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CHIRAL HPLC SEPARATIONS OF 1-
AZABICYCLO|2.2.1JHEPTAN-3-ONE AND 1-
ALKOXYCARBONYLALKYL-PYRROLIDINE-3-
CARBOXYLIC ACID ALKYL ESTER
ENANTIOMERS ON POLYSACCHARIDE-BASED
STATIONARY PHASES

Sechoing Lin,* Cara E. Engelsma, Nancy J. Maddox,
Brian K. Huckabee, Denis M. Sobieray

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

ABSTRACT

Chiralcel OD-H, OJ, Chiralpak AD and AS columns were
screened for the enantiomeric separation of 1-azabicyclo-
[2.2.1]heptan-3-one (S) and 1-alkoxycarbonylalkyl-pyrrolidine-3-
carboxylic acid alkyl ester intermediates (1. 2, 3 & 4, see Figure
1 for structures) during the large-scale synthesis of PD 151832,
PD 151832 is a highly potent m1 subtype selective muscarinic
agonist expected to be useful for patients with Alzheimer's
disease. Cellulose-based columns such as Chiralcel OD-H and
OJ are in general less efficient than amylose-based columns such
as Chiralpak AD and AS for separation of these types of
compounds. The optimal column for separation of compounds 3
and 5 is a Chiralpak AD column using hexane/2-
propanol/diethylamine as mobile phase, while a Chiralpak AS
column works the best for compounds 1, 2 and 4 using the same
solvent mixture.
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Figure 1. Scheme for Synthesis of 1-Azabicyclo[2.2.1]Heptan-3-One (5) from 1-
Alkoxycarbonylalkyl-Pyrrolidine-3-Carboxylic Acid Alkyl Esters (1,2, 3 and 4).

INTRODUCTION

Enantiomerically pure (R)-1-azabicyclo[2.2.1}heptan-3-one is a synthetic
intermediate for making potentially useful biologically active agents.' In
particular. (R)-1-azabicyclo[2.2.1]heptan-3-one is an important intermediate
towards the synthesis of PD 151832, a potential cognition activator under active
development for the treatment of neurodegenerative disorders.” One synthetic
approach to this intermediate involved the cyclization of 1-
alkoxycarbonylalkyl-pyrrolidine-3-carboxylic acid alkyl esters (1. 2. 3 & 4) to
give l-azabicyclo[2.2.1}heptan-3-one (5). It was our desire to resolve these
early intermediates. Chiral analytical methods are vital in exploring resolution
conditions for these intermediates and to ensure the enantiomeric purity of
compound §.

Chiralcel OD-H, OJ, Chiralpak AD and AS columns were evaluated for
the enantiomeric separation of compounds 1. 2, 3. 4 and 5. The effect of the
structure of mobile phase alcohol modifier on enantiomeric resolution was also
studied.
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Figure 2. Separation of a Racemic Mixture of Compound 1; Column: Chiralpak AS,
Mobile Phase: Hexane/TIPA/DEA (950/50/1), Flow Rate: 1.0 mL/min, Detection: UV @
230 nm, Sample Amount Injected: 90 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-4000H variable wavelength UV detector, a Waters 410
Differential Refractometer equipped with a column oven, and a Hitachi D-
2500 Chromato-integrator.

The analytical columns were Chiralcel OD-H, OJ, and Chiralpak AS and
AD. All of the columns were 250 x 4.6 mm 1LD., 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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Chemicals

Hexane and 2-propanol (HPLC grades) were obtained from EM Science,
Gibbstown, NJ. Ethanol (absolute) was purchased from Aaper Alcohol and
Chemical Company. Shelbyville, KY. Diethylamine (redistilled. 99.5%) was
obtained from Aldrich Chemical Company. Milwaukee, WI. Racemic 1-
azabicyclo[2.2.1]heptan-3-one, (R)-1-azabicyclo [2.2.1]heptan-3-one, (S)-1-
azabicyclo[2.2.1]heptan-3-one. and racemic 1-alkoxycarbonylalkyl-pyrrolidine-
3-carboxylic acid alkyl esters were synthesized in the Chemical Development
Department, Parke-Davis Pharmaceutical Research Division. Holland, ML

