% 8 (= A = S 4 No. 8
2014 4E 8 A ACTA POLYMERICA SINICA Aug., 2014

4=

R ERBEBAT

Faw’

(PRI TR R 2l 5 IR BT TR B

IR

I 430073)

A 1 B E R Hl & R EF RS
G

CopERE Be 75 8 26 W0 RE U 5 53 BEDF 5T BT

FOAT MER

FHE o 266101)

BOE A T B AR A ) O S A I SR T SR, AT SR M- (4T R
R ) - (4- T 368 P W o ) e M- — ORI ) - (R T B M ) e TR M- (3,5- BRI iR i ) -(3,5-— 17
LT B I ) R ST S - — (4-SEOR IR TR ) - (-SRI LR ) 4 FIoBT RO A=, LA N, N-— B B i g 35 541, o
7o BT AW W BT R ALY 3-Z0 T Bk g b o A5 AE R0 T A I BT I GE AR BT U R R 45 OR
6 1 30 ] 5 AR 2 A A A o B R e B L TR TR 16% A A2 AR LU VR TR O 20% A [ 5 AR AT 0T 4 9 T
Sy ESTERE, LLGE M- (3,5- WP B RS R P ) - (3,5 FY L0 PP i ) ol 4% 199 T 5 AH A dec ok 1) 5 M 131
PERE , LL5E SRE-— (4-F B FH R TR ) - (4- FH R R B e ) ) 28 1) 180 3 AR TP A & WA e R il 0 i 2
X R, EWMBL, WA, TUEREM, TR

X I S A R 1) T 4 0 S 20 18 B 4 i Tl o
O BF g8 35 H R, TR T M
(chiral stationary phase, CSP) f{) & 2% ¥ AH 0 3%
(high performance liquid chromatography, HPLC)
T DR v 28 PR A O L, A X AR 3 5 ARG
T S AR BT B A B A T 4 S b R —
B BRI OCTE . 2 4528 T 1 81 %2 A PR - 4
PUNTE ™, T s PR AR 4, EL I 45 fif 5, A
%, 2w, O e 2 i — 28 TR [ E

L FEE R AR 100 £ Bl T F A R R
JH B 22 B4 2 £F 4k 25 00 B B 0 0 9 2 0 T 1
RN A A HL/NGY TRE S T 2 5
TE Y IR G VA R g A, AT 7 AR TR
Okamoto 251\ 2 BH 117 A= W) 125 2 265 140 (1) 0 8 e o
T I 5 A 43 s M B T & e A
HI5E % 5 2F 4 % i 45 /A D), g e s # T
i 2, TS 10 T 58 2 20 B S SE R, 7F © AT B9 SOk
I T P LA A 15 A2 A B 7S SR 0 1B 2 T K

e} Y R R=a: @ CH;
OH O
b: —< >
1) RCOCI RCOCI (0] o
T Oﬁ\ Methylsulfonic acid DMAc, 85 °C o Oy, CHs
A 0~5°C,2h 24 h, EGN A NH "oc
NH, 07 R A CH;
1 07 R
d: ~ d—ci
Feed ratio of
selector:
la CSP1 20%
. la CSP2 16%
3-Aminopropyl | Coating
silica gel 1b ——» CSP3 16%
lc CSP4 16%
1d CSP5  16%

Scheme 1 Preparation of the chitosan derivatives and the CSPs
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b ARG T A (R ) RS T
P 1 S AR 1 % B R S8 B I 4 T e

1 ZBES

25 F

Nicolet SDX #Y 2T 4 S35 AL ( 36 1 e & 1 A
H]) ; Vario EL III CHNOS # 5t 2 43 #7 {X ( 1 %
Elementar 2\ 7)) ; Agilent DD2 400 MHz #% % 4
(36 B 2 FEAE B A R 2 7l ) 5 Alltech 1666 %!
@G B e R (LA Alltech 22 ) 5250 mm x
4.6 mm NN A A5 (ERAHBER); 5K
EEH(BHE N 0.57 mm) ; Agilent 1100 755355
AR (S AL (L[ Agilent 23 5]).

