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Eluent Tolerance and Enantioseparation Recovery of
Chiral Packing Materials Based on Chitosan
Bis(Phenylcarbamate)-(n-Octyl Urea)s for High
Performance Liquid Chromatography

Jing Wang, Shao-Hua Huang, Wei Chen and Zheng-Wu Bai

1. 'TH-NMR Spectra Of Chitosan and Chitosan Derivatives
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Figure S1. '"H-NMR spectrum of chitosan (Ia) with the My of 1.5 x 10°.
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Figure S2. '"H-NMR spectrum of CS 2.
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Figure S3. '"H-NMR spectrum of CS 3
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Figure S4. '"H-NMR spectrum of CS 4.
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Figure S5. '"H-NMR spectrum of CS 5.
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Figure S6. '"H-NMR spectrum of CS 6.
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2. IR Spectra of Chitosan Derivatives
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Figure S7. IR spectra of CSs 1-6.
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3. Enantioseparation Evaluation of CSPs 1-6, ADMPC and CDMPC
Table S1. Enantioseparation evaluation of CSPs 1-6.
SN, CSP1 CSP2 CSP3 CSP4 CSP 5 CSP 6 M.P.
ka a Rs ka a Rs ka a Rs ka a Rs ka a Rs ka a Rs
1 -0.27 1.09 0.46 025 177 212 029 175 321 043 153  2.63 0.44 1.00  0.00 -0.21 1.60 1.67 A
0.24 1.11 0.54 020 168 199 027 155 245 -0.37 1.51 2.51 -0.34 137 154 -0.20 1.38 0.75 B
-0.28 1.39 1.81 022 150 1.60 029 138 176 -0.39 1.33 1.64 -0.40 123 137 -0.23 1.18 0.51 C
2 1.56 1.00 0.00 110  1.00 0.00 0.90 1.00  0.00 0.88 1.00  0.00 0.92 1.00  0.00 0.66 1.00 0.00 A
0.97 1.00 0.00 0.65 1.00 0.00 0.67 1.00  0.00 0.70 1.00  0.00 0.62 1.00  0.00 0.49 1.00 0.00 B
0.93 1.00 0.00 061 1.00 0.00 0.64 1.00  0.00 0.76 1.00  0.00 0.67 1.00  0.00 0.63 1.00 0.00 C
3 2.36 1.05 0.61 233 108 058 256 1.14 145 “4.70 1.04 055 -3.38 131  3.61 2.03 1.16 1.04 A
“1.80 1.08 1.04 164 100 0.00 *1.87 110 1.38 2.95 1.00  0.00 2.26 1.18  2.08 -1.29 1.29 2.96 B
“1.77 1.26 244 152 1.00 0.00 *1.60 114 147 2.52 1.00  0.00 2.02 112 142 -1.23 1.31 2.79 C
4 -0.95 1.60 5.38 113 136 273  -1.04 142 392 2.67 128  2.68 -1.96 129  3.65 -0.71 1.48 2.32 A
