2021 4F 6 A & 1% Vol.39 No.6
June 2021 Chinese Journal of Chromatography 607~613

AR DOI. 10.3724/SP.J.1123.2020.07034

EFLASBENFUHERKNFIERENA

gpE, ¥ oW, Bxa, =RA
(ERIIER AL T8, 2 B 650500)

FEE O FLAEEER R EAT A8 I HUARGR JE  ARS e M, LA B N 22 Pt shAH W A0 6, Bk S 0 AH 435 (HPLC)
FEIECRE A BTV A L AL (EAE BRI 9 4TS P, I oA DL ERTE 1) & TEAL T Mk i FI/E HPLC 1 [ 2
A, ZSCLATCHUBRIE A FLRE AR A AT X 42, il ad MERRERR %, DAREIR I Ry IOk, -8 &R ( L-Glu) N FEIR, 7 F
PEIREE Al v IR AR 5 e (R SR AR RE IR A 19 /NER  7E 550 C il T BREBR AR 3643, il #5355 F L-Glu 9 JGHL
AFLEEACER , W TG T LLAM G A R 1 S PR A R AR PR A SR AR I A 1 — b ELA B BRI B
FEIEER , PP IR T RECER A BB 22 AALE5 M, %5 L-Glu F-HERE S ERVE 9 18 5 A0 45 1T HPLC (ifA:, IIES
BE-SFRBE(9:1, v/ V) MERFSIH, FE R 0. 1 mL/min, %% T X FHAEX— RFVIMYTEL & P RITR e, 250
T, ZFEAERA T 15 FOME e A9, HoRe B A% SR 0 s I | 3-SR0k, 2- 0 T 1, 2- IR AR b 35 3
2- TR 2- P 35 DU SOk IR -3 ST JE 4 /K H il Bk A B B B B B T 10 FR R LB TR, 0, m,p-EIEFK
W 0, p-F RS 0, m,p-BWERRE o, m,p-F RN o,m,p- AR o, m,p-FHRNE o, m,p-TFERB o, m,p-TR IR
Hieik 832k 73 B9, SEE0EREH  L-Glu M R 2 M40 8 o7 i oA R AP AT 470k 558l R A LA T it — 25
BT LA B T B AR B — P IR | & (i i M LR I [ e A

SRR - B ROBAH AT 5 2% 5 T-PEA 2 TP mk JRe Bk [ 2 A

FE 5SS .0658 ERFRIRED . A M E S :1000-8713(2021) 06-0607-07

Preparation and application of chiral silica gel spheres
based on L-glutamic

XIONG Wangi, PENG Bo, DUAN Aihong, YUAN Liming *
(School of Chemistry and Chemical Engineering, Yunnan Normal University, Kunming 650500, China )

Abstract: Inorganic mesoporous silica gel spheres, which possess sufficient mechanical
strength, thermal stability, and mobile phase endurance, are the most important and widely used
materials for column packing in high performance liquid chromatography ( HPLC). However,
amorphous silica gel is generally reported as an inorganic chiral silica gel, and spherical all-
inorganic chiral silica gel has not been reportedly used as the chiral stationary phase for HPLC.
In this paper, inorganic spherical mesoporous silica gel was used in the method of polymeriza-
tion-induced colloid aggregation ( PICA) , with silica sol as the raw material and L-glutamic acid
(L-Glu) as the chiral monomer, to obtain mixed spheres of urea-formaldehyde resin and colloi-
dal silica in a chiral environment. After high-temperature calcination (at 550 C) to remove the
resin, inorganic mesoporous silica gel spheres based on L-Glu were prepared. Elemental analy-
sis revealed that the prepared L-Glu chiral silica gel spheres were calcined completely, indica-
ting that there were no organic constituents. Scanning electron microscopy (SEM) images of
the silica gel spheres showed that the surface of the silica gel spheres was not smooth, with a

uniform particle size of 3. 0—4. 5 pm. Transmission electron microscopy (TEM) images showed
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that the pore size distribution of the synthetic silica gel spheres was uniform due to the accumu-

lation of pores. Nitrogen adsorption tests revealed that the specific surface area of L-Glu chiral

silica gel spheres was 117. 844 m”/g, the pore volume was 0.411 cm’/g, and the average pore

size was 12. 312 nm. All the characterizations indicated that the inorganic chiral mesoporous sili-

con had a regular spherical shape. The silica gel spheres possess frameworks and pore struc-

tures, providing a chiral microenvironment that is suitable as a chiral stationary phase for separa-

ting racemic compounds by HPLC. Because of the chiral pore structure and frameworks, the