TR, W T & e b5 5 22 U5 A4 Wy o o A PR
A RERE (P3R4 7 pm, H AR Daiso A ) ;3-
@AW 2 2 H A i ( y-aminopropyl-
triethoxysilane , APTES) , Il T & R @ Bl A B A
Al R R , W A DU AL R A R A W
4- TP REOR RS0 R I 583, 5 - T RO T ik 5
I 4-G8 7R B I S T R T AR R AL 2 R T Y,
N-— W X Z Bt #& (N, N-dimethylacetylamide,
DMAc)., N, N-— H & W ® & (N, N-
dimethylforamide, DMF) | B 2% il {% 3% i 3 45 W) T
[ 24 4 1 Ak 27 30 A BRZS \). DM A ff i i A
o a1 i R N B E o o i N S Y

a1 ~8 1 H R E A B E AR A BRA L9
~ 19,31 K 32 fhyLop AR 25 b e iy A FR 2 w7
i p E 1 24 5 A R N 22 A 25 0 w20 Ty
FI VL I8 22 o A e TP T R A BR A W)L 21 ~
30 42 B SCRR AR H (9 T7 A
1.2 SRETEVFEHEEEHEHNE&
12,1 SERMRT A 4

ZMSCHR 15 ], B 58 R A NaOH B T 1E %
B AR R e 3 ho KPR E e, B T
BRI A A AR, SOk [16] 75 i, 1552 3
W F R M 4.2 x10°.

FRECT #E 2 HE M52 R B 1.60 ¢ F 50 mL

1.1

OB, A 10 mL FE LR vk H i
FEE A, BN 8 mL X HY L R FE R 4, R A
FE2 h. BB, B T KR RS EIRER,H
L™= W) 43 BAE vk v i 3 U8R uE D 43 BCTE
UK I Z K P H pH E 8 B, o k.
B UEDE 73 BAE L, O VR BOR, A IR AR
T2 €0 33 3 B B G AN 21 A L Sk ok (5840 o
PCFMES) , 12 T2 EE 3 2.01 g 55—k
i 1 7= )

T R b R B A T
UABME. K RS E T 100 mL = DR,
A 30 mL DMAc 1 6 mL = Z e, fit £ - , 15 5
W, T 85 C R AmA 11 mL X 3 4 A gt
SN 24 h JF R g bR R = Ok R AL
W5 0B TOZ T A 400 mL WY R 9 R 2R i
U8, UEDEH 10 mL DMAc % i, P15 12005 W32 T T
ATK R RIE R 1k 08, FH 2 B U A SOK, |
PR R E ) 3,05 ¢ @ E AR, B 5T 5 A-
T(A-WRIR PR ) -(4-T BRI BE R ) (1a)
77 3 59% . '"H-NMR (400 MHz, 25 °C, CDCI,,
TMS,5):1.92 ~2.43 (m,9H,—CH,),3.10 (s,
1H,2-H),3.23 ~4.85(m,5H,3-H,4-H,5-H,6-
H),5.32(s,1H,1-H),6.40 ~7.90 (m, 12H, Ar-
H);IR(KBr,cm ') ;3414 (—CONH—) ,3061 ( Ar-
H), 1724 (—CO—), 1264 (C—0); L % 4+ ¥
(%), 38 (C,,H,NO,): C 69.89, H5.67, N
2.72, 52048 . C 69.47 ,H 5. 68,N 2. 50.