HPLC Conditions

The mobile phase was either hexane/2-propanol (IPA)/diethylamine
(DEA) or hexane/ethanol (EtOH)/diethylamine (DEA) in an appropriate
volume ratio. The flow rate was cither 1.0 or 0.6 mL/min. The detection was
UV (@ 230 nm for compounds 1. 2. 3 aad 4. and 220 nm for compound 5 when
the modifier was 2-propanol (IPA). Refractive index detection (RI) was used
for compound 5 when the modifier was ethanol (EtOH). The column
temperature was maintained at 30°C. The sample was dissolved in mobile
phase. The amount of sample injected was 10 to 100 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;' = (8, - ty)/to: o = (L2
- )/t - ) DRy = 2(t: - )/ (w; + wa); where t; is the time at void volume, t, is
the retention time of the first etuted 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

The ability of polysaccharide derivative based stationary phases to achieve
separation of enantiomers appears to depend on the conformation of the
polysaccharide chain and the structure of the substituents.” Okamoto et al.” and
more rccently Wainer et al.” have provided further insights into the chiral
recognition mechanism. However. tlie actual chiral recognition mechanism
remains far from clear.



1247

CHIRAL HPLC SEPARATIONS

65T 8T1 £0'1

8¢€'1 IT'1 £l
uoneredsg oN
uoneredsg oN

§9°1 STT 950
Lol €It 790
uoneredag oN
uoneredsg oN

4 0 M
¢ punodmo)

voneredag oN
A 111 001
0> === -=--

uoneredag oN

uoneredsg ON
601 i €C°0

uoneredog oN

uvoneredag oN

fe 0 M
€ punodwio)

€6°¢C ¥T'1 4
6€1 601 L9'1
uoneredag oN
L90 €01 681

€ Wl 8Tl

61T OI'T €60
uoneredsg oN

so> - -

| 0 M
Z punoduio)

Ly 8l ¢S6't SV
go> e av
uoneredag§ ON 0
0T'1 80T 0LT H-ao
(1/02/086) VAQ/Vd1/ouexsH
10t Y€1 08T SV
s> - - av
¢ o
€80 LOT ISTT H-ao
(1/05/056) :VAQ/V dI/PuexaH
bt | LY M umnjoy
1 punodwo)

/T §°T JO I1ey MO € YA seYd QO ul
uoyeuNUO) jouedoad-z 3o 13953 pue ‘p pue ‘¢ ‘7 ‘1 spunoduwio) Jo uoneaedag ddwWoNIRLY

131qeL

TT0Z AJenuer ¥Z 0T :ZT : N Papeo |juwod



LINET AL.

1248

L6’ ¥TT 650
L T $90
uonesedsg oN
uoneiedag oN

$91T STT 950
L0l £I'T 790
uoneredsg oN
uoneredag oN

R 0 M
¢ punoduo)

uoneredsg oN

Lol I 860

uoneredag oN
uoneredag oN

uoneredsg oN

60'1 QW §6°0

uoneredag oN
uoneredag oN

B | 0
¢ punodwo))

M

€T w1 Tl

Wt orr 960
uoneredsg oN

$0> - -

€T W1 871
61T o1l £6°0
uoneredsg ON
s'0> - ===

R | 0 M
7 punoduwio)

wr st
90 SOl
0> -
0Tl LO'T
oy #t71
0> ===
0> ===
680 L0
B | L
[ punodwo)

(1/05/056) VAA/VdI/AUeXIH JO sty AIqOJN € 3uis()
p pue ¢ ‘7 *1 spunodwo)) jo uoneaeddg IdWONULUY ) U0 NBY MO Y} JO )Y

