Available online at www.sciencedirect.com

SCIENCE@DIHECT‘ JOURNAL OF
CHROMATOGRAPHY A

sofEer ¥ S
ELSEVIER Journal of Chromatography A, 1015 (2003) 99-110

www.elsevier.com/locate/chroma

Effects of alcohol mobile-phase modifiers on the structure and
chiral selectivity of amylose tris(3,5-dimethylphenylcarbamate)
chiral stationary phase

Tao Wang, Robert M. Wenslow, Jr.

Analytical Research Department, Merck Research Laboratories, P.O. Box 2000, RY818-B225, Rahway, NJ 07065-0900, USA
Received 1 May 2003; received in revised form 10 July 2003; accepted 14 July 2003

Abstract

Following a previous publication, the present paper reports additional results on the effects of alcohol mobile-phase modifiers
on the structure and chiral selectivity of amylose tris(3,5-dimethylphenylcarbamate) (Chiralpak AD) chiral stationary phase
(CSP). Solid-state NMR'H/*3C CPMAS) was utilized to identify and compare structural differences in Chiralpak AD caused
by the various alcohol mobile-phase modifiers, many of which were not studied in the previous publication. The influences of
the various alcohol modifiers (in hexane-based mobile phase) on the structure and chiral selectivity of the CSP were studied and
compared. CPMAS spectra of Chiralpak AD flushed with the mobile phases displayed clear evidence of solvent incorporation
into the CSP. When alcohol modifiers with varying size and bulkiness were used in the mobile phase, differences in structure and
chiral selectivity were observed on Chiralpak AD based on solid-state NMR and chromatographic data. The dhauigs off
concentration in the-butanol/hexane mobile phase caused changes of structure and chiral selectivity of the Chiralpak AD.
These data further support our belief that the different chiral selectivities of the CSP associated with the use of different alcohol
modifiers are due to different alterations of the steric environment of the chiral cavities in the CSP by the different mobile-phase
modifiers.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction plays a very important role in the drug development
process. The US Food and Drug Administration
Enantiomers of pharmaceutical compounds may (FDA) also issued guidelines for the development of
display quite different pharmacological behavifitk stereoisomeric drug®], emphasizing the importance
Therefore, the development of analytical methods that of identification and control of the stereoisomers.
can identify, quantify and control the enantiomers Currently, the use of high performance liquid chro-
matography (HPLC) to assess the chiral purity of drug
"+ Corresponding author. Tel+ 1-732-594-3736: supstances, their synthgtic intermediatgs and raw ma-
fax: +1-732-594-3887. terials has become routine practice, owing to the com-
E-mail addresstaawang@merck.com (T. Wang). mercial availability of a variety of chiral stationary
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phases (CSP) for the direct separation of enantiomers.chiral selectivity of the CSP are also reported in rela-
A recent product review of these CSPs has been pub-tion to the CSP structure in the presence of the par-
lished by Armstrong and ZhanfB]. Among these ticular alcohol modifier. These results should aid in
CSPs, polysaccharide-based CSPs form one of thethe further understanding of chiral recognition mech-
most widely used classes of CSPs, due to their high anisms of the polysaccharide-based CSPs.
versatility. Many review articles on this class of CSPs

in general[4—7] and on the separation of drug enan-

tiomers using this class of CSHB8,9] have been 2. Experimental

published. Although the polysaccharide-based CSPs

have been extensively used, detailed chiral recogni- 2.1. Equipment

tion mechanisms at a molecular level have not been

completely elucidated. One aspect of studying the A Bruker DSX-400 NMR instrument (Billerica,
chiral recognition mechanisms is to investigate and MA, USA) was used throughout this study for ob-
understand the effects of mobile-phase modifiers on taining solid-state NMR spectra of the CSP.

