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Construction and Chromatographic Performance of a Novel Triazole Bridged
Hybrid Bilayer Cyclodextrin Chiral Stationary Phase
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Abstract A novel tandem-inverted triazole-bridged duplex “native-acetylated” hybrid cyclodextrin (CD) stationary phase
material (ANCDCSP) was constructed via a surface-up ‘click’ approach. Mono-6-azido-CD was first immobilized onto the
pre-dried silica surfaces as the down layer via ether linkage on C2 position, followed by acetylation of the cyclodextrin —-OH
groups with acetic anhydride. The top layer was fabricated by anchoring the synthesized alkyne functionalized CD onto the
down CD layer via organic soluble Cu(I) catalytic 1,3-dipolar cycloaddition reaction (click chemistry) reported by us previ-
ously. The obtained crude material was purified by washing with N,N-dimethylformamide (DMF) twice followed by Soxlet
extraction with acetone to afford the novel triazole-bridged duplex hybrid CD CSP and its structure was characterized via
Fourier Transfer Infrared Spectroscopy (FTIR), thermogravimetric analysis (TG) and elemental analysis (EA). The hybrid
bilayer ANCDCSP can provide multiple interaction sites such as H-bonding (OH, C=0, NH), steric effects, dipole-dipole
and synergistic effect inclusion complexation, which helps to broaden the CSP’s enantioselectivity profile and enhance the
enantioselectivity to some specific analytes. The CSP was applied for HPLC enantioseparation of various chiral compounds
such as dansyl amino acids, carboxylic aryl acids, isoxazolines and some other racemates under reversed-phase separation
mode using methanol/water and methanol/buffer as the mobile phases. Most of the dansyl amino acids and carboxylic aryl
acids as well as bendroflumethiazide can be baseline separated. The isoxazolines, phenyl oxirane, atropine, DL-norleucine
methyl ester and benfluorex were partially separated. The resolutions of Dns-Phe, DL-3PhLacA and Bendroflumethiazide
reached 5.3, 4.1 and 4.1, respectively. The separation ability of the current CSP is superior to that of the duplex native cy-
clodextrins chiral stationary phase (DCDCSP) prepared by our group previously, especially in separation of dansyl amino
acids, isoxazolines and bendroflumethiazide. Besides, the current CD CSP affords relatively good stability, which was veri-
fied by the satisfied reproducibility after 150 runs with or without buffer (pH 4.10).
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Table 1 The enantioseparation of dansyl amino acids on ANCDCSP

i ki ks a R A
Dns-Nva 7.05 7.92 .12 15 1
Dns-Val 7.62 9.79 129 32 1
Dns-Leu 10.15 13.80 136 3.9 1
Dns-Glu 33.84 35.36 1.04 04 I
Dns-Aba 6.36 6.85 1.08 09 1
Dns-Aca 10.44 13.96 134 39 1
Dns-Phe 14.59 22.42 1.54 53 1
Dns-Ser 7.47 7.83 1.05 04 1
Dns-Nle 7.94 9.84 124 28 1
Dns-Thr 6.44 7.14 .11 13 1
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Figure 2

The chiral separation comparisons of (a) Dns-Nva, Dns-Val; (b) Dns-Aba, Dns-Nva, Dns-Nle, Dns-Aca. Separation conditions:

MeOH/1%TEAA, pH 4.10=70/30 (V/V), flow rate 0.7 mLemin ', temperature: 25 C
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Table 2 The enantioseparation results of aromatic acids on ANCDCSP

Ff ky ke a R BT
2CIPhOPrPA 8.04 887 110 14 1I
2PhButA 3.04 — .00 — I
3CIPOPA 9.21 — .00 — 1I
2POPA 744 831 112 24 1I
TPA 4.09 450 110 1.0 I
MDA 559 695 124 25 I
DL-3PhLacA 463 655 142 41 111
4-OHPOPA 358 412 115 19 111
2-OH-2-PPA 7.62 106 140 1.9 I
4-OH-MDA 508 620 122 2.0 I