-0.82 1.72 6.61 073 141 283 077 142 381 -1.65 125  3.08 -1.26 127  3.01 -0.47 1.40 1.88 B
-0.92 157  5.80 070 132 229  0.69 133 293 -1.35 1.21 2.29 -1.18 115 152 -0.49 1.35 2.06 C
5 241 127  3.30 327 119 150  *3.74 120 277 *8.57 1.11 1.68 “7.42 120 280 *3.30 1.29 2.36 A
“1.35 1.25 2.84 161 115 111  *2.06 118 221 *3.98 1.11 1.49 *3.57 116 225 “1.61 1.20 1.35 B
“1.24 1.20 243 “1.35 1.05 046  *1.60 1.08 1.08 2.81 1.07 099 2.71 1.10  1.35 “1.51 1.10 1.01 C
6 -3.92 1.15 1.28 328 016 046 342 1.03 0.3 414 1.00  0.00 3.13 1.00  0.00 2.61 1.00 0.00 A
2.52 1.05 0.45 196 1.00 0.00 2.34 1.00  0.00 2.63 1.00  0.00 2.19 1.00  0.00 1.77 1.00 0.00 B
2.18 1.00 0.00 164 1.00 0.00 1.86 1.00  0.00 2.22 1.00  0.00 1.75 1.00  0.00 1.69 1.00 0.00 C
7 0.72 1.00 0.00 044 1.00 0.00 0.35 1.00  0.00 0.38 1.00  0.00 0.41 1.00  0.00 0.28 1.00 0.00 A
0.57 1.00 0.00 038 1.00 0.00 0.43 1.00  0.00 0.51 1.00  0.00 0.47 1.00  0.00 0.34 1.00 0.00 B
0.63 1.00 0.00 046 1.00 0.00 0.48 1.00  0.00 0.59 1.00  0.00 0.50 1.00  0.00 0.46 1.00 0.00 C
8 51.09 1.90 3.10 $1.01 124 115 °1.14 1.06  0.50 $3.26 1.07 074 $3.70 115 051 4.01 1.16 0.44 A
50.88 147  2.05 071  1.00 0.00 1.70 1.00  0.00 2.35 1.00  0.00 2.57 1.00  0.00 2.31 1.00 0.00 B
50.92 1.23 1.76 076  1.00 0.00 1.28 1.00  0.00 2.09 1.00  0.00 2.10 1.00  0.00 2.15 1.00 0.00 C
9 0.80 1.00 0.00 076 1.00 0.00 0.83 026  0.39 1.24 1.00  0.00 1.71 1.00  0.00 1.78 1.00 0.00 A
0.51 1.00 0.00 046 1.00 0.00 1.08 1.00  0.00 091 1.00  0.00 091 1.00  0.00 3.07 1.00 0.00 B
0.53 1.00 0.00 049 1.00 0.00 0.82 1.00  0.00 R0.96 105  0.54 0.89 1.00  0.00 2.38 1.00 0.00 C
10 2.75 1.00 0.00 5238 216 5.01 S3.41 1.54 2.39 55.38 1.25 1.86 53.73 1.46 2.28 52.48 2.08 2.34 A
R0.98 1.34 2.10 S0.97 135 213 $1.55 1.15 1.58 2.17 1.00 0.00 51.38 1.24 2.20 51.21 1.13 1.02 B
R0.85 1.18 1.51 0.88 1.00 0.00 1.18 1.00  0.00 RL79  1.09 099 1.26 1.00  0.00 1.20 1.00 0.00 C
11 1.36 1.00 0.00 220 1.00 0.00 3.27 1.00  0.00 56.31 156 542 6.10 1.00  0.00 2.06 1.00 0.00 A
0.72 1.00 0.00 1.14 1.00 0.00 1.66 1.00  0.00 52.87 1.31 3.01 §2.63 114 153 1.03 1.00 0.00 B
0.79 1.00 0.00 1.01  1.00 0.00 1.35 1.00  0.00 §2.24 126 237 §2.02 116  1.57 1.07 1.00 0.00 C
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Table S1. Cont.