the column selectivity in normal phase mode. Many  The chromatography was performed on a Shi-
research papers have been published to demonstratenadzu HPLC system consisting of a Model LC-10AS
the effects of mobile-phase modifiers (such as alco- pump, a Model SIL-10A autosampler and a Model
hols[10-19] water[20-23]and acid22]) on column SPD-10AV UV detector (Kyoto, Japan). The stainless
selectivity in the normal phase mode. In the studies steel column (25cmx 4.6 mm) packed with amy-
on alcohol modifier§10-19] the change of alcohol lose tris(3,5-dimethylphenylcarbamate) (Chiralpak
modifier resulted in changed chiral selectivity and, AD) coated on silica gel was purchased from Chi-
in some cases, even reversal of elution order of the ral Technologies (Exton, PA, USA). Chromatograms
enantiomers. These changes of selectivity were all ra- were acquired and processed by a PE Nelson data
tionalized by the authors as a result of alteration of the system equipped with Turbochrom software (version
steric environment of the chiral cavities by the differ- 6.1.2.0.1:D19) (PE Nelson, San Jose, CA, USA).

ent alcohol modifiers. However, these arguments were

all based on speculation and no direct spectroscopic 2.2. Material

evidence of structural changes of the CSPs was given.

Solid-state NMR has emerged as a key tool for The HPLC grade hexane and 2-propanol (IPA) as
structural analysis of HPLC stationary phases, espe- well as reagent gradebutanol were purchased from
cially for alkyl-bonded phases §C Cig, Co2, Cao, Fisher Scientific (Fair Lawn, NJ, USA). The 200-
etc.)[24,25]) Examples of the solid-state NMR appli- proof, dehydrated ethanol was purchased from Quan-
cations in this field include determining the influence tum Chemical Co. (Newark, NJ, USA). The HPLC
of alkyl chain length[26], temperaturd27], solvent grade 1-propanol was purchased from Aldrich (Mil-
system[28—30] and column support materig81] on waukee, WI, USA). The reagent grade 1-butanol was
the stationary-phase morphology. The usétaf3C purchased from Sigma (St. Louis, MO, USA). Chiral-
CPMAS solid-state NMR to monitor the structural pak AD column packing material coated on silica gel
change of a chiral CSP (Chiralpak AD) as a function was a generous gift from Chiral Technologies (Exton,
of mobile phase composition was reported in a pre- PA, USA).
vious publication of ourg32]. Spectral evidence of Authentic samples of the following groups of com-
incorporation of alcohol modifiers into the CSP and pounds (se&ig. 1for their structures) were provided
changes of CSP structure as a function of the type by the Process Research Department of Merck Re-
(ethanol versus 2-propanol) and concentration of the search Laboratories (Rahway, NJ, USA): (a) isolated
alcohol modifiers was clearly demonstrated. In this 3-(S-(4-fluoro)phenyl-4-benzyl-2-morpholinone (Co-
present paper, we report the study results on the ef- mpound A) in the form of [($)-(endo,anti)]-()-3-br-
fects of additional alcohol modifiers on the structure omocamphor-8-sulfonic acid (BCSA) salt, and the
of Chiralpak AD using solid-state NMR¥/3C CP- racemic mixture of Compound A and its enantiomer
MAS). The effects of these alcohol modifiers on the (Compound A) in the form of hydrochloride salt
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Fig. 1. Structures of compounds studied.

(HCI); (b) isolatedN-[2-(R)-hydroxy-2-pyridin-3-yl- fore, the following procedure was developed to obtain
ethyl]-2-(4-nitrophenyl)acetamide (Compound H), the free base form of Compound A, and remove the
and the racemic mixture of Compound H and its enan- BCSA from the sample matrix for chromatographic
tiomer (Compound H; (c) isolated 2-(4-aminophen- injection: Approximately, 150 mg of Compound A
yI)-N-[2-(R)-hydroxy-2-pyridin-3-yl-ethyllacetamide BCSA salt was weighed into a 50-ml centrifuge
(Compound 1), and the racemic mixture of Compound tube. 10 ml toluene and 6 ml ammonium hydroxide
| and its enantiomer (Compound.IThe syntheses of  aqueous solution (6 wt.%) were added. The mixture
these compounds are beyond the scope of this paperwas shaken for 2 min and the layers were allowed to
and will be published elsewhere. settle by centrifuging. The organic layer was sepa-
rated from the aqueous layer and washed twice with
2.3. Procedure of obtaining the free base form of ~ 5ml deionized water. A 1-ml aliquot of the washed
Compound A from its BCSA salt organic layer was transferred into a 50-ml volumet-
ric flask. After evaporating the toluene solvent by
The Compound A was isolated as BCSA salt. If nitrogen sweeping, the sample was dissolved and
the sample of the salt formed was directly dissolved diluted to volume with the mobile phase for chro-
and injected into the chromatographic system, the matography. A reversed-phase HPLC method (not
BCSA would not be able to elute from the column described here) specific for BCSA was used to ana-
under the selected chromatographic conditions due tolyze a sample treated with this procedure. The result
the high polarity of BCSA. This would cause accu- indicated that this procedure could completely re-
mulation of BCSA on the column and deterioration move the BCSA from the sample for chromatographic
of column performance over the long term. There- injection.
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2.4. Chromatographic conditions ing the carbonyl carbon of glycine (176.03 ppm) as a
secondary reference.

