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Abstract

Direct enantiomeric separations of racemic mixtures of (R,S)-1-(dialkylamino)-2-alkanols were achieved with a
variety of alcohol-modified pentane mobile phases and a Chiralpak AD chiral stationary phase. The effects of the
aliphatic component and the alcohol modifier in the mobile phase were studied independently. The best separations
were obtained with pentane based mobile phases. A variety of alcohol modifiers were investigated that introduced
steric factors or affected hydrogen bonding. Ring size and hetero atom effects of the substituents were noted. Some
differences in enantioselectivity between columns were observed.

1. Introduction

Enantiomerically pure B-amino alcohols are
important pharmacological agents in medicinal
chemistry [1.2]. Therapeutic activity of these
molecules can be divided into three categories
based on their pharmacological action: vaso
constrictors, antihypertensive agents and B-
blockers [3]. Many of the B-blockers are mar-
keted as racemic mixtures, but their mode of
action is enantioselective [4,5]. The (§)-enantio-
mers are often 50-500-fold more active than
their antipode [6]. The binding affinity to the
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B-receptor has been reported to range from 10 to
1000, for atenolol and pindolol, respectively [1].

The preparation [7-9] and use of B-amino
alcohols in organic syntheses has been increasing
[9]. Many important transformations of prochiral
substrates into chiral compounds of high enantio-
meric purity have been achieved using a catalytic
amount of an enantiomerically pure B-amino
alcohol as a chiral auxiliary [9,10].

There are several methods available for the
synthesis of racemic B-amino alcohols [11]. En-
antiomerically pure 8-amino alcohols are usually
obtained either from amino acids or by res-
olution procedures [12]. The only general
asymmetric syntheses of S-amino alcohols cur-
rently available are the homogeneous asymmet-
ric hydrogenation of «-amino ketones, using
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(R)-(+)- and (8)-(-)-2,2"-bis(diphenylphos-
phine)-1,1’-binaphthyl-ruthenium (BINAP-Ru)
complexes with hydrogen pressures of 50-100
atm (1 atm = 101 325 Pa) {13], and the asymmet-
ric reduction of a-amino ketones with the chiral
borohydride, K Glucoride [7].

A general synthesis for the preparation of
racemic g-amino alcohols via the hydroboration/
oxidation of enamines has been developed [11].
This procedure was extended to the preparation
of enantiomerically pure B-amino alcohols via
the asymmetric hydroboration of enamines using
diisopinocampheylborane at 0°C in tetrahydro-
furan (THF) generating enantiomeric excesses
ranging from 50 to 86% [14].

Accurate determination of the cnantiomeric
purity of B-amino alcohols is essential to assess
their effectiveness as both therapeutic agents and
chiral auxiliaries. Many chromatographic tech-
niques [1,15-33] have been employed for the
analysis of derivatized and underivatized B-
amino alcohols, but the use of HPLC procedures
predominate [18]. Pirkle and Burke [34] recently
described a N-3,5-dinitrobenzoyl-a-amino phos-
phonate chiral stationary phase (CSP) that was
developed specifically for the separation of B-
blockers. Many direct separations of amino al-
cohols have also been achieved on modified
cellulose and amylose CSPs [35-40].

Papers describing enantiomeric separations
using cellulose or amylose based CSPs frequently
inciude discussions of the solute-CSP interactions
and recognition mechanisms. Hydrogen bonding,
dipole and w -7 interactions have been identified
[35-43] as important interactive forces that may
be used to form the diastereomeric solute~-CSP
complexes which yield the separations, Enantio-
meric discrimination may also be influenced by
steric fit in the “chiral cavity” of the CSP [43,44].
The composition of the mobile phase is an
important factor in these separations. Most of
the separations have been obtained using nor-
mal-phase conditions with an aliphatic carrier
and alcohol modifier in the mobile phase. The
type and concentration of the alcohol in the
mobile phase has a significant effect on some
separations [35,39-44]. Water has been added to

a few of the mobile phases to improve resolution
{35,45,46].