CSP 1 CSP 2 CSP 3 CSP 4 CSP 5 CSP 6
k1 (08 Rs k1 08 Rs k1 [0 Rs k1 [0 Rs k1 [0 Rs k1 [0 Rs

<
o

S.N.

12 R9.97 1.39 2.78 51096 122 1.06 57.80 1.20 1.19 57.17 1.63 3.33 53.87 1.71 3.97 53.68 141 2.66
54.77 1.15 1.54 54.22 1.61 3.03 54,13 1.40 3.58 53.19 2.00 4.10 51.92 2.16 8.46 51.71 1.46 3.15
53.40 1.09 1.12 52.78 1.38 2.66 52.64 1.26 2.69 52.63 1.35 3.29 51.45 1.61 5.09 51.63 1.26 2.07
13 52.81 1.09 0.88 1.88 1.00 0.00 1.88 1.00 0.00 R1.97 1.31 3.03 R1.56 1.44 3.37 1.45 1.00 0.00
R1.56 1.06 0.56 R1.08 1.14 1.06 R1.25 1.06 0.55 R1.28 1.40 3.40 R0.93 1.98 9.80 0.91 1.00 0.00
R1.37 1.12 1.31 R0.93 1.22 1.58 R1.03 1.07 0.61 R1.18 1.36 3.21 R).88 2.36 6.92 0.92 1.00 0.00
14 *5.22 1.26 2.12 +4.57 1.17 1.16 +3.34 1.08 0.52 *6.58 1.07 0.58 +5.37 143 3.09 2.33 1.00 0.00
*2.16 1.07 0.55 2.08 1.00 0.00 1.66 1.00 0.00 -3.00 1.18 0.98 +2.42 1.28 1.23 1.20 1.00 0.00
1.75 1.00 0.00 1.40 1.00 0.00 1.28 1.00 0.00 2.01 1.20 2.16 1.91 1.00 0.00 1.15 1.00 0.00
15 513.99 1.11 0.65 7.61 1.00 0.00 59.49 3.09 8.29 59.25 2.90 7.82 57.82 3.58 7.45 58.05 3.79 8.50
52.93 1.04 0.40 51.74 2.61 8.87 52.56 1.97 6.74 52.53 2.08 3.11 51.87 2.48 10.65 51.64 2.16 6.79
51.79 1.08 0.70 51.26 140 3.03 51.70 1.25 2.77 52.20 1.09 1.02 51.51 1.23 1.74 51.51 1.21 2.09
16 59.45 1.11 0.76 4.95 1.00 0.00 55.79 2.94 7.61 S5.76 2.60 6.06 56.24 2.89 6.62 55.25 3.72 8.67
1.99 1.00 0.00 51.22 238 6.30 51.72 1.73 4.07 51.79 1.75 4.25 51.44 2.08 6.33 51.29 1.58 1.64
1.24 1.00 0.00 50.89 1.39 2.63 51.22 1.19 1.87 51.50 1.15 1.49 51.08 1.31 2.01 51.18 1.16 1.29
17 R2.41 1.35 3.27 52.26 242  4.62 53.65 1.52 2.87 56.60 1.19 1.52 54.88 1.34 2.63 53.18 1.76 1.99
R0.83 1.22 1.57 51.05 1.39 272 51.60 1.11 1.29 2.65 1.00 0.00 51.65 1.14 2.09 51.31 1.10 0.74
R0.75 1.12 1.03 0.89 1.00 0.00 R1.17 1.06 0.58 R1.91 1.09 1.32 1.36 1.00 0.00 1.19 1.00 0.00
18 R14.77 1.48 4.39 R10.56 1.09 0.63 511.33 1.15 1.20 519.48 1.23 2.11 516.57 1.15 1.65 58.34 1.23 1.34
R8.21 2.24 9.27 R5.54 1.28 1.96 57.24 1.02 0.36 511.58 1.03 0.42 R11.07 1.10 1.32 54.48 1.14 0.86
R6.53 1.93 8.37 R4.20 1.24 192 54.88 1.08 0.96 58.37 1.06 0.66 R8.05 1.14 1.66 53.48 1.16 0.71
19 Retention time > Retention time > Retention time > Retention time >
515.59 1.16 0.92 s2218 139 1.71 120min 120min 120min 120min
55.64 1.13 1.02 57.51 1.39 214 510.97 1.30 2.26 515.23 1.32 3.31 510.90 1.48 3.87 56.35 1.42 3.26
4.07 1.00 0.00 55.34 1.21 1.51 56.32 1.18 1.84 58.88 1.12 1.30 57.00 1.17 2.18 54.31 1.22 2.04
20 Retentiontime>120 4579 395 931 1426 254 676 829 383 1475 Retention time > 257 195 3.8
min 120min
13.96 3.25 13.26 12.40 232 7.35 11.96 1.98 8.89 13.49 2.45 10.69 13.85 5.83 19.50 1.33 1.22 2.20
12.74 2.37 10.12 #1.69 1.75 5.20 11.56 1.42 4.40 12.36 1.62 5.73 12.44 3.93 16.41 #1.30 1.13 1.09

N » OW » OFPOITPLOITPLOITP>NOIT L, NI NI

S.N.: serial number of the analytes; M.P. (mobile phase): A: n-hexane/isopropanol (90/10), B: n-hexane/ethanol (90/10), C: n-hexane/ethanol/methanol (90/5/5);
flow rate: 1 ml/min; detection temperature: 25 °C. “+”, “=”, “R”, “S” and “125,3R”, “54R,1S” at the superscript of ki refer to the optical rotation or configuration of
the first-eluted enantiomer.
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Table S2. Chiral separation results of ADMPC and CDMPC.

ADMPC CDMPC
S.N. ka a Rs a a Rs M.P.

