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Abstract

This paper reports a comparison study of the difference between Chiralpak AD-H and AD columns in enantioseparation of dihydropyrim-
idinone (DHP) acid and its methyl ester under normal phase LC conditions. Unlike those of the AD phase, the van't Hoff plots of retention
factors for DHP acid on the AD-H phase were linear. The cyclic van't Hoff plots of selectivity factors for DHP acid on the AD-H phase were
non-linear and slightly non-superimposable. No conformational transition was observed on the AD-H phase in the whole temperature range.
A single-step temperature program on the AD-H phase showed that the selectivity factors of DHP acid only increased approximately 1.7%
in 24 h (versus approximately 50% on the AD phase). For DHP ester, the single-step temperature program showed that the selectivity factors
on the AD-H phase remained the same in 24 h while those on the AD phase increased around 3.1%. The enantioselectivity of DHP acid on
the AD-H phase was lower than that on the AD phase while the enantioselectivity of DHP ester on the AD-H phase was higher than that on
the AD phase. The resolution of DHP acid on the AD-H phase was about the same as that on the AD phase while the resolution of DHP ester
on the AD-H phase was much higher than that on the AD phase. The results of DHP acid are opposite of what the vendor suggested while
the results of DHP ester are the same as the vendor’s application notes. This indicates that the differences between Chiralpak AD-H and AD
columns are not only in their particle size, but also in the solvated conformations.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction satility [8-12]. Originally, the column vendor introduced
these phases (Chiralpak AD and Chiralcel OD) with.h0
Enantioseparation by liquid chromatography plays an particle size. Recently, the vendor recommended using the
important role in pharmaceutical research and develop- columns with 5um particle size (Chiralpak AD-H and Chi-
ment. The selection of chiral stationary phases (CSPs) isralcel OD-H) to start method development because of their
the key to the success of chromatographic enantiosepa-higher selectivity and resolution as stated by the vendor
ration method development. To date, different types of [13]. For the existing methods using the AD/OD columns,
CSPs, such as proteins, Pirkle-type phases, cyclodextrinsthe replacement of the old columns (@6 particle size)
derivatized amylose and cellulose and antibiotics, etc., havewith the new columns (hm particle size) could generate
been successfully applied for enantioseparation of different potential problems if there are some differences in the man-
pharmaceutical compound$-7]. Among these CSPs, the ufacturing processes of these new columns. Even though
carbamate-derivatized amylose (Chiralpak AD-H/AD) and the vendor originally stated that the only difference among
cellulose (Chiralcel OD-H/OD) stationary phases are the these phases was the particle size, the first glance at their
most popular phases because of their selectivity and ver-mobile phase suggestions shows that the AD phase cannot
be used with mobile phase containing 15 to 60% ethanol in
alkanes, while the AD-H phase can be used with 0-100%
* Corresponding author. Fax:1-732-594-3887. ethanol[14]. There is no such difference in the OD and
E-mail addressfangwang@merck.com (F. Wang). OD-H phases. To date, to the best of the authors’ knowl-
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edge, there has been no comparison study on these phasgfahway, NJ, USA). The structures of these compounds

under different experimental conditions. are shown irFig. 1 1,3,5-Tritert-butyl-benzene was used
Previously, we reported some preliminary results on as the void volumer§) marker and was purchased from

the unusual chromatographic behaviors of DHP acid and Aldrich (Milwaukee, WI, USA). Trifluoroacetic acid (TFA)

ester on the AD phase when a mixture of 15:85:0.1 was purchased from Fisher Scientific (Springfield, NJ,

EtOH:n-hexane:TFA was used as the mobile ph§ks]. USA). n-Hexane (greater than 85%hexane, greater than

The cyclic van’'t Hoff plots showed the non-linear and 99.8% total C6 isomers), 2-propanol (2-PrOH), 1-propanol

non-superimposable nature in enantioseparation of DHP (1-PrOH), ethanol (EtOH), 1-butanol (1-BuOH), 2-butanol

acid, indicating the change of the phase conformation (2-BuOH), tert-butanol {-BuOH) and methanol (MeOH)

during the temperature program. The step-temperature pro-were HPLC grade and purchased from EM Sciences (Gibb-

grams showed that the thermally-induced conformational stown, NJ, USA).