This articie describes the synthesis and direct
enantiomeric separation of B-dialkylamino al-
cohols using a 3,5-dimethylphenyl carbamate
modified amylose CSP (Chiralpak AD, Chiral
Technologies).

2. Experimental
2.1. Synthesis

The following reagents were purchased from
Aldrich and used without further purification:
1,2-epoxyhexane, 1,2-epoxyoctane, 1,2-epoXy-
decane, styrene oxide, (R)-( + )-styrene oxide,
pyrrolidine and morpholine. (R)-1,2-Epoxyoc-
tane was obtained as a gift from Nippon Mining.
All new compounds gave satisfactory C,H,N
analyses, and their structures were further con-
firmed by 'H and “C NMR spectrometry and
Fourier transform (FT) IR spectroscopy.

2.2. Preparation of the amino alcohols

The compounds were prepared by the neat
reaction of the appropriate secondary amine and
1,2-epoxyalkane or styrene oxide at reflux. Syn-
thetic procedures will be reported elsewhere
[47].

2.3 Materials

HPLC-grade pentane, hexane, n-heptane,
methanol (MeOH) and 2-propanol (IPA) were
purchased from Fisher Scientific. Absolute etha-
nol { EtOH} was obtained from Quantum Chemi-
cal Corp. USI Division and HPLC-grade water
from a Barnstead brand NANOpure II water-
purification system. Cyclohexanol, 1-octanol,
tert.-amyl alcohol, 2,2,2-trifluoroethanol and
1,1,1,3.3,3-hexafluoro-2-propanol  were  pur-
chased from Aldrich and were =99% pure.
Mobile phases were prepared by blending appro-
priate volumes of liquids in a 1 graduated
cylinder and mixing with a stirring bar. The
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mobile phases were neither vacuum degassed nor
sparged with helium before or during their use.

2.4. Instrumentation

Chromatographic separations were achieved
using a liquid chromatograph constructed from
the following components: a Milton Roy recip-
rocating piston pump operating at 1-2 ml/min, a
Rheodyne Model 7125 injector, a 250 X 4.6 mm
I.D. Chiralpak AD column from Chiral Tech-
nologies and a Kratos 773 UV absorbance detec-
tor. The detector output was stored and re-
processed using a Perkin-Elmer Nelson
ACCESS*CHROM data system.

2.5. Chromatography

A series of structurally similar amino alcohols
and various mobile phases were used to investi-
gate solute-CSP interactions affecting the sepa-
ration of amino alcohols on an amylose-based
CSP. Racemic mixtures of each compound were
analyzed individually and then combined with
the other compounds of the series and
reanalyzed each time the composition of the
mobile phase was changed.

The elution order of selected cnantiomers was
established by analyzing material of known abso-
lute configuration. Capacity factors and resolu-
tions were computed from the retention times
and peak widths. The capacity factors for the
first peak of each pair of enantiomers (k}) and R,
values are provided in the appropriate tables.
Mobile phase, substituent and CSP effects arc
described below.

Table 1

3. Results and discussion
3.1. Mobile phase effects

Hydrocarbon component

The effect of the aliphatic component in the
mobile phase has received little attention. Three
hydrocarbons, pentane, hexane and heptane,
were selected for evaluation. Pentane was select-
ed to permit the use of a variety of alcohols in
the mobile phase. MeOH has limited solubility
in hexane and higher alkanes but is miscible in
all proportions with pentane. Pentane is also a
convenient co-solvent for EtOH and IPA.

Mobile phases containing 5% EtOH and 95%
of either n-pentane, hexane or heptane were
prepared and used to determine the effect of the
aliphatic component of the mobile phase. Al-
though slight differences in retention time and
resolution were noted for some compounds,
elution order, apparent peak shapes and the
stereoselectivities were unaffected when only the
aliphatic component was varied. However, the
results shown in Table 1 for 1-(4-morpholino)-2-
octanol and 2-(4-morpholino)-1-phenylethanol,
compounds B and D of Table 2, revealed that
improvements in resolution were achieved when
pentane was used as the aliphatic component of
the mobile phase. The poorest resolution was
obtained with heptane.