WRR UL 7 35 il & e RE-— (R B R IR ) -
(PR3 BERE) (1b), 7 % 68% . 'H-NMR (400
MHz,25 °C,CDCl,, TMS,8):3.22 (s, 1H,2-H),
3.32~4.95(m,5H,3-H,4-H,5-H,6-H) ,5.43 (s,
1H,1-H),6.50 ~ 8.00 (15H, Ar-H) ; IR ( KBr,
em ') : 3422 (—CONH—), 3032 ( Ar-H) , 1720
(—CO0—),1264(C—0) ;TR Ml (%) , it 5
4 (C,, H,, NO, -0.5H,0):C 67.21, H 5.01, N
2.90, 5 {H . C 67.84,H 5.16,N 2.33. 3 B #-
(3, 5- WP AR TP R TR ) -3, 5- WY AR OR B
Tifz (1ce) , 72 2% 65% . '"H-NMR (400 MHz,25 C,
CDCL,, TMS,8):1.92 ~2.45(m, 18H,—CH, ),
3.03(s,1H,2-H) ,3.40 ~4.95(m,5H,3-H,4-H,
5-H,6-H) ,5.40(s,1H,1-H) ,6.50 ~7.90(m,9H,
Ar-H) ;IR (KBr, cm ™) : 3422 (—CONH—) , 3125
(Ar-H),1720 (—CO—) , 1307 (C—O0) ; TTE 4 BT
(%) ,i+8E (C,,H,;NO, 0. 5H,0) : C 69.95,
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H 6.40, N 2.47, 5L {&: C 69.82, H 6.40, N
2.38. FEIME - (4-F AR EE R TR ) -4 - AR 5 H Ik
it (1d), = 3% 60% . 'H-NMR (400 MHz,25 C,
CDCL, ,TMS,8) :3.20(s,1H,2-H)3.32 ~4.95(m),
5H,3-H,4-H,5-H,6-H) ,5.30(s,1H,1-H) , 6. 53
~8.12(m, 12H, Ar-H) ; IR (KBr, em ') : 3457
(—CONH—) ,3064 ( Ar-H) ,1724(—CO—) ,1268
(C—=0); L HR 7 Ml (%), it 5 (Cyy Hy-
NO,C1,):C 56.22,H 3.49, N 2.43, 5z {f: C
55.81,H 3.97,N 2.25.

1.2.2 [ 5 AH 0y il %

AN H 3-AENE AR
BEME T 95 °CF £ HF A b R 24 bl
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RS 2.8 g AN AR A R T,
W B 2 R, TR S A5 T Pk & 2 A CSP,
WHEERN20%.

Fie LR 7 i, MR FREL 0.56 g 1a 1b 1c Fil
1d WA 2. 94 g A NSRRI b, Hil A 0 3 i3 ok
16% f#] CSP2 . CSP3 .CSP4 #il CSP5.
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AT B AR, B S80S HA E R AR TR
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mL) ,JFZ 0.2 wm P8 B 8. 78 T A A I o g gl
B 1 mL/min, #5325 C.
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Fig. 1 'H-NMR spectrum of chitosan (CF;COOD)
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M T DMAc H. Ry {7 SO0 9 75 35 R s B o8 &
Mt Fe Ak, 76 DMAc Hr 455 BRWE ) 4R I 36 04 7= 1)
FE— 2P WAL, 25t o8 W B AL Y 5T R bR O
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Fig. 2 Structures of chiral compounds resolved by CSPs 1 ~5
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TE 12% % 20% B [ 7 FH X 22 B0RE i #6838 4 1Y)
FHERGIMERE. IR E = KT 20% B, FE & 0 07
B I RIS K, A 0 S A AN TR R B ) AT, A e D 25
Thi . BT LA, R SRS 24 14 43 B [ R 4 (4 4 5
BE(R,), Z VAT A& 1 A0 R s sk
20% . g b AN [ v 2 o [ AH 1 MU R g