The mobile phase consisted of HPLC grade hex-
ane and an alcohol modifier (ethanol, 2-propanol,
1-propanol, 1-butanol, ot-butanol). The flow rate 3. Resultsand discussion
was 0.5ml/min. The column was at room tempera-
ture (~22°C). The UV detection was performed at It is known that the alcohol modifiers used in the
either 220 or 260 nm. The retention factdrwas de- mobile phase in normal-phase mode have profound in-
termined as’ = (1r — 1)/ t0. Thety was determined  fluence on chiral selectivity of polysaccharide-based
by injecting hexane, which was a weaker solvent than CSPs[10-19] Therefore, it would be interesting to
the alcohol-hexane mixture, and noting the time of gain structural information on this type of CSPs when

appearance of the peak due to hex{8]. they are in contact with mobile phases containing dif-
ferent alcohol modifiers. In our studyH/13C CP-

2.5. Preparation of CSP sample for solid- MAS solid-state NMR spectra of Chiralpak AD in

state NMR contact with a series of mobile phases consisting of

hexane and an alcohol modifier (ethanol, 1-propanol,

Approximately 200 mg Chiralpak AD column pack-  2-propanol, 1-butanol drbutanol) were obtained and
ing was mixed with 10 ml of the corresponding mo- the selected spectra compared-ig. 2 The shift val-
bile phase to be studied. The mixture was sealed in ues of the resonance peaks in the specti@idgn2 are
a vial and agitated on a laboratory rotator (Model tabulated inTable 1 The structure of Chiralpak AD
099A RD4512, Glas-Col, Terre Haute, IN, USA) for described if4—-7] is shown inFig. 3, with the carbon
6 h. The mixture was then settled on the bench and sites labeled for ease of discussion.
the solvent layer was removed by pipette. Nitrogen
sweeping was used when necessary to remove exces8.1. Effect of alcohol modifier concentration on
solvent to obtained a wet paste of the column pack- CSP structure
ing. The wet column packing was then analyzed us-
ing IH/*3C CPMAS solid-state NMR. Caution was For each alcohol/hexane mobile phase system, the
taken to keep the column packing material wetted concentration of the alcohol modifier was varied to
with the corresponding mobile phase, before and dur- investigate its effect on the structure of the CSP as
ing the NMR experiment, by adding several drops of reflected by the NMR spectra. As reported in a pre-
the mobile phase to the rotor containing the column vious papelf32], solid-state NMR spectra were able

packing. to demonstrate that as the concentration of ethanol
or 2-propanol increased in the mobile phase, the al-
2.6. Obtaining solid-state NMR spectra cohol modifier gradually replaced the hexane, which