(A ULND

TT0Z AJenuer $Z 0T :ZT : N Papeo juwod

98T
el

961

08'C

161

M

SV
av
fo
H-dO
U/ 9°Q

Sv
av
o
H-ao
utw/ T §']

awno)



1249

CHIRAL HPLC SEPARATIONS

LLo Tl 9’0

1€t I 6€1

1 g - -=--
uoneredag oN

6SCT 8Tl €0'1

8¢l IT1 €11
uoneredag oN
uorneredag oN

| 0 M
¥ punodwo))

uoneredag oN €'l el'l 660 60'¢ €l €6'1 SV
10’1 Lol LT'1 o> - === 060 ¥0T 9v¢ av
uoneredag oN uoneredag oN uoneredd§ oN (o)
uoneredag oN uoneredsg oN <o -—-- -——- H-do
(1/02/086) VAQ/HOW/QUeX3H
uoneredsg oN 6T ¥T1  SE€T wr  8€T S6F SV
9Tl It 001 6¢'l 601 L91 So> - av
o> -—-- -—-- uoneredsg oN uoneredag oN 0
uoneIedsg oN L90 0’1 68’1 0Tl 80T 0LT H-do
(1/07/086) VAQ/VdI/ouexdHq
| 0 M it | 0 M | LY M owm[o)
¢ punodwo) 7 punodwe)) 1 punodwo)

UIui/ T ()°Y JO I)8Y Mo{ © qiim

¥ puE ¢ ‘7 ‘I spunodwio)) Jo uoneaedag SuUPWONULUY ) UO JIYIPOIA [OYOI[Y Iseyd AUGOIA JOIRYT

£3IqeL

TT0Z AJenuer ¥Z 0T :ZT : N Papeo |juwod



12:10 24 January 2011

Downl oaded At:

1250 LIN ET AL.

i
[+ o]
o~
-~
[+ 0]
< 0
- :C\O/\
N
kc,o\/
i
(o]
Trricrerrtt e rvartntd
n o) wn < n
- -~ N (]

Figure 3. Separation of a Racemic Mixture of Compound 2; Column: Chiralpak AS,
Mobile Phase: Hexane/IPA/DEA (950/50/1), Flow Rate: 0.6 mL/min, Detection: UV @
230 nm, Sample Amount Injected: 25 ng.

The enantiomeric separation for compounds 1, 2, 3 and 4 was carried out
using hexane /IPA/DEA. A small amount of diethylamine added in the mobile
phase reduced the peak tailing. As shown in Table 1 with hexane /IPA/ DEA
(950/50/1). the best results for compounds 1, 2 and 4 were obtained using a
Chiralpak AS column. On the other hand, the same column would not resolve
compound 3.

The drastic difference observed in chiral recognition for compound 3 is
probably caused by the added bulk of the methyl substituent on the carbon
directly linked to the oxygen on the carboxylic acid ester. This appears to
prevent the necessary interactions for chiral recognition to occur. Nevertheless,
compound 3 can be resolved using a Chiralpak AD column,
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Figure 4. Separation of a Racemic Mixture of Compound 3; Column: Chiralpak AD,
Mobile Phase: Hexane/IPA/DEA (990/10/1), Flow Rate: 0.6 mlL/min, Detection: UV @
230 nm, Sample Amount Injected: 30 pg.

Table 4

Enantiomeric Separation of Compound 5 and Effect of Mobile Phase
Alcohol Modifier on a Chiralpak AD Column with a

Flow Rate of 1.0 mL/min
Column k¢ o Rg
Hexane/IPA/DEA
700/300/1 1.47 2.15 11.91
800/200/1 217 2.13 12.46
900/100/1 4.28 2.09 13.25
Hexane/EtOH/DEA
700/300/1 3.45 1.48 5.46

800/200/1 4.67 1.47 6.60
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Figure 5. Separation of a Racemic Mixture of Compound 4; Column: Chiralpak AS,
Mobile Phase: Hexane/[PA/DEA (980/20/1), Flow Rate: 0.6 mL/min, Detection: UV @
230 nm, Sample Amount Injected: 30 pg.