1=PA
b2

¥ 1a 43 RILL 20% 1 16% (5 & R BT 7 pum
RALE N HAE L b, il 43 CSP1 fil CSP2. gy 1 7]
HLAEAE R R IR B A 25 1 R L 7 CSPT | Ay 45 e A
F (k) WAE CSP2 B Ry, fE CSP1 bRy 7r 85 E 1L
FE CSP2 i /)N, 3¢ B v 78 /0 11 [ e AH 0 -1
PUNMERE SR, 17 LT MR & 7E 3L b OR B el g
X2 7B BT ) [ AR BT A B . K 2 AT
FE S AE CSP2 - 14 43 B LW i K F 78 CSP1 |
f 53 85 B BT U A A i Bl A, CSP2 L)
T 23 MeaW, i CSPL ARG T 22 Me Gy, B
SR CSP1 52 JRMEAT AE W 1 1k 7 f Ltk CSP2 b iy
g, H A 3 [ A T U Re ). A
U, A TARFEH B M a5 b SE BT A

Table 1 The chromatographic data of chiral compounds resolved by CSP1 ~ CSP5
Chiral CSP1 CSP2 CSP3 CSP4 CSP5
analytes k, a R, k, a R, k, « R, k, a R, k, a R,
1 Blg.77 1.13 0.60 Bo.66 1.15 0.68 no separation no separation no separation
2 Bl1.74 1.10 0.62 *2.45 1.14 1.08 *23.10 1.07 0.43 *0.67 1.10 0.50 no separation
3 #1355 1.41 2.32 ©2.27 1.28 2.72 *7.87 1.28 1.16 *2.00 1.19 2.07 ™*2.85 1.15 0.62
4 no separation $0.66 1.18 1.08 *0.77 1.04 0.34 “0.46 1.06 0.62 ™0.53 1.09 0.55
5 Bp.75 1.03  0.23 3,23 1.14 0.97 ©0.25 1.14 0.45 1,69 1.01 0.21 *211.98 1.09 0.6l
6 $0.29 1.37 1.00 *20.43 1.71 1.67 *0.95 1.17 0.63 *30.17 1.89 1.18 no separation
7 B13.49 1.09 0.51 no separation no separation no separation B2.15 1.01 0.14
8 Bll.44 1,29 1.42 P27 1,29 1.96 “0.62 1.11  0.52 *?0.89 1.31 1.79 P14 1.25 1.70
9 no separation B20.96 1.02 1.00 no separation B30.41 1.02 0.12 no separation
10 212,17 1.20 0.96 "5.57 1.28 1.24 %710.46 1.11 0.38 509 1.21 1.95 no separation
11 no separation 323,47 1.04 0.44 no separation AMMg.36 1.11  0.59 g 19 1.06 0.36
12 €249.37 1.19 1.64 ©13.92 1.18 1.64 %653 1.09 0.42 5213.34 1.09 0.79 no separation
13 €246.38 1.18 1.54 “14.67 1.18 1.73 ™6.48 1.10 0.48 213,20 1.09 0.76 no separation
14 no separation no separation B21.58 1.15 0.32 no separation no separation
15 no separation no separation B30.21 1.12 0.36 %0.39 1.03 0.14 no separation
16 B0.84 1.02 ~0.1 ™0.30 1.36 0.69 ™0.53 1.05 0.13 ™0.47 1.11 0.65 ™0.19 1.23  0.40
17 no separation no separation no separation 821,89 1.01 0.12 no separation
18 ©10.24/81.19  1.59 ©8.43 1.18 2.09 “11.69 1.19 1.55 ©3.79/§8 1.17 1.75 ©5.1/5 1.12  1.28
19 no separation 2259 1.01 c¢a.0.1 ®21.58 1.14 0.36 no separation €23 43/R 1.21 1.70
20 ©5.33 1.10  0.60 “10.01 1.11 0.82 ™2.05 1.35 0.67 ®1.04/5 1.17 0.66 *7.65/S 1.11  0.45
21 ©1.63 1.02 0.14 no separation ©1.86 1.03 0.21 no separation B31.32 1.02  0.14
22 no separation ©19.76/51.10  0.75 no separation ©4.30/R 1.00  ~0.1 no separation
23 530.80/S 1.02 ¢a.0.1 no separation no separation M1.07/8 1.01 ~0.1 no separation
24 @12.11/R1.11  0.60 “'31.56/R1.15 1.23 ©3.93/R 1.11  0.54 “4.69/R 1.05 0.54 ©2.43/R 1.09  0.55
25 850.95/5 1.03  0.11 ©0.28/5 1.18 0.54 “0.21/S 1.46 0.64 no separation 86.55/8 1.21  0.49
26 ©24.94/5 1.16  0.83 “24.09/R 1.15 1.06 “*4.00/R 1.30 0.82 *'12.58/R1.15 1.43 no separation
27 ©33.48/81.24  1.35 ©11.32/81.24  1.64 “2.72/5 1.13  0.42 ©®15.51/R1.04 0.55 ®2.18/5 1.12  0.56
28 521,90 1.01 ¢a.0.1 no separation no separation Blp 14/R 1.10  0.62 %0.49 1.04 0.18
29 no separation ¢0.21 1.24 0.54 no separation B20.96 1.01 ~0.1 ©2.45 1.01 0.16
30 ©6.26 1.13  0.70 €'19.05 1.12 1.19 ®0.04 2.18 0.47 no separation no separation
31 no separation no separation no separation B31.82 1.01 0.12 no separation
32 no separation 8,73 1.06 1.19 “6.99 1.08 0.50 "5.42 1.07 0.62 no separation