was initially incorporated in the CSP, and the alcohol
All solid-state NMR spectra were obtained on the modifier itself became incorporated into the CSP. The
Bruker DSX-400 NMR spectrometer (9.4 T magnetic NMR spectra of the CSP gradually changed with the
field strength) using a Bruker double-resonance CP- increase of alcohol concentration until the concen-
MAS probe and a standard CPMAS pulse sequence.tration of ethanol or 2-propanol reached 20 or 5% in
The 13C and!H resonance frequencies are 100.627 the respective mobile phase systems, and no further
and 400.136 MHz, respectively, at this magnetic field spectral changes were observed at higher alcohol con-
strength.'H/13C CPMAS NMR experiments were centrations. In this present study, the NMR spectra in
performed with 2.0 ms contact time, 4000 data points Fig. 2(b,d,eand peak shift data ihable 1demonstrate
were acquired in 60 ms and then zero-filled to 8000 that 1-propanol, 1-butanol arebutanol were also in-
data points before transformation using 5.0 Hz of line corporated into the CSP when they were in the mobile
broadening. Recycle delays for thel/13C CPMAS phases in contact with the CSP. Additional results indi-
NMR experiments were 7.0s. Rotor frequency was cate that in the 1-propanol/hexane, 2-propanol/hexane
6.0 kHz. All 13C spectra were referenced to TMS us- and 1-butanol/hexane mobile phase systems, no
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Fig. 2. 'H/*3C CPMAS spectra of Chiralpak AD column packing in contact with mobile phases containing various alcohol modifiers.
Mobile phase compositions: (a) hexane/ethanol, 60/40 (v/v); (b) hexane/l-propanol, 90/10 (v/v); (c) hexane/2-propanol, 90/10 (v/v); (d)
hexane/1-butanol, 90/10 (v/v); (e) hexarmitanol, 90/10 (v/v); (f) hexanebutanol, 65/35 (v/v). All spectra are scaled to match the
intensity of the peak at-124 ppm. Asterisks indicate peaks due to incorporated alcohols. Additional alcohol peaks present in the spectral
region between 0 and 55ppm (not displayed) are liste@aible 1

changes of the CSP spectra were observed when thecentration in the mobile phase was above 10%. In the
1-propanol, 2-propanol or 1-butanol concentration was t-butanol/hexane mobile phase system, however, sig-
changed from 10 to 30%. This indicates that the CSP nificant differences were noted among the spectra of
structure remained unchanged when the alcohol con-the CSP when thebutanol concentration was varied

Fig. 3. Structure of Chiralpak AD.



0T

137.5, 138.6 (§q); 153.4 (GO)

@ Shift values for backbone carbons establishe{Bi136]

Table 1 =
1H/%3C CPMAS chemical shift values for Chiralpak AD and incorporated alcohols in various mobile phase systems s
Mobile phase system Peaks due to alcohol modifier (ppm) Peaks due to Chiralpak AD b&cipmi Peaks due to derivatization group a
c-1 C-4 c-3 c-25 c-6 On Chiralpak AD (ppm) g

Hexane/ethanol (60/40, v/v) Ethanol: 17.6 (C-2), 57.1 (C-1) 99.4 763 735 706 66.6  20;8 ((1A.9, 124.5, 137.2 g
(Ca-d); 153.4, 154.6 (EO) 2

Hexane/1-propanol (90/10, v/v)  1-Propanol: 9.9 (C-3), 25.8 (C-2), 63.6 994 765 73.0 70.8,70.2 66.6 209 (§H116.2, 117.6, 123.9, g
(C-1) 1245, 136.4, 137.2, 138.0, 139.0

(Caq); 153.2, 154.2 (€0) 7

Hexane/2-propanol (90/10, v/v) 2-Propanol: 24.8 (C-1), 63.5 (C-2) 99.1 75.8 73.4 70.4 66.3 2Q@)9 1C610, 116.9, 118.2, [
124.2, 136.3, 137.0, 138.0, 139.1 9

(Ca-d); 153.3, 154.1 (EO) 3

Hexane/1-butanol (90/10, v/v) 1-Butanol: 13.5 (C-4), 19.0 (C-3), 99.4 767 734 711,695 662  20.9 (§H116.2, 117.3, 124.3, 3
35.1 (C-2), 61.6 (C-1) 137.1, 137.8, 139.0 (&4); 153.3, g

154.1 (GO) -

Hexanet-butanol (90/10, v/v) t-Butanol: 30.9 (C-1), 68.4 (C-2) 99.1 757 731 706 66.1  20.94)CH17.0, 124.2, 137.0, ?j
137.8, 139.1 (&q); 152.8, 154.2 fy

(c=0) o

Hexanet-butanol (65/35, v/v) t-Butanol: 31.0 (C-1), 68.4 (C-2) 978 756 729 707 60.8  20.83)CH16.8, 124.1, 136.9, §
w

8

iR

)
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Fig. 4. 1H/13C CPMAS spectra of Chiralpak AD column packing in contact with (a) hexdngénol, 90/10 (v/v); (b) hexartebutanol,

80/20 (v/v); (c) hexangébutanol, 65/35 (v/v); (d) hexane/l-butanol, 60/40 (v/v). All spectra are scaled to match the intensity of the peak

at ~124 ppm. Asterisks indicate peaks due to incorporated alcohols. Additional alcohol peaks are present in the spectral region between 0
and 50 ppm (not displayed).