Alcohol component

The effect of the alcohol modifier in the
mobile phase on retention and resolution was
complex (Fig. 1 and Table 2), yet the (R)-en-
antiomers always eluted first. The results pre-

Effect of the aliphatic component in the mobile phase on resolution

Solvent Compound B Compound D

k, o R, k' R,
Pentane 1.58 1.31 148 5.38 5.02
Hexane 1.52 1.30 2.97 4.78 4.56
Heptane 1.76 1.31 2.54 5.38 4.41
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Table 2
Chromatographic parameters for B-dialkylamino alcohols

RI R2 MeOH EtOH IPA
K a R, K @ R, K @ R,
H
]
A CHgiCHylg clz--caz—(j 1.07 1.32 1.57 0.56 1.36 1.79 0.86 1.00 0.00
OH
! ~
B OHyOHp)s-C-CHn O 1.92 1.29 1.96 1.34 1.36 4.26 1.33 1.00 0.00
OH (1.51) (1.63} (1.47)
H
" |
C @f-%-(} 2.02 1.61 6.07 1.68 1.75 4.20 2.18 1.27 0.69
OM
= s
C -~ CHoy - 5 y
D @; 2N 0 502 1.23 3.50 4.54 1.44 6.26 3.37 1.45 5.64
OH
H
I 7N
E CHyCHa-C-CHy N 0 (132)  (L13)  (L07)  (1.28) (1200  (155)  (1.58)  (L00)  (0.00)
OH
H
l
F Ol -C-CHN 0 (LID)  (115)  (123)  (106)  (LI8) (1.3  (1.17)  (100)  (0.00)

C

OH

Results in parenthesis were obtained with a Chiralpak AD column manufactured in January 1992, all other results were obtained

with a column manufactured in December 1990,

sented in Table 2 contain no obvious trends in
retention, stereoselectivity or resolution when R,
was held constant and R, was varied. However
both retention and resolution increased when R,
(A vs. C and B vs. D) was constant and R, was a
phenyl group rather than an aliphatic group.
Stereoselectivity was generally better when
MeOH or EtOH was used as the alcohol com-
ponent of the mobile phase.

The enantiomers of compounds A and B
contained an aliphatic substituent at R, while
compounds C and D contained an phenyl sub-
stituent in this position. The enantiomers of
compounds A and B generally eluted before the
enantiomers of compounds C and D, regardless
of the other substituents at R, and R, or the
composition of the mobile phase (Fig. 1). The
resolution increased significantly in all mobile
phases when the R, substituent was a phenyl

group rather than the aliphatic substituent (A vs.
C and B vs. D).

Peak tailing for the pyrrolidino compounds, A
and C, increased as the polarity of the alcohol
modifier in the mobile phase decreased (Fig. 1).
The pyrrolidino group is the smallest of the
amine substituents and is also more basic than
the morpholino group. Consequently, ring size
and the polarity of the mobile phase may play a
role in peak shape. All interactions that affect
peak shape are moderated by the strength of the
alcohol modifier. Mobile phases containing
MeOH gave the best peak shape and those
containing IPA gave the worst peak shape.

Some differences in column performance and
peak shape were noted when the same mixture
was injected onto two columns prepared from
different lots of packing material. The resolution
and peak shapes obtained from the separation of
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Fig. 1. Effect of MeOH, EtOH and TPA in a pentane-based
mobile phase on the direct enantiomeric separation of sore
B-diatkylamino alcohols. Chromatographic conditions: mo-
bile phase, 95% pentane and 5% MeOH (A), EtOH (B} or
IPA (C): flow-rate 1 mi/min; injection volume, 10 uh
analytical column Chiralpak AD; UV detection at 210 nm.

i-(4-morpholino)-2-octanol {compound B, Table
2) were significantly different (Fig. 2).