1 *0.65 1.51 1.68 *1.03 149 212 A
+0.54 1.87 3.07 +0.70 1.64 262 B

*0.66 1.79 3.79 +0.72 1.64 2.63 C

2 1.19 1.00 0.00 2.09 1.00 0.00 A
*0.68 1.06 0.28 1.34 1.00 0.00 B

0.98 1.00 0.00 1.24 1.00 0.00 C

3 3.99 1.00 0.00 +2.90 1.40 217 A
+2.60 1.08 048 +2.06 1.33 1.93 B

*2.76 1.10 0.85 +1.85 1.34 1.96 C

4 +1.24 1.20 1.37 -1.53 1.30 1.80 A
+1.19 146 294 -1.15 1.21 1.14 B

+1.43 1.79  5.00 -1.09 1.21 1.19 C

5 2.95 1.06 048 *3.74 1.10 0.57 A
1.71 1.00 0.00 1.90 1.00 0.00 B

2.29 1.00 0.00 1.60 1.00 0.00 C

6 2.38 1.00  0.00 2.18 1.00 0.00 A
1.78 1.00 0.00 1.60 1.00 0.00 B

1.73 1.00 0.00 1.67 1.00 0.00 C

7 0.63 1.00 0.00 +0.95 1.12 042 A
0.43 1.00 0.00 *0.65 1.13 0.22 B

0.69 1.00 0.00 +0.57 1.13 0.38 C

8 1.65 1.00 0.00 2.49 1.00 0.00 A
1.46 1.00 0.00 1.37 1.00 0.00 B

1.95 1.00 0.00 1.23 1.00 0.00 C

9 50.89 1.09 049 1.06 1.00 0.00 A
0.75 1.00 0.00 0.75 1.00 0.00 B

0.75 1.00 0.00 0.83 1.00 0.00 C

10 R2.66 142 242 R3.16 1.38 1.96 A
R1.42 1.34 1.89 R1.35 1.26 1.30 B

R1.13 1.28 1.60 R1.34 1.17  0.90 C

11 4R15) 69 236 4.81 297 1.00 0.00 A
4R151 65 1.89 3.73 #IR166 236 4.75 B

4R 151 47 1.61 3.13 41R1 86 2.06 4.36 C

12 57.12 1.07 047 9.77 1.00 0.00 A
54.37 1.09 0.58 5.61 1.00 0.00 B

53.14 1.08 0.57 53.78 1.08 0.51 C

13 51.14 1.22 0.84 R1.62 1.34 1.60 A
50.58 1.12 0.32 R0.83 1.34 1.55 B

0.97 1.00 0.00 R0.73 1.21 047 C

14 +2.42 157 245 5.71 1.00 0.00 A
+1.37 298 6.28 1.75 1.00 0.00 B

*1.72 2.87 698 1.36 1.00 0.00 C

15 R10.01 1.45 1.75 s11.74 120 0.96 A
R1.97 1.28 1.33 52.25 1.12 0.38 B

R2.36 1.21 147 52.50 1.10 0.35 C

16 R6.11 2.09 3.00 R7.61 1.25 0.39 A
R1.32 141 1.60 R1.42 1.28 1.19 B

R1.57 1.21 1.37 R1.05 1.20 0.89 C

17 R5.16 1.70 3.15 R4.52 1.18 1.01 A
R1.22 146 2.04 R1.15 1.12 0.53 B

R1.58 127 145 R1.10 1.16 0.54 C

18 R5.71 1.27 1.46 59.85 1.09 0.96 A
R3.23 1.11 0.77 4.89 1.00 0.00 B

4.10 1.00 0.00 R3.82 1.10 0.45 C

S7 of S9
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Table S2. Cont.

ADMPC CDMPC

S:N. ka a Rs ka a Rs M.P.
19 Retention time>120 min  R17.56 1.28 0.43
R10.37 1.61 257 R6.37 1.25 0.99

R9.62 1.79  3.63 R3.94 1.15 0.54

20 R38562  1.16 0.78 19.21 1.00 0.00
2R354.65 1.18 1.11 2R35947 129 1.81

w3381 1.17 116 R33653 127 1.82
S.N.: serial number of the analytes; M.P.. mobile phase: A: n-hexane/isopropanol (90/10);
B: n-hexane/ethanol (90/10); C: n-hexane/ethanol/methanol (90/5/5). “+”, “~”, “R”, “S”, “4R,1S",
“4S,IR” and “2R,3S)” at the superscript of ki refer to the optical rotation or configuration of the

NP> NP

first-eluted enantiomer. Flow rate: 1 mL/min. Dectetion temperature: 25 °C.
4. Enantioseparation Recovery of CSP 5

Table S3. Enantioseparation of CSP 5 under conditions I and V.