from 10 to 40% in the mobile phase. As showiirig. 4 3.2. Effect of alcohol modifier shape (linear versus
andTable 1 as thet-butanol concentration increased, branched) on CSP structure

the C-6 peak shifted up-field as much as 5.3 ppm and

the C-1 peak shifted up-field 1.3 ppm. The peak for = An examination of the spectra iRig. 2 and the
the G=O carbon also shifted up-field1 ppm. More shift values inTable 1lrevealed various differences
importantly, there appears to be a transition of the among the spectra. Compared to the straight chain
CSP structure at thebutanol concentration of 20%, alcohols (1-propanol and 1-butanol), the branched
where the C-4, C-3 and C-2,5 peaks broadened andalcohols (2-propanol anttbutanol) caused the C-1
merged. This broadening of the peaks indicated that and C-4 peaks to shift up-field. Changing 1-propanol
the CSP structure became less ordered. Interestingly,to 2-propanol caused the C-1 and C-4 peaks to shift
the t-butanol peak at-68 ppm was also affected by up-field by 0.3 and 0.7 ppm, respectively. Whereas
this structure transition as indicated by the down-field changing 1-butanol td-butanol cause the C-1 and
shift (~0.5ppm). When tha-butanol concentration  C-4 peaks to shift up-field by 0.3-1.6 (depending on
reached 35%, the CSP became more ordered again ashe t-butanol concentration) and 1 ppm, respectively.
indicated by the narrowing of the peaks, while main- These data indicate that the structures of the CSP in
taining the shift changes at the C-1, C-6 areld0po- contact with different alcohol modifiers are different. It
sitions. Further increase of tiidoutanol concentration  has been reported that amylose tris(phenylcarbamate)
to 40% did not cause significant change of the CSP possesses a four-fold left-handed helical structure
structure. based on X-ray analysig84]. Our solid-state NMR
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data [32] supported the assumption that Chiralpak contact with 2-propanol. Similarly, 1-butanol caused
AD possesses less than six-fold helical structure. Re- the C-2,5 peak to spilt into two clearly resolved peaks
cently, using solution NMR and computer modeling (A = 1.6 ppm), which appeared as one merged peak
Yamamoto et al. demonstrated that Chiralpak AD pos- when the CSP was in contact wittbutanol.
sesses a left-handed 4/3 helical struc{@®. Gidley
and Bociek[36] proposed that structural features as- 3.3. Effects of CSP structural differences on chiral
sociated with thex-(1 — 4) glycosidic linkage on the  selectivity &)
helix play a dominant role in determining the C-1 and
C-4 chemical shifts in the solid-state NMR spectra.  Although the exact chiral recognition mechanism
As discussed earlier, spectral evidence demonstratedon the polysaccharide-based CSPs has not been fully
that the alcohol molecules were incorporated into the elucidated, it has been generally thought that the chi-
CSP structure. It is reasonable to expect that the C-1ral recognition of this class of CSPs is based on the
and C-4 sites are subject to twisting caused by torsion formation of solute—CSP complexes through inclusion
force from the insertion of the alcohol molecules. of the enantiomers into the chiral cavities in the higher
The insertion of alcohol molecules of different size order structure of the CSR,6,11,37] The binding of
and shape may cause different degrees of twisting the solutes to the CSPs is achieved through attractive
to the glucose units on the CSP helix. Since the forces such as hydrogen bonding, dipole—dipole and
branched alcohols have bulkier structures compared w—r interactions between the solute and the derivati-
to the linear alcohols, the different degrees of twist- zation groups (such as benzoate and phenylcarbamate)
ing to the glucose units caused by bulkier molecules on the CSP$8,9,11,38] Thus, the stereo environment
would generate different structural environments to of the chiral cavity plays a very important role in
the C-1 and C-4 sites, thus producing different C-1 defining the chiral selectivity of the CSP. In our case,
and C-4 chemical shifts. Gidley and Bocif86] ob- the different structural features of the CSP, caused by
served~1ppm up-field shifts for the C-1 and C-4 the alcohol modifiers of different sizes/shapes, com-
signals when amylose was complexed wiihutanol bined with the incorporation of the alcohol modifier
as opposed to 1-naphthol. Our data on Chiralpak AD, of different sizes/shapes into the CSP structure would
a derivatized amylose, are similar to those of Gidley ultimately result in different stereo environment of
and Bociek and therefore reasonable in terms of both the chiral cavities in the CSP, yielding different chiral
magnitude and root cause. selectivities. Chromatographic separations of three