With hexane/IPA/DEA (980/20/1), a decrease in IPA concentration in
mobile phase resulted in a corresponding increase in retention and the
resolution was generally improved as seen in Table 1. The effect of flow rate
was also studied (Table 2). The resolution is increased at 0.6 mL/min for those
compounds which give resolution at 1.0 mL/min. The only exception is
compound 3 on a Chiralpak AD column where the resolution remains
unchanged.

The structure of the mobile phase alcohol modifier is observed to change
enantiomeric resolution depending on compound and column type.®'® When 2-
propanol was replaced with ethanol, resolutions of all four compounds on all
four different columns were significantly decreased except for compound 1
where resolution was slightly increased (Table 3). In addition, retention for ail
four compounds on a Chiralpak AD column increased with the more polar
ethanol while it decreased on Chiralcel OD-H, OJ and Chiralpak AD columns.
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Figure 6. Separations of (A) a Racemic Mixture of Compound § and (B) an Enriched
Sample of Compound 5/Chiral Acid Salt; Column: Chiralpak AD, Mobile Phase:
Hexane/TIPA/DEA (700/300/1), Flow Rate: 1.0 mL/min, Detection: UV @ 220 nm,
Sample Amount Injected: 90 g (Sample was dissolved in IPA).

Separation of the enantiomers of target compound S was unsuccessful on
Chiralcel OD-H and OJ columns. A Chiralpak AS column gave only partial
resolution. Excellent resolution was achieved using a Chiralpak AD column. A
decrease in IPA concentration in mobile phase significantly increases retention
of compound S, and to a lesser extent, resolution. The usc of ethanol in mobile
phase increases retention of compound § while drastically decreasing the
resolution (Table 4).
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As a result of this study, we were able to select conditions to perform
efficient separations of all five compounds of interest. Representative
chromatograms for all five compounds are shown in Figures 2-6, respectively.

CONCLUSIONS

Four different polysaccharide derivative-based stationary phases were
rapidly screened for enantiomeric separation of five different intermediates in
the synthesis of PD 151832. Amylose-based Chiralpak AD and AS columns
appear to be superior to the cellulose-based Chiralcel OD-H and OJ columns for
separation. A Chiralpak AS column works the best for compounds 1. 2 and 4,
and a Chiralpak AD column works best for compounds 3 and 5. 2-Propanol is
superior to ethanol as a mobile phase modifier.

ACKNOWLEDGMENTS

We gratefully thank Drs. Donald E. Butler and William T. Suggs for their
helpful comments and Ms. Sandy Dokter for the typing of this manuscript.

REFERENCES

1. 1. Boelsterli, U. Eggnauer. E. Pombo-Villar', H. -P. Weber, M. Walkinshaw,
~39. Absolute Configuration of 3-Substituted 1-Azabicyclo [2.2.1]
heptanes,” Helv. Chim. Acta, 78, 507-512 (1992).

2. J. Jaen, S. Barrett. M. Brann, M. Callahan, R. Davis, P. Doyle. D. Eubanks.
D. Lauffer, L. Lauffer, W. Lipinski. D. Moreland. C. Nelson, C. Raby, R.
Schwarz, C. Spencer, H. Tecle. “In Vitro and In Vivo Evaluation of the
Subtype-Selective Muscarinic Agonist PD 151832.” Life Sciences, 56,
845-852 (1995).

3. K. Oguni, H. Oda, A. Ichida, "Development of Chiral Stationary Phases
Consisting of Polysaccharide Derivatives,” J. Chromatogr., A. 694, 91-
100 (1995).

4. Y. Okamoto, Y. Kaida. “Resolution by High Performance Liquid
Chromatography using Polysaccharide Carbamates and Benzoates as
Chiral Stationary Phases.” J. Chromatogr. A, 666. 403-419 (1994).