enantiomers were retained to different degrees and separation was achieved. The porous structure

also increased the contact surface between the racemates and the active sites of the inner wall

and improved the separation efficiency. Hydrogen bonding between the chiral stationary phase

and the racemates, dipole interactions, and van der Waals forces were also involved in enanti-

omer resolution. An HPLC column was prepared with L-Glu chiral silica gel as the stationary

phase and n-hexane-isopropanol (9:1, v/v) as the mobile phase. Fifteen racemic compounds

were successfully separated on the chiral HPLC column, including seven racemic compounds for

baseline separation, at a flow rate of 0. 1 mL/min using 254 nm as the detection wavelength at 25

°C. The separation of 10 benzene position isomers was successfully achieved, and eight of the

benzene position isomers reached baseline separation. Experimental results showed that the

chiral silica gel spheres possess sufficient mechanical strength and thermal stability, along with

good chiral recognition ability and the ability to separate positional isomers. Compared with ordi-

nary silica gel, these chiral silica gel spheres afforded better chiral separation and better separa-

tion of benzene position isomers, without further modification. The preparation of this chiral sta-

tionary phase also has the advantages of being cheap, convenient, and feasible.

Key words: high performance liquid chromatography ( HPLC); preparation; enantiosepara-

tion; chiral silica gel spheres stationary phase
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mL/min , SAMGIYE K R 254 nm, BN 25 C
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Fig. 1 Polycondensation of L-Glu, urea and formaldehyde
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Table 1 Elemental analysis of L-Glu chiral silica spheres

Sample N/% C/% H/%
L-Glu chiral silica sphere <0.1 0.2-0.3 0.3
Crude silica gel <0.1 <0.1 0.2

2.2.2  L-Glu F M iR 2R 8 21 40 o6 35 2 A7

3% B T R R 36 R I A G P R AR i R L
FE T M F TR R PR 2R A il 1) ORI AR B BR i A -4
5 L-Glu 7 ik v 15 v R R 26 A2 Y L-Glu JIR
AR RER K, DA S e 4 485 B il 9 L-Glu M ik i
Bk, 4 AR T L AN GRS T (LR 2)

FH 2 R 2 B A K T B Iy A TR B AR i R
A LLA HAE 2900, 1637 Fil 1246 cm™ 4b 43 51 K
C-H.C=0,C-N BYFFAEM IS 0G5 b 55 46 pi Ak
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JREER R 2140 Sk 6 5 AT, 5 DR 2 A i Ak e 35K A 1
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Fig. 2 IR spectra of the four materials
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Fig. 3 SEM and TEM images of the L-Glu
chiral silica spheres
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X} L-Glu TP s sk R 47 0 =W B I3k, it FH
FRUER BET J7 X W B ECE AT 20 A, 80O R
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spAlG!

h T BFFE R X L-Glu Tk e Bk 1] 5 AH €5,
T S5 B M BB 19 5 W, E AH ) SR, B S 10,
15,20 pL 1Y 2- B 35 DU S0k g - 3- R 547 0 AT, At dt
GE AT XX R S B A 52 (DLIELS)

Wi 25 0T 18 T, 2- R R U G g - 3- R %) 6 T
R AERG I, (0 B8 i) (R V2 A Bl T A AN [R)
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L-Glu T e BR [ A e i A e e e
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J T L-Glu Tk e B 361 52 A €0 33 A 114
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Fig. 4 (a) Nitrogen adsorption desorption isotherm
and (b) pore distribution curves of L-Glu
chiral silica spheres
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Fig. 5 Chromatograms of 2-methyltetrahydrofuran-3-one
with different dosages

HERE  ETEE DLIEL 6, 0, m, p-HY AR f B I ] i
TR AR FR AH 6T A o D 22 (RSD ) 43 3 24 0. 89% FI
3.67%., ZOIGHH R MRT,
2.5 L-Glu F 4R EK E E 83 T F 1450 E ek
EOETa

T ARG L-Glu F-P i Jie 1R 31 52 AH X T4 M Tié



- 612 - f,

i 539 &

o, m, p-Toluidine
300 mV

p

— 77—
10 20 30 40 50

¢t/ min

E 6 L-Glu FHERKEEHENESY
Fig. 6 Repeatability of the L-Glu chiral silica gel column
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TR AR R 1 AT 15 FROMEBE AR A 4 B aCR
FCrp Ry 20 R R e N v | 3-SR 1, 2-T9 R
1,2-P8 5 bt | 3-F8 36-2-T i | 2-H 3 Y & ok ig-3-
i S PN G K H Ik 7 A e T SR R BE S
IKFRELL Y B, 2 & L-Glu THEmE ek [ E A
15 Fh & e B 8 o Kt