Condition I Condition V
k1 o Rs k1 o Rs
1 0.44 1.00 0.00 0.39 1.00 0.00
0.34 1.37 1.54 0.31 1.28 1.40
0.40 1.23 1.37 0.38 1.23 1.32
2 0.92 1.00 0.00 0.84 1.00 0.00
0.62 1.00 0.00 0.57 1.00 0.00
0.67 1.00 0.00 0.64 1.00 0.00
3 3.38 1.31 3.61 3.03 1.33 3.61
2.26 1.18 2.08 2.06 1.22 2.25
2.02 1.12 1.42 1.93 1.14 1.42
4 1.96 1.29 3.65 1.76 1.26 3.99
1.26 1.27 3.01 1.16 1.29 2.99
1.18 1.15 1.52 1.13 1.16 1.72
5 7.42 1.20 2.80 6.79 1.20 2.78
3.57 1.16 2.25 3.29 1.17 2.25
2.71 1.10 1.35 2.58 1.11 1.49
6 3.13 1.00 0.00 2.96 1.00 0.00
2.19 1.00 0.00 2.13 1.00 0.00
1.75 1.00 0.00 1.86 1.00 0.00
7 0.41 1.00 0.00 0.37 1.00 0.00
0.47 1.00 0.00 0.42 1.00 0.00
0.50 1.00 0.00 0.53 1.00 0.00
8 3.70 1.15 0.51 3.62 1.14 0.54
2.57 1.00 0.00 2.44 1.00 0.00
2.10 1.00 0.00 2.24 1.00 0.00
9 1.71 1.00 0.00 1.68 1.00 0.00
091 1.00 0.00 0.95 1.00 0.00
0.89 1.00 0.00 0.93 1.00 0.00
10 3.73 1.46 2.28 3.21 147 1.56
1.38 1.24 2.20 1.37 1.20 2.14
1.26 1.00 0.00 1.25 1.00 0.00
11 6.10 1.00 0.00 5.36 1.00 0.00
2.63 1.14 1.53 2.30 1.16 1.60
2.02 1.16 1.57 1.92 1.18 1.80
12 3.87 1.71 3.97 2.74 1.89 2.64
1.92 2.16 8.46 1.79 2.20 8.71
1.45 1.61 5.09 151 1.58 4.95

S.N.

<
=

NIPATPANTP>NIFP>AOITP>PNITP>NIPAITP>PNITP>NIP>NANR>NTI P>
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Table S3. Cont.

Condition I Condition V
S.N. k1 @ Rs k1 @ Rs M.P.
13 1.56 1.44 3.37 1.36 1.48 3.54 A
0.93 1.98 9.80 0.87 2.03 8.52 B
0.88 2.36 6.92 0.91 2.37 8.47 C
14 5.37 1.43 3.09 4.66 143 3.27 A
2.42 1.28 1.23 2.38 1.24 2.07 B
1.91 1.00 0.00 1.91 1.00 0.00 C
15 7.82 3.58 7.45 7.09 3.40 9.48 A
1.87 2.48 10.65 1.81 2.49 9.06 B
1.51 1.23 1.74 1.62 1.28 2.92 C
16 6.24 2.89 6.62 5.52 2.69 5.22 A
1.44 2.08 6.33 1.39 2.06 6.75 B
1.08 1.31 2.01 1.14 1.27 247 C
17 4.88 1.34 2.63 4.54 1.26 1.83 A
1.65 1.14 2.09 1.66 1.09 1.16 B
1.36 1.00 0.00 1.39 1.00 0.00 C
18 16.57 1.15 1.65 14.44 1.13 1.53 A
11.07 1.10 1.32 9.56 1.11 1.28 B
8.05 1.14 1.66 7.45 1.17 2.08 C
19  Retention time > 120 min  Retention time > 120 min A
10.90 1.48 3.87 10.19 1.45 3.72 B
7.00 1.17 2.18 6.66 1.13 1.41 C
20 Retention time > 120 min  Retention time > 120 min A
3.85 5.83 19.50 3.54 5.76 19.07 B
2.44 3.93 16.41 2.34 3.86 15.94 C

S9 of S9

S.N.: serial number of the chiral compounds. M.P.: mobile phase: A: n-hexane/isopropanol (90/10);
B: n-hexane/ethanol (90/10); C: n-hexane/ethanol/methanol (90/5/5). Flow rate: 1 mL/min; dectetion
temperature: 25 °C. The conditions of CSP 5: I after CSP 5 had been initially tested for its enantioseparation
capability in n-hexane/isopropanol (90/10), n-hexane/ethanol 90/10, n-hexane/ethanol/methanol
(90/5/5) and then placed aside for one month; V: after CSP 5 had been analyzed in condition IV (see

Table 2) and then was placed aside for two months.



