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Abstract

Chiral stationary phases (CSPs) based on polym&R){ or (S9-1,2-diaminocyclohexane (DACH) derivatives are synthesized. When
bonded to um porous spherical silica gel, the polyans-1,2-cyclohexanediyl-bis acrylamide) based poly-cyclic amine polymer (P-CAP)
stationary phases is proved to be effective chiral stationary phases that could be used in the normal-phase mode, polar organic mode and with
halogenated solvents mobile phases, if desired. Since these are entirely synthetic CSPs, the elution order of all enantiomers can be reverse
between theR,R) P-CAP and §S P-CAP columns. Because of the high loading of chiral selectors, the columns exhibit very high sample
capacities. Thus, P-CAP columns are useful for preparative and semi-preparative enantiomeric separations. The application of these CSPs
and optimization of their separations are discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction capacity. This feature makes them suitable for preparative
purposes.
Enantiomeric separations were thought to be difficult In 1926, Wieland et al. reported the synthesidrahs
or impossible prior to the early 1980s with only a few 1,2-diaminocyclohexane (DACH) for the first tim].
enantiomeric resolutions reportgt-4]. By the late 1990s,  This diamine ha<, symmetry and its enantiomers can be
advances in the field of analytical chiral separations have resolved by recrystallization with+ or L-tartaric acid to give
made the separation of enantiomers practical and evenenantiomerically pure @,2R)- or (1S25)-DACH [10,11] In
routine [1,5]. Over 100 chiral stationary phases (CSPs) industry,trans-1,2-diaminocyclohexane can be obtained as
were commercialized through the 1980s and 19@0s]. a byproduct from purification of 1,6-diaminohexane, which
Based on their structure, chiral selectors can be classi-is a starting material for the manufacture of Nylon 66. Thus,
fied as macrocyclic, polymericp—w association, ligand  enantiomerically pure DACH is commercially available at
exchange, miscellaneous and hybrid C$&)s Generally, relatively low prices. Both the pure enantiomers and deriva-
polymeric CSPs, with the exception of proteins, have a tives of transDACH can serve as powerful stereogenic
high loading of chiral selector on the surface of silica ligands in asymmetric syntheqi$2—16]or as components
gel, thus they have the potential of high sample loading of chiral stationary phases in chiral chromatographic
separation§l 7—26]
* Corresponding author. Tel.: +1 515 294 1394; fax: +1 515 294 0838. Polymeric CSPs have been used extensively for enan-
E-mail addresssec4dwa@iastate.edu (D.W. Armstrong). tiomeric HPLC Separations. Two types of chiral pOlymerS
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are used as CSPs. They can be classified by their origin.2.2. Synthetic procedure

One group consists of naturally occurring polymers (such

as proteins and linear carbohydrates) and their derivatives; The RR) P-CAP and §S) P-CAP columns were pre-
the other is composed of purely synthetic polynies-29] pared as previously reportg8D]. The stationary phases con-
Unlike small molecule chiral selectors, which are usually sisted of the chiral selector were covalently bonded fiorb
bonded on to the surface of silica gel, chiral polymers can porous spherical silica gel. The dimensions of the columns
be bonded or coated on the surface of a silica gel support.are 250 mmx 4.6 mm. The synthetic procedure is summa-
Moreover, chiral polymers can also be crosslinked as a rized below.

monolithic gel. The ability of chiral recognition by small

molecular CSPs depends mainly on the structure of the2.2.1. Preparation of (1R,2R)-cyclohexanediyl-bis

small molecules. However, the mechanism of enantiomeric acrylamide (DACH-ACR)

separation by polymeric CSPs is more complicated than (1R,2R)-Diaminocyclohexane (12.1g, 105.96 mmol)
that by small molecule CSPs because of the secondaryand diisopropylethylamine (36.3ml, 210.18 mmol) were
structure of the polymers which may be critical for chiral dissolved in 160ml mixed anhydrous solvent (chloro-
recognition[7]. Generally, it is easier to increase the loading form:toluene=3:1 (v/v)). Acryloyl chloride (17.3ml,
of polymeric chiral selectors onto the surface of a silica gel 210.18 mmol) was added dropwise into the solution &t 0
supportthanitis for small molecule-based covalently bonded under nitrogen protection with stirring. The reaction was
CSPs. Therefore, synthetic or semi-synthetic polymeric warmed up to room temperature for 2 h. The product was
CSPs may have a greater potential for high sample loadingcollected by filtration, washed with toluene and hexane, and

capacity.
The poly ¢rans1,2-cyclohexanediyl-bis acrylamide)

dried at reduced pressure (0.1 mbar,°2% over night to
obtain 19.08 g white solid (yield: 81.6%).

based stationary phases has been commercialized by Ad- TLC: Merck Kieselgel 60-F254; Eluent: Gi€l,/MeOH

vanced Separation Technologies Inc. (Astec, Whippany, NJ,

USA) with the commercial name of poly-cyclic amine poly-
mer (P-CAP). P-CAP can be prepared from eithd?, 2R)-
DACH or (1S29-DACH and thus RR) P-CAP or §9

P-CAP, respectively. These two chiral selectors are enan-

tiomers. Thus, unlike most naturally occurring polymeric

90/10, R =0.56. Elemental analysis found: C 61.78%; H
8.41%; N 12.81%. Calculated for;6H1gN»0,: C 64.83%;
H 8.16%; N 12.61%H NMR (400 MHz, methanot4): §
8.00 (s, 2H), 6.17-6.15 (m, 4H), 5.60 (dtk6.8 Hz, 5.2 Hz,
2H), 3.80-3.70 (m, 2H), 2.00-1.95 (m, 2H), 1.80-1.70 (m,
2H), 1.40-1.30 (m, 4H)!3C NMR (methanold4): § 166.7,

CSPs such as derivatized linear or branched carbohydrate4.30.8, 125.3, 52.8, 31.9, 24.5.

and proteins, it is easy to obtain opposite selectivity using
these synthetic polymeric chiral selectors.

2. Experimental
2.1. Materials

Porous spherical silica gel (diameter:pi; pore
size: 2004; pore volume: 0.9 ml/g; specific surface area:
213n?/g) was from Akzo Nobel, EKA Chemicals AB,
Sweden. Acryloyl chloride and 1-methoxy-2-methyl-1-
trimethylsyliloxy-1-propene were from Lancaster Synthesis,
Inc, Pelham, NH. 3-Aminopropyltrimehoxysilane was from
SILAR Lab, Scotia, NY. Anhydrous toluene, methylene
chloride and chloroform were from Sigma-Aldrich. 4,4
Azo-bis-4-cyanovaleric acid was from Fluka. Phosphorus
pentachloride RR)- and §9-diaminocyclohexane, and
diisopropylethylamine were from Alfa Aesar, Ward Hill,
MA. Absolute ethanol was obtained from AAPER Alcohol
and Chemical Co., Shelbyville, KY, USA. Acetonitrile,
2-propanol n-heptane, and methylene chloride were HPLC
grade from Fischer, Fairlawn, NJ. Triethylamine, trifluo-

2.2.2. Preparation of dichloride of
4,4-azo-bis-4-cyanovaleric acid

To a suspension of phosphorous pentachloride (115.1g,
552.48 mmol) in 576 ml of anhydrous methylene chloride
is added a suspension of 4ako0-bis-4-cyanovaleric acid
(28.8 g, 138.24 mol) in 900 ml of anhydrous methylene chlo-
ride at—5°C under nitrogen protection with continuous stir-
ring. After 1 h, the reaction mixture was warmed up to room
temperature and kept over night, and then filtered. The pre-
cipitate was dried under reduced pressure (0.1 mbaC25
to obtain 24.8 g of the title compound (yield: 73.7%).