“1 MeOH/1% TEAA pH 4.10=70/30 (V/¥), flow rate 0.7 mLemin ', temper-
ature: 25 ‘C. II MeOH/1% TEAA pH 4.10=60/40 (V/V), flow rate 0.7
mLemin "', temperature: 25 ‘C. IIl ACN/1% TEAA pH 4.10=70/30 (V/V),

flow rate 0.7 mLemin ', temperature: 25 C.
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Figure 3 Chiral separation comparisons of (a) 3CIPOPA, 2DCIPhOPrA, 2POPA; (b) 2PhButA, TPA, MDA, 2-OH-2-PPA; (c) MDA, 4-OH-MDA. Sep-
aration conditions: (a) MeOH/1% TEAA pH 4.10=60/40 (V/V), flow rate 0.7 mLemin ', temperature: 25 ‘C; (b) MeOH/1% TEAA, pH 4.10=70/30 (V/V),
flow rate 0.7 mLemin ', temperature: 25 ‘C; (c) ACN/1% TEAA pH 4.10=70/30 (V/V), flow rate 0.7 mLemin ', temperature: 25 C.
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Table 3 The enantioseparation results of isoxazoline derivatives on
ANCDCSP

G ky ka a R o B kA
Ph-Ph 582 610 105 052 v
4MeOPh-Ph 699 726 1.04 050 v
MDOPh-OPr 236 252 107 036 v
4NPh-OPr 356 401 113 1.07 v
4NPh-Py 791 832 105 055 v

“ IV MeOH/H,0=50/50 (V/V), flow rate 0.6 mLemin ", temperature: 25 C.
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Table 4 The enantioseparation results of other enantiomers on
ANCDCSP
i ko ke a R OOBKMEC
Bendroflumethiazide 822 11.7 143 4.12 v
Phenyl oxirane 0.39 0.72 1.86 1.35 v
Atropine 1.30 1.58 1.22 0.49 \Y%
DL-norleucine methyl ester 1.39 1.82 131 1.27 \Y%
Benfluorex 2.77 3.04 1.10 0.51 \Y%
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Figure 4 Enantioseparation chromatograms of Bendroflumethiazide and Phenyl oxirane on the ANCDCSP. Separation conditions: MeOH/H,O=150/50

(V17), flow rate 0.6 mLemin ', temperature: 25 ‘C
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IORIRS F2 L 10 SR A 55 1 [ e AR SRR S R A 2
ESELE S

£ 5 ANCDCSP Fl DCDCSP %o — S8 i i A 43 5 (1 L

Table 5 Comparison of separation of some chiral enantiomers on
ANCDCSP and DCDCSP

DCDCSP  ANCDCSP
FEdih IrESHAE
R,
Dns-Val 3.09 32 I
Dns-Leu 3.43 3.9 I
Dns-Aca 3.29 39 1
Dns-Phe 3.88 53 I
Dns-Nle 2.51 2.8 1
TPA 0.54 1.0 I
Bendroflumethiazide = — 4.12 v
Phenyl oxirane — 1.35 v

“1 MeOH/1%TEAA pH 4.10=70/30 (V/V), flow rate 0.7 mLemin ', tempera-
ture: 25 ‘C. IV MeOH/H,0=50/50 (V/V), flow rate 0.6 mLemin ', tempera-
ture: 25 C.