L-Glu FHERER RS —Fh TP FLEEA B, L-
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Table 2 Resolution results of the 15 racemates on
L-Glu chiral silica gel sphere chromato-
graphic column

Racemate k| ky a R,
Troger’ s base 0.21 1.42 645 4.70
Praziquantel 0.24  3.58 14.93 8.70
Amlodipine 10.02 11.46 1.14 0.74
3-Benzyloxy-1,2-propanediol 0.27 3.94 14.47 7.44
Bendroflumethiazide 1.98 4.37 2.21 0.03
1-Phenyl- I-propanol 0.26 0.50 1.92 0.84
4-Methyl-2-pentanol 0.22 049 222 1.35
2-Chloropropionic acid 0.24 0.40 1.68 0.59
1,2-Epoxyhexane 0.20 0.47 2.32 1.56
Styrene oxide 0.22 0.49 2.20 0.86
3-Hydroxy-2-butanone 0.20 1.40 9.16 7.11
2-Methylcyclohexanone 0.21 0.44 2.12 1.14
2-Chlorocyclohexanone 0.15 0.50 3.23 1.40
2-Methyltetrahydrofuran-3-one  0.20  0.92  4.53 3.90
Glycidyl isopropyl ether 0.20 1.64 8.07 7.90

k. retention factor; a: separation factor; R : resolution.

Glu N F- sk B At PR 8 i H B FEfLIE
FE A LR A A 2 1 J5T 25 5 1) X6 B4 7= A 4y
BI2E 5, A B4 B ASOR s Z AL A5t L E AN A
5L RE T VR FH AT A5 0 2 fi T 184 K, A A1 e A4
SPRCRBOE R Pem 1T B, Tk 1 E AR
A [i) ) SRR P OGS X i 2 3] T R VR,
ERIMETE A T A A M- A H-N § H-0 #,3-%
AL, 2- T A H-O B55 I5t = AME AR 1
YT 7 LA Be 05 AL Sy % XoF e 4R A B ol 2 T
EH .
2,6 L-Glu FUHERIKEERN FERUERHE
EN:oE

R TR L-Glu FHERE R ER [ A TR R A7
B S ENYRRES  fE—EAE T M L-Glu F
PERE SBR[ 2 A 3 AR X 11 R LAY ZE R0 B
FRHEAT 4 B Ar B 25 SRR W BRo,m, p- o %
Ah, L-Glu TP 3K [8 2 A6 AR 10 Tl R A0 B
SEAIR YA 3 B3R, X Fo,m p- R IR o, p-
AR o, m,p-BIRNE o ,m,p-WH AN o,m,p-—
SRR (o, m, p-F RN o, m ,p-THHEAK B 0, m,p-
TRAR MR BN FL LR oy B, % 3 J& 10 PR R B 51
PRI 73 B A

B VA iy VAL N VARG G VA 1 [ R YA O N
AR TR INAS—FE BT LAAE [ E A _E Y32 1R
— B, FEOLA ORI B TR], T 07 S AL (A R
38 . L-Glu THEREI R L4 M4 R o
SRS FLPRE T 1 P A A A 2 T 4 R (R
ROLE SRR BOG R, PEm T B3R, B

#3 LGl FHREKEEANFERLERMENTH ER

Table 3 Resolution results of benzene series position
isomers on the L-Glu chiral silica gel sphere
chromatographic column

Sample Q0 @3 R » Ry 5
0, m,p-Aminophenol 2.21 2.09 5.28 6.03
o, p-Chlorophenol 1.82 / 2.65 /
o0,m,p-lodoaniline 3.51 1.49 3.73 1.65
o,m,p-Toluidines 4.59 2.81 5.08 6.67
o,m,p-Dinitrobenzene 2.98 3.19 1.65 5.10
o, m,p-Chloroaniline 2.89 1.55 2.73 1.59
o,m,p-Nitroaniline 2.41 1.73 3.54 4.23
o,m,p-Nitrophenol 1.71 1.32 0.66 0.55
o, m,p-Bromoanilines 2.98 1.46 3.80 1.59
o, p-Nitrobromobenzene 1.35 / 0.34 /

a; ,: the separation factor of the first and second peaks;
@, ;: the separation factor of the second and third peaks;
R, ,: resolution of the first and second peaks; R, ;: resolu-

tion of the second and third peaks; /: no corresponding drug.
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