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EFFECTS OF ALCOHOL MODIFIERS ON THE
SEPARATION OF 1-ALKOXYCARBONYL-
ALKYL-PYRROLIDINE-3-CARBOXYLIC ACID
ALKYL ESTER ENANTIOMERS ON
POLYSACCHARIDE-BASED STATIONARY
PHASES

Sechoing Lin * Cara Engelsma

Chemical Development Department
Parke-Davis Pharmaceutical Research Division
Warner-Lambert Company
188 Howard Avenue
Holland, Michigan 49424, USA

ABSTRACT

1-Alkoxycarbonylalkyl-pyrrolidine-3-carboxylic acid alkyl
esters (1, 2, 3 and 4, see Figure 1 for structures) are the synthetic
intermediates used for the large-scale synthesis of PD 151832.
PD 151832 is a highly potent m1l subtype selective muscarinic
agonist expected to be useful for patients with Alzheimer’s
disease. The mobile phase consisting of hexane/2-
propanol/diethylamine has been previously shown to resolve the
enantiomers of compounds 1, 2 and 4 on a Chiralpak AS column
and compound 3 on a Chiralpak AD column.'

In the current study, the nature of the alcohol modifier in
mobile phase was varied and the resulting change in

stereoselectivity was found to depend on compound and column
type. Superior separations can often be achieved by using an
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Figure 1. Structures of 1-Alkoxycarbonylalkyl-pyrrolidine-3-carboxylic Acid Alkyl
Esters (1, 2, 3 and 4).

alcohol modifier other than the commonly used 2-propanol or
cthanol on the same column. The use of different alcohol
modifiers in mobile phase to enhance the enantiomeric resolution
can provide useful and less expensive alternatives to the approach
of using multiple columns in chiral methodology development.

INTRODUCTION

The HPLC separation of chiral compounds is increasingly important with
a large number of new potential chiral drugs. Useful HPLC separations of
racemic mixtures were developed by testing columns with different chiral
stationary phases. This way of approaching chiral methods development
requires considerable effort and can become extremely expensive.

Polysaccharide-based stationary phases have found many successful
applications and are among the most widely used stationary phases for
enantiomeric separations with the commonly recommended hexane/2-propanol
or hexane/ethanol as the mobile phase.”® The effects of mobile phase
modifiers, particularly the alcohol on the stereoselectivity of the
polysaccharide-based stationary phases, have been demonstrated.*®

It was found that an alcohol modifier other than 2-propanol or ethanol can
be superior.  1-Alkoxycarbonylalkyl-pyrrolidine-3-carboxylic acid alkyl esters
arc important intermediates towards synthesis of PD 151832, a highly potent
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Figure 2. Separation of a Racemic Mixture of Compound 1 using Various Alcohol
Modifiers, Column: Chiralpak AS, Mobile Phase: Hexane/Alcohol/DEA (950/50/1),
Flow Rate: 1.0 mL/min, Detection: UV @ 230nm, Sample Amount Injected: ~21pg.

m1 subtype selective muscarinic agonist potentially useful for the treatment
of neurodegenerative disorders.” It was our desire to resolve these early
intermediates. In our previous work,' two columns were successfully employed
to perform the chiral separation for all four compounds using hexane/2-
propanol/dicthylamine.

It would be advantageous, if the desired chiral separation can be
accomplished with one column for all four compounds by simply changing the
alcohol modifier.



11: 54 24 January 2011

Downl oaded At:

2184 LIN AND ENGELSMA

2
2-Propanol
= g
Methanol =
T . 1-Butanol
Ethanol h
_J«.J -
|
M
§ 2-Butanol
1-Propanol 3
S 2.Methyl
“ -1-propanol
S

Figure 3. Effect of Alcohol Modifiers on the Separation of a Racemic Mixture of
Compound 1 using a Chiralpak AD column; Mobile Phase: Hexane/Alcohol/DEA
(980/20/1), Flow Rate: 1.0 mL/min, Detection: UV @ 230 nm, Sample Amount
Injected: ~21 pg.

EXPERIMENTAL

Equipment

The liquid chromatographic system consisted of a Hitachi L-6200
intelligent pump, a Micromeritics 728 autosampler, a Valco injector with a 20
pL loop. a Hitachi L-4000 variable wavelength UV detector, a Waters 410
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Figure 4. Effect of Alcohol Modifiers on the Separation of a Racemic Mixture of
Compound 4 using a Chiralpak AS column, Mobile Phase: Hexane/Alcohol/DEA
(980/20/1), Flow Rate: 1.0 mL/min, Detection: UV @ 230 nm, Sample Amount
Injected: ~21 pg.