transition was controlled by a kinetic proced$]. Both

solid-state NMR and chromatographic data show that the 2.3. Chromatographic conditions

differences in the solvation of the AD phase by the differ-

ent organic modifiers im-hexane are the key to generate  The mobile phases were prepared at ambient by mixing

the conformational transition. Based on these studies, wethe alcohol modifiers and TFA in-hexane. Samples and the

recognize that both DHP acid and ester can be used agy marker were prepared together in the mobile phases at a

probe compounds for the evaluation of the differences in concentration of 0.5 mg/ml. A 10l volume of each sample

the solvated phases because this kind of change in the ADwas injected. The detector wavelength was set up at 220 nm

phase conformation (caused by the column temperature inwith a 4 nm bandwidth. The flow rate was 1.0 ml/min. The

such a relatively narrow range) has not been observed incolumn temperature programs were the same as previously

enantioseparation of other compounds in the past. reported16]. The elution orders were determined by spiking
In this paper, we report the comparison of the solvated the pure enantiomeric standards with the racemic samples.

Chiralpak AD-H with Chiralpak AD column in enantiomeric

separation of DHP acid and ester by the cyclic van't Hoff

and step-temperature programs. The van't Hoff plots of the 3. Results and discussion

AD-H phase with 15% ethanol in-hexane as the mobile

phase were different from those on the AD phase. This in- 3-1. Cyclic van’t Hoff plots

dicates the solvated AD-H phase behaves differently from

the solvated AD phase. Previously, we studied the enantioseparation of DHP acid

and ester Fig. 1) on the AD and OD phases with both
EtOH and 2-PrOH im-hexane with 0.1% TFA as the mobile

2. Experimental
OR

2.1. Apparatus /%oe\
OR O

All experiments were performed on an Agilent G1100 RO
system with a column oven (which was used for the tempera-
ture control of the separation) and a photodiode array detec- Chiralpak AD-H/AD
tor (Santa Clarita, CA, USA). The column temperature was

n

measured by a calibrated Ertco High-Precision Thermometer CHs
(accuracyt0.015°C) (West Paterson, NJ, USA). The chro- = —C—NHQ
matographic data were acquired and analyzed by P.E. Nel- Y CH,

son Turbochrom software (Cupertino, CA, USA). Chiralpak
AD-H/AD (amylose tris-(3,5-dimethylphenylcarbamate)
columns (46 mm x 250 mm, 5 and 1Q.m) were purchased F
from Chiral Technologies (Exton, PA, USA). Their struc-
tures are shown ifrig. 1L The water content of the mobile

0
phases was measured by a 756 Brinkmann Coulometric KF Q H H
instrument (Westbury, NY, USA). HO 7 NH MeO o NH
N" o
N" 0
2.2. Chemicals OMe H OoMe H
(+/-)-DHP acid (+/-)-DHP ester

Dihydropyrimidinone (DHP) acid and methyl ester race-

mates and the pure enantiomers were prepared by the Prorig. 1. Structures of Chiralpak AD-H and AD phases and DHP acid and
cess Research Department, Merck Research Laboratoriesnethyl ester analytes.
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Fig. 2. Enantioseparation of DHP acid on Chiralpak AD-H column. Mobile 0.0031 0.0032 0.0033 0.0034 0.0035  0.0036
phase: 15% EtOH in hexane with 0.1% TFA. Column temperature: (A) () UT (1/°K)
5°C, heating; (B) 45C, heating; (C) 45C, cooling; (D) 8, cooling.
0.18

phases. Since the thermally-induced, kinetically-controlled

conformational transition of the AD phase was only evi- 0.16 1

denced by these two compounds so [fB5,16], it is our

interest to use the compounds as the molecular probes to ., |

explore the AD-H phase to determine if the AD-H phase be- &

haves the same as the AD phase (besides the possibility ofE

morphology difference in the CSPs caused by the difference

in the pore size of the silica of the two phasésy. 2shows

the enantioseparation of DHP acid at 5 and@5during a 0.104

heating (first)/cooling (second) cycle. The elution order on

the AD-H phase was the same as that on the AD phase. Un-  0.08 . . . .

like those on the AD phase, the retention times and peak 00031 00032 00033 00034  0.0035  0.0036

shape of5-(+)-DHP acid did not change much on the AD-H  (B) UT (1/°K)

phase at the Same_ temperature no matt_er how the tem_peralfig. 4. Comparison of cyclic van't Hoff plots o of DHP acid on

ture was reached (i.e., by heating or cooling). A comparison chirajpak AD-H and AD columns. Mobile phase: 15% EtOH in hexane

of the van't Hoff plots of retention factors of both phases with 0.1% TFA. (A) van't Hoff plots ofa on both phases. (B) Enlarged

in a heating process is shown kig. 3. Note that the plots cyclic van't Hoff plots of « on Chiralpak AD-H column. Processes:

of the AD phase irFigs. 3-5were previously reportefd5]. Ch?ralpak AD-H column, h_eating (fille_d circle), cqoling (open_ circle);
. Chiralpak AD column, heating (filled triangle), cooling (open triangle).