12:10 24 January 2011

Downl oaded At:

CHIRAL HPLC SEPARATIONS 1255

5. T. D. Booth, 1. W. Wainer, “Investigation of the Enantioselective
Separations of a-Alkylarylcarboxylic Acids on an Amylose tris(3,5-
Dimethylphenylcarbamate) Chiral Stationary Phase using Quantitative
Structure-Enantioselective Retention Relationships: Identification of a
Conformationally Driven Chiral Recognition Mechanism”, J.
Chromatogr., A, 737, 157-169 (1996).

6. I. W. Wainer, M. C. Alembik, E. Smith, “Resolution of Enantiomeric
Amides on a Cellulose Tribenzoate Chiral Stationary Phase: Mobile Phase
Modifier Effects on Retention and Stereoselectivity,” J. Chromatogr., 388,
65-74 (1987).

7. 1. W. Wainer, R. M. Stiffin, T. Shibata, “Resolution of Enantiomeric
Aromatic Alcohols on a Cellulose Tribenzoate High Performance
Liquid Chromatography Chiral Stationary Phase: A proposed Chiral
Recognition Mechanism,” J. Chromatogr., 411, 139-151 (1987).

8. M. H. Gaffney, R. M. Stiffin, 1. W. Wainer, “The Effect of Alcoholic Mobile
Phase Modifiers on Retention and Stereoselectivity on a Commercially
Available Cellulose-Based HPLC Chiral Stationary Phase: an Unexpected
Reversal in Enantiomeric Elution Order,” Chromatographia, 27, 15-18
(1989).

9. K. Ishii, K. Minato, N. Nishimura, T. Miyamoto, “Direct Chromatographic
Resolution of Four Optical Isomers of Diltiazem Hydrochloride on a
Chiralcel OF Column,” J. Chromatogr., A, 686, 93-100 (1994).

10. A. Kunath, F. Theil, J. Wagner, “Diasterecomeric and Enantiomeric
Separation of Monoesters Prepared from meso-Cyclopentanediols and
Racemic Carboxylic Acids on a Silica Phase and on Amylose and
Cellulose Chiral Stationary Phases,” J. Chromatogr., A, 684, 162-167
(1994).

11. K. Balmer, B.-A. Persson, P.-O. Lagerstrom, “Stereoselective Effects in the
Separation of Enantiomers of Omeprazole and Other Substituted
Benzimidazoles on Different Chiral Stationary Phases,” J. Chromatogr.,
A, 660. 269-273 (1994).

12. K. M. Kirkland. “Optimization of Chiral Selectivity on Cellulose-Based
High Performance Liquid Chromatographic Columns using Aprotic
Mobile-phase Modifiers,” J. Chromatogr., A, 718, 9-26 (1995).



12:10 24 January 2011

Downl oaded At:

1256 LINET AL.

13. Y. Tang, “Significance of Mobile Phase Composition in Enantioseparation
of Chiral Drugs by HPLC on a Cellulose-Based Chiral Stationary Phase,”
Chirality. 8, 136-142 (1996).

14. H. Y. Aboul-Enein. V. Serignese. “Direct HPLC Separation of Indenolol
Enantiomers using a Cellulose Chiral Stationary Phase,” J. Liq. Chrom. &
Rel. Technol.. 19. 933-938 (1996).

15. H. Y. Aboul-Enein. V. Serignese. L. I. Abou-Basha. J. Bojarski. “Direct
Chiral HPLC Separation of Several Barbiturates on a Chiralcel OJ
Column: Substituent Effects on the Enantioselectivity.” Pharmazie, 51,
159-162 (1996).

16. A. Kunath, F. Theil. K. Jahnisch. “Influence of the Kind of the Alcoholic
Modifier on Chiral Separation on a Chiralpak AD Column.” J.
Chromatogr.. A. 728. 249-257 (1996).

Received September 23. 1996
Accepted October 15. 1996
Manuscript 4283