AL T ANCDCSP 5 s 7 [ B HiT HLZ CD [
SEAH ACDCSP K7 BACR. SEER KL, ACDCSP X}
bendroflumethiazide (R,=1.2)~ benfluorex (R,=1.1)LA K

(?Hha

(HO)-  “-OTs

%\/"HZ

NaN3 Hzo

(?H)M H
i

: DMF
N, DMF

(HO)g

B 5 523\ ANCDCSP /)& fik 2k
Figure 5 Synthetic pathway of the bilayer CD CSP
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#4> isoxazolines (R,<1.0)f3 —3& M4 B RBURAN, XFH
ROTNTBITC S B RE ). %45 Rtk — D UL RIR- L
FEATAAL” MR A A S RIS S5 K E 72 B BE ) e
G B T T PR

3 g

ARG L R B ERE SR T R
7 = B SR AR T ML 22 AH(ANCDCSP),
[ 285 558 1 A2 [ i ARG AS [R5 9050 A (1 3 20 R 0. A
Eb T 50 2 O PRRRG [ 7 AH, A4 B2 U0 RS T [ e A
(ANCDCSP)BE B A 2 FAS 0 A PR RS BT 2 L R AR AR —
A S VR AE T (s ), SR RARIMIRS A B (7
Y5 EVER, X R R8N A8 5 X Ak B A B A
FIE A AR IR RE /7. FHE IR R BRI B 1 o
DA B /NGy T 05 77 TR R A B E L MR U0 I A v ke
Bl R HEMIEA. WU, ASCOFRME b 2
Tl [0 25 S FAR K — TR AT Y T RE A L il % T v
TEAT S [IAHAEEL . Ak K 259 A% 33 75 TR A B2 1) B
B

4 SCERERSY

ST FMIRS T 1 (8 52 A (ANCDCSP) 1 B i 75 hl
AT L T TR A SEAMI RS TR [ e A, A SR 1]
5 FRMRHI &R, b, 6 Ar s AR AR SR 5k
J-p- PR MRS (TsO-CD) . 6 L 26 BUAR 5 %0 5 10 4
(N5-CD)FH i R BLHE AL 7 Cul(PPhs) ik 45 SCRR[14b]4R
T (¥ 7 1 %

(OH)14
(OH)4q [
— -
=
\_Hx:\ (HO)s NH

V'
N ,,hll

(RO)s— __ —N; (ROVs\
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¥ F R

41 HRASFE-CD BIHI%E

¥ TsO-CD (2 g, 1.55 mmol)FIHkPifE(0.298 mL,
4.65 mmol)# T 5 mL JE/K N,N-—H % i (DMF)H,
80 CTRNASAMRI WF N 24 h. JPAFIEIE, TIAA
fif(20 mL), #7 K R A, i I P RS A
PR, B2 TR B BCRE AR R 2.08 g, /=%
93%.
4.2 N3-CD fiT5 L #ERR(N;CDCSP) 8 &

S H9(259.2 mg, 6.48 mmol)IIAF N;-CD (6.28 g,
5.4 mmol)(E % T/ T/K DMF (130 mL)& RS, 7
AR N B EBFERN H B AT SR Kk
R BE, TEPER P I G- E A AL ) = H R
FrkkE(1.53 g, 6.45 mmol), A RERSAY T 90 C
PEFEIRN. 4 h. £5 FRERGAEN B =, INTELRERE
(100 A, 5 um) (12 g), 110 C FHEFER N 24 h. {515
HAH =R, RS EAK K DMF. &K, 6
KW REAYES, 60 C N E A THRA R B AR 4.
4.3 ZEAELTE L (ACDCSP)RIHI&

£ N3CDCSP (2.4 g)fITE/KIEE (15 mL)E 77 - on
ANLBREF2.5 g, 24.5 mmol), LRI T 80 CHiflx
5219 h. g, FrASEA5 5 HJG/K (50 mL). A
(40 mL)PRGE EE T 1 h, BEIAGEMK 24 ¢
44 ANCDCSP M= HHl&

PR A FE-CD (1.2 g, 0.88 mmol)&fi# T I /K DMF
(30 mL)H, MKIKAE IR I Cul(PPhs) (9 mg, 0.5
mmol%). ACDCSP (2.3 g), 90 C FE Sy M 2 d.
RNE I EA R =R, g, B E AKX DMF
Vel 2 Ok, ARG TR I 2R N3 8 h, BT 1545 H br
FEH.
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