They are used here for the comparison purpose only. For
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Fig. 3. Comparison of van't Hoff plots df of DHP acid on Chiralpak Fig. 5. Comparison of cyclic van't Hoff plots ok of DHP ester on
AD-H and AD columns during a heating process. Mobile phase: 15% Chiralpak AD-H and AD columns. Mobile phase: 15% EtOH in hexane
EtOH in hexane with 0.1% TFAS-(+)-DHP acid: Chiralpak AD-H (open with 0.1% TFA. Processes: Chiralpak AD-H column, heating (filled circle),
circle), Chiralpak AD columns (open triangl€}:(—)-DHP acid: Chiralpak cooling (open circle); Chiralpak AD column, heating (filled triangle),
AD-H column (filled circle), Chiralpak AD column (filled triangle). cooling (open triangle).



120 F. Wang et al./J. Chromatogr. A 1034 (2004) 117-123

both DHP acid enantiomers, the van't Hoff plots of reten- 2.0
tion factors are linear on the AD-H phase during the heating 4 g
process while those of the AD phase are not. The retention ;4|
factors of DHP acid on the AD-H phase decreased with the
increase in the column temperature in a classical pattern.
There was no transition temperature observed in the plots &
for both enantiomers on the AD-H phagég. 4 shows the ‘\5
3
5

1.4
1.2
1.09

van't Hoff plots of selectivity factors of the phases in a sin- 0.8

gle cyclic van't Hoff temperature program. The most notice- 0.6
able difference between the two phases was the selectivity 0.4
on the AD-H phase was much smaller than that on the AD 0.2+
phase during the whole temperature range, which was op- ¢
posite to what the vendor showed in their application notes. . . . .
The van't Hoff plots of selectivity factors for the acid on the 0 5 10 15 20 25
AD-H phase are non-linear during both heating and cooling Time (hrs)

proce_sses. They have the same Cur.ve._Shap.e and are near| ig. 6. Single step-temperature studycothange of DHP acid with time
superlmpo_sabIeFQg_._4B). Therefore, it is obvious that n(_) on Chiralpak AD-H column. Conditions are the sameFég 4.
conformation transition occurred on the AD-H phase during

the cyclic van't Hoff temperature program.

For DHP ester, the van't Hoff plots of selectivity factors selectivity factors was approximately 3.1% in 24h when
of the AD-H phase are linear during the heating and cool- the single-step temperature program was applied on the AD
ing processesHig. 5), although they are not exactly super- phase (data not shown here). Compared with that of DHP
imposable. The shape of the plots of the AD phase in the acid, the change of apparent selectivity factors of DHP
heating process is different from that in the cooling process. ester on the AD phase was much smaller. This indicates
The selectivity of DHP ester on the AD-H phase was higher that DHP acid is a better probe compound to elucidate the
than that on the AD phase throughout the temperature rangethermally-induced conformational transition even though
From the ester, the same conclusion can be drawn that theréhe molecular size difference between DHP acid and its
was no conformational change in the AD-H during the cyclic methyl ester is very small. From the comparison data, we

30

van't Hoff temperature program. can conclude that the AD-H phase is more rigid than the AD
phase using 15% EtOH imhexane with TFA as the mobile
3.2. Step-temperature programs phase.