Gidley and Bociek also reported that the C-1 chem- pairs of enantiomers (sé&g. 1for their structures) on
ical shift value is inversely proportional to either the Chiralpak AD using mobile phases containing hexane
sum of the moduli of torsion anglgsandys (|¢|+|v]), and various alcohol modifiers were performed. Some
or the modulus of torsion angle (|v|) [36]. This selected chromatograms are showrkigs. 5-7 The
means that a decrease of C-1 chemical shift value in- complete set of chromatographic data obtained under
dicates an increase of factdeg + || and|v|, which all the conditions are tabulated irable 2 The afore-
translates to an increased degree of twisting of the mentioned structural differences of the CSP under
glucose units away from a linear arrangement. Thus, the different mobile phase conditions were apparently
in our case, the decreased C-1 shift values associatedeflected in these chromatographic data.
with the branched alcohols indicate increased twisting
of the Chiralpak AD helical structure caused by the 3.3.1. Effect of alcohol modifier shape
insertion of the branched alcohol molecules. (linear versus branched) om

Between the spectra of Chiralpak AD in contact In most of the separation casesTable 2 the use
with linear and branched alcohol modifiers, in addi- of branched alcohol modifiers on the separation of the
tion to the C-1 and C-4 shift differences, another dif- same enantiomeric pair yielded elution orders different
ference can be noticed froffig. 2 The linear alco- from those obtained using linear alcohols. Only two
hols caused the C-2,5 peak to split. 1-Propanol causedexceptions were observed: (1) for compound pair A
a noticeable split4 = 0.6 ppm) of the C-2,5 peak, and A, the elution orders obtained using 1-propanol,
which appeared as one peak when the CSP was inis the same as that obtained using branched alcohols
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Fig. 5. Selected chromatograms for separation of Compounds A awd £hiralpak AD using mobile phases (a) hexafetanol, 90/10
(v/v) and (b) hexane/ethanol, 60/40 (v/v), respectively.
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Fig. 6. Selected chromatograms for separation of Compounds H arah KChiralpak AD using mobile phases (a) hexane/l-propanol,
70/30 (v/iv) and (b) hexanebutanol, 60/40 (v/v), respectively.
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Fig. 7. Selected chromatograms for separation of Compounds I’awd Chiralpak AD using mobile phases (a) hexane/1-propanol, 70/30
(v/v); (b) hexane/2-propanol, 70/30 (v/v); and (c) hexane/ethanol, 60/40 (v/v), respectively.
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Table 2

Chromatographic data on the separation of various enantiomeric pairs on Chiralpak AD column using different alcohol mobile-phase
modifiers

Mobile phase Compounds A and A Compounds H and H Compounds | and’|
solvents ki o« Elution Mobile phase &} « Elution Mobile phase &} « Elution Mobile phase
order  solvent ratio order  solvent ratio order  solvent ratio
(VvIv) (viv) (vIv)

Hexane/ethanol 0.91 1.70 AJA 60/40 432 1.06 HH 60/40 2.08 1.72 I 60/40
Hexane/l-propanol 1.96 1.03 /A 90/10 259 1.32 HH 70/30 221 1.18 'l 70/30
Hexane/2-propanol 2.24 1.17 'IA 90/10 2,58 1.07 H/MH 70/30 190 121 1IN 70/30
Hexane/l-butanol 2.19 1.26 A/A 90/10 3.63 1.00 N5 70/30 2.86 1.06 'll 70/30
Hexanet-butanol 2.70 1.07 AA 90/10 2.06 1.16 H/MH 60/40 3.27 1.08 1IN 65/35

a8 NS: no separation.

