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Abstract

The use of all chromatographic modes (i.e. reversed-phase, normal-phase and polar organic modes) is becoming more anc
more systematic in chiral HPLC method development. When this method development is monitored by polarimetric
detection, which is a widespread technique, one should not forget that the observed positive or negative rotation angle for a
given absolute configuration depends on the solvent. As a cautionary illustration, a new example is reported for a racemate
which is separated with the same elution order in ethanol or acetonitrile mobile phase on a CHIRALCEL OD-R column
whereas the signs of polarimetric detection are reversed.
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1. Introduction safe to trace the elution order on different CSPs
using the same mobile phase. On the other hand, all
The determination of the elution order is a key chromatographic modes (i.e. reversed-phase, normal-
issue in chiral HPLC analysis of enantiomégis?2]. phase and polar organic modes) are now sys-
The configuration of the more- and the less-retained tematically used to optimize a separation or to
enantiomer on a CSP is of primary importance in enlarge the application field of a given13EP
chiral recognition mechanism studig8], in the This is already providing a lot of data on so-called
analysis of enriched samples (issued from chirotech- elution order, determined by chiroptical detectors
nologies) or in preparative aspecf4,5]. On-line using various mobile phases. The fact that it is now
chiroptical detectors are now routinely used in many so easy to determine whether the dextrorotatory or
single column or column screening unif§—12]. the levorotatory form is eluted first or second should
These chiroptical detection methods are perfectly not mask the fundamentals behind the use of

chiroptical detection: the observed positive or nega-
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positive or negative rotatory power depending on the The chiral HPLC analysis under reversed-phase
solvent in which it has been measurfdd—16]. It is conditions and the semi-preparative separation were
thus obvious that false reversal of elution order based performed with a Merck-Hitachi LiChrograph L-
on polarimetric response may be claimed on a given 6000 pump, Merck-Hitachi L-4000 UV detector and
CSP when different mobile phases are compared. Merck D-7000 system manager.

Francotte has already provided one example in his The on-line chiroptical detectors are a Jasco OR-
recent review on “enantioselective chromatography 1590 polarimeter and Jasco CD-1595 circular dichro-
as a powerful alternative for the preparation of drug ism detectors. They are placed after the UV detector,
enantiomers”[5]. The point is that such information so that the retention times given by the chiroptical

is diluted among a lot of very other important aspects detectors are shifted in comparison with those given
and might escape the readers’ attention. The reported by the UV detector. The OR-1590 chiral detector
example of warfarin showed that the signal of optical utilizes light of wavelengths ranging from 350 to 900
rotation was inverted when chiral separation was nm. As a result, the detector output is a combination
performed inn-hexane—2-PrOH (90:10, v/v) ar- of the entire wavelength range.

heptane—ethylacetate (80:20, v/v). The latter mobile The optical rotatory powers were measured on a
phase is not so commonly used in HPLC chiral 241 MC Perkin-Elmer polarimeter with a sodium
separation and the CSP was a prototype of immobil- lamp and a double-jacketed cefiCat 25

ized cellulose tris(3,5-dimethylphenylcarbamate) on Racemic (1-dimethoxymethyl-propyl)-[1,2,4]-tri-
silica gel. Our present study is focused on a new azol-4-yl-aniinewas obtained by addition of
example we encountered using two very classical ethylmagnesium bromide to the hydrazone derivative
mobile phases (EtOH and GH CN) which are now obtained by reacting 1,2,4-aminotriazole with 2,2-
systematically tested when preparative (batch or dimethoxyettianpl

SMB) chromatographic separations are evaluated on Absolute configuration determinatidn efor
commercially available polysaccharide CSPs. antiomers: pure enantiomérsvefe obtained by

semi-preparative chiral HPLC, they were cleaved at
the N, —N,,ocpcic PONd and the corresponding free

2. Experimental a-aminoacetals were reacted with)¢menthyl chlo-
roformate. The comparison of the GC retention times

n-Hexane, 2-PrOH, EtOH and CH CN are HPLC- with those obtained from analyses of the same

grade from SDS (Peypin, France); the solvents for derivatives of the same ofi@@inoacetals of

chromatography experiments were degassed and known absolute configuration gave the absolute

filtered on a 0.45um Millipore membrane before configuration of the enantiomerd.ofhe absolute

use. configuration of the reference freeaminoacetals
Cellulose tris(3,5-dimethylphenylcarbamate) chiral was known from independent syntheses, separation,

stationary phases, CHIRALCEL OD-H (25@.6 cleavage and derivatisation of an analogue lof

mm), CHIRALCEL OD-R (25k4.6 mm), CHI- prepared from a chiral aminotriazole skeleton which

RALCEL OD (25010 mm) DAICEL columns and afforded diastereomeric compounds bearing the same

cellulose tris(4-methylbenzoate) chiral stationary (1-dimethoxymethyl-propyl) radical, and for which

phases, CHIRALCEL 0OJ (2504.6 mm and 25810 the absolute configuration was unambiguously de-

mm) DAICEL columns are available from Merck- termined by X-ri@y].

Eurolab.