Differential Refractometer equipped with a column oven, and a Hitachi D-2500
Chromato-integrator. The analytical columns were Chiralcel OD-H, O],
Chiralpak AS and AD. All of the columns were 250 x 4.6 mm LD., and 10
microns in particle size except OD-H which was 5 microns. They were
purchased from Chiral Technologies, Inc, Exton, PA.
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Table 1

Effects of Mobile Phase Alcohol Modifiers on the Enantiomeric
Separations of Compounds 1, 2, 3, and 4 on Various Columns with a Flow
Rate of 1.0mL/min and a Mobile Phase of Hexane/Alcohol/DEA (950/50/1)

Alcohol Compound 1 Compound 2 Compound 3 Compound 4
Modifier Ky’ o R; k,’ o R; ky’ a R, k,’ a R,
Chiralpak AD

methanol no separation R | 31 no separation no separation
ethanol - e <05 - - <05 - - <05 076 111 096
1-propanol no separation 1.02 106 061 055 108 054 061 116 163
1-butanol 205 113 188 no separation ---- -~ <05 0381 107 064
2-propanol - - <05 093 110 119 055 111 109 062 113 1.07
2-butanol 140 106 0.73 104 111 126 064 113 114 073 112 122
2-methyl-1- - - <05 no separation —-- - <05 082 106 052
propanol

Chiralpak AS

methanol 090 1.09 0.80 no separation no separation no separation
¢thanol 1.10 121 229 055 1.12 0.80 no separation no separation
1-propanol 1.43 130 347 067 116 131 no separation 030 114 052
1-butanol .79 139 403 077 122 179 no separation 031 118 0.74
2-propanol  2.80 134 401 128 122 223 no separation 0.56 125 165
2-butanol 300 146 479 141 134 328 - - <05 064 127 200
2-methyl-1- 236 144 3.06 101 133 187 no separation 043 122 120

propanol

Chiralcel OJ

methanol no separation - - <0.5 no separation no separation
ethanol no separation no separation no separation no separation
l-propanol  2.72 1.05 0.6l no separation no separation 0.39 122 135
1-butanol 315 1.07 094 143 1.06 0.50 no separation 0.49 114 0385
2-propanol ene - <05 no separation no separation no separation
2-butanol 287 106 077 - - <0.5 no separation no separation
2-methyl-1- 297 1.06 0.73 no separation no separation 0.41 1.24

1.03propanol

Chiralcel OD-H

methanol no separation no separation no separation no separation
ethanol no separation no separation no separation no separation
1-propanol - - <05 no separation no separation no separation
1-butanol ---- - <05 078 108 063 no separation no separation
2-propanol  1.51 1.07 0.85 - - <05 no separation 1o separation
2-butanol 186 106 080 -— - <05 no separation no separation
I-methyl-1- - - <05 - - <05 no separation no separation

propanol
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Table 2

Effects of Mobile Phase Alcohol Modifiers on the Enantiomeric
Separations of Compounds 1, 2, 3, and 4 on a Chiralpak AD Column with a
Flow Rate of 1.0mL/min

Alcohol Compound 1 Compound 2 Compound 3 Compound 4
Modifier Ky’ a R, Ky’ o R, k,’ a R, Kk’ a R,

Hexane/AlcohoV/DEA (950/50/1)

methanol no separation - - <05 no separation no separation
ethanol - s <05 e - <05 - — <05 076 111 096
1-propanol no separation 1.02 106 061 055 108 054 061 116 1.63
1-butanol 205 1.13 1.88 no separation - - <05 081 107 0.64
2-propanol - -~ <05 093 110 119 055 111 109 062 113 1.07
2-butanol 140 106 073 104 111 126 064 113 1114 073 112 122
2-methyl-1- - - <05 no separation e - <05 082 106 0.52
propanol

Hexane/Alcohol/DEA (980/20/1)

methanol - e <05 - - <05 no separation no separation
¢thanol 446 104 090 - - <05 117 107 104 13% 111 131
1-propanol no separation 205 106 098 106 110 118 120 119 241
1-butano} 394 112 230 no separation 115 110 142 143 109 109
2-propanol no separation 167 109 139 100 111 126 113 111 138
2-butanol - - <05 226 109 158 141 112 155 162 111 173
2-methyl-1- no separation no separation 149 106 081 185 106 0.63
propanol

Chemicals

Hexane, methanol, 2-propanol, and 2-butanol (HPLC grades) were
obtained from EM Science, Gibbstown, NJ. Ethanol (absolute) was purchased
from Aaper Aicohol and Chemical Company, Shelbyville, KY. 1-Propanol, 1-
butanol, 2-methyl-1-propanol (HPLC grades), and diethylamine (redistilled,
99.5%) were obtained from Aldrich Chemical Co., Inc., Milwaukee, WL
Racemic 1-alkoxycarbonylalkyl-pyrrolidine-3-carboxylic acid alkyl esters were
synthesized in the Chemical Development Department, Parke-Davis
Pharmaceutical Research Division, Holland, MI.