(2-propanol and-butanol); (2) for compound pair H  lectivity of the CSP at all. These data indicate that the
and H, co-elution was observed when 1-butanol was structural change of the CSP caused by the change of
used. However, in both of these cases, the separationalcohol concentration may or may not affect the chi-
factor (@) obtained using branched and linear alco- ral selectivity of the CSP, depending on the size and
hols of the same molecular weight were noticeably structure of the analytes.

different, therefore still supporting the argument that

the CSPs structural differences (as observed by NMR) 3.3.2. Effect of alcohol modifier size (chain length)
caused by branched versus linear alcohols are respon-on «

sible for the differences in its chiral selectivity.

As mentioned earlier, significant structural changes
of the CSP were observed when thbutanol con-
centration in the-butanol/hexane system was varied
(Fig. 4). To investigate the effect of these structural
changes on the chiral selectivity of the CSP, addi-
tional chromatographic data were obtainddlfle 3.
Very interestingly, when thé-butanol concentration
was lowered from 40 to 20%, the elution order of the
H/H’ pair reversed. Also, when thébutanol concen-
tration was lowered from 35 to 20%, the selectivity of
the CSP on the I/lpair changed from 1.08 to 1.00 (no
separation). However, for the Alfair, the change of
t-butanol from 30 to 10% did not change the chiral se-

Table 3

The selectivity data inTable 2 indicate that the
use of linear alcohols with different chain lengths
(ethanol, 1-propanol and 1-butanol) yielded quite dif-
ferent chiral selectivities for the enantiomeric pair
A/A’. While thea value was 1.70 when ethanol was
used, it decreased to 1.26 when 1-butanol was used.
When 1-propanol was used, the selectivity changed
dramatically, with the elution order being reversed.
For the enantiomeric pairs H/tand I/I', some notice-
able changes af values were also observetiaple 9
when the three different linear alcohol modifiers were
used. The structural differences of the CSP reflected
by the different degrees of splitting of the C-2,5 peak
associated with the use of linear alcohols of varying

Chromatographic data on the separation of various enantiomeric pairs on Chiralpak AD columittusisigol as mobile-phase modifier

at different concentrations

Mobile phase solvent ratio Compounds A and A

Compounds H and H

Compounds | and’|

(hexanettbutanol, v/v)

ky o Elution order &} o Elution order k] o Elution order
90/10 2.70 1.07 AA - - - - - -
80/20 - - - 18.3 1.09 W¥H 18.2 1.00 NS
70/30 1.10 1.07 AA - - - - - -
65/35 - - - - - - 3.27 1.08
60/40 - - - 2.06 1.16 HH - - -

a8 NS: no separation.
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chain length (described earlier) may be a reason for is used with different alcohol modifiers in the mo-
these chiral selectivity differences described above. bile phase. The structural differences evidenced by
NMR data include (a) incorporation of different alco-
3.3.3. Possible effect of CSP crystallinity @n hol modifiers into the CSP, (b) difference in degree of
Fig. 2shows that 1-propanol and 2-propanol caused twisting of the glucose units in the helical structure of
the CSP to show more features (more resolved peaks)the CSP, (c) difference in crystallinity or structural or-
on the cluster of peaks at approximately 135-140 ppm, dering, and (d) other unassigned structural differences
which were assigned to the phenyl group. These clus- reflected by the splitting of the C-2,5 peak. While the
ters showed four partially resolved peaks compared to effects of (b), (¢) and (d) are important in determining
three and two peaks when the CSP was in contact with the higher order structure of the CSP and the steric
t-butanol orn-butanol and ethanol, respectively. The environment of the chiral cavities, the effect of (a) is
increased resolution of the resonance peaks indicatedalso important since the alcohol molecules of different
increased crystallinity or ordering of the higher order shape and bulkiness incorporated into the CSP could
structure of the CSP32,36,39—-41]The importance of  be inside the chiral cavities and thus affect the geomet-
the higher order structure of the polysaccharide-basedric environment of the chiral cavities. We believed that
CSPs in chiral recognition has been discussed by manyit is the combination of all these structural factors that
others[4,6,37,42—45] Francotte and Zhang reported creates a net effect on the stereo environment of the
that the crystallinity of a meta-methylbenzoyl cellu- chiral cavities, which controls the degree of fit of the
lose CSP played an important role in defining its chiral solute into the cavities and determines the degree of in-
selectivity[45]. In our case, the structural differences teractions between the CSP and the solute through hy-
of the CSP reflected by the different degrees of crys- drogen bonding, dipole—dipole ant-w interactions.
tallinity could also contribute to the different chiral Another factor relating to the effect of alcohol mod-

selectivities of the CSP (shown rable 9 used with ifier is the possibility of alcohol modifier forming a

the various alcohol modifiers. solvate with the solute. The solute solvated with dif-
ferent alcohol modifiers will have different size and

