-(4-Bromophenyl)ethanol 3-Amino-3-phenylpropan-1-ol

T T 1 r T 1
2 3 4 1 2 3

I T r
1 2 3 4 1
Time/min Time/min Time/min
3-Chloro-1-phenyl-1-propanol 1-Phenyl-2-propanol 2-Amino-1-phenylethanol
I T 1 I T T T T T T
1 2 3 0 2 4 6 4 6 8
Time/min Time/min Time/min

4 QN-PS COF@SiO, (il tE#f 7 ) FAEREIS (i 4]
Fig. 4 Chromatograms of chiral alcohols separated on the QN-PS COF@SiO, column

N-Carbobenzoxy-D/L-phenylalanine

2-Pinene Mandelie acid
1

! W

Time/min Time/min
5  QN-PS COF@SiO, {477y i) T AT WU S FNG 28 (a5 &
Fig. 5 Chromatograms of chiral organic acids and terpenoids separated on the QN-PS COF@Si0, column
Ry RS RIS AR, M T B —E TR QN-COF@SiO, 1) FHEPF4rhe 1. ikl 6
Fi7R, QN-COF@SiO, %} 1-(4-G08) Ol . 2-5 - 1R CF . FRPIRERE . W5IWRIR-2-52 1% 4 PR &1
LT AR, RIE—EBRENTIEIRMEET . K, 5 QN-PS COF@SiO, M EHHLL, P& ¥
SIAREAAE R 2. XTREIHE T 1, 3-PNBEIR N AR 0 COFs B Qa5 Tl S BHALN I P 3/E . &
1, 3-PIREER BRI R COFs B 2Ll i ¥ 2= IR, v 5287 00 Tl A TS 80, ik
FHEPONS R, W TR R T, BTz SR EER, SECEEFHERNEE 1%
Bl —E 50
[, AEAH IR EAE S T Al kAL T 4 5% £ Chiralpak 1Bl Chiralpak 1C, * FiRFPEEE
Ziplalk & F 259 T PR/ 585, HEE QN-PS COF@SiO, {4, i 44 5 i Ak (0 i A1 1 7 B R RE 25 7 o

Time/min
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MF PR, QN-PS COF@SiO FEFENERE S EARA R, RENSYFRSr B 2 Fh A T B 2 h e A0 F-1t
&Y, B QN-PS COF@SiO, fa ik #E BAT s p) FPEFUNGE 1 il . BTk, QN-PS COF@sio,
Lo FEAE AT VR Sk i AR R P TR e A, R T T2 p e A T R AR S 43

1-(4-Chlorophenyl)ethanol p-dfi-lsphenyletisngl Phenylalanolamine Indole-2-carboxylic acid

/\/\ .VM,*,\M_, /\ A

Tlme/mm Time/min Tlme/mm Tlmf‘/mm

El6 QN-COF@siO, failfkirsr ity FHEAL A ik
Fig. 6 Chromatograms of chiral compounds separated by QN-COF@SiO, column

the mobile phase was methanol

£ ARG P S Y

Table 1 ~ Chiral compounds separated by different chromatographic columns

. QN-PS COF@SO, Chiralpak 1B Chiralpak IC
Chiral compound

e Rs ] Rs e Rs
Chiral alcohols 2-Amino-1-phenylethanol” 1.98 3.85 - - - -
1-Phenyl-2-propanol” 56. 12 6.39 - - - -

1-(4-Chlorophenyl) ethanol” 4.67 3.41 1.21 1.41 2.07 5.37
3-Amino-3-phenylpropan-1-ol" 4.11 0.75 - - - -