2.2.3. Preparation of 3-aminopropyl silica gel
(3-APSG-200)

To anhydrous slurry of pm silica gel (85.79g) dis-
persed in 850ml of anhydrous toluene is added 3-
aminopropyltrimethoxysilane (42 ml, 180.6 mmol) at room
temperature. The mixture was heated to reflux for 5h and
filtered afterwards. The silica gel was dried at 2Q5over
night to obtain 91.97 g 3-APSG-200 (weight gain: 7.4%). El-
emental analysis found: C 3.22%, H 0.88%, N 0.88%.

roacetic acid and acetic acid were ACS certified grade from 2.2 4. Functionalization of 3-aminopropyl silica gel with

Fisher Scientific. Water was deionized and filtered through
activated charcoal and apin filter. Most analytes used in
this study were from Sigma-Aldrich.

the dichloride of 4,4azo-bis-cyanovaleric acid
To anhydrous slurry of 3-APSG-200 (88.5g) dis-
persed in 742ml anhydrous toluene is added a solution
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of  1-methoxy-2-methyl-1-(trimethylsyliloxy)-1-propene
(MMTP) (14.8ml, 72.52mmol) at—-5°C, followed

by adding the solution of dichloride of 4;4zo-bis-4-
cyanovaleric acid (9.98 g, 36.24 mmol) in 297 ml anhydrous
toluene under nitrogen protection with mechanical stirring.
The mixture was warmed up to room temperature®@pfor

5 h. The modified silica gel was filtered, and dried at reduced
pressure (0.1 mbar, 2&) to obtain 95.9g functionalized
silica gel (3-APSG-AZ0-200). The percentage of weight
gain was 8.4%. Elemental analysis found: C 7.00%, H
1.10%, N 2.26%.

2.2.5. Preparation of (R,R) P-CAP

To a solution of (R,2R)-DACH-ACR (14.0g) in 1380 ml
anhydrous, degassed chloroform, is added 3-APSG-AZO-
200 (82.4g) under nitrogen protection. The mixture was
heated at 61C for 5 h and then heated to reflux for 1 h. Af-
ter cooling down to room temperature, the reaction mixture

was filtered, washed with methanol and acetone, and dried

under vacuum (0.1 mbar, 6C) for 4 h to obtain 91.5 X R)
P-CAP bonded silica gel (weight gain: 11.1%). Elemental
analysis found: C 12.83%, H 1.98%, N 2.69%.

2.3. Equipment
Chromatographic separations were carried out using an

HP 1050 HPLC system with a UV VWD detector, an auto
sampler, and computer-controlled HP ChemStation for LC

data processing software. The mobile phases were degasse

by purging compressed pure helium gas for 10 min. UV de-
tection was carried out at 210, 254 or 264 nm for most of the
probe compounds. All separations were carried out at room
temperature{23°C).

2.4. Column evaluation

The performance ofRR) P-CAP and §S) P-CAP was
evaluated in the normal-phase mode usifgeptane/ethanol,
n-heptane/2-propanol and methylene chloride/methanol mo-
bile phases; in polar organic phase mode using acetoni-
trile/methanol mobile phase.

2.5. Calculations

The chiral separation ability of CSPs can be quantitatively
evaluated by retention factork’), selectivity factor ¢), and
resolution factor Rs). Those parameters are defined as fol-
lows:

_ (1 —10)

’
= 1
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in which,t; andt; are the retention times of enantiomegds
the dead time and was estimated by using the peak resulting
from the change in refractive index from the injection solvent
on columnsW; andW, are the peak widths. To evaluate the
efficiency of separation, the number of theoretical platés (
is also used

v su(l)

wheretg is the retention time of the peak aldis the peak
width.

(®)

3. Results and discussion
3.1. The structure of P-CAP chiral selectors

Gasparrini and co-workergl9,20,31] used trans-1,2-
cyclohexanediamine acrylamide as monomer to synthesize
poly-DACH-ACR, which forms a crosslinked structure. In
synthesizing the related P-CAP chiral stationary phase, the
free radical initiator was immobilized on the surface of silica
gel before the free radical polymerization process was carried
out[30,32] Therefore, P-CAP is basically a linear brush-type
olymer with the DACH-ACR units as the branches. The ide-
lized structure ofR R) P-CAP CSP is shown iRig. 1. The
structure of §S) P-CAP CSP has the opposite configuration
of each stereogenic center of the cyclohexyl units RiRY
P-CAP.

3.2. Column performance

A total of 62 chiral compounds were separated on the P-
CAP CSPs in the normal-phase mode (using two different
solvent systems: traditional normal phase and a halogenated
solvent mobile phase) and the polar organic mode combined.
The majority of compounds were separated in the traditional
normal-phase mode (heptane/ethan®gble 1shows the
chromatographic data for 43 racemic compounds separated
in the traditional normal-phase mode. Of these compounds,
23 were not separated in the polar organic mode. Sixteen out
of 43 compounds were baseline separated.

Table 2lists the enantioseparation data obtained for the
polar organic mobile phase mode (34 compounds). The polar-
organic mode is somewhat analogue to the normal-phase
mode. The difference of mobile phase composition is the nor-
mal phase containsheptane while the polar-organic phase
does not. Instead, the polar-organic phase has acetonitrile as
its main solvent. There are 16 compounds separated in the
polar organic mode only, but not in the normal phase modes.
Twelve baseline separations were achieved in polar organic
phase mode.
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NH NH NH
Fig. 1. The structure ofR R) P-CAP chiral stationary phase.

Table 3shows the enantioseparation data in the normal-
phase mode with a halogenated solvent (methylene chloride)
and other mobile phases (10 compounds). Methanol was used
as a modifier for these separations. All 10 compounds sep-
arated using a methylene chloride-based mobile phase can
also be separated in either the normal-phase mode (eight
compounds) or polar organic mode (five compounds). Three
compounds were enantioseparated in all three solvent sys-
tems (i.e. the traditional normal-phase mode, polar organic .
mode, and the normal-phase mode with halogenated solvent).
One baseline enantiomeric resolution of 4hE2-naphthol
was achieved using a neat acetone mobile phase.