3.3.4. Other observations and discussions shape, which will affect the fit of the solvated solute

Another observation is that it is not necessarily true into the chiral cavity and in turn demonstrate different
that any structural variation of the CSP caused by the chiral selectivities. Our results could not shed light re-
use of a different alcohol modifier will provide differ-  garding this aspect, since the NMR results could only
ent chiral selectivity for any enantiomeric paiable 2 address the structure of the CSP, not the solute.
shows that the selectivities for enantiomers A and
A’ were very similar when 1-propanol atébutanol
were used, even though the CSP showed structural dif-4. Conclusion
ferences with the use of these two different alcohol
modifiers. On the other hand, these structural differ-  Alcohol mobile-phase modifiers of varying size and
ences of the CSP caused enantiomeric pair’HéH bulkiness had profound effects on the structure and
exhibit different elution order. The same happened to chiral selectivity of Chiralpak AD. The various alco-
enantiomeric pair I/l These data indicate that chiral hol modifiers were all incorporated into the CSP. Chi-
recognition depends not only on the structure of the ralpak AD in contact with various alcohol modifiers
CSP, but also on the geometric characteristics (such aspossessed different structures as evidencedHyy3C
size, shape and location of the functional groups) of CPMAS solid-state NMR. Compared to linear alco-
the solute. These geometric characteristics determinehols (ethanol, 1-propanol and 1-butanol), the branched
the degree of fit of the solute into the chiral cavities alcohols (IPA and-butanol) caused more twisting of
and the extents of attractive interactions between the the glucose units on the helical structure of the CSP.
various functional groups on the solute and the CSP Other structural changes of the CSP were also ob-
[6,9,11,38] served when the various alcohol modifiers of different

Based on these data presented, it is clear that struc-bulkiness were used. Significant differences in chiral
tural differences of Chiralpak AD exist when the CSP selectivity of the CSP for three pairs of enantiomers
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were observed when these various alcohol modifiers [16] T. Wang, Y.W. Chen, J. Chromatogr. A 855 (1999) 411.
were used. The differences in chiral selectivity were [17] T- Wang, Y.W. Chen, A. Vailaya, J. Chromatogr. A 902 (2000)

attributed to CSPs observed structural changes causeqlg] $45fang

by the alcohol modifiers of different bulkiness. It is

J.C. Reepmeyer, L.K. Revelle, J.A. Wilson, J.
Chromatogr. A 752 (1996) 93.

believed that the combined effect of the various struc- [19] P.S. Bonato, L.R.P. de Abreu, C.M. de Gaitani, V.L. Lanchote,

tural changes creates a specific stereo environment on

the chiral cavities, which control the chiral selectivity
through steric fit of the solute into the cavities along

with CSP-solute interactions such as hydrogen bond-

ing, dipole—dipole andr—m interactions. Therefore,
the bulkiness of the alcohol modifier plays an impor-
tant role in determining the chiral selectivity of the

CSP. Finally, the change of concentration of an alco-

hol modifier (such as-butanol) in the mobile phase

C. Bertucci, Biomed. Chromatogr. 14 (2000) 227.

[20] K. Balmer, A. Persson, P.-O. Lagerstrom, B.-A. Persson, G.
Schill, J. Chromatogr. 553 (1991) 391.

[21] K. Balmer, P.-O. Lagerstrom, B.-A. Persson, G. Schill, J.
Chromatogr. 592 (1992) 331.

[22] S. Svensson, J. Vessman, A. Karlsson, J. Chromatogr. A 839
(1999) 23.

[23] F. Wang, T. O’Brien, T. Dowling, G. Bicker, J. Wyvratt, J.
Chromatogr. A 958 (2002) 69.

[24] M. Pursch, L.C. Sander, K. Albert, Anal. Chem. 71 (1999)
733A.

can cause changes of structure and chiral selectivity [25] K.B. Sentell, J. Chromatogr. A 656 (1993) 231.

of the Chiralpak AD.
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