Aboul-Enein and Serignese [39] used diethyl-
amine in hexane-based mobile phases to improve
the peak shape of a series of 8-blockers that they
resolved on a cellulose 3,5-dimethylphenyl
carbamate CSP. Adding 0.1-0.4% diethylamine
to the mobile phase slightly decreased retention
times, led to sharper and more symmetrical
peaks, and improved resolution.

We attempted to improve peak shape of 1-(4-
morpholino)-2-octanol (Fig. 2B) by conditioning
column B for several hours after adding 0.1%
diethylamine to the mobile phase. The column
was reequilibrated with a mobile phase contain-
ing EtOH-pentane (5:95) and the separation
repeated (Fig. 2C). Retention was reduced
slightly, resolution increased, and the peak tail-
ing was decreased. The cellulose- and amylose-

1506000

of & & & 48 g 7 8 & 1w 14l 2

County

[=)
be?

g A8 8 7 @ & 10 sl g
Time (min)

Fig. 2. Representative example of the difference in the
separation of 1-{(d-morpholino)-2-octanol (compound B) ob-
tained with two different Chiralpak AD columns. Chromato-
graphic conditions: mobile phase, ethanol-pentane (5:95);
flow-rate 2 ml/min; injection volume, 10 pl; analytical
column Chiralpak AD; UV detection at 210 nm. {(A) Column
A. manufactured in December 1990 and never exposed to
diethvlamine; (B) column B, manufactured in January 1992
and never exposed to diethylamine; column B after exposure
to §3. 19 diethylamine in the mobile phase and reequilibration
with & mobile phase of ethanol-pentane (5:95).

based stationary phases may have an affinity for
some additives or compounds. The chromato-
grams may, therefore, reflect the history of the
column or the lot of silica gel used in its manu-
facturing.

Specific type of alcohol

The alcohol component of the mobile phase
affects enantiomeric separations obtained with
cellulosic and amylosic CSPs [35,39-44]. We
investigated the effect of the alcohol on the
separation of 1-(4-morpholino)-2-octanol and 2-
(4-morpholino)-1-phenylethanol (compounds B
and D of Table 2) by using six different alcohol-
modified pentane mobile phases. The modifiers
included two aliphatic alcohols, EtOH and 1-
octanol, two unusual modifiers, cyclohexanol
and fert.-amyl alcohol, chosen for their steric
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bulk, and two fluorinated alcohols chosen for
their potential ability to influence hydrogen
bonding interactions. The composition of the
mobile phases was based on volume and not
molarity as reported by Wainer et al. [44].
Therefore, the number of alcohol molecules
available for solvation or competing for active
sites was not constant in all mobile phases and
may have influenced some of the results.

The effect of the alcohol modifiers is shown in
Fig. 3. The following conclusions regarding
changes in retention or resolution were drawn
from comparisons to the separation obtained
with the mobile phase EtOH-pentane (5:95).
Retention was shorter when fluorinated alcohols
or cyclohexanol were used and longer when fert.-
amyl alcohol or 1-octanol were used. The best
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Fig. 3. Effect of alcohol modifiers in a pentane-based mobile
phase on the direct enantiomeric separation of 1-(4-mor-
pholino)-2-octanol (compound B) and 2-(4-morpholino)-1-
phenylethanol (compound D). Chromatographic conditions:
mobile phase 95% pentane and (2) 5% EtOH. (b) 1.5%
2,2 2-trifluoroethanol and 3.5% EtOH. (¢) 1.5% 1,1,1.3,3,3-
hexafluoropropanol and 3.5% EtOH. (d) 5% fert.-amyl
alcohol, (e) 5% cyclohexanol, (f) 5% 1-octanol; flow-rate 2
ml/min; injection volume. 10 ul; analytical column Chi-
ralpak AD; UV detection at 210 nm.

resolution was obtained with EtOH-pentane;
the worst when fert.-amyl alcohol or cyclohex-
anol was used. tert.-Amyl alcohol and cyclohex-
anol are the most bulky alcohol modifiers and
may interfere with the binding sites near the
chiral cavity. Peak shape was affected the most
when aliphatic alcohol modifiers were used. Peak
tailing was pronounced with ferr.-amyl alcohol
and I-octanol.