Because of the covalent linkage between the polymeric
chiral selector and their solid support (B porous silica

gel), no degradation in column performance was observed 0 10 20 30 40 50 60 70 8 90 100
even after more than 1000 injections in each mobile phase Percentage by volume of heptane in ethanol
mode. (A)

1,1’-Bi-2-naphthol

3.2.1. Retention behavior

Typical normal-phase retentiok’) behavior of two an-
alytes (A) 1,1-bi-2-naphthol and (B) fipronil is shown in
Fig. 2 The diagrams show that the first and second eluted
enantiomers of each analyte plotted as a function of mobile -
phase composition with different ratios of ethanol and
heptane. In both cases, the retention and selectivity are great-
est when using ethanol/heptane 10/90 (v/v) as the mobile

phase.

No data were available at 100%6heptane because the 0 oA - o
elution times are extremely long. As can be seen, retention 0 10 20 30 40 50 60 70 80 90 100
decreases with increasing the concentration of ethanol. Re- Percentage by volume of heptane in ethanol
tention of all analytes tends to be minimal at ethanol con- (B) Fipronil

centration of>50% (by volume). However, it is interesting
that even at 100% ethanol. the P-CAP column still gives an Fig. 2. Normal-phase retention behavior of the first and second eluted enan-

. L. . tiomers of (A) 1,1-bi-2-naphthol, and (B) fipronil as a function of mobile
enantioselectivityd) of 1.23 and resolutiorR) of 1.15 for phase composition. The mobile phases consisted of various ratios of ethanol

1,1’-_bi-2-napht_ho|. _ _ and heptane. The column was a 250 mr.6 mm (i.d.) R R) P-CAP CSP
Fig. 3contains plots for the retention factiy of the first (5um silica gel support). Flow rate: 1.0 ml/min at ambient temperature

eluted enantiomer, selectivity facter and resolutiorRs of (~23°C). Detection: UV at 254 nm.
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Table 1
Chromatographic data for the traditional normal-phase resolution of racemic compourRIRjdR-CAP column

59

No. Compounds Structure k3 A a Rs  Mobile phasé
OH
1 Hydrobenzoin 343 397 116 1.91 Heptane/IPA/TFA 80/20/0.1
2 Warfarin 1121 1265 1.13 1.58 Heptane/IPA/TFA 90/10/0.1
3  1,7-bi-2-Naphthol 249 336 1.35 2.84 Heptane/EtOH/TFA 50/50/0.1
4 di-6,8-Methoxy-bi-2-naphthol OO oH 269 341 127 2.7 EtOH/Heptane 50/50
pes
]
HQ P
5 Dioxibrassinin N 7.67 881 115 1.4 EtOH/Heptane 30/70 (v/v)
H
o}
N
H
6 Indapamide T ¢ 732 774 1.06 0.60 Heptane/EtOH/TFA 60/40/0.1
HN
s/o
° o/ \NHZ
0
OH
7 3-(a-Acetonyl-4-chlorobenzyl)-4- 406 476 1.17 1.63 Heptane/IPA 80/20
hydroxy coumarin N
o o Cl
NO,
o
8  N-3,5-dinitrobenzoylpL-leucine HN 765 832 1.09 0.79 Heptane/EtOH/TFA
)\)\n/ 90/10/0.1 2 ml/min
OH NO,
o
I A
HN—S. \s/<
9 Bendroflumethiazide ﬂﬁ/‘\ 1453 1634 1.12 0.80 Heptane/IPA/TFA 50/50/0.1
FaC
(o}
10  N,N-bis(@-Methyl benzyl)sulfamide NH_!_NH 1231 1350 1.10 0.90 Heptane/IPA/TFA 80/20/0.1
I
[0}
\\\CHZOH
11 613 1.12 1.21 Heptane/lPA 80/20

0
2,30-Benzylidenes-threitol @__< 5.49
o

'CH,OH
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No.  Compounds Structure k3 ks o Rs Mobile phasé
o
(o]
12 a-Carbethoxyy-phenyl-y- 2 273 306 112 10 Heptane/IPA 80/20
butyrolactone
13 Chlorthalidone 1021 1257 1.23 1.61 Heptane/EtOH/TFA 80/20/0.1
14 1,5-Dihydroxy-1,2,3,4-tetrahydro 6.78 722 1.06 0.81 Heptane/lPA 80/20
naphthalene
OH
15 pL-3,4-Dihydroxyphenyk- o 3.84 459 120 1.64 Heptane/EtOH/TFA 50/50/0.1
propylacetamide o
NH, OH
Ph
16 4-(Diphenylmethyl)-2-oxazolidinone Ph/%NH 857 931 1.09 0.82 Heptane/IPA 80/20
O)§o
17 1,1-bi-(2-naphthylamine) e 5.80 595 1.03 0.7 Heptane/IPA 80/20
l I NH,
s
18 cis-4,5-Diphenyl-2-oxazolidinone >=o 1264 1372 1.09 1.22 Heptane/IPA/TFA 90/10/0.1
-
19 5-Ethyl-5,6-dihydro-3,8-dinitro-6- N 5.43 575 1.06 1.05 Heptane/EtOH/TFA 80/20/0.1
phenyl-6-phenanthridinol
> O O "
F
20 5-Fluoro-1-(tetrahydro-2- N o 5.04 539 1.07 0.65 Heptane/EtOH/TFA
furfuryl)uracil 90/10/0.1 2 ml/min
o NH
o]
o]
21 pL-3-(4-Hydroxyphenyl)lactic acid o i 457 576 1.26 154 Heptane/IPA/TFA 60/40/0.1
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No.  Compounds Structure ky kb o Rs Mobile phasé
OH
22 Mandelamide e 962 1153 1.20 1.50 Heptane/IPA/TFA 80/20/0.1
o
o}
NH
23 5-Methyl-5-phenyl hydantoin % 8.33 906 1.09 0.9 Heptane/IPA 80/20
0
NH
CH3
24 cis-4-Methyl-5-phenyl-2- 1032 1137 1.10 1.52 Heptane/IPA/TFA 80/20/0.1
oxazolidinone
25 N-(a-Methylbenzyl)-phthalamic acid 3.98 419 1.05 0.72 Heptane/EtOH/TFA 80/20/0.1
26 Methyl mandelate O\CH 1.93 247 113 1.2 Heptane/IPA 80/20
3
OH o
27 Benzyl mandelate (';('l_OCHz@ 207 221 107 10  EtOH/Heptane 10/90
H
28 Mandelic acid QE_COOH 204 219 107 10 EtOH/Meptane 10/90
0
29 pL-3-Phenyllactic acid OH 1.64 201 1.23 1.28 Heptane/EtOH/TFA 60/40/0.1
OH
OH
30 1-Phenyl-1,2-ethane diol 4.68 525 1.12 1.60 Heptane/IPA 80/20
CH,0H
31 v-Phenyly-butyrolactone 2.82 300 1.06 0.92 Heptane/lPA 80/20
o 0
(o]
32 Phenylsuccinic anhydride o 2.68 305 1.14 145 Heptane/EtOH/TFA 70/30/0.1
[e]
NH 0
33 (3aR 9-cis)-3,3a,8,8a-Tetrahydro- T/ 7.77 936 1.20 1.66 Heptane/IPA/TFA 80/20/0.1
2H-indeno[1,2-d]oxazol-2-one 0
c CFa
NH;
34 Fipronil e s iQ/ 4.11 613 1.49 3.73 Heptane/lPA/TFA 20/80/0.1
FiC IN
=N cl
35 trans-1,2-cyclohexanediyl- NHR 0.78 102 131 27 EtOH/Heptane 10/90

bisacrylamide (DACH-ACR)
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Table 1 Continued
No.  Compounds Structure ky ks o Rs Mobile phasé