Chromatographic Conditions

The mobile phase was hexane/alcohol/diethylamine (DEA) in an
appropriate volume ratio. The flow rate was either 1.0 or 0.6 mL/min. The
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Table 3

Effects of the Flow Rate on the Enantiomeric Separations of Compounds 1,
2, 3, and 4 on a Chiralpak AD Column Using a Mobile Phase of
Hexane/Alcohol/DEA (980/20/1)

Alcohol Compound 1 Compound 2 Compound 3 Compound 4
Modifier ky’ a R, Kk’ a R, ks o R, ky a R,
1.0 mL/min

methanol -aee - <05 - - <05 no separation no separation
ethanol 446 104 090 - — <05 117 107 104 139 1L1L11 131
1-propanol no separation 205 106 098 106 110 118 120 119 241
1-butanol 394 112 230 no separation .15 110 142 143 109 109
2-propanol no separation 1.67 109 139 100 111 126 1.13 1.11 138
2-butanol — - <05 226 109 158 141 112 155 162 111 173
2-methyl-1- no separation no separation 149 106 081 185 106 063
propanol

0.6 mL/min

methanol s eme <05 e e <05 no separation no separation
ethanol 455 104 096 269 104 063 120 107 100 143 111 1.64
1-propanol no separation 203 106 128 104 110 142 1.18 119 260
1-butanol 392 112 233 no separation 1.13 110 149 141 108 138
2-propanol no separation 173 109 148 104 111 150 1.17 111 152
2-butanol 297 103 056 224 109 170 139 112 185 160 111 200
2-methyl-1- no separation no separation 148 106 089 184 106 100
propanol

detection was UV @ 230 nm. The column temperature was maintained at
30°C. The sample was dissolved in mobile phase. The amount of sample
injected was 9 to 22 pg unless otherwise stated. The capacity factor of the first
eluted peak, k;', the separation factor, o, and the resolution factor. R,, were
calculated as follows: k' = (1) - to)/to; o = (12 - 1)/(t; - to); Ry = 2(t2 -t;)/(wy +
w-), where t; is the time at void volume, t; is the retention time of the first
eluted peak, t; is the retention time of the second eluted peak. w, and w are the
widths at baseline for the first and second eluted peaks. respectively, and they
were obtained by extrapolating the relatively straight sides of the peaks to the
baseline.

RESULTS AND DISCUSSION

Table 1 gives k', o and R, for compounds 1, 2, 3, and 4 using different
alcohols in the mobile phase on Chiralcel OD-H, OJ, Chiralpak AD, and AS
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columns, respectively. The Chiralpak AS column gave the best enantiomeric
separation for compounds 1 & 2 no matter what alcohol was used. Among the
alcohols studied, 2-butanol was more efficient than 2-propanol as the alcohol
modifier on this column. The enantiomeric separation of compound 1 using
various alcohol modifiers is shown in Figure 2. The Chiralpak AS column
afforded better separation for compound 4 using either 2-propanol, 2-butanol or
2-methyl-1-propanol while Chiralpak AD and Chiralcel OJ columns were
better when 1-propanol was used. It was very interesting to note from Table 1
that the Chiralpak AD column was the only column which gave reasonable
separation for compound 3 and 2-butanol was slightly better than 2-propanol as
the alcohol modifier.

Both the flow rate and alcohol amount can be used to enhance
enantiomeric separation for all four compounds. The nature of alcohol does not
seem to change this aspect. The resolution increased with a reduced amount of
alcohol in mobile phase (Table 2) and/or a reduced flow rate (Table 3).

The effects of alcohol modifiers on the separations of compound 1 on a
Chiralpak AD column and compound 4 on a Chiralpak AS column using a
mobile phase of hexane/ alcohol/DEA (980/20/1) and a flow rate of 1.0 mL/min
are illustrated in Figures 3 & 4, respectively. In the case of separating
compound 1 on a Chiralpak AD column, 1-butanol clearly was the choice of
alcohol modifiers. For separating compound 4 on a Chiralpak AS column, the
best alcohol modifier was either 2-butanol or 2-propanol. However, 2-methyl-
1-propanol also worked.

Finally, by varying the mobile phase alcohol modifiers, the separations of
all four compounds on a Chiralpak AD column could be achieved using 1-
butanol for compound 1, 2-butanol for compounds 2 & 3, and 1-propanol for
compound 4, respectively. These results are shown in Figure 5.

CONCLUSIONS

For chiral HPLC method development, the choice of the right chiral
column often dictates the success of the methodology. The results from this
study not only confirm this but also suggest that better separation can be
obtained via a change of alcohol modifiers in mobile phase. Although the use
of a Chiralpak AS column gave the best separations for compounds 1, 2 & 4,
the separation of compound 3 required a second chiral column.
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Figure 5. Separations of Racemic Mixtures of Compounds 1, 2, 3 & 4 on a Chiralpak
AD column by varying the alcohol modifier.

Mobile Phase: Hexane/Alcohol/DEA (980/20/1), Detection: UV @ 230 nm, Sample
Amount Injected: ~21 pg.

The change of alcohol modifiers in mobile phase allowed us to scparate all
four compounds on a Chiralpak AD column. These methods have been
routinely employed for screening large-scale resolution conditions for all four
compounds in our laboratory.
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