1-(4-Bromophenyl ) ethanol” 4.31 3.34 - - 2.18 6.03
3-Chloro-1-phenyl-1-propanol” 4.27 0.78 - - - -
Other categories N-Carbobenzoxy-D/L-phenylalanine” 18. 44 4.06 - - - -
Mandelie acid” 3.84 0.15 - - - -
2-Pinene” 3.81 1.15 - - - -

a: the mobile phase was n-hexane : isopropanol(v : v, 9 : 1); b: the mobile phase was methanol; « is the separation factor, Rs is the reso-

lution; “~” indicates that effective separation has not been achieved
2.3 ##EE3 QN-PS COF@SIO, & it 4y 55 14 AL 1Y 220

hP GEA F HERE AT QN-PS COF@SiO, {484 A 540, L 100 wg/mL (R/S)-1-(4-5085) 2. 1%
SR AR, TERI—SAE T2 HIE0.5, 0.75, 1.0, 1.5, 2.0 ng M (R/S)-1-(4-5 3 L RS,
FEor AR SO . A 7TA PR, BERESERHOR R ISR e so e, O AR R K K, iR
TE— IR ETEFIN , PR A0 QN-PS COF@SiO, fa i+ 1) 7 B PERE .
2.4 BEX QN-PS COF@SIO, ittt 4 B 1E s AR

ik — 5T QN-PS COF@SiO, il AEM AT ZPERT, LL100 pe/mL (R/S)-1-(4-FKEL ) LR
MR, TEANIER T . HEI7TBRI 7D WA, FEEFERAZEH TS, (RIS)-1-(4-80KH) L
FE R Y Rs Il o AR IB MR FEAG, 4025 BT - % (Van t Hoff) ML R BUH B IF46E, RUE—EiRE
JEEIN, A REFERY 2 BT RE S AR R U G
2.5 QN-PS COF@SIO,&aittFriaE %

3R 5T QN-PS COF@Si0, {4 il ERFEE T, LA 100 pg/mL (R/S)-1-(4-G K 5E ) Z Xt i fk A 1o 2,
TANAH A RS, W 1 mL/min 5506 T, TEASEI ) AT 5055 (R/S)-1-(4-200R ) % . B 7CHT A,
T —A HN A BEERE, QN-PS COF@SiO, {a iR ] 7385 (RIS ) -1-(4-FEFRE) L1 . X

1 B AR AR IE (i 22 (RSD) 4)/NF 2. 0%, #BH QN-PS COF@SiO, fa i+t HA K iF i fa et .
2. 6 F S B

SO RN T R A A S AL, I RREOR , FST QN-PS COF AT 43 a4
HAERJ1. B8 A (RIS)-1-(4-FFEIL) ZFER QN—PS COF MZE G m . A5 Re IR B3 . & 8 v
A, (RIS)-1-(4-F2EHE) ZRFM—OH BRI S8 SRR A T ) —S=0 R &5, H(S)-1-(4-58K%) &
BN (R)-1-(4-F L) LFEMSE S REAE], 43 =34, 80 keal/mol f1-26. 91 keal/mol, FHH(S)-1-(4-5
HFH) LR (R)-1-(4-5 2K ) 4% 5 QN-PS COF fAHEAE g%, i S30(S)-1-(4-FF3) ZFFAE
QN-PS COF@SiO, #F LR BHE b (R)-1-(4-F55 58 ) ZREH 4K,
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7 \ AL 9C JL/\ The third week ;E -1.2

J\ 26C /\\__/@ecnnd week 16 ?%223?79'476 3
: -1.64 r’=0.974 3
A A 05 ug N 23 wﬁm week /
T T
1 3

: ; . 20
3 F 2 3 41 2 4 0.003 25 0.003 30 0.003 35 0.003 40
t/min t/min t/min I/T(K—I)

F7  AEPERES(A) HREEB) . BHBI(C) R (RIS)-1-(4-52HE) ZFFEAE QN-PS COF@Sio, il AL
Sy B REE 5 Van "t Hoff i 2&(D)
Fig. 7 Separation chromatograms of (R/S)-1-(4-chlorophenyl) ethanol on the QN-PS COF@SiO, column under different injec-
tion volumes(A), temperatures(B) and times(C), along with the Van’t Hoff curves (D)
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