36 trans-1-(2-Amino-cyclohexyl)-3- NHz 1.97 211 1.07 0.65 EtOH/Heptane/TFA 10/90/0.1
(3,5-bis-trifluoromethyl-phenyl)-urea C( )‘L
NH NH CFa
H
H

37 trans(1,2)-Diaminocyclohexyl di(4-
vinyl) benzoylamide

0.30 050 1.68 1.25 EtOH/Heptane 50/50

38 Lorazepam cl =N 3.48 526 151 4.2 EtOH/Heptane 50/50 (v/v)

N 331 503 152 43 EtOH/Heptane 50/50

A\
40 4-Chlorophenyl methyl sulfoxide >SOCI 3.81 409 1.07 0.78 Heptane/IPA/TFA 90/10/0.1
41 Methyl 4-trifluoromethylphenyl \S CFs 3.30 358 1.08 0.92 Heptane/IPA/TFA 90/10/0.1
sulfoxide /

o
A\

42 4-Fluorophenyl methyl sulfoxide >SOF 431 454 1.05 0.65 Heptane/IPA/TFA 90/10/0.1
o}

43 4-Bromophenyl methyl sulfoxide \\SO& 3.83 413 1.08 0.88 Heptane/IPA/TFA 90/10/0.1

(RR) P-CAP was bonded tojom silica gel and the stationary phase was packed in a 256 mm (i.d.) stainless steel column.
a All samples were analyzed under the chromatographic condition: a UV detector at 254 nm, flow rate 1 ml/min, unless otherwise noted. All mobile phase
ratios were volume to volume. IPA: 2-propanol. TFA: trifluoroacetic acid.

39 Oxazepam

1,1-bi-2-naphthol as a function of polar organic mode mobile sharpen the peakBig. 4 shows the enantiomeric separation
phase composition. The resolutid) curve has aminimum  of (RR)- and §9)-hydrobenzoin on theR,R) P-CAP col-

at a mobile phase composition of acetonitrile/methanol 30/70 umn with different composition of normal-phase solvents.
(v/v). The maximum of retention factdf, of the firsteluted ~ The best separation (Chromatogram A) was achieved when
enantiomer, selectivity facter, and resolutiorRs are all at heptane/2-propanol/TFA 80/20/0.1 was used as the mobile

100% acetonitrile. phase. Without the TFA additive (Chromatogram B), only
a partial separation can be achieved and the peaks become
3.2.2. Effects of mobile phase additives broader.

Additives to the mobile phase can usually improve chro-  Three probe molecules, including chlorthalidone, sulin-
matographic efficiency. Trifluoroacetic acid (TFA) isthe most  dac, and £)-2,3-dibenzoylpL-tartaric acid, were chosen to
effective additive in both the normal-phase mode and the po- investigate the influence of acid additives in polar organic
lar organic mode. Ammonium acetate sometimes can also bemode. The results are summarizedTable 4 Chlorthali-
used in the polar organic mode as an additive. These addi-done (Ka=9.4) is a weak base. The acid additives, acetic
tives usually shorten the retention time, decrease tailing andacid and TFA, have almost no influence on separation
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Table 2
Chromatographic data for the polar organic mode resolution of racemic compourg§)da-CAP column orR,R) P-CAP column
No Compounds Structure ki K, o« Rs Mobile phasé
Ph
1 4-Methoxy-2-phenyl-4,5,6,7- 1.0 117 117 1.22 C{CN/CHzOH/TFA
tetrahydro-benzofuran- S —COH 99/1/0.1
3-carboxylic acid
OMe
O
ch—s/
2 Sulindac O 403 462 115 1.85 C4CN/CH3;OH/TFA
/ 99/1/0.1
Cl—
.
COOH
HO 0
3 Benzoin 0.43 056 1.30 1.18 C+CN/CH3OH/NH4OAC
O O 99/1/10 mM (v/v/C)
4 pL-B-Phenyllactic acid ©_>7 3.99 434 1.09 0.93 CHCN/CH3OH/TFA
COH
95/5/0.1
HO
. 1.47 197 1.34 3.80 ACN/MeOH/NIDACP
5 (4)-1,1-bi-2-Naphthol ‘O N 0575/ 10 M (VAIC)
HO. l I
1.86 254 136 3.43 C4CN/CH;OH/TFAP
95/5/0.1
H
Cl N
/\/
6 Althiazide ;@i\(\s Z 479 5.28 1.10 0.50 CHCN/CH3OH/NH4OAC
Os¢ o 95/5/10 mM (v/v/C)
HNTII 7\
le) O O
[e] OMe
7 Benzoin methyl ether 043 0.61 142 1.03 CiCN
8  (+)N,N-bis-(a- C%‘L’ 0.70 093 1.33 1.02 C4CN
Methylbenzyl) sulfamide Y ol
H Yo
f 0
HZN—! \\s/
9 Bendroflumethiazide |] Swn 439 486 1.11 0.51 C4CN/CH3;OH/NH40AC
o )\ O 95/5/10 MM (v/v/C)
FsC N CH,
H
Et
10 3-(4-Chlorophenyl)-2-ethyl- S>\ 234 259 111 0.94 C4CN/HOAC/TEAA
2,3,5,6-tetrahydroimidazol NN 100/0.25/0.05
[2,1-b]-thiazol-3-ol om\__J
Cr
cl
b
O
NH,
11 Chlorthalidone HO, 5,02 692 138 25 CECN/CHzOH/TFA
90/10/0.1