The chiral HPLC analyses under normal-phase
conditions were performed on a screening unit 3. Results and discussion
composed of a Merck D-7000 system manager,

Merck-Lachrom L-7100 pump, Merck-Lachrom L- (1-Dimethoxymethyl-propyl) - [1,2,4] - triazol-4-yl-
7360 oven which may accommodate 12 columns amieis a heterocyclic dimethylacetal with a
alimented by a Valco 12-position valve, and a Merck- single stereogenic center on carbon. The racemate

Lachrom L-7400 UV detector. was analyzed on cellulose tris(3,5-dimethylphenyl-
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carbamate) coated on silica (CHIRALCEL OD or -S  (H-R
CHIRALCEL OD-R) using n-hexane—2-PrOH 7
(60:40, v/v), pure EtOH and pure GH CN. Mono-
solvent mobile phases such as EtOH or,CH CN offer
many advantages for preparative separations: im- -
proved solubility of the compounds and easy re-
cycling. ]
The chromatographic data are reportedable 1. i
Figs. 1-3report the UV, polarimetric and CD HPLC
traces. Fairly nice baseline separations were obtained
in each of the mobile phases. . ‘1 ‘2 '3 L ; '6 ; L L 1‘0 1'1 1‘2 1'3 r
Although the first eluted peak is negative on
polarimetric traces im-hexane—2-PrOH and ethanol,
it appears positive in CHl CN. The three CD traces at
220 nm are positive for the first eluted enantiomer.
In order to check the elution order, the first eluted
enantiomer im-hexane—2-PrOH eluent, the negative
one which happens to have tH8) @bsolute configu-
ration (see Experimental), was collected by semi-
preparative chiral chromatography on CHIRALCEL
OD (25010 mm, flow-rate=4.5 ml/min) and in- S B S B T IR e e e e
jected on CHIRALCEL OD-R with EtOH or CH CN 0 1 2 3 4 5 6 7 8 9 10 11 12
as eluent: it gives a negative and a positive |
polarimetric response, respectively. It shows that the
elution order is the sameS)-form first eluted) but -
the sign of the optical rotation is inverted. Those
changes of sign are confirmed by the off-line mea- -
surements of the rotatory power in the different
solvents, reported inTable 2.1t is clear that a 7
deduction of the elution order solely based on the
rotation angle would have concluded in a reversal of

]

elution order when going from ethanol to acetoni- ' | 7 1, o L 1 U [l T T

trile. Interestingly, the sign of the rotatory power is o _

the same in CH CN and CHg:l Fig. 1. UV, polarimetric and CD chromatograms of the enantio-
H .

mers on CHIRALCEL OD-H inn-hexane—2-PrOH (60:40, v/v).

Table 1

Separations of the enantiomers on CHIRALCEL OD with different mobile phases

Mobile phase R, (min) Kk, R,, (min) K, a R, Sign®
n-Hexane—2-PrOH 8.99 2.09 10.68 2.67 1.28 1.98 =) (
60:40°

Ethanof 7.89 0.29 9.00 0.47 1.63 1.86 =)(

Acetonitrile® 9.36 0.48 12.21 0.93 1.93 1.77 +X

R,, retention timek, retention factork, = (R, — R,)/R,o; @ =k,/k,, selectivity factor;R, resolution.

?Sign of the rotation angle of the first elute){enantiomer.

® Analysis performed on CHIRALCEL OD-H (2504.6 mm, flow-rate=1 ml/min) with both UV detection at 220 nm and on-line
polarimeter.

¢ Analysis performed on CHIRALCEL OD-R (2504.6 mm, flow-rate=0.5 ml/min) with both UV detection at 220 nm and on-line
polarimeter.
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Fig. 2. UV, polarimetric and CD chromatograms of the enantio-
mers on CHIRALCEL OD-R in ethanol.

Examples and origin of the reversal of elution

T T T T T T T
Fig. 3. UV, polarimetric and CD chromatograms of the enantio-
mers on CHIRALCEL OD-R in acetonitrile.

of known configuration. This method has been used
on several occasions in our group and others for the
determination of elution order when several CSPs are
evaluated. This is the method we recommend. In
recent literature, Wang et 4lL.8,19] have described a

ly by M. Okamoto[2]. Persson and Andersson in
their review on “unusual effects of separation con-

Table 2

ditions on chiral separations” presented a paragraph Rotatory powers in different solvents of th&)(enantiomer,

on solvent effect41]. In fact the literature dealing
with reversal of elution order due to mobile phase
composition can be divided into two categories.

obtained after semi-preparative chromatographynihexane—2-
PrOH (60:40, v/v)

The first one consists in established inversion of n-Hexane—2-PrOH 60:40
elution order using analytes enriched in one enantio- Ethanol
meric form. Samples are prepared starting from Acetonitrile
racemic mixtures and addition of a pure enantiomer

Solvent p]2>c ¢ (g/100 ml)
—4.55 0.605
—-1.14 0.550
+4.72 0.500

Chloroform +18.37 0.615
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AD upon changing the mobile phase modifier from
2-propanol to ethanol, Armstrong et §0] reported

a true inversion of elution order foN-benzyle-
methylbenzylamine analyzed on CHIROBIOTIC V
using reversed and normal modes, respectively, and
Karlsson et al. reported inversion of elution order on
an AGP column on changing the organic modifier
[21]. Elution orders were determined by spiking a
pure enantiomer in the solution of the corresponding
racemic compound. In the older literature, well-
established inversions of elution order have been
reported using enriched samplg2—24].