The effect of the alcohol modifiers was sig-
nificantly different when R, was a phenyl group,
for example, 2-(4-morpholino)-1-phenylethanol
(compound D of Table 2). Retention was longer
when fert.-amyl alcohol or 1-octanol were used
and shorter when cyclohexanol was used. The
best resolution was obtained in EtOH-pentane.
The effect on peak shape was more dramatic for
2-(4-morpholino)-1-phenylethanol ~ than  1-(4-
morpholino)-2-octanol. Peak tailing was the most
pronounced in fert.-amyl alcohol.

The use of 1.5% (v/v) of the fluorinated
alcohols reduced retention and resolution re-
gardless of the type of substituent at R;. Peak
shapes were unaffected. The fluorinated alcohols
increased the eluotropic strength of the mobile
phase without eliminating the hydrogen bonding
essential for chiral recognition.

Effect of water

Water has been used as a mobile phase modi-
fier in supercritical fluid chromatography [16,17]
and in conventional HPLC [35,45,46] separations
of enantiomers. Balmér et al. [45] initially re-
ported that the water content of their mobile
phase, 4% IPA and (.1% diethylamine in hex-
ane, was very important in the enantiomeric
separation of metoprolol and its a-hydroxy me-
tabolite. The addition of water did not signifi-
cantly effect the retention of the (R)-enantiomer,
but the retention of the (§)-isomer was nearly
halved. However, the water effect may not be
universal. When Balmér et al. [46] used water in
the mobile phase to separate the enantiomers of
almokalant on Chiracel OD and Chiraipak AD
CSPs, they found that the stereoselectivity was
affected. The retention of the (R)-isomer was
decreased on both CSPs. When Balmér et al.
[35] studied the effect of water on the separation
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of amino alcohols they again found that it had a
significant affect and caused a reversal in elution
order of one of the solutes. The retention of the
(R)-enantiomer was almost unaffected while the
retention of the (S)-enantiomer decreased when
the alcohol concentration was held constant and
the water increased from 0.1 to about 1.6 g/l.
The effect of water was evaluated in our
studies by comparing separations of the enantio-
mers of 2-(4-morpholino)-1-phenylethanol (com-
pound D of Table 2) with and without water in
the mobile phase. The separations were obtained
by using mobile phases that contained known
amounts of water added to IPA—pentane (5:95).
Addition of up to 2000 mg/1 of water generally
increased retention and resolution. The addition
of water significantly decreased peak tailing
while increasing both retention and resolution
(Fig. 4). These results indicate that it may be
beneficial to add water to an IPA—pentane (5:95)
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Fig. 4. Effect of adding water to an IPA-pentane mobile
phase on the separation of 2-(4-morpholino)-I-phenylethancl
(compound D). Chromatographic conditions; mobile phase,
0.15% water in IPA-pentane (5:95); flow-rate 1 ml/min;
injection volume, 10 ul; analytical column Chiralpak AD;
UV detection at 210 nm.

mobile phase to improve separations for com-
pounds structurally similar to 2-(4-morpholino)-
1-phenylethanol.

3.2. Substituent effects

Ring size and heteroatom effects associated
with the substituent at R, were noted in the
various mobile phases (Table 2). Retention
increased when the pyrrolidino group was re-
placed with a morpholino group (compare A vs.
B and C vs. D). Resolution also increased in all
of the comparisons except for A vs. B in an
IPA-modified mobile phase and C vs. D in the
MeOH-modified mobile phase. The size of the
R, group may be important from steric consid-
erations, and the hydrogen bonding capacity of
the cyclic amine appears to be enhanced by the
presence of an additional heteroatom in the ring
system.
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