Previously, we used the step-temperature programs t03.3. Separation efficiency
study the kinetic behavior of the thermally-induced confor-
mational transition of the AD phase by using DHP acid as  Fig. 7 shows the effect of the column temperature on the
a probe compounfll6]. The apparent selectivity factors in- separation efficiency for DHP acid on both AD-H and AD
creased approximately 50% in 24 h when the column tem- phases. Here, the efficiency is calculated by Foley—Dorsey
perature stepped up from 20 to 8D. In a two-step temper-  equatio17]: N = 417(¢t;/wo.1)/(A/B+ 1.25), wheret; is
ature program, we found that the apparent selectivity fac- the retention timewg 1 is the width at 10% of peak height
tors increased with time when the temperature was steppedandA/B is an empirical asymmetry ratio (determined by Tur-
above the transition temperature. However, the apparent sebochrom software). On both phases, the general trend was
lectivity factors remained the same when the temperaturethat the efficiency of both enantiomers was higher during
was stepped below the transition temperatur8q°C). In the heating processes than that during the cooling processes.
our current studyi-ig. 6 shows the change of selectivity fac- For theR enantiomer, the efficiency increased with the in-
tors of DHP acid with time on the AD-H phase when the crease inthe column temperature on both phdsigsT). On
column temperature stepped from 10 to®80 The trend of the AD-H phase, thé& enantiomer showed different curve
the change was similar to what was observed on the AD shape in the heating/cooling cycles. They were not super-
phase. However, the magnitude of the change was only ap-imposable Fig. 7A). The efficiency difference in the cyclic
proximately 1.7% in 24 h, which was much smaller than that van't Hoff temperature program was more noticeable com-
of the AD phase {50%). The two-step temperature pro- pared with that of the selectivity factorEi@. 4B). Fig. 7B
gram on the AD-H phase showed a similar curve to that of and Cshows the effect of the column temperature on the
the AD phase, but with a much smaller magnitude (data not efficiency on the AD phase. From 5 to 20 in the heating
shown here). process, the efficiency of th® enantiomer increased with

For DHP ester, no change in selectivity factors was the increase in the column temperatureg( 7Q. It reached
observed on the AD-H phase when the single-step tem-a maximum at 20C. Between 20 and 4, the efficiency
perature program was applied. The change of apparentdecreased with the increase in the temperature, which in-
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Fig. 7. Comparison of column efficiency of DHP acid and ester on both Chiralpak AD-H and AD columns. Mobile phase: 15% EtOH in hexane with
0.1% TFA. Processe® enantiomers—heating (filled circle), cooling (open circl8)enantiomers—heating (filled triangle), cooling (open triangle). (A)
DHP acid on Chiralpak AD-H column, (B) DHP acid on Chiralpak AD column, (C) enlarged (B$-@f)-DHP acid on Chiralpak AD column, (D)

DHP ester on Chiralpak AD-H column, (E) DHP ester on Chiralpak AD column.

dicated the change in the conformation of the AD phase process, the efficiency decreased with the decrease in the
(Fig. 70. It reached a minimum at 4@. A clear transition column temperature~g. 70). There was no transition dur-
can be observed iRig. 7C The efficiency increased slightly  ing the cooling process, which was consistent with the van't
when the temperature was over 4D During the cooling Hoff plots.
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Fig. 8. Comparison of resolution of DHP acid and ester on Chiralpak AD-H and AD columns. Mobile phase: 15% EtOH in hexane with 0.1% TFA.
(A) DHP acid on Chiralpak AD-H column, (B) DHP acid on Chiralpak AD column, (C) DHP ester on Chiralpak AD-H column, (D) DHP ester on
Chiralpak AD column. Processes: heating (filled symbols), cooling (open symbols).

For DHP ester, the efficiency curves for both enantiomers formational transition. The overall magnitude of the reso-
on the AD-H phase showed the same curve-shape in a heatlution on the AD phase was similar to that on the AD-H
ing/cooling cycle Fig. 7D). The efficiency curves for DHP ~ phase in the whole temperature range. The resolution dif-
ester on the AD phased-ig. 7E) were similar to those of  ference in the heating/cooling cycle was not as big as
DHP acid on the AD-H phasd-{g. 7A). Again, different that of apparent selectivity factors because of the effi-
trends were observed on both phases by using DHP ester asiency loss of theS enantiomer at the high temperatures
a molecular probe. (Fig. 70.

For DHP ester, the resolution curves of the AD-H phase
during heating and cooling processes show the similar
curve-shape Kig. 8Q). They increased with the increase

Fig. 8 shows the effect of the column temperature on in the temperature at first. Both reached their optima at
the resolution of DHP acid and ester. On the AD-H phase, 15°C. Then, both decreased with the further increase in
the increase in the column temperature increased the resthe temperatureHg. 8C). The resolution curves of DHP
olution of DHP acid Fig. 8A) because both selectivity ester on the AD phasé&ig. 8D) show the same trend as the
factors and efficiency increased with the increase in the apparent selectivity factors-ig. 5 as previously reported
temperature Kigs. 4B and 7A On the AD phase, the [15]. This indicates that the apparent selectivity factors, not
increase in the column temperature increased the reso-the efficiency, were the main contributor to the resolution
lution of the acid Fig. 8B). However, the curves of the on the AD phase. The overall resolution of DHP ester on
AD phase were not superimposable because of the con-the AD-H phase was much higher than that on the AD

3.4. Resolution
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phase in the whole temperature range. This agreed with theReferences
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