The second category consists in “probable” inver-
sion of elution order when the chromatogram of the
racemate is monitored by sole polarimetric detection.
2-Phenoxypropanoic acid methyl ester showed ir-
regular elution order on CHIRALCEL OB in 1.8
alcohol in n-hexane[25]. Nineteen alcohols were
tested, nine of them gave the ) form first and 10 of
them the reverse. Even if the existence of two chiral
recognition processes on the OB-CSP with opposite
enantioselectivities is reasonable and if the inversion
of sign of the rotatory power is less probable when
using a modifier of the same nature as on going from
ethanol to acetonitrile, the inversion was solely based
on the sign of the polarimetric detection. The confi-
dence in reported elution order by polarimetric
detector decreases as soon as the difference in
solvent properties increases. Geiser et al. have

83

EtOH at 589 nm (Na lamp) and thus were prone to

provide another example. These atropisomers were
available long ago through semi-preparative chroma-
tography on microcrystalline cellulose triacetate and
the separation was monitored using a Perkin-Elmer
241 MC 1-ml cell at 589 nm[32]. They were
baseline separated on CHIRALCEL OJ using pure
EtOH as mobile phasé,&E6.4 min,t,=15.78 min).
On-line polarimetric detection using a Jasco OR-
1590 indicated that the first eluted enantiomigr=(
6.4 min) presents a positive rotation angle in the
solvent of elution. Since the absolute configuration
has not been determined yet, the first eluted enantio-
mer on CHIRALCEL OJ using EtOH as mobile
phase will be labelle@A whereas the second eluted
one will be labelled2B. Collection of the pure
enantiomers using a semi-preparative column under
the same eluting conditions provided the two en-
antiomers?A and 2B in optically pure forms for the
determination of rotation angles in various solvents.
For 2A: [«]2® +6.1 (EtOH, c 0.54); [@]2° —24.0
{CH €0I075); x]%’ —3.8 (CHCl,,c 0.21). For
2B: [a]2® —5.9 (EtOH, ¢ 0.425); []2° +24.7
{CH €R,15); [«]2> +2.8 (CHCL,,c 0.4).

We were thus highly confident when pure enantio-

r2ér and pure enantiome2B were, respectively,
injected on CHIRALCEL OJ using CH CN as eluent

to provide the chromatographic data under these

conditions. EnantidAeend 2B are eluted at

reported several separations using lower alcohols ort;=3.25 min and,=3.66 min, respectively, thus the
CH,CN [26-28]. Reversal of elution order based on same elution order was observed on going from
the sole polarimetric detection was claimed for an EtOH to,CH CN whereas the measurement at 589
a-hydroxyglycine derivative on going from CH CN- nm of the sign of the rotation angle of the collected
TFA (99:1, v/v) to EtOH-TFA (99:1, v/v]27,29]. enantiomer solutions could have granted an apparent

In the absence of reported experimental checks on
the elution order using enriched samples, this sepa-
ration might be a good candidate for apparent
reversal of elution order. The same might hold for
the reported inversion of elution order for nicotine
separated on CHIRALCEL OD with-heptane—etha-
nol-TFA (70:30:0.2, v/v) andn-heptane—ethanol
(99:1, v/v), respectively30], the sign of the optical
rotatory power of nicotine being known to be
strongly solvent dependeft5].
3-(2-Methoxyphenyl)-4-methyl-1,3-thiazole-2(3H)-
thione atropisomers, which were under study in an
unrelated project on barriers to atropisomerisation
[31] present opposite rotation angles in CH CN and

inversion of order of elution. Exanpleot as
illustrative as exarsiplee the separation is rather

poor in,CH CN compared to the one observed in

EtOH, but exan®leas rewarding in terms of

serendipity.

Monitoring the sign of the rotation angle with an
on-line Jasco OR-1590 detector during independent
chromatography @fenantiomers with CEl CN as

eluent, we were expecting a negative rotation angle

for enantiomerA and a positive one foB according
to the optical rotatory power we measured at 589

nm; we observed the same signs as in EtOH! These
observations were very confusing until the rotation
angles in EtOH ang CH CN were measured for the
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pure enantiomers at various wavelengths: in EtOH ~ ‘General des BdR”, “Conseil Regional Provence-
the rotation angle increases as the wavelength de-Alpes-Cote d’Azur” and “Fond Europeen de
creases (plain or normal ORD curj&3]) whereas in Développement Regional (FEDER)” for the chiral
CH,CN the rotation angle decreases and then inverts chromatography screening unit.

at low wavelengths (complex or anomalous ORD

curve [33]). The Jasco OR polarimeter, which was

used for on-line detection, isimultaneously oper- References
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