64

Table 2 Continued

Q. Zhong et al. / J. Chromatogr. A 1066 (2005) 55-70

No Compounds Structure ky kS o Rs Mobile phasé
OH
12 p-Chloromandelic acid al 7.06 8.08 1.14 1.65 CHCN/CH3OH/TFA
OH 99/1/0.1
o
OH
. L
13 7-(2,3-Dihydroxypropyl) CHsn N OH 2.23 2.44 1.09 0.72 CHCN/HOAC/TEAA
theophylline A | » 100/0.25/0.05
07N N
CHs
Ph
14 ()-4-(Diphenylmethyl)-2- Ph NI 0.61 0.74 121 1.06 CHCN/CH3OH/NH40AC
oxazolidinone >§ 99/1/10 mM (v/vIC)
O o
0 O
15 ()-2,3-Dibenzoylpr.- o (}_@ 9.26 10.15 1.10 0.94 C4EN/CH;OH/TFA
tartaric acid : 0 0 95/5/0.1
(&) OH
0,
16 pL-p-Hydroxymandelic acid OH 9.40 10.43 1.11 0.95 GICN/CHsOH/TFA
HO 95/5/0.1
OH
17 pr-3-(4-hydroxyphenyl)lactic "/ 324 356 1.10 1.05 CHCN/CH;OHITFA
acid hydrate HOOJ_/(OH 90/10/0.1
< HO
O/Y\()H
18 3-[2-Methylphenoxy]-1,2- CHs OH 1.48 1.56 1.05 0.50 CHCN/HOAC/TEAA
propanediol 100/0.25/0.05
OH
19 pL-Mandelic acid % 5.30 5.90 1.11 1.29 C4CN/CHz;OH/TFA
o 99/1/0.1
o
OH
20 pL-Mandelamide <j>_3,NH2 1.96 2.24 1.14 1.00 C4#CN/CH3;OH/TFA
0 99/1/0.1
21 (#)-N-(a-Methylbenzyl) :\< N P 2 on 2.80 3.22 1.15 0.88 CYCN/CHsOH/TFA
phthalic acid monoamide nd H 99/1/0.1
22 (&)-Phenylsuccinic anhydride 2.42 2.90 1.20 2.62 CHCN/CH30H/TFA
90/10/0.1
O o) o
0
23 3a,4,5,6-Tetrahydro- R NH 1.28 1.47 1.15 0.37 C4#CN/HOAC/TEAA
succinimido[3,4-b] \ 100/0.25/0.05
acenaphthen-10-one 0
o)
L OH
24 pL-Tropic acid @_& 4.87 5.71 1.17 1.90 CHYCN/CHsOH/TFA
ol 99/1/0.1
NH 0
25 (3aR Ycis)-(+)-3,3a,8,8a- \]/ 0.64 0.79 1.22 1.03 CHCN/HOAC/TEAA
Tetrahydro-2H-indeno[1,2- o] 100/0.25/0.05
d]-oxazol-2-one
HO
OH
26 (&)-1-Phenyl-1,2-ethanediol 1.35 1.45 1.07 0.56 C4#CN/HOAC/TEAA

100/0.25/0.05
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Table 2 Continued
No  Compounds Structure ky K o Rs Mobile phasé

HO_ _CF;

058 0.62 1.07 0.35 CECN/HOAC/TEAA
100/0.25/0.05

27 (£)-2,2,2-Trifluoro-1-(9-
anthryl) ethanol

28 1,1-Binaphthyl-2,2-diyl-H 200 235 117 14 ACN/MeOH/NYDAC”
phosphate 70/30/20 mM (v/vIC)
0
29 Diacetyl cysteine ﬁ 261 339 130 15 ACN/MeOH/NHDAC?
RS OH R=—CCHs 80/20/0.1 (viviw)

NBHR
185 254 137 35 ACN/MeOH/TRA

30 FMOC-phenylalanine 95/5/0.1 (vIviv)

CH
NHR R = FMOC

117 143 122 21 ACN/MeOH/N}DAC
70/30/20 mM (v/vIC)

NHR
31  2-Hydroxy-3-(Boc-amino)-3- *tBx o552 363 144 24 ACN/MeOH/THA
phenylpropionic acid - 95/5/0.1 (viviv)
H
N
H
R

A

32 Lorazepam 086 153 1.80 5.8 ACN/MeOH/NYDAC”

z

jo]
Cl

(0]

70/30/20 mM (v/v/C)

N

Cl
33 Oxazepam Q P 0.85 142 166 5.4 ACN/MeOH/NFDAC?
70/30/20 mM (v/vIC)
Cl

34  Diaminocyclohexane acry- NHR 0.30 070 234 40 ACN/MeQH70/30
lamide (DACH-ACR -
( ) C[ -/ﬁ\/
NHR

(S9 P-CAP and R R) P-CAP were bonded tojom silica gel and the stationary phase was packed in a 25&mri mm (i.d.) stainless steel column. All data
shown were run onS) P-CAP column unless otherwise noted.

a All samples were analyzed under the chromatographic condition: a UV detector at 254 nm, flow rate I ml/min, unless otherwise noted. All mobile phase
ratios were volume to volume. TEAA: triethylammonium acetate. TFA: trifluoroacetic acid. ACN: acetonitrile.

b On RR) P-CAP column.

R
OH
OH
OH

et

factor a, and a minor influence on the resolutioRs). analytes. With the mobile phase of @EN/CH3;OH =95/5,
Under the same solvent system with the same volume it can only be eluted with the addition of 0.1% trifluoroacetic
ratio of acid additives, TFA increases tli& more than acid. The acid additives protonate acidic analytes as well
acetic acid does. SulindacKp=4.7) has one carboxylic as any residual amine groups on the stationary phase (e.g.
acid group. It could not be eluted with a mobile phase from the 3-aminopropylsilanized silica gel). This minimizes
of CH3CN/CH3OH=95/5, without acid additives. The a source of strong non-enantioselective association between
compound 4£)-2,3-dibenzoylpr-tartaric acid has two  acidic analytes and the CSP. The additives therefore improve
carboxylic acid groups. It is the strongest acid among three the mass transfer and thus improve the efficiency. Compared
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Table 3
Chromatographic data for the normal-phase mode with halogenated solvent and other mobile phases resolution of racemic conipBURES AR ¢olumn

No. Compounds Structure kj A a Rs Mobile phas@

1 1,1-bi-2-Naphthol OO 0.95 1.65 1.74 3.40 Acetone

1.47 2.39 1.63 3.85 C¥Cla/MeOH 95/5

[ ‘
2 Hydrobenzoin O 294 341 116 148 C¥Clo,/MeOH 99/1
OH

3 Indapamide | 4.19 4.33 1.03 0.49 CiCl/MeOH 95/5
HN
e
° o/ \NH2
(0]
OH
4 3-(«-Acetonyl-4- 0.77 0.83 1.08 0.68 CiCl/MeOH 95/5
chlorobenzyl)-4-hydroxy X
coumarin
o o Cl
OH
5 1,5-Dihydroxy-1,2,3,4- 7.03 8.17 1.16 1.84 CiClo/MeOH/TFA
tetrahydro-naphthalene 98/2/0.1
8 OH
o/w/\on-l
6 Mephenesin HaC OH 3.85 4.15 1.08 0.67 C¥Clo/MeOH/TFA
98/2/0.1
0
7 Mandelamide 3.60 4.15 1.15 1.93 CiClo/MeOH 95/5
NH,
3 OH
NH
e \A\
8 5-Methyl-5-phenylhydantoin NH © 5.70 5.91 1.04 0.74 CiCl/MeOH 95/5
Q o}
9 3a,4,5,6- N 500 527 106 046 CHCIo/MeOH 99/1
Tetrahydrosuccinimido[3,4-b]
acenaphthen-10-one o
. NH 0
10 (3aR,g-cis)-3,3a,8,8a- \]/ 4.18 4.73 1.13 1.45 CiCl/MeOH  99/1
Tetrahydro-2H-indeno[1,2- (VvIv)

d]oxazol-2-one

(R,R) P-CAP was bonded tojom silica gel and the stationary phase was packed in a 256mré mm (i.d.) stainless steel column.
a All samples were analyzed under the chromatographic condition: a UV detector at 254 nm, flow rate 1 ml/min, unless otherwise noted. All mobile phase
ratios were volume to volume. TEAA: triethylammonium acetate.
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2.5
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S
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=3 o—— 0 —0—qg_ g ————=0 "./' (A) ﬁ
10 " T T r T T T r r T \
. / 0 2 4 6 8 10 12 14 16 18 20
0.5 ‘ e Retention Time / min
ey o————n —-——.-“".
0.0 Fig. 4. Resolution ofR R)- and §9)-hydrobenzoin onR,R) P-CAP in the
; . ” . i , ’ . ; Y . . normal phase: (A) heptane/2-propanol/trifluoroacetic acid 80/20/0.1 (v/v/v);
0 20 40 60 80 100 (B) heptane/2-propanol 80/20 (v/v); (C) heptane/EtOH/trifluoroacetic acid
Percentage of CHsCN (%) 80/20/0.1 (v/viv). (D) heptane/EtOH/trifluoroacetic acid 90/10/0.1 (v/vIv).

Flow rate: 1.0 ml/min; UV detection at 254 nifiz=23°C.

Fig. 3. Polar organic phase retention fadtpof the first eluted enantiomer,

selectivity factor a, and resolutid®; of 1,1-bi-2-naphthol as a function of In Fig. 4, 2-propanol is used as normal-phase modifier for

mobile phase composition. The mobile phases consisted of various ratios °fChromatogram A. While for Chromatogram C, ethanol

methanol and acetonitrile. The column was a 250 rh6 mm (i.d.) §S) . . . .

P-CAP CSP (fum silica gel support). Flow rate: 1.0 ml/min at ambient IS u_sed |ns.ter.:1d of 2_'pr9pa”°'- A b,aselme separation was

temperature{23°C). Detection: UV at 254 nm. achieved within 15 min with the mobile phase of heptane/2-
propanol/TFA 80/20/0.1. But for ethanol, with the same
mobile phase ratio (heptane/ethanol/TFA 80/20/0.1), only

to acetic acid, TFA is a stronger acid and produces better 3 partial separatiorR; 0.8) was achieved. When decreasing

separations. the ratio of ethanol to 10% (Chromatogram D Hig. 4,
mobile phase: Heptane/ethanol/TFA 90/10/0.1), the retention
3.2.3. Normal-phase modifier time is comparable to that of Chromatogram A, but the

The choice of organic modifier in the normal-phase separation still was not baseline even with a longer retention
mode (i.e. ethanol, 2-propanol, etc. mheptane) affects time. In both cases, a TFA additive was used. Separations of
the efficiency, retention, and the resolution of enantiomers. some other compounds in the normal-phase mode, such as

Table 4
Effect of acid additives on selectivity and resolution for the polar organic mode enantiomeric separati§Ss BrOAP column
Name Structure ky o Rs Mobile phase
oy 5.00 1.38 2.0 CHCN/CHzOH =90/10
Chlorthalidone é’\;o 5.11 1.37 2.1 CHCN/CH;OH/HOAC =90/10/0.1
NH, 5.02 1.38 2.5 CHCN/CH;OH/TFA =90/10/0.1

c_s//o No elution CH,CN/CH;OH = 95/5
Sulindac e 2.33 1.11 1.0 CHCN/CH;OH/HOAC = 95/5/0.1
O 2.16 1.12 1.0 CHCN/CH;OH/TFA = 95/5/0.1

i
Jons

COOH

0 0 No elution CHCN/CH;OH =95/5
(£)-2,3-Dibenzoylbi-tartaric acid HO No elution CHCN/CHzOH/HOAC =95/5/0.1
le] 9.26 1.10 0.94 CBCN/CH;OH/TFA =95/5/0.1
O o)
(6] OH

The sample was analyzed with a UV detector at 254 nm. Flow rate: 1 ml/min. Ambient tempere2GreC)).
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Table 5
Effect of flow rate on selectivity and resolution for the normal-phase enantiomeric separations of fipréthR)oR-CAP column
Compound Flow rate (ml/min) k3 A Selectivity () Resolution Rs)
NHCI CFy 0.5 2.35 2.87 1.22 171

: 1.0 2.30 2.80 1.22 1.57
FC N N 15 2.27 2.76 1.22 1.46

K 2.0 2.24 2.73 122 1.40

— Cl

N

The mobile used to enantioseparate fipronil consisted of heptane/ethanol/TFA 80/20/0.1. The sample was analyzed with a UV detector at 254 nm.

Table 6
Efficiency comparison of enantioseparation of bit2-naphthol in the traditional normal-phase mode, polar organic mode and the normal-phase mode with
halogenated solvent system d?dRR) P-CAP column

Mobile phase EnantioselectivityY  Enantioresolutions)  Number of theoretical plat2¢N)
The traditional normal-phase mode (heptane/EtOH/TFA 30/70/0.1)  1.32 1.86 1704

Polar organic mode (acetonitrile/MeOH/TFA 95/5/0.1) 1.36 3.43 3552

The normal-phase with halogenated solvent system 1.54 4.03 6042

(methylene chloride/MeOH 95/5).

The sample was analyzed at the flow rate of 1 ml/min, with a UV detector at 254 nm under room temper2Bire)(
@ Theoretical platesN) are based on the second eluted enantiomer.

fipronil, produced the same general trend. For these chiral3.2.6. Sample loading capacity
stationary phases, 2-propanol was a better normal mobile P-CAP columns are polymeric CSPs. The high loading of

phase modifier than ethanol. the chiral selector on the silica gel provides the potential of
having a high sample loading capackig. 5shows the chro-
3.2.4. Effect of mobile phase flow rate matogram of the separation of 2-{di-2-naphthol when 1 and

The effect of mobile phase flow rate on enantiomeric 1000ug racemic sample was injected sequentially. As can be
selectivity and resolution in the normal-phase mode also Seen, the resolution is still nearly 1.5 even with a thousand
was evaluatedTable 5shows the chromatographic data of times greater sample load on an analytical column. Clearly,
the normal-phase enantiomeric separations of fipronil on
the RR) P-CAP column at flow rates of 0.5, 1.0, 1.5 and
2.0 ml/min. As can be seen, flow rate has little or no effect on
enantioselectivity, while resolution is affected. The resolution
is improved from 1.40 to 1.71 if the flow rate is decreased
from 2.0 to 0.5ml/min. This is because of the mass trans-
fer in the stationary phase affects efficiency at higher flow
rates[33]. This is a common phenomenon for other CSPs.

For high throughput screening, one can use higher flow rates ® \ A
like 2.0 ml/min, and still gets reasonable resolution.

9.416

11.593

8.506

10.065

3.2.5. Column efficiency in different mobile phase modes

The normal-phase mode with two different solvent sys-
tems (heptane/IPA and methylene chloride/methanol) and
the polar organic mode can be used on P-CAP columns.
Table 6shows the chromatographic data for the enantiomeric (a)
separation of 1/1bi-2-naphthol in different mobile phases. ; : : . , :
As can be seen iffable  the halogenated mobile phase ° 2 4 6 8 10 12 14 min
gives the highest efficiency (greateét The polar organic Retention Time /min
mode produces intermediate efficiency and the traditional rig. 5. sample loading capacity test for the separation 6fi;2-naphthol
normal-phase separations are the least efficient among thre@n (RR) P-CAP column. Sample loading (A) 100@; (B) 1ug. RR) P-
mobile phase systems. However, as noted previously (seeCAP was bonded tom silica gel and the stationary phase was packed ina
Tables 1 and 2 far more compounds are separated with a 250 mmx 4.6 mm (i.d.) stainless steel column. Mobile phase: EtOH/heptane

. . . 50/50; flow rate: I ml/min; detection: UV at 254 nm; temperatur@3°C.
heptane/IPA mobile phase than with a methylene chloride- This figure is reproduced with permission of Astec, Whippany, NJ, USA.

based mobile phase. (http://www.astecusa.coin/
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1
M
1
2
(A ﬂ
8 10 12 14 16 18 20

Retention Time/min

Fig. 6. Reversal of elution order on (ARR) P-CAP and (B) §S P-CAP
columns under the normal phase. Peak RiR)-hydrobenzoin and Peak 2
is (S9)-hydrobenzoin with the mole ratio dR(R):(S,S) = 2:1. Mobile phase:
heptane/2-propanol/TFA 80/20/0.1 (v/v/v); flow rate: I ml/min; UV detection

at 254 nm;T=23°C.

arable enantiomers will be inverted on these two columns.
Fig. 6 shows the inversion of elution order oR,R) P-CAP
column and the$S) P-CAP column under normal phase
conditions. TheR R)- and §9-hydrobenzoin were chosen
as example probe molecules. In order to identify the enan-
tiomeric peaks of the probe molecules easily, the analyte sam-
ple containing R R)- and §S)-hydrobenzoin was prepared
in the mole ratio of 2 to 1, respectiveljig. 6also shows that
(RR) P-CAP CSP retaind}R)-hydrobenzoin longer than its
(S§9-enantiomer, and of course, tHg%) P-CAP CSP retains
(S9-hydrobenzoin to a greater extent.

Interestingly, the RR)- and §S) P-CAP columns can
also separate their mixed monomers DACH-ACR very well.
Fig. 7shows the chromatographic separation of DACH-ACR
on both RR)- and §9) P-CAP column. As can be seen from
Fig. 8, the RR) P-CAP column retainsSS)-DACH-ACR
more and the$S) P-CAP column favorsR,R)-DACH-ACR.

the P-CAP CSPs are suitable for large-scale enantiomeric3.4. Interactions for chiral recognition

separations.

3.3. Reversal of elution order

The totally synthetic chiral selectors of the R) P-CAP
column and the§S) P-CAP column have the opposite ab-

The P-CAP columns do not contain any aromatic moi-
eties. Thereforeg—m interactions are notimportant with this
CSP. Instead, the P-CAP CSPs have large numbers of amide
linkages, which provide hydrogen bonding and dipolar inter-
actions between these CSPs and chiral analytes. An examina-

solute configuration. Therefore, the elution order of all sep- tion of the compounds listed ifables 1-3eveals a common

4.826 4.283
4.285
(R,Q‘ (S,8) RR)
0 I2 Ie 0 2 4 6 8 min
(A) Column: (R,R) P-CAP (250 x 4.6 mm)
4.379 4.980
4.985 (RR)
(S,S\ /F(,R)
L L T L — Tt . . 1 T T T T T T
0 2 4 6 0 2 4 6 8 min

(B)

Column: (S,S) P-CAP (250 x 4.6 mm)

Fig. 7. Reverse elution order on (ARR) P-CAP and (B) §S P-CAP CSPs under polar organic phase. Analytes were the mixturRR)fIHACH-ACR and
(SS DACH-ACR. Mobile Phase: 85/15/10 MM ACN/MeOH/NBAc. Flow rate: 0.8 ml/min. Detection: UV at 254 nm. Temperature>@5(A) Column:
(RR) P-CAP (250 mnx 4.6 mm); (B) column: $S) P-CAP (250 mnx 4.6 mm).



70 Q. Zhong et al. / J. Chromatogr. A 1066 (2005) 55-70

characteristic for these compounds. Most of them contain a References

hydroxyl group, carboxylic group, carbonyl, amine, amide,

urea, or fluorine group, all of which are capable of forming [1] D.-W. Armstrong, Anal. Chem. 59 (1987) A84, A90.
strong hydrogen bonds. Thus, hydrogen bond interactions are [2] D-W. Armstrong, J. Lig. Chromatogr. 7 (1984) 353.

: . O . . [3] E. Gil-Av, J. Mol. Evol. 6 (1975) 131.
believed to be the dominant associative interactions for chiral [4] S.V. Rogozhin, V.A. Davankov, J. Chem. Soc. D-Chem. Commun.

recognition by P-CAP CSH49]. (1971) 490.
Some chiral sulfoxides also were resolved on P-CAP [5] D.W. Armstrong, LC-GC Curr. Issues HPLC Technol. (1997)
columns. These sulfoxides include 4-chlorophenyl methyl S20.

[6] D.W. Armstrong, B. Zhang, Anal. Chem. 73 (2001) 557A.

sulfoxide and 4-bromophenyl methyl sulfoxide, etc. These
[7] C. Yamamoto, Y. Okamoto, Bull. Chem. Soc. Jpn. 77 (2004),

chiral sulfoxides are known to possess a strong dipolar el-

- X : ) 227.
ement anq the amide Ilnkage_ In the_ P'CA_\P CSPS also is [g] c.A. White, G. Subramanian, in: G. Subramanian (Ed.), A Practical
strongly dipolar. Therefore, dipole-dipole interaction also Approach to Chiral Separations by Liquid Chromatography, VCH,
may be important for chiral discrimination on the P-CAP Weinheim, Germany, 1994 (Chapter 1).
CSPs [9] Y.L. Bennani, S. Hanessian, Chem. Rev. 97 (1997) 3161.

. . . . . [10] J.F. Larrow, E.N. Jacobsen, Y. Gao, Y.P. Hong, X.Y. Me, C.M. Zepp,
The cyclohexyl moietyKig. 1) is a restricted configura- J. Organ. Chem. 59 (1994) 1939.

tional nonpolar unit of the P-CAP stationary phase. It may [11] T.A. whitney, J. Organ. Chem. 45 (1980) 4214.

provide solvophobic-driven attraction or steric repulsive ef- [12] R.I. Kureshy, N.H. Khan, S.H.R. Abdi, S.T. Patel, R.V. Jasra, Tetra-

fects. These are possible interactions for enantiomeric selec-  hedron: Asymmetry 12 (2001) 433.

tivity by these CSPs. [13] A.M. Daly, C.T. Dalton, M.F. Renehan, D.G. Gilheany, Tetrahedron

Lett. 40 (1999) 3617.

[14] C. Bied, J.J.E. Moreau, M.W.C. Man, Tetrahedron: Asymmetry 12
(2001) 329.

[15] R.I. Kureshy, N.U.H. Khan, S.H.R. Abdi, S.T. Patel, R.V. Jasra,
Tetrahedron Lett. 42 (2001) 2915.

4. Conclusions

The polymeric RR) and S5 poly (transl,2- [16] Y.K. Kim, S.J. Lee, K.H. Ahn, J. Organ. Chem. 65 (2000) 7807.
cyclohexanediyl-bis acrylamide) (known &R) P-CAP and [17] C. Altomare, S. Cellamare, A. Carotti, M.L. Barreca, A. Chimirri,
(SS) P_CAP) have been used as ||qu|d Chromatographic chi- A.M. Monforte, F. Gasparrini, C. Villani, M. Cirilli, F. Mazza, Chi-

ral stationary phases. The branched polymer was bonded _ ity 8 (1996) 556. y . -
lentlv t il | ¢ d luated f [18] A. Brandi, S. Cicchi, F. Gasparrini, F. Maggio, C. Villani, M.
cova e_n y _O a m S_I ICa gel support and evaluate _Or Koprowski, K.M. Pietrusiewicz, Tetrahedron: Asymmetry 6 (1995)
enantiomeric separations. P-CAP CSPs can be used in the 5p17.
normal-phase mode or the polar organic mode to produce[19] B. Galli, F. Gasparrini, D. Misiti, M. Pierini, C. Villani, M. Bronzetti,
enantiomeric separations of a variety of chiral compounds.  Chirality 4 (1992) 384. -
The retention behavior, selectivity, and resolution were ex- [20] F- Gasparrini, D. Misiti, C. Villani, Chirality 4 (1992) 447.
. . . [21] D. Kontrec, V. Vinkovic, A. Lesac, V. Sunjia, A. Aced, Enantiomer
amined for selected compounds in each mobile phase mode.™™ ¢ (2000) 333
Atotal of 62 chiral compounds were enantioresolved on these[ZZ] B. Gallinella, F. Latorre, R. Cirilli, C. Villani, J. Chromatogr. 639
two columns. The traditional normal phase separation mode  (1993) 193.
was the most broadly selective, but has the lowest efficiency.[23] D.F. Johnson, J.S. Bradshaw, M. Eguchi, B.E. Rossiter, M.L. Lee,
Halogenated mobile phases produced the highest efficien- P Petersson, K.E. Markides, J. Chromatogr. 594 (1992) 283.
. .é24] Y. Okamoto, Y. Nagamura, T. Fukumoto, K. Hatada, Polym. J. 23
cies but separated the fewest compounds. The polar organi (1991) 1197
mode was intermediate in terms of both selectivity and effi- [25) z. juvancz, K.E. Markides, P. Petersson, D.F. Johnson, J.S. Brad-
ciency to the two normal phase approaches. The elution or-  shaw, M.L. Lee, J. Chromatogr. A 982 (2002) 119.
der of enantiomers can be reversed betwm)( and @S) [26] K. Hu, J.S. Bradshaw, N.K. Dally, K.E. Krakowiak, N. Wu, M.L.
P-CAP CSPs. P-CAP columns have great sample loading __ -e¢ J- Heterocyclic Chem. 36 (1999) 381.
ity and are therefore able to do large-scale separation 271 T. Nakano, J. Chromatogr. A 906 (2001) 205.
capacity . 9 P 28] Y. Okamoto, E. Yashima, M. Ishikura, K. Hatada, Bull. Chem. Soc.
The_P-CAP (_Z_SPS were Che_mlcally_stable underthe usua_l Sep-  Jpn. 61 (1988) 255.
aration conditions and not irreversibly damaged or modified [29] Y. Okamoto, H. Mohri, M. Ishikura, K. Hatada, H. Yuki, J. Polym.

when changing the mobile phase modes. Sci. Polym. Symp. (1986) 125.

[30] F. Gasparri, D. Misiti, C. Villani, WO 2003079002, 2003.

[31] F. Gasparrini, D. Misiti, C. Villani, Trac-Trends Anal. Chem. 12
Acknowledgements (1993) 137.

[32] F. Gasparri, D. Misiti, C. Villani, R. Rompietti, Abstracts of the 15th

. . : International S i Chirality (ISCD-15), Shizuoka, Japan,
Support of this work by the National Institutes of Health, 2nog;na1|302n al Symposium on Chirality ( ). Shizuoka, Japan

NIHRO1 GM53825-08, and the lowa Energy Center is grate- [33] p.w. Armstrong, Y.B. Liu, K.H. EkborgOtt, Chirality 7 (1995)
fully acknowledged. 474,



	Chromatographic evaluation of the poly (trans-1,2-cyclohexanediyl-bis acrylamide) as a chiral stationary phase for HPLC
	Introduction
	Experimental
	Materials
	Synthetic procedure
	Preparation of (1R,2R)-cyclohexanediyl-bis acrylamide (DACH-ACR)
	Preparation of dichloride of 4,4´-azo-bis-4-cyanovaleric acid
	Preparation of 3-aminopropyl silica gel (3-APSG-200)
	Functionalization of 3-aminopropyl silica gel with the dichloride of 4,4´-azo-bis-cyanovaleric acid
	Preparation of (R,R) P-CAP

	Equipment
	Column evaluation
	Calculations

	Results and discussion
	The structure of P-CAP chiral selectors
	Column performance
	Retention behavior
	Effects of mobile phase additives
	Normal-phase modifier
	Effect of mobile phase flow rate
	Column efficiency in different mobile phase modes
	Sample loading capacity

	Reversal of elution order
	Interactions for chiral recognition

	Conclusions
	Acknowledgements
	References