Eluent: n-hexane/isopropanol (98/2*' 95/5%% 90/10**, 70/30**, V/V); n-hexane/ethanol (95/5% | 90/10% 70/30% , 50/50%); n-

hexane/[ ( ethanol/methanol = 1/1) 98/2¢'  95/52 90,/10%%, 70/

enantiomer determined in case of the availability of the pure enantiomer.

30¢%, 50/50%°, 20/80“°]. R/S: the configuration of the first-eluted
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Preparation and Chiral Recognition of Chiral Stationary Phases

Derived from Benzoylated Chitosan

Ying-bin Luo', Xiao-chen Wang', Wei Chen', Shao-hua Huang’* , Zheng-wu Bai'"

(" School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430073 )
(* Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao 266101)

Abstract In order to develop novel chiral stationary phases ( CSPs), chitosan was modified by benzoyl
chlorides with various substituents, successively using methylsulfonic acid and N, N-dimethylacetamide as the
solvents. In this way, new derivatives of chitosan bis ( benzoate )-( benzamide ), chitosan bis ( 4-
methylbenzoate ) - (4-methylbenzamide ) , chitosan bis (3 ,5-dimethylbenzoate ) -( 3, 5-dimethylbenzamide ) and
chitosan bis ( 4-chlorobenzoate ) -( 4-chlorobenzamide ) were synthesized. The corresponding CSPs were
prepared by coating the chitosan derivatives on porous 3-aminopropyl silica gel employing N, N-
dimethylforamide as the solvent. The chiral recognition capability of the CSPs was evaluated towards
structurally various chiral compounds in normal phase conditions, and the results showed that these CSPs
possessed satisfactory enantioselectivity. The CSP prepared from chitosan bis ( 4-methylbenzoate )-( 4-
methylbenzamide) with a coating ratio of 16% exhibited better chiral recognition capability than that prepared
from the same derivative with a coating ratio of 20% . The CSP based on chitosan bis(3,5-dimethylbenzoate ) -
(3,5-dimethylbenzamide ) showed stronger chiral recognition capability than the CSPs based on the other
derivatives. Meanwhile ,the CSP derived from chitosan bis(4-methylbenzoate ) -(4-methylbenzamide) separated
the chiral compounds with highest resolutions. This feature is similar to that of the CSP derived from cellulose
tris (4-methylbenzoate ) ,and different from that of the CSP prepared from amylose tris(4-methylbenozate) that
bear poor chiral recognition capability. The reason may be related to the similarity of chitosan and cellulose in
which the repeating units are all connected by B-1,4-glycosidic bond, other than «-1,4-glycosidic bond in
amylose. In addition, the CSPs generally demonstrated better resolutions in the mobile phases simultaneously
containing ethanol